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ABSTRACT 

The use of composites materials is increasing day by day. The conventional materials are 

replaced by composites material due to their high strength to weight ratio. These composite 

materials are used for aeronautical and marine applications. Metal matrix composites are 

preferred but due to their brittle nature the sustainability is less so in our project we aim to 

develop a functional metal matrix composite which is specific for a certain purpose where high 

wear and tear and most of the application of force and pressure is concentrated. We have 

prepared Pure Aluminum Metal matrix composite with reinforcement of Silicon (Si) and Copper 

(Cu). 

The FGM is divided into four layers consisting of 100% of the matrix (Pure Al) in the bottom 

most layer and the top most layer (90%Al,5%Cu & 5%Si) so that the material is used extensively 

as per the functional requirements. 

The material characterisation such as micro hardness is by vicker’s hardness tester and the top 

most layer has attained 40.21VHN. 

The SEM, EDAX and XRD graphs shows the standardisation of the proposed process.  
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CHAPTER 1 

INTRODUCTION 

Advances in material science have prompted development of new materials having distinctive 

properties. Functionally Graded Laminates (FGL) has a place with this pattern. The design of 

metal matrix composites can be enhanced by integrating the concept of functionally graded 

materials (FGMs) to produce engineering materials with tailored contradictory properties that 

suit multifunctioning components. Typically, FGMs are made from a mixture of metals and 

ceramics and are characterized in a way that composition of each one and the volume fraction of 

materials are changed gradually whereas, Composite material made up of one or more materials 

combined in solid states with distinct physical and chemical properties. Composite material 

offers an excellent combination of properties which are different from the individual parent 

materials and are also lighter in weight. Wood is a composite material from nature which 

consists of cellulose in a matrix of these materials or conventional FGM will fail under extreme 

working conditions through a process called delamination (separation of fibers from the matrix) 

led to damage of component. This can happen for example, in high temperature application 

where two metals with different coefficient of expansion are used. The case of FGL, gradation is 

achieved by forming very thin layers of laminates. FGM used in structural components so as to 

optimize the responses of structures undergoing severe loadings, thermal effects due to complex 

environments. The concept of functionally graded materials was developed by researchers in 

Japan in the mid-1980s in which the transition between different materials is made gradually. 

That time the aim was to fabricate the aircraft body’s material with improved thermal resistance 

and mechanical properties by gradually changing compositions to withstand severe temperature 

gap (about 10000C) in between the inside and the outside of a plane project. 

Functionally graded structures can be seen in nature, in biotissues of animals, such as 

bones and teeth, and plants. Dental crowns represent excellent examples of functionally graded 

structures. They require a high wear resistance outside and a ductile inner structure for reasons of 

optimal fatigue and brittleness combination. 
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Definition of FGM: 

Materials with changing composition, microstructure, or porosity across the volume 

of the material results n corresponding changes in properties are referred to as the functionally 

graded material (FGM). 

FGM structure: 

                        

Fig.1 FGM structure 

Functionally graded materials (FGM) can be obtained by layered mixing of two  

materials of different thermo mechanical properties with different volume ratio by  

gradually changing from layer to layer such that the first layer has only a few particles of second 

phase and the last has the maximum volume ratio of the first phase.      

 

Fig.2 FGM layer 
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NATURALLY OCCURRING FGMS 

 

HOW FGM DIFFERS FROM TRADITIONAL COMPOSITE 

Composites are generally homogenous through their material volume when dealing with a two 

component system, and their properties are then also uniform through that material volume (in a 

particular direction). 

Functional grading could also be controlled by the evolution of different material phase or 

structures (like variations in precipitation hardening), as long as it’s done in a controlled matter 

through the volume via the production method. 

   

--- Thermal conductivity 

- Elastic modules 
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CHAPTER 2 

2. CLASSIFICATION OF FGM 

At the inception of the development of the functionally graded materials, the 

concept was to remove the sharp interface that existed in the traditional composite material, and to 

replace it with the gradually changing interface, which was translated into the changing chemical 

composition of this composite at this interface region. The growing interest in this type of material 

has resulted in different types of FGMs being developed. The type of intended application usually 

determines the type of FGM to be used. The different types of FGMs that are being produced now 

include the chemical composition gradient FGM, the porosity gradient FGM, and the micro 

structural gradient FGM. 

 

According to types of gradation: 

2.1(a). Chemical Composition Gradient Functionally Gradient Materials 

This is the type of functionally graded materials, where the chemical composition is 

gradually varied, according to the spatial position in the material. This could be in the form of a 

single phase, or in a multiphase material. A single-phase FGM is produced when the composite 

is produced from a single phase, as a result of the solubility of the chemical elements of one 

phase in the other phase. This usually occurs during the sintering process. 

In powder metallurgy, the method of producing FGM is by putting the required powder 

composition layer-by-layer and this is then followed by powder compaction and thereafter 

sintering. During the sintering process, some of metallic powders will react to form different 

chemical compounds and phases. These would vary, according to the spatial position in the 

functionally graded material. 
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                  Fig.4 Gradient FGM Structure   

2.1(b). Porosity Gradient Functionally Gradient Materials 

The porosity gradient functionally graded material is another type of FGM, in which the porosity 

in the material is made to change with the change in the spatial position in the bulk material. The 

shape and size of the pore are designed and varied, according to the required properties of the 

functionally graded material. The schematic diagram of a typical porosity gradient functionally 

graded material is shown in Fig 5. 

                       

Fig.5 Discrete Gradient Structure 

The function of pore size gradation is seen in bone implants, where the larger 

pore sizes in the porosity functionally graded implants are to be implanted in the 

bone, in order to aid the bone ingrowths, while the smaller pores are useful for the 

cartilage growth. The function of porosity-graded FGM includes the gradual 

change in the pore distribution in a porosity-graded FGM that helps in absorbing 

the shock from one face to the other. It also helps to provide thermal insulation. 
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It helps to aid the catalytic efficiency; and it also helps to relax the electrical and the 

thermal stresses. 

The porosity gradient in a FGM also has an effect on the tensile strength and the Young’s 

modulus of the material. A number of porosity gradient FGMs have been reported in the 

literature for biomedical application. 

2.1(c). Microstructure Gradient Functionally Gradient Materials 

Micro structural gradient functionally graded material is another type of FGM, where the 

microstructure is tailored so that different microstructures are produced in the material, which is 

made to change gradually, so as to achieve the required properties from the material. Micro 

structural gradation can be achieved during the solidification process, such that the surface of the 

material is quenched, for example, when producing a very hard surface property of the material. 

The core of the same material is allowed to cool down slowly, which would help to produce 

different microstructures from those on the surface of the material to the innermost 

part. Also, the micro structural gradation can be achieved through a controlled heat 

treatment process. For example, a varying microstructure can be produced by a 

controlled heat treatment of a titanium-alloy cylindrical part, as shown by the following 

schematic diagram. 

A functionally graded microstructure can be achieved by first allowing a liquid metal, 

whose melting temperature is lower than the melting temperature of the titanium alloy, and such 

that the re-crystallization temperature of the titanium alloy would be reached when this molten 

metal is run in a kind of heat exchanger setup, as shown in Fig 5&6. The liquid metal is allowed 

to run for a certain period of time, and subsequently withdrawn, and then the part is allowed to 

cool down. The heat is transferred from the inner part of the cylinder to the external part. It is 

expected that the temperature of the innermost part of the cylinder is much higher 

than that of the outermost temperature. 
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                  Fig.6. Flow of Liquid metal              Fig.7.Flow of Cooling Water  

This would result in a varying microstructure, as the part is allowed to cool 

down. The outer part would behave like a heat sink, and the microstructure of this 

area would be larger because of the grain growth, while the innermost 

microstructure would be smaller and equaled, because of the refined microstructure during the 

re-crystallization process and the slow cooling rate. In another type of micro structural gradation 

process, the cylinder could be heated to a certain temperature, and then cooling water could be 

run through the inner part of the cylinder also in a heat exchanger setup, as shown in fig 6&7. 

The inner part of the cylinder would be subjected to rapid cooling, thereby causing the formation 

of a non-equilibrium microstructure at this face. The innermost microstructure would consist of a 

martensitic microstructure that is harder, while the microstructure of the cylinder far away from 

the innermost part would be completely different from the microstructure on the outer part of the 

cylinder. 

The graded microstructure would result in a gradual change of the material 

properties with respect to position, since the microstructure is dependent on the 

position in the FGM, and because the microstructure is directly related to the 

properties of the material. 
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CHAPTER 3 

                                             Literature review: 

1. S. Pradeep Devaneyan et.al in his research thesis “on the Mechanical Properties of 

Hybrid Aluminum 7075 Matrix Composite Material Reinforced with Sic and Tic 

Produced by Powder Metallurgy Method’’ has investigated that the Mechanical behavior 

of aluminum 7075 reinforced with Silicon Carbide (Sic) and Titanium Carbide (Tic) 

through powder metallurgy route. Enhanced mechanical properties have been obtained 

with 90% of Al 7075, 4% of Tic, and 8% of Sic composition in the composite. In his 

experiments the higher value of micro hardness was 52.12 HV which can be obtained 

with 90% of Al 7075, 4% of Sic, and 8% of Tic. 

2. Rao SS and Gangadharan has Fabricated “Functionally Graded Carbon Nan tube-

Reinforced Aluminum Matrix Laminate by Mechanical Powder Metallurgy Technique” 

in his work the FGL composites have been prepared by incorporating CNT particles to 

aluminum metal matrix in different weight fractions, ranging from 0.1 to 0.5 wt%. 

Absence of Aluminum Carbide in the FGL composites is an important finding of this 

work highlighting the chemical stability of CNT in Al-matrix. An increase in the 

hardness by 129% was observed in the case of 0.5 wt. % of CNT in the formed laminates. 

3. M.H. Ahmed et.al in his research article “Characterization of functionally graded Al-Sic 

metal matrix composites manufactured by centrifugal casting” focuses on 

characterization of functionally graded metal matrix composites (FGMMCs) based on 

pure aluminum matrix reinforced with different percentages and sizes of Sic particles. Sic 

particles were mixed with base metal (molten aluminum) stirred at three different 

rotational speeds. The ultimate tensile strength has been found to be proportional to the 

percentage of Sic and inversely proportional to the size of the particles. 

4. N. Tejaswiniet.al  in her thesis “Functionally Graded Material: An Overview” has 

presented a overview on functionally graded materials, characterization by variation in 

properties as the dimension varies, the Manufacturing processes of different types of 

FGMs advantages difficulties of FGMs are presented. 

5. Arindam Ghosh and Subrata Chatterjee in their study on Effect of Al2O3 Content  
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6. And Process Variables on Structure and Properties ofAl-Al2O3Compacts indicates   that, 

densificationof the compact increases with increasing compacting pressure and decreases 

with increasing alumina content. Densification parameters increase with the increase in 

compacting pressure.93% of densification can be achieved for pure Al-compacts, which 

decreases to 85% for Al-20 wt% Al2O3compacts at 290MPa pressure. 

 

7. G. Pitchayyapillai, et.al (2016) in their research article “Al6061 Hybrid Metal Matrix 

Composite Reinforced with Alumina and Molybdenum Di-sulphide”an attempt has been 

made to investigate the wear rate of Al6061 hybrid metal matrix composite reinforced 

with the hard ceramic alumina (4, 8, and 12 wt. % of Al2O3) and of solid lubricant of 

molybdenum disulphide (2, 4, and 6 wt. % of MoS2) is fabricated by using stir casting 

method and  presented the  mechanical behavior, tribiological behavior, and 

machinability behavior. 

8. Mauricio Barrera in his thesis “Design of a Die for the Cold Compaction Calibration of 

Powdered Materials”. 

9. Yoshimi Watanabeet.al in their thesis, "A Novel Fabrication Method for Functionally 

Graded Materials under Centrifugal Force: The Centrifugal Mixed-Powder Method" 

presents one of the fabrication methods for functionally graded materials (FGMs) is a 

centrifugal solid-particle method which is an application of the centrifugal casting 

technique. Using this processing method, Cu-based FGMs containing Sic particles and 

Al-based FGMs containing TiO2nano-particles on their surfaces have been fabricated. 

They found that hardness on the surface of FGM fabricated by centrifugal mixed-powder 

method is improved by dispersion of NANO-particles. 
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CHAPTER 4 

According to process of manufacturing 

  Thin FGM and Bulk FGM  

Thin FGM: It consists of relatively thin sections or thin surface coatings. 

Bulk FGM: It consists of volume of materials which   require more labor intensive processes. 

Thin functionally graded materials are usually in the form of surface coatings, there are a wide 

range of surface deposition processes to choose from depending on the service requirement from 

the process. 

Thin FGM 

• Vapour Deposition Technique(i.e.,CVD,PVD) 

• Plasma spraying 

• Self-propagating high temperature synthesis(SHS) 

• Ion beam assisted deposition(IBAD) 

Bulk FGM 

• Powder Metallurgy  

• Centrifugal Method  

• Solid Freeform fabrication method 

 4.1(a).Vapor Deposition Technique 

There are different types of vapor deposition techniques, they include: sputter deposition, 

Chemical Vapor Deposition (CVD) and Physical Vapor Deposition (PVD). These vapor 
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deposition methods are used to deposit functionally graded surface coatings and they give 

excellent microstructure, but they can only be used for depositing thin surface coating. They are 

energy intensive and produce poisonous gases as their byproducts. 

Other methods used in producing functionally graded coating include: plasma spraying, 

electrode position, electrophoresis, Ion Beam Assisted Deposition (IBAD), Self-Propagating 

High-temperature Synthesis (SHS). 

 

Fig.8 Physical Vapor Deposition Technique 

4.2(b). Self-propagating high temperature synthesis (SHS) 

SHS = combustion + structure formation 

Self-propagating high-temperature synthesis (SHS) is a method for producing both 

inorganic and organic compounds by combustion-like exothermic reactions, involving different 

substances. A variant of this method is known as solid state metathesis (SSM). Since the process 

occurs at high temperatures, the method is ideally suited for the production of refractory 

materials with unusual properties, for example: powders, metallic alloys, or ceramics with high 

purity, corrosion–resistance at high–temperature or super-hardness. 

https://en.wikipedia.org/wiki/Inorganic_compounds
https://en.wikipedia.org/wiki/Organic_compounds
https://en.wikipedia.org/wiki/Combustion
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Fig.9 Self-propagating high temperature synthesis 

4.3 (c). Powder Metallurgy 

Powder metallurgy (PM) technique is used to produce functionally graded material through three 

basic steps namely: weighing and mixing of powder according tothe pre-designed spatial 

distribution as dictated by the functional requirement, stacking and ramming of the premixed-

powders, and finally sintering. PM technique gives rise to a stepwise structure. If continuous 

structure is desired, then centrifugal method is used 

              . 

      Fig.10 Powder Metallurgy 

4.4 (d). Centrifugal Method 

Centrifugal method is similar to centrifugal casting where the force of gravity is used through 

spinning of the mould to form bulk functionally graded material. The graded material is 

produced in this way because of the difference in material densities and the spinning of the 

mould. There are other similar processes like centrifugal method in the literature (e.g. gravity 
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method, etc.). Although continuous grading can be achieved using centrifugal method but only 

cylindrical shapes can be formed. Another problem of centrifugal method is that there is limit to 

which type of gradient can be produced, because the gradient is formed through natural process .           

 

Fig.11  Centrifugal Method 

4.5(d).Solid Freeform (SFF) Fabrication Method 

Solid freeform is an additive manufacturing process that offers lots of advantages that include: 

higher speed of production, less energy intensive, maximum material 

utilization, ability to produce complex shapes and design freedom as parts are produced directly 

from CAD (e.g. AutoCAD) data. SFF involves five basic steps: generation of CAD data from the 

software like AutoCAD, Solid edge etc., conversion of the CAD data to Standard Triangulation 

Language (STL) file, slicing of the STL into two dimensional cross-section profiles, building of 

the component layer by layer, and lastly removal and finishing. There are various types of SFF 

technologies, laser based processes are mostly employed in fabrication of functionally graded 

materials. Laser based SFF process for FGM include: laser cladding based method, Selective 

Laser Sintering (SLS), 3-D Printing (3-DP), and Selective Laser Melting (SLM). Laser cladding 

based system and selective laser melting are capable of producing fully dense components. Solid 

freeform provide manufacturing flexibility amongst other advantages but the technology is 

characterized by poor surface finish making it necessary to carry out a secondary finishing 

operation. 
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CHAPTER 4 

AREAS OFAPPLICATION OF FUNCTIONALLYGRADED MATERIALS 

The important characteristics of the FGM have made them to be favored in almost all the human 

areas of endeavor. Functionally graded materials are currently being applied in a number of 

industries, with a huge potential to be used in other applications in the future. The current 

applications and futuristic application of the FGM are presented in this section. The current areas 

of applications include aerospace, automobile, biomedical, electrical/electronic, energy, marine, 

optic-electronics, and thermo electronics. The following shows the different types of FGMs and 

their application areas. FGM offers great promise in applications with harsh operating 

conditions, for example, for wear-resistant linings for handling large heavy abrasive ore particles 

in the mining industry, for the rocket heat shields, for the heat engine components, for heat 

exchanger tubes, for the plasma facings for fusion reactors in nuclear reactor plant, for thermo-

electric generators, and in the electrical insulating applications. 

                              

Fig.12 Applications of FGM 

Aerospace 

Functionally graded materials can withstand very high thermal gradient, this makes it suitable for 

use in structures and space plane body, rocket engine component etc. If processing technique is 

improved, FGM are promising and can be used in wider areas of aerospace. 
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Medicine 

Living tissues like bones and teeth are characterized as functionally graded material from nature 

to replace these tissues, a compatible material is needed that will serve the purpose of the 

original bio-tissue. The ideal candidate for this application is functionally graded material.FGM 

find wide range of application in dental and orthopedic applications for teeth and bone 

replacement. 

Nuclear-Projects 

In nuclear projects, a good thermal resisting material required, also a leak proof structure to 

avoid industrial accidents which occurs due to fusion reaction process and hence FGM is used. 

More use of FGM in fuel pallets and plasma wall of fusion reactor. 

Energy sector 

FGM are used in energy conversion devices. They also provide thermal barrier and are used as 

protective coating on turbine blades in gas turbine engine. 

Communication field 

Optical fiber wires, which require a good electrical resistor at outer cover and a good electric 

transistor material property on inner side and hence FGM is used. Even in lenses and 

semiconductors, FGM become very useful. 

Defense 

One of the most important characteristics of functionally graded material is the ability to inhibit 

crack propagation. This property makes it useful in defense application as a penetration resistant 

material used for armor plates and bullet-proof vests. 
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Comparison of FGM to traditional composite: 

Advantages over conventional materials: 

 FGM as an interface layer to connect two incompatible materials can greatly enhance the 

bond strength. 

 FGM coating and interface can be used to reduce the residual stress and thermal stress. 

 FGM coating can be used to connect the materials to eliminate the stress at the interface and 

end point stress singularity. 

 FGM coating not only enhances the strength of the connections but can also reduce the crack 

driving force.  

 FGM has the ability to control deformation, dynamic response, wear, corrosion etc. 

 FGM also provides the opportunities to take the benefits of different material systems e.g., 

ceramics and metals. 

Ceramic part has good thermal resistance, wear and oxidation (rust) resistance whereas 

metallic part has superior fracture toughness, high strength and bonding capability. 

  FGM has wide range of applications in dental and orthopedic applications for teeth and bone 

replacement. 

 FGM are used in energy conversion devices. They also provide thermal barrier and used as 

protective coating on turbine blades in gas turbine engine. 
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CHAPTER 5 

5. DIFFICULTIES OF FGM 

There are some issues that need further study and to be resolved, mainly in the following aspects: 

 A proper database of gradient material (including material system, parameters, material 

preparation and performance evaluation) is to be developed. 

 Still need further research and examination on the physical properties of the material model. 

Microscopic structure and the quantitative relationship between preparation conditions to be 

established in order to accurately and reliably predict the physical properties of graded 

materials. 

  Research should focus on variation of gradient material with respect to thermal stress 

relaxation of the material as well as keep the road open to variety of engineering applications. 

  Still need to improve the continuum theory, quantum (discrete) theory, percolation theory 

and micro-structure model, and rely on computer simulation of the material properties for 

theoretical prediction particular. 

 Functionally gradient materials prepared are samples of small size, simple structure. More 

practical valued materials still need to be developed. 

 The total preparation costs are high. 
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CHAPTER 6 

SPECIMEN PREPARATION 

Powder metallurgy process: 

Powder metallurgy (P/M) has become important processing method for producing metals parts, 

because of its high efficiency in moderate to high volume production of net or near-net shapes. 

Additional advantages of P/M include uniform properties: fine grain structures, and chemical 

homogeneity. In powder metallurgy (PM), first the primary bulk material is physically turned to 

powder form and cleaned of oxides or other contaminants. Then the powder is injected into a 

mould or passed through a die to produce a weakly cohesive structure near the dimensions of the 

final object. This process is known as compaction and the product at this stage is referred to as 

green compact. Finally, the end part is formed by applying pressure, high temperature and long 

setting times, this process is known as sintering. The compaction process itself can be divided 

into five identifiable stages: filling, transfer (when required), compaction, unloading, and 

ejection. Modeling of powder compaction process has received considerable research attention 

particularly in compaction, unloading and ejection stages of the process 
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CHAPTER 7 

7. EXPERIMENTALPROCEDURE: 

 

Selection of powder materials: The powder selected for this study was water atomized aluminum 

and alumina. 

 

7.1. Aluminum and Its Nomenclature 

 

The Aluminum is the most abundant metal on the earth’s crust and the third most abundant 

element after silicon and oxygen. On the periodic table it falls into group three with 13 protons 

and 14 neutrons in its nucleus and therefore a mass number of27. 

 

Pure aluminum is a silvery- white coloured metal with a bluish tinge and with high reflectivity 

for both heat and light. It forms a tightly adherent transparent oxide film when exposed to air. 

This film is resistant to corrosion in ordinary media. Although this property is useful in resisting 

corrosion, it is troublesome when soldering, welding and electroplating.  

1

• Selection  of Materials

• Weighing the materials for compositions

2

• Mix the materials on  machine according to the 

composition(blending).

3

• Preparation of Specimens by compacting the powder between 
punch and die.

• Measure the dimensions

4 
• preparation of FGM samples followed by sintering

5
• Tests to be Conducted



Development And Material Characterization Of Al Based Functionally Graded 

Material Reinforced with Si and Cu. 
2019-2020 

 

GECME Page 20 
 

Nomenclature of Aluminum 

 

S.NO PROPERTY        VALUE 

1 Atomic number  13 

2 Atomic mass  26.98154 g.mol -1 

3 Melting point  660.4 °C 

4 Discovered by Hans Christian Oersted in 1825 

Table 1 Nomenclature of Aluminum 

 

Aluminum crystals have face-centered cubic structure (FCC). This means that it does not suffer 

from loss of notch toughness with reduction in temperature. Some of the Aluminum alloys have 

shown increase in tensile strength and ductility as the temperature falls. This crystal structure 

means that aluminum has good formability and thus products can be produced by drawing, 

extrusion and high energy forming.  

Due to its reactive nature aluminum is not found in its metallic form but in form of different 

compounds. It is a constituent of many silicates and hydrated oxides, the most prolific being 

Bauxite. Extracting aluminum from these compounds is difficult because of its high affinity for 

oxygen. Therefore normal methods of extracting metals such as reduction are not industrially 

employed when it comes to aluminum.         

Aluminum is commercially extracted from Bauxite using the Hall (Heroult) process which is a 

two stage electrolytic process. In the first stage, aluminum oxide, Al2O3 (alumina), is separated 

from the ore. In the second stage, electrolytic reduction of alumina at between 950oC to 1000oC 

in cryolite takes place. The aluminum so produced has impurities of about 5% to 10% of silicon 

and iron. It is thus further purified either by further electrolysis or by zone melting to produce 

pure aluminum (99.9%). 

 

 

http://www.lenntech.com/Periodic-chart-elements/atomic-number.htm
http://www.lenntech.com/Periodic-chart-elements/atomic-mass.htm
http://www.lenntech.com/Periodic-chart-elements/melting-point.htm
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7.2. PROPERTIES OF ALUMINIUM 

Low specific gravity: Lightness of aluminum is its most important property. Pure aluminum 

has a specific gravity of 2.7 as compared to 7.8 for steel.   

This makes it the metal of choice where high strength to weight ratios are important. It is 

therefore employed in the aerospace industry, in manufacture of automobile parts and for 

structures like ladders. 

Good electrical conductivity: Electrical conductivity of aluminum is 60% that of copper. 

But since aluminum is lighter than copper, it means that weight for weight, aluminum has 

overall better conduction than copper. It is thus used in overhead electrical cables but twisted 

around a steel core for strength.  

High thermal conductivity and non-toxic: The high thermal conductivity makes it 

suitable for heat exchanger components and in machine parts with rapid dissipation of heat. The 

fact that it is also non-toxic makes it ideal for manufacturing cooking utensils like saucepans and 

kettles.  

Malleability and ductility: Aluminum is readily rolled into sheets or drawn into wires. It is 

thus used to produce aluminum foils used for food packaging.  

Good corrosion resistance: Aluminum has good corrosion resistance characteristics 

High thermal expansion: Aluminum is another characteristic of Aluminum. Its coefficient 

of thermal conduction is two times that of steel. Thus adequate allowance has to be made when 

aluminum is used in high temperature applications. Otherwise, high thermal stresses will be 

produced.  

Hardness: Aluminum is a comparatively soft metal. Its hardness lies between that of tin and 

zinc. But cold working and alloying increases hardness to a marked degree. 
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Physical Properties of Aluminum 

Property Value 

Density 2700kg/m3 

Modulus of Elasticity 69Gpa 

Melting Point 6600C 

Boiling point 24670C 

Specific Heat 940kJ/kg0K 

Electrical Conductivity 3.8×107s/m 

Thermal Conductivity 222w/m 0k 

Coefficient of linear 

expansion 

23.6 

Table 2 

7.3. PROPERTIES OF SILICON (Si): 

Si is a chemical element with the symbol Si and atomic number 14. It is a hard, brittle crystalline 

solid with a blue-grey metallic luster, and it a tetravalent metalloid and semiconductor  

Physical Properties of Silicon (Si): 

Property Value 

Density 2.53 ×103kg/m3 

Modulus of Elasticity 140Gpa 

Melting Point 14140C 

Boiling point 32650C 

Specific Heat 710J/kg K 

Electrical Conductivity 2.33×103Ω m 

Thermal Conductivity 149 w/m K 

Coefficient of linear 

expansion 

2.45×10-6
 °C−1

  

Table 3 

http://www.lenntech.com/Periodic-chart-elements/boiling-point.htm
https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Symbol_(chemistry)
https://en.wikipedia.org/wiki/Atomic_number
http://www.lenntech.com/Periodic-chart-elements/boiling-point.htm
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Physical Properties of Copper (Cu): 

Copper is a chemical element with the symbol Cu and atomic number 29. It is a soft, malleable, 

and ductile metal with very high thermal and electrical conductivity. A freshly exposed surface 

of pure copper has a pinkish-orange color. Copper is used as a conductor of heat and electricity, 

as a building material, and as a constituent of various metal alloys, such as sterling silver used 

in jewelry, cupronickel used to make marine hardware and coins, and constantan used in strain 

gauges and thermocouples for temperature measurement.. 

Property Value 

Density 8940 kg/m3 

Modulus of Elasticity 128Gpa 

Melting Point 10850C 

Boiling Point 25620C 

Specific Heat 377 J/kg0K 

Electrical Conductivity 16.78 nΩ m 

Thermal Conductivity 401w/m k 

Coefficient of Thermal 

Expansion 

17×10-6
 °C−1

  

Table 4 

 

 

 

 

 

https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Symbol_(chemistry)
https://en.wikipedia.org/wiki/Atomic_number
https://en.wikipedia.org/wiki/Ductility
https://en.wikipedia.org/wiki/Thermal_conductivity
https://en.wikipedia.org/wiki/Electrical_conductivity
https://en.wikipedia.org/wiki/Copper_(color)
https://en.wikipedia.org/wiki/Building_material#Metal
https://en.wikipedia.org/wiki/Alloy
https://en.wikipedia.org/wiki/Sterling_silver
https://en.wikipedia.org/wiki/Jewelry
https://en.wikipedia.org/wiki/Cupronickel
https://en.wikipedia.org/wiki/Coins
https://en.wikipedia.org/wiki/Constantan
https://en.wikipedia.org/wiki/Strain_gauge
https://en.wikipedia.org/wiki/Strain_gauge
https://en.wikipedia.org/wiki/Thermocouples
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CHAPTER 8 

8. SPECIMEN SIZE AND SPECIFICATIONS: 

For this purpose of study five sample sizes were considered each of size ø40mm and thickness of 

10mm.These five specimens are fabricated at 500MPa compaction pressure. 

Sample size is ø40×10mm 

5 Samples has to be fabricated 

Each specimen having Pure Al with different weight percentages of silicon (Si) and Copper (Cu). 

Samples are prepared according to the following composition in the table 

Volume of specimen=area of specimen × thickness 

Volume of specimen= 
 𝜋

4
× (40)2 × 10 

         =12560 mm3 

 

Dimensions of specimen 
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SPECIMEN COMPOSITION: 

LAYER Matrix Reinforcement 

LAYER 1 Pure Al (100%) 0 

LAYER 2 Al (90%) 10%Si 

LAYER 3 Al (90%) 10%Cu 

LAYER 4 Al (90%) 5%Si+5%Cu 

Table 5 

There are four different layers in this FGM. So, total volume is divided into four equal parts. 

Volume occupied by each layer = 
12560

4
 =3140 mm3 

Mass of each Layer = Density * Volume of each layer 

Layer 1: (100% Al) 

Mass of First layer = 0.00271 * 3140 =8.5 grams    

Layer 2: (90%Al and 10% Si) 

Mass of Second Layer = (0.00271*3140*0.9) + (0.00233*3140*0.1) 

    =7.66g of Al + 0.73 g of Si 

    =8.39 grams 

Layer 3: (90% Al, 10%Cu) 

Mass of Third layer = (0.00271*3140*0.9)+(0.00896*3140*0.1)  

   =7.66g of Al + 2.81g of Cu 

   =10.47 grams 

Layer 4: (90% Al, 5%Si and 5%Cu) 

Mass of Fourth Layer = (0.00271*3140*0.9)+ (0.00233*3140*0.05)+(0.00896*3140*0.05) 

   =7.66 g of Al+ 0.37 g of Si + 1.41 g of Cu 
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   =9.44 grams  

Therefore total mass of a specimen = 8.5+8.39+10.47+9.44 

             =36.8 grams 

                                         

Blending powder mixtures were compacted in a cylindrical-diameter compaction dye. Based on 

the relationship between green density and compaction pressure of the Al alloys, the compaction 

pressure of the samples was chosen to be 500KN.The samples were sintered in a vacuum 

furnace. 
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CHAPTER 9 

Development of Al+Si+Cu FGM pallets 

Powder metallurgy technique was used for manufacturing the specimens. As stated earlier this 

particular FGM contains four layers, based on requirement proper amounts of aluminum, Silicon 

and Copper powders were first weighed in a balance and were then added to a glass vial. 

Consider the last layer which has 90%Al, 5%Si and 5%Cu.Which means 7.656gms of Al, 

0.37gms of Si and 1.41g of Cu. Therefore measuring and blending of such a small amount of 

powder is a bit difficult. So each layer for all the five specimens were prepared at once as shown 

in the table 

Layers Composition Aluminum 

powder (gms) 

Silicon 

Powder(gms) 

Copper 

Powder(gms) 

Layer 1  100% Al 8.5*5=42.5 0 0 

Layer 2 90%A land 10%Si 7.66*5=38.3 0.73*5=3.65 0 

Layer 3 90% Al and 10%Cu 7.66*5=38.3 0 2.81*5=14.05 

Layer 4 90% Al,5%Si and 5%Cu 7.66*5=38.3 0.37*5=1.85 1.41*5=7.05 

 

Consider second layer 38.3 grams of Al is weighted and 3.65 grams of Si is added into it now 

whole mixture was taken in a packet. Similarly each layer was weighed and packed separately. 
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The processing involved the following steps:  

9.1Blending   

 Stoneware ball-milling machine was used to mix the aluminum and alumina powders. Alumina 

cylinders were used as grinding media to mix them consistently and the ball to powder ratio used 

was 2.5 (by mass). It was run at a speed of 100rpm for 3 hours. 35 wt% ethanol was added to the 

powders before ball milling, which acts as a process control agent by minimizing cold welding 

between powder particles (thus smaller particles can’t weld and become bigger particles), 

reduces the possibility of formation of agglomerates and also helps in formation of uniform 

particle size distribution throughout the powder. After blending, the vials were left open to the 

outside atmosphere for 3 to 4 hours, to allow the evaporation of ethyl alcohol 

Layer Layer Composition Weight Of 

Aluminum(Al) 

in  grams 

Si in 

grams 

Cu in 

grams 

Composition 

of specimen 

Al+Si+Cu 

1  100% pure Al 8.5 --- --- 8.5 

2  90%Al+10%Si 7.66 0.73 --- 8.39 

3  90%Al+10%Cu 7.66 --- 2.81 10.47 

4  90%Al+5%Si+5%Cu 7.66 0.37 1.44 9.44 

              Tabular form represents amount of powder present in one specimen at each layer 

9.2. Compacting    

Once ethyl alcohol evaporates from the powders, a hydraulic press was used to cold press the 

powders for 30 minutes at a constant uniaxial pressure in a cylindrical die. During this process 

the powder starts to become a solid due to compacting pressure. The effects of compacting 

pressure on the overall density and porosity of composite were also studied.  

COMPRESSION TESTING MACHINE(CTM) 

The compression testing machine(CTM) is the important equipment used in this project. It is 

helpful in while applying the compression pressure and also helpful in the ejection pressure. It is 
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particularly used for applying the compression and tranverse loads on cement, concrete blocks, 

stones and many other similar materials. This machine is operated hydraulically and its driving is 

performed by electric motor. The machine is also equipped with the pendulum dynamometer for 

reading the load and an autographic continuous roll recorder for registering load deformation 

diagram. The special extra accessories such asload stabilizer, bend test attachments can be 

supplied on request at additional cost. 

There are several types in compressive testing machines based on maximum and minimum 

capacity of the load, maximum and minimum graduation of scale, clearance between the column, 

ram stroke. There are several types of universal testing machines like UTM-50, UTM-100, 

UTM-200, UTM-300. The maximum load with standing capacity of it is 1000 kgf. The 

equipment that we used in our project are showed in the fig. 

Equipment:  

  

 

 

                                         Fig.13   Hydraulic Compacting Machine 

CTM Specification 

Make AIMIL, India 

Max. capacity 1000 kgf 

Accuracy 1 kgf 

Piston diameter 15 cm 

Cylinder height 18 cm 

Calibrated 2018 
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                                      Fig.14 Schematic representation of die

  9.3. Sintering 

 The cold pressed specimens were further sintered in a high temperature tubular furnace at      

600 0C.  The samples were heated from room temperature to 6000C at a rate of 50C/min, sintered 

at that temperature for 2 hours and then allowed to cool back naturally to room temperature.  As 

aluminum is prone to oxidation at higher temperatures, during this entire process an inert 

atmosphere was maintained in the tubular furnace by sending an ultra-high purity Argon gas, 

which helps in preventing the oxidation of aluminum.  During the sintering process, bonds tend 

to form and pores are going to be filled with atoms of aluminum or alumina, as diffusion is 

higher at higher temperatures. Sintered Al+Si+Cu composite samples of diameters 40mm. 

 

 

 

 

 

                                                          Fig.15   Tubular furnace 
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                                     Fig.16  Specimen after sintering 
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CHAPTER 10 

Results & Discussions 

10.1MICROSTRUCTURE ANALYSIS 

Micro structural analysis testing is used widely throughout industry to evaluate products and 

materials. Metals have a preferred microstructure obtained by a specified processing or heat 

treatment to achieve desired material properties. 

At SGS MSi, we can perform micro structural testing across the broad spectrum of metals 

to identify a material’s response to processing, such as heat 

treatment, welding or mechanical forming, or to evaluate material degradation and failure 

mechanisms, such as corrosion and creep. Using specified ASTM metallographic sample 

preparation and our Clemex Image Analysis software, we can provide high magnification 

inspections from 50X to 1000X. We can perform a wide array of examinations, 

including grain size determinations, case depth measurement, inclusion ratings, graphite 

evaluation, phase determination and discontinuity identification. A detailed engineering 

report will identify the material’s microstructure accompanied with high-resolution 

digital photographs. Below microstructures are captured at magnification of 200X/50µm.  

   

                  Fig.17(a) Microstructure of specimen on pure aluminum side 

 

http://www.msitesting.com/heat-treatment.html
http://www.msitesting.com/heat-treatment.html
http://www.msitesting.com/weld-testing-services.html
http://www.msitesting.com/mechanical-testing-services.html
http://www.msitesting.com/corrosion-analysis.html
http://www.msitesting.com/astm-grain-size-analysis.html
http://www.msitesting.com/case-depth-hardness-testing.html
http://www.msitesting.com/inclusion-rating-analysis.html
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                     Fig.17(b) Microstructure structure of specimen on reinforced side 

 

 

 

 

 

 

 



Development And Material Characterization Of Al Based Functionally Graded 

Material Reinforced with Si and Cu. 
2019-2020 

 

GECME Page 34 
 

10.2 VIKER’S MICRO HARDNESS TEST: 

Hardness is a characteristic of a material, not a fundamental physical property. It is 

defined as the resistance to indentation, and it is determined by measuring the 

permanent depth of the indentation. The Vickers hardness test method, also 

referred to as a micro hardness test method, is mostly used for small parts, thin 

sections or case wear depth. The Vickers method is based on an optical 

measurement system. The Micro hardness test procedure, ASTM E-384, specifies a 

range of light loads using a diamond indenter to make an indentation which is 

measured and converted to a hardness value. It is very useful for testing on a wide 

type of materials, but test samples must be highly polished to enable measuring the 

size of the impressions. A square base pyramid shaped diamond is used for testing 

in the Vickers scale. Typically loads are very light, ranging from 10gm to 1kgf, 

although "Macro" Vickers loads can range up to 30 kg or more. 

The Micro hardness methods are used to test on metals, ceramics, composites - 

almost any type of material. 

 

                                              Fig.18 Viker’s Micro Hardness Test Equipment 

https://www.hardnesstesters.com/products/hardness-testing-accessories/indenters
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COMPOSITION LAYER 

VHN 

(VICKERS HARDNESS NUMBER) 

 

90%Al+ 

5%Si+5%Cu 

 

BOTTOM 

42.49 

42.09 

38.55 

38.80 

39.12 

 

Average Vickers hardness number of bottom layer is 40.21 VHN 

 

COMPOSITION LAYER 

VHN 

(VICKERS HARDNESS NUMBER) 

100% Al 

 

TOP 

22.47 

25.93 

26.00 

30.32 

21.94 

 

Average Vickers hardness number of top layer is 25.332 VHN 

Therefore hardness of reinforced layer (40.21) is more than pure Aluminum (25.33).  
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10.3 Scanning Electron Microscopy (SEM) : 

A scanning electron microscope (SEM) is a type of electron microscope that produces images 

of a sample by scanning the surface with a focused beam of electrons. The electrons interact 

with atoms in the sample, producing various signals that contain information about the 

surface topography and composition of the sample. The electron beam is scanned in a raster 

scan pattern, and the position of the beam is combined with the intensity of the detected signal to 

produce an image. In the most common SEM mode, secondary electrons emitted by atoms 

excited by the electron beam are detected using a secondary electron detector (Everhart-Thornley 

detector). The number of secondary electrons that can be detected, and thus the signal intensity, 

depends, among other things, on specimen topography. SEM can achieve resolution better than 1 

nanometer. 

Specimens are observed in high vacuum in conventional SEM, or in low vacuum or wet 

conditions in variable pressure or environmental SEM and at a wide range of cryogenic or 

elevated temperatures with specialized instruments. 

 

Specimen for EDX and SEM analysis: 

Two surfaces of specimen were analyzed through EDX and SEM analysis as shown  

   

Fig.19   Specimen for EDX and SEM analysis 

 

https://en.wikipedia.org/wiki/Electron_microscope
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Topography
https://en.wikipedia.org/wiki/Raster_scan
https://en.wikipedia.org/wiki/Raster_scan
https://en.wikipedia.org/wiki/Secondary_electrons
https://en.wikipedia.org/wiki/Everhart-Thornley_detector
https://en.wikipedia.org/wiki/Everhart-Thornley_detector
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                                               Fig.20(a) SEM images of top surface 

It is also evident that there is no cluster formation of particles and they are uniformly distributed. 

Therefore it is concluded that the blending process of aluminum powder and reinforcements was 

done properly. 
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                                              Fig.20(b)  SEM images of side surface 

We can’t observe any layer separation in above figures. So, we can say compaction and 

sintering was done properly.  
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10.4 Energy Dispersive X-Ray Analysis (EDX): 

Energy-dispersive X-ray spectroscopy (EDS, EDX, EDXS or XEDS), sometimes called energy 

dispersive X-ray analysis (EDXA) or energy dispersive X-ray microanalysis (EDXMA), is an 

analytical technique used for the elemental analysis or chemical characterization of a sample. It 

relies on an interaction of some source of X-ray excitation and a sample. Its characterization 

capabilities are due in large part to the fundamental principle that each element has a 

unique atomic structure allowing a unique set of peaks on its electromagnetic emission 

spectrum (which is the main principle of spectroscopy). 

To stimulate the emission of characteristic X-rays from a specimen a beam of X-rays is focused 

into the sample being studied. At rest, an atom within the sample contains ground state (or 

unexcited) electrons in discrete energy levels or electron shells bound to the nucleus. The 

incident beam may excite an electron in an inner shell, ejecting it from the shell while creating 

an electron hole where the electron was. An electron from an outer, higher-energy shell then fills 

the hole, and the difference in energy between the higher-energy shell and the lower energy shell 

may be released in the form of an X-ray. The number and energy of the X-rays emitted from a 

specimen can be measured by an energy-dispersive spectrometer. As the energies of the X-rays 

are characteristic of the difference in energy between the two shells and of the atomic structure 

of the emitting element, EDS allows the elemental composition of the specimen to be measured. 

 

                                           Graph 1(a)  EDAX graph for top face 

https://en.wikipedia.org/wiki/Elemental_analysis
https://en.wikipedia.org/wiki/Characterization_(materials_science)
https://en.wikipedia.org/wiki/X-ray_generator
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/Sample_(material)
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Emission_spectrum
https://en.wikipedia.org/wiki/Emission_spectrum
https://en.wikipedia.org/wiki/Spectroscopy
https://en.wikipedia.org/wiki/Ground_state
https://en.wikipedia.org/wiki/Electron_shell
https://en.wikipedia.org/wiki/Electron_hole
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Above figure shows the EDAX results of specimen, weight% of aluminum is observed as 89.13 , 

the weight percentage of silicon is observed as 9.86 and weight percentage of copper is observed 

as 1.01. The presence of silicon and copper particles is observed in SEM image as a white 

clusters (shown in figure )), and is confirmed in EDAX 

 

 

                                              Graph 1(b) EDAX graph for side face 

From both (top face and side face) graphs it is clear that there is no other element present in 

specimen except Aluminum, Silicon and Copper. Presence of oxygen is due to oxide formation 

of aluminum. 

10.5 X-ray Powder Diffraction (XRD)  

X-ray powder diffraction (XRD) is a rapid analytical technique primarily used for phase 

identification of a crystalline material and can provide information on unit cell dimensions. XRD 

analysis is based on constructive interference of monochromatic X-rays and a crystalline sample. 

The X-rays are generated by a cathode ray tube, filtered to produce monochromatic radiation, 

collimated to concentrate, and directed toward the sample. 

From X-ray powder diffraction we want to calculate crystallite size and d-spacing. 
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Crystallite Size: 

Crystallite size is the smallest most likely single crystal in powder form. Crystallite size is 

commonly determined by XRD. It can be calculated with the help of Scherrer Equation. 

The Scherrer equation can be written as: 

                     D =  
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃
 

where: 

D is the mean size of the ordered (crystalline) domains, which may be smaller or equal to the 

grain size, which may be smaller or equal to the particle size; 

 K is a dimensionless shape factor, with a value close to unity. The shape factor has a 

typical value of about 0.9, but varies with the actual shape of the crystallite; 

𝜆 is the X-ray wavelength; 

 β is the line broadening at half the maximum intensity (FWHM), after subtracting the 

instrumental line broadening, in radians. 

θ is the Bragg angle or peak position 

FWHM and peak position is calculated using XRD data and Origin pro software  

 

                                                           Graph 2 XRD of Al + Si +Cu 

https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Intensity_(physics)
https://en.wikipedia.org/wiki/Full_width_at_half_maximum
https://en.wikipedia.org/wiki/Radian
https://en.wikipedia.org/wiki/Bragg_diffraction
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Peak Position (2θ) FWHM(β) Crystallite size(D) 

28.44487 0.16022 8.93493 

38.51731 0.21445 6.85444 

44.77116 0.23935 6.27019 

43.34172 0.25013 5.96976 

65.15187 0.29904 5.50677 

78.29161 0.36344 4.92322 

82.50489 0.36068 5.11749 

 

Average Crystallite size is 6.22444 Å 

 

Interplanar Spacing: 

The d-spacing can described as the distance between planes of atoms that give rise to diffraction 

peaks. Each peak in a diffract gram results from a corresponding d-spacing. The planes of atoms 

can be referred to a 3D coordinate system and so can be described as a direction within the 

crystal. 

                        

. It can be calculated with the help of Braggs Equation. 
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The Braggs equation can be written as: 

   n λ = 2d sinθ 

 

where  

n (an integer) is the "order" of reflection,(n=1) 

 λ is the wavelength of the incident X-rays,( λ  =1.541862 Å) 

d is the interplanar spacing of the crystal and 

 θ is peak position. 

 

Peak Position(2θ) 

(degrees) 

Interplanar Distance(d) 

(Å) 

28.44487 3.13786 

38.51731 2.33733 

44.77116 2.02430 

43.34172 2.08769 

65.15187 1.43184 

78.29161 1.22119 

82.50489 1.16918 
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10.6 BRINELL HARDNESS TEST: 

Brinell is best known today for the Brinell hardness test, which he proposed in 1900. In this test a 

10-millimetre diameter hardened steel or carbide ball is pushed into the surface of the material 

being tested, with a 3000 kg imposed load. The depth to which the ball penetrates the material 

surface is an indication of the Brinell Hardness Number, which is calculated as follows: 

 

BHN  = 

 

 

 

 

COMPOSITION LAYER 

          BHN 

(BRINELL HARDNESS 

NUMBER) 

90%Al+ 

5%Si+5%Cu 

BOTTOM 

82.49 

71.62 

95.54 

71.62 

 

100%Al 

 

TOP 

54.58 

62.44 

54.58 

54.58 
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Cost Analysis 

S.No Type Item Place Quantity Price(Rs) 

1. Powders 

Aluminum 

Online 

500gms 600 

Silicon 500gms 500 

Copper 500gms 700 

2. 
Specimen 

Preparation 
Specimen 

Bapatla 

Engineering 

College 

5 1000 

3. Characterization 

SEM 
Vignan 

University 

2 2000 

EDAX 2 2000 

XRD 1 500 

Total 7300 
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CONCLUSIONS 

1. The vicker’s hardness number of the FGM produced is attained a value of 40.21VHN 

which is higher than the hardness of pure aluminum is 20.335VHN. 

2. In the micro structural analysis we also observed that the aluminum atoms have 

strong bonding with the Si and Cu atoms and there are less gaps in the interfacial 

bonding. 

3. In SEM analysis we can observe that there is no cluster formation of particles and 

they are uniformly distributed. Therefore it is concluded that the blending process of 

aluminum powder and reinforcements was done properly. 

4. From EDAX analysis it is clear that there is no other element present in specimen 

except Aluminum, Silicon and Copper. 

5. Using XRD analysis we calculated Crystallite size as 6.22444 Å and interplanar 

spacing 
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Abstract 

 

 The fluid flow and heat transfer characteristics of a turbulent twin 

circular jets impinging normally on a heated flat plate is Studied 

numerically by using commercial CFD code ANSYS Fluent. The H/D 

ratio is varied from 0.5 to 4.0 and its effect on the energy transfer is 

analyzed for a given Reynold’s number and heat flux Results concluded 

that with increase in H/D ratio, away from the stagnation point, Nusselt 

number, static pressure, and wall shear reduces with an increase in the 

surface temperature Highest values of static pressure, heat transfer and 

wall shear with lowest surface temperature are recorded for the H/D 0 5 

whereas the lowest values of static pressure, heat transfer and wall shear 

with highest surface temperature are recorded for the H/D 4. 
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CHAPTER – I 

INTRODUCTION 

 

1.1 Introduction to jet impingement 

 Jet impingement is a widely used cooling technique in various industrial 

applications due to their inherent high heat transfer rate, such as cooling of 

combustion chamber walls,gas turbine blades, drying of textiles, food products, 

leather and paper, annealing of steel, cooling of electronics, etc. In recent years, 

numerous studies have been carried out to increase the rate of heat transfer from 

impinging jets by adopting different flow control and blockage techniques. Over the 

last five decades, many experimental and numerical investigations have been carried 

out with impinging jets and a few researchers have reviewed the state of the art on 

fluid flow and heat transfer behaviour of impinging jets 

  

1.2 Flow configurations in jet impingement 

 A flow with air jet impingement orthogonally on a flat surface follows some 

distinct regions (Fig. 1). At the nozzle exit, the emerging jet may pass through a 

region where it is sufficiently far-off from the impingement plate so that it acts like a 

free submerged jet or free jet region. In this region, the entrainment of mass, 

momentum and energy occurs due to shear-driven interaction of the surroundings with 

existing jet. The fluid from the surroundings gets entrained in to the jet and hence 

there is a reduction in the jet velocity with an increase in the total mass flow rate. In 

the process, the jet loses kinetic energy and the velocity profile expands in the spatial 

direction and shrinks down in magnitude along the sides of the jet. Thus, a non-

uniform radial velocity profile develops within the jet. Further the free jet can be sub-

divided into three regions, namely, the potential core, developing and developed 

regions. 

Potential core region  

  The shear-layer or mixing-layer surrounds a core where the nozzle 

centerline fluid velocity (Um) is approximately equal to the jet exit velocity 

and this region is called the potential core. The potential core is the region in 
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Fig.1. Jet impinging – Representation of Zones and Velocity Profiles 

which the velocity of the jet remains largely unaffected by the spreading of the 

jet due to entrainment. The end of a core region may be defined as the point 

where Um = 0.95Uexit.  

After the potential core, the axial velocity profile decays due to large 

shear stresses at the boundary of the jet and this region is characterized as the 

developing zone. After the developing zone, a fully developed velocity profile 

is obtained and it is designated as the developed region. The length of the 

potential core significantly depends on the jet exit flow conditions and 

geometry of the nozzle. 

In the confined case, the fluid heated by the target plate can, in some 

instances, get re-circulated and be entrained back into the impinging jet. In 

this region the velocity of the jet is maximum.  

Stagnation region  

Stagnation point is the point of jet striking the target surface. At this 

point the velocity is zero, where the flow on the wall is accelerated by a stream 

wise stabilizing pressure gradient (the boundary layer thickness tends to keep 

constant); the wall region, where the pressure gradient effect no longer holds 

and an even steep rise of turbulence can occur. In this region, the axial velocity 

quickly diminishes with a consequent rise in the static pressure. 

Wall jet region   

After striking the surface, the jet flows along the target surface in 
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different directions, with velocity increasing from zero at the stagnation point 

to the maximum and then decreasing to lower value at leaving end.  

  

1.3 Applications of jet impingement 

 Impinging jets have received considerable attention over the past few decades. 

They are used in a wide variety of industrial applications due to their inherent high 

heat transfer rate, including tempering of glass plate, annealing of metal sheets, drying 

of textile and paper products, and cooling of heated components in gas turbine 

engines and electronic instruments, which are also employed in mass transfer 

applications, such as mine ventilation, tunneling operations, paint spraying and 

cavitation drilling. Furthermore, they are relevant to vertical/short-takeoff-and-landing 

(V/STOL) aircrafts that take off or land with little or no forward momentum. 

Impinging jets also present an important test case for the development and validation 

of mathematical models of turbulent flow from a turbulence modeling perspective. 

 

1.4 Parameters studied in the Jet Impingement 

a. Velocity distribution: From the velocity distribution, we can study the 

direction of fluid flow, vortex formation, interaction between the jets in 

potential core region as well as wall shear region. 

b. Static pressure and Temperature distribution 

c. Wall shear distribution: Wall shear represents the resistance to the fluid flow 

after striking the plate. If wall shear is known to us, we can calculate the 

friction coefficienct. 

d. Nusselt number: It is the ratio of convective heat transfer to conduction heat 

transfer at the solid boundary when a fluid is flowing over it. 

hL
Nu

k
  

1.5 Statement of the Problem 

 This study deals with the numerical investigation of heat transfer from a hot 

rectangular plate supplied with continuous heat flux to the air impinging through two 

circular nozzles with inline arrangement. It comprises of simulation studies to 

investigate the effect of H/D ratio on the temperature distribution, velocity 

distribution, static pressure and wall shear distribution, Nusselt number and surface 
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heat transfer coefficient in wall jet region. The problem is solved using the CFD tool 

ANSYS Fluent 15.0. 

 

1.6 Objectives of Research 

 The main objective of the present research is to determine the distribution of 

parameters like velocity, static pressure, wall shear, wall heat transfer coefficient and 

Nusselt number in the impingement of two circular inline jets on a heated flat plate, 

for a given Reynold’s number and varying nozzle to plate distance (H/d ratio).  

 

1.7 Organization of the Documentation 

The thesis is organized into five chapters. The brief description of each chapter is 

given below: 

Chapter-1 introduces the concept and applications of jet impingement, description of 

problem statement and objectives of the study. 

Chapter-2 is devoted to the thorough literature review in the relevant area of research. 

Chapter-3 presents the introduction to ANSYS Fluent and the detailed procedure 

followed to solve the problem. 

Chapter-4 presents the results obtained from this study with valid comments. 

Chapter-5 presents the conclusions and scope for future work. 
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CHAPTER – II 

LITERATURE REVIEW 

More research has been done and in progress studying the effect of various parameters 

like shape of the nozzle geometry, number of jets and their arrangement, flow 

parameters, various impinging fluids, boundary conditions etc., numerically and 

experimentally. The following review is related to the impinging of multiple circular 

jets: 

Jung Yan sang et. al [1] studied the effect of jet interference, cross flow and jet 

interaction on heat transfer characteristics by impinging 5 circular jets arranged in 

equilateral staggered array, by varying s/d ratio 2 to 8, H/d ratio 0.5 to 3 keeping the 

Re constant at 20,000. They reported that the interaction of jets is becoming weak on 

the surface and jet interference is increasing with increase of H/d and s/d ratios, 

experimentally. At lower s/d and H/d ratios, jet interference is observed before     

reaching the impinging surface and this phenomenon increased with increase in those 

ratios resulting in larger heat transfer from the surface. 

Makatar et. al [2] investigated the effects of jet arrangements on flow and heat 

transfer characteristics both experimentally and numerically in the impinging of an 

array of circular impinging jets. Both the inline and staggered arrangement of 6 x 4 

array of jets is considered for Re = 5000, 7500 and 13400 for the fixed H/d ratio 2 and 

s/d ratio 3. The results reveal that the effect of cross flow on the impinging jets for the 

staggered arrangement is stronger than that in the case of in-line arrangement leading 

to average Nusselt number of the in-line arrangement greater than that of the 

staggered arrangement by approx. 13-20%. 

Lingling Chen et. al [3] conducted experiments on the impingement of 

multiple circular array (7x7, 9x9) of jets to study the effect of jet-to-jet spacing, Re, 

H/d ratio and measurement methods. It has been observed that increase in the jet-to-

jet spacing results in lower heat transfer rates over a large area in wall jet region. In 

addition, Smaller cross flow associated with smaller jet spacing produced better heat 

transfer whereas with larger jet spacing resulted in smaller pressure drop. 
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Simulation Work: 

Author 
Considerations Jet in 

work 
Nature of work Highlights 

G. Arvind Rao,  

Myra Kitron 

Belinkov, Yeshayahou 

Levy [4] 

Re <1000,  

Steady Multiple jets 

Capabilities of three variants of k-ω 

(standard, BSL, SST) turbulent 

model are analyzed using 

commercial CFD solver STAR 

CMM+ 

 SST k-ω model predicts the heat transfer well in 

agreement with experimental results for multiple jets. 

 Interaction between the cross flow and impinging jet 

has a strong effect on the heat transfer in wall jet 

region. 

Herbert Martin 

Hofmann, Rafael 

Kaiser, Matthias 

Kind, Holger Martin 

[5] 

Re=34000, 12400 

H/d = 2.5, 10 Steady, 

Pulsating single jets 

Effectiveness of 13 existing 

turbulent models excluding LES 

and DNS models are using 

commercial CFD software Fluent 

6.0.  

 SST k-ω model predicts the results mapping well with 

experimental values in studying the transition from 

laminar to turbulent, for both steady and pulsating 

jets. 

 All the turbulent models are able to predict the heat 

transfer in wall jet region and unable to predict the jet 

behavior at stagnation region with good agreement. 

B.Sagot, G.Antonini, 

A.Christgen,  

F. Burona [6] 

Re=10,000-30,000 

2<H/d<6  

Single steady hot 

circular jet 

Average Nu is calculated for the 

impingement of hot air jet on the 

circular plate using RNG k-ε, 

Realizable k-ε, k-ω and SST k-ω 

turbulent models for constant heat 

flux conditions. 

 Boundary layer phenomenon was studied by 

performing the Numerical simulations using different 

turbulent models, out of which SST k-ω model proved 

to have good agreement with experimental results, for 

Re - 23000. 

G. Arvind Rao, Myra 

Kitron Belinkov, 

Vladimir Krapp, 

Yeshayahou Levy [7] 

Re = 3500 – 40000 

H/d = 2.5, 5, 7.5 

D = 0.2, 0.4, 0.6, 0.8 

mm 

Steady Multiple jets 

Experimental and numerical analysis are 

performed to study the impingement of a 

large square array of circular jets on to a 

heated plate under low Re regime. 

 SST k-ω turbulent model was able to predict the heat 

transfer in the multiple jet impingement under low Re 

regimes within reasonable accuracy. 

 Results also conclude that the jet velocity varied 

linearly from the centre jet to the last jet in stream 

wise direction due to increase in pressure difference. 

 In the array of jets, it has been observed that lower the 

jet diameter, larger will be the heat transfer coefficient 

(gas turbine engine application). 
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Anuj K. Shukla and Anupam Dewan [8] reported a review on the literature existing in the 

study of impinging of jets, which includes research conclusions from various experimental 

and numerical works, with an application of impinging of jets to industrial needs. 

 Literature reveals that out of various turbulent and hybrid-models proposed by 

various researchers, SST k-ω model has good mapping with experimental results.  

 Inline arrangements of multiple jets gave higher heat transfer coefficients. 

 Hence in this work, k-ω turbulent model is used to study the impingement of inline 

arrangements of three circular jets on a heated flat plate. 
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CHAPTER – III 

EXPERIMENTAL PROCEDURE 

3.1 Experimental setup 

The experimental setup consists of the following equipment: Blower (varying speed), 

rotameter, thermocouples, thermocouple channel selector (12 channels), acrylic boxes, 

wooden casing, steel plate, voltmeter, ammeter, insulating material (acrylic material), heat 

bed (plate type), PVC pipes. 

 

3.2 Experimental procedure 

By adjusting the required speed in the blower, the air is travelled to the top chamber of the 

acrylic box where the air is accumulated and will impinged over the steel plate. In the bottom 

chamber for the acrylic box there will be an adjustable stand to which the wooden casing will 

be attached, the wooden casing will be filled with insulating material in this experiment it is 

acrylic material. The insulating material will be filled to a certain level, over the insulating 

material the plate type heat bed will be arranged. The heat bed is connected to a voltmeter, 

ammeter, alternator, to adjust the input current that is given to the heat bed. On the top of the 

wooden casing there will be steel plate over the heat bed.  As the input voltage is given to the 

heat bed, heat will be generated through plate which will be transferred to the steel plate as it 

sits on the heat bed, as the it is wooden casing and the bottom of the heat plate is insulated 

the only way to transfer the heat is through the steel plate. On the steel plate the 

thermocouples will be attached at the specified points to observe the increase in temperature 

of the steel plate, the thermocouples will be attached to the thermocouple channel selector 

(12 channel selector) to observe the readings. 

 The top and the bottom chamber of the acrylic boxes are separated by a nozzle plate 

(multiple nozzles) as the air is accumulated in the top chamber it will forced on to the steel 

plate through the nozzles, as the air is impinged over the steel plate with high velocity there 

will be heat transfer as the steel plate is continuously heated by heat bed. As the air strikes 

the plate it will move in different directions the decrease in the temperature of the steel plate 

will be observed through thermocouple channel selector. By using general heat transfer 
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equations, the heat transfer coefficient (h) will be found. 

 
Fig2. Experimental setup 

 

Calibration of Experimental Setup 

 

 

 
 

Fig. 1 Heat Distribution 

 

Initially current is passed through the heater plate and due to Joulean effect; it is 

converted into heat and conducts through the steel plate. During this process, there is no 

impingement of jet on the steel plate and the temperature is recorded using thermocouples 

located at different locations, when the steady state is reached. This process is repeated twice 

for the same energy input to the steel plate. Using these temperatures, the heat balance sheet 

is drawn and the uncertainties in the measurements are estimated. 

Secondly, without giving heat input to the plate, jet is impinged for the specific mass 

Heat flux 

Steel Plate 

Heat flux emitted 

from the surface 

Heat taken 

away by jet 
Heat conducted 

through the plate 

Insulator 
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flow rate and surface temperature will be recorded after 15 min to study the influence of jet 

temperature. 

 

Notations: 

u, v, w – velocity along x, y, and z-direction respectively 

V – Voltage input in volts 

I – Current in amperes 

A – surface area – 0.2 x 0.2 = 0.04 m
2
 

L – Thickness of steel plate = 6 mm 

Lins – Thickness of insulation =  mm 

D – diameter of the nozzle 

Ts – Top Surface temperature of steel plate 

Tsb – Bottom Surface temperature of steel plate 

Ta – Air temperature after striking the plate 

Tt,i – Top Surface temperature of insulation 

Tb,i – Bottom Surface temperature of insulation  

Temperature difference across the steel plate of thickness L, s sbT T T    

Temperature difference across the insulation of thickness Lins, , ,ins t i b iT T T    

σ – Stefan Boltzmann constant = 5.67 x 10
-8

 W/m
2
-K

4
 

ε – Emissivity of Steel plate 

ρ – Density of air entering the nozzle = 1.225 kg/m
3
 

μ – Dynamic viscosity of air 

An – Cross-sectional area of nozzle, 
2

4
n

D
A


  

K – Thermal conductivity of Steel = W/m-K 

Kins – Thermal conductivity of Steel = W/m-K 

 

Calculation of Heat Transfer Coefficient experimentally: 

Heat is supplied to the steel plate from the bottom through an electric plate type 

heater. The supplied electric energy is distributed as given in eq. (1).. In the lateral direction, 
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the steel plate is completely insulated. Hence radiation losses in that direction are neglected 

and the problem becomes one-dimensional heat conduction though the plate. Considering 

Energy balance, we get 

Heat supplied = heat conducted through the steel plate + heat radiated from the top surface + 

heat convected from the top surface of the plate + heat conducted through the insulation 

Considering each term per unit area, we get heat flux. 

, , ,s co top jet rad top co insq q q q q           (1) 

Heat flux supplied, 2

V×I
s

Wq
mA

        (2) 

Heat flux conducted through the steel plate, ,co top

T
q K

L

 
  

 
   (3) 

Emissive power or radiation heat flux emitted from the top surface,  

 4 4

,rad top s aq T T           (4) 

Heat flux conducted through the insulation, ,
ins

co ins ins

ins

T
q K

L

 
  

 
   (5) 

Heat convected to the jet from the top surface,  jet s aq h T T     (6) 

Now writing,  , , ,jet s co top jet rad top co insq q q q q q         (7) 

On simplification we get, Heat transfer coefficient 

 
 

 
, , ,s co top jet rad top co ins

s a

q q q q q
h

T T

   



      (8) 

Note: From the above formula, we get local heat transfer coefficient, since the surface 

temperature changes from point to point after the impingement of the jet. 

Volume flow rate of air measured by the rotameter = Q 

Velocity of jet exiting the nozzle, jet

n

Q
V

A
  

Mass flow rate of the air through the nozzle inlet, n jetm A V kg/sec 

Reynold’s number, Re
jetDV
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CHAPTER – IV 

INTRODUCTION TO ANSYS FLUENT 15.0 

4.1 Introduction to ANSYS FLUENT 

ANSYS Fluent is a state-of-the-art computer program for modeling fluid flow, heat 

transfer, and chemical reactions in complex geometries. It uses a client/server architecture, 

which enables it to run as separate simultaneous processes on client desktop workstations and 

powerful computer servers. This architecture allows for efficient execution, interactive 

control, and complete flexibility between different types of machines or operating systems. 

ANSYS Fluent provides complete mesh flexibility, including the ability to solve flow 

problems using unstructured meshes that can be generated about complex geometries with 

relative ease. Supported mesh types include 2-D triangular/quadrilateral, 3-D tetrahedral/ 

hexahedral /pyramid/wedge/polyhedral, and mixed (hybrid) meshes. ANSYS Fluent also 

enables us to refine or coarsen the mesh based on the flow solution. 

ANSYS Fluent provides the flexibility of importing 3-D geometries and our own 

mesh using the meshing mode of Fluent or importing the mesh generated using other 

commercial packages. All remaining operations are performed within the solution mode of 

Fluent, including setting boundary conditions, defining fluid properties, executing the 

solution, refining the mesh, and post-processing and viewing the results. 

Solvers used in ANSYS Fluent:  

 The ANSYS Fluent serial solver manages file input and output, data storage, and 

flow field calculations using a single solver process on a single computer. ANSYS 

Fluent also uses a utility called cortex that manages ANSYS Fluent’s user interface 

and basic graphical functions.  

 ANSYS Fluent’s parallel solver enables you to compute a solution using multiple 

processes that may be executing on the same computer, or on different computers in a 

network. Parallel processing in ANSYS Fluent involves an interaction between 

ANSYS Fluent, a host process, and a set of compute-node processes. ANSYS Fluent 

interacts with the host process and the collection of compute nodes using the cortex 
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user interface utility. 

 

4.2 Capabilities of ANSYS Fluent: 

In the solution mode, Fluent allows us to simulate the following: 

 2-D planar, 2-D axi-symmetric, 2-D axi-symmetric with swirl (rotationally 

symmetric), and 3D flows 

 Flows on quadrilateral, triangular, hexahedral (brick), tetrahedral, wedge, pyramid, 

polyhedral, and mixed element meshes 

 Steady-state or transient flows 

 Incompressible or compressible flows, including all speed regimes (low subsonic, 

transonic, supersonic, and hypersonic flows) 

 Inviscid, laminar, and turbulent flows 

 Newtonian or non-Newtonian flows 

 Ideal or real gases 

 Heat transfer, including forced, natural, and mixed convection, conjugate (solid/fluid) 

heat transfer, and radiation 

 Chemical species mixing and reaction, including homogeneous and heterogeneous 

combustion models and surface deposition/reaction models 

 Free surface and multiphase models for gas-liquid, gas-solid, and liquid-solid flows 

 Lagrangian trajectory calculations for dispersed phase (particles/ droplets/ bubbles), 

including coupling with continuous phase and spray modeling 

 Cavitation model simulations 

 Melting/solidification applications using the phase change model 

 Porous media with non-isotropic permeability, inertial resistance, solid heat 

conduction, and porous-face pressure jump conditions 

 Lumped parameter models for fans, pumps, radiators, and heat exchangers 

 Acoustic models for predicting flow-induced noise 

 Inertial (stationary) or non-inertial (rotating or accelerating) reference frames 

 Multiple moving frames using multiple reference frame (MRF) and sliding mesh 

options 



Computational Analysis of Fluid Flow and Heat Transfer Characteristics of Twin 

Circular jets impinging on a heated flat surface 
2019-20 

 

 

 

 

 Mixing-plane model simulations of rotor-stator interactions, torque converters, and 

similar Turbo-machinery. 

 

4.3 Design Considerations 

 In this work, the effect of H/D ratio (Height / Diameter) affects the value of heat 

transfer coefficient. Thus, by varying the height to diameter ratio from 0.5 to 4, analysis will 

be performed over the region containing steel plate and air inlet nozzles 

Where the dimensions are as followed: 

 Steel plate    : 210mm 

 Diameter of nozzles   : 6mm 

 Height of the impinging plates : 3, 6, 12, 18, 24 mm 

 Distance between the nozzles  : 24 mm 

Here 1000 iterations are taken for analysis. 

 

 
Fig4. Geometry at H/D ratio- 0.5 
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 Fig5. Geometry at H/D ratio- 1 

 

 

 
 

Fig 6. Geometry at H/D ratio- 2 



Computational Analysis of Fluid Flow and Heat Transfer Characteristics of Twin 

Circular jets impinging on a heated flat surface 
2019-20 

 

 

 

 

 

 

 

 

 

 
 

Fig7. Geometry at H/D ratio- 3 

 

 
 

Fig8. Geometry at H/D ratio- 4 
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4.4 Grid Independent Test 

For the better accuracy of the required solution, the size of the mesh should be 

optimized. To achieve this, the analysis is repeated for the same inlet and outlet conditions, 

but with varying mesh size. Beyond one particular value of the number of elements, the 

output parameter will not change. Once this is finalized, the size of the element will be 

finalized and the analysis can be continued further. 

In this work, grid independent study is performed to finalize the grid size and number 

of elements. 

 

Fig 3. Grid Independence Study 

 

4.4 Procedure to Solve in ANSYS Fluent: 

Solving of a problem in Fluent should undergo the following procedure: 

Solving of a problem in Fluent should undergo the following procedure: 

1. Model the required geometry of the physical model in ANSYS design modeler or 

import from any CAD packages. 

2. In the MESH, perform the following steps: 

 Specify the element size for the solids – 5 mm 
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 In this work, number of layers for inflation is defined as 25 at the top wall and 40 

for the target surface. 

 Names selections are defined i.e. inlets, outlets, walls, interior of the solids, 

interior of the fluid, heat input region and insulated walls (in general the flowing 

fluid) at the required locations. 

 The mesh is generated as shown in the fig. . 

 

Fig. 13 Mesh at H/D ratio- 4 

3. Solve the problem: 

 Set the Solver Settings: 

 Choose the problem dimensionality – 2-D / 3-D. 

 Select the solver type - Pressure Based or Density Based 

 Choose the type of Analysis - Steady or Unsteady. 

 Choose the model of problem:  

 If energy changes are to be determined, keep the setting energy – ON 

otherwise off. 

 Based on the type of flow, choose either Viscous - Laminar or suitable 

Turbulent models. 

 Select the material properties:  
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In this work, Air is taken as the fluid. Hence air properties are given. 

 Density  : Incompressible ideal gas (1.225 kg/m
3
) 

 Viscosity  : 1.789e-05 kg/m-s 

 Specific heat  : 1006.3 J/kg-K 

 Thermal Conductivity : 0.0242 W/m-K 

Steel is taken as the solid. Hence the properties of steel are given. 

 Density              :           8030 kg/m
3
 

 Specific heat               :           502.48 J/kg-K 

 Thermal Conductivity:           16.27 W/m-K   

 Set the boundary conditions: 

 At inlet, select the velocity at inlet. Enter the value = 49.12 m/s 

 At outlet, select the Pressure at outlet. Enter the value = 0 N/m
2
. (gauge 

pressure) 

 At heat input region, select heat flux. Enter the value = 700 W/m². (Thermal) 

 At wall, select the insulated wall condition with heat flux zero. (This indicates 

the wall is insulated and makes the flow adiabatic as well as irreversible). 

 Set the convergence criteria: 

 In the Solution monitors, change the tolerance of residuals to 1e-06. 

 Residuals include continuity, x-velocity, y-velocity, energy and turbulent 

kinetic energy and dissipation (for turbulent flow). 

 Initialize the solution. 

 Choose the proper method to initialize the solution.  

 For standard initialization, start compute from inlet. 

 Check all the inlet values and click on initialize. 

 Run the calculations: 

 Enter the number of iterations and click on RUN. 

 Wait till the convergence of the solution is achieved. 

Results obtained in this study are discussed in detail in chapter-5. 
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CHAPTER – V 

RESULTS AND DISCUSSION 

Simulations are conducted to study the impingement of three circular in-line arrays of jets on 

a heated flat surface using ANSYS Fluent, under constant heat flux boundary condition. 

Results are presented by taking two section planes and a section line, as: 

 Vertical section plane in the plane of jet normal to the target surface, passing through 

the stagnation point (x-y plane). 

 Horizontal section plane parallel to and on the target surface (x-z plane). 

 Section line taken along the stagnation point, parallel to x-axis. 

The results obtained from the analysis are presented below. 

5.1 Velocity contours: 

 

Fig 14. For H/D ratio = 0.5; Turbulent flow 
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Fig15. For H/D ratio = 1; Turbulent flow 
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Fig16. For H/D ratio = 2; Turbulent flow 

 

 

Fig17. For H/D ratio = 3; Turbulent flow 

 

Fig18. For H/D ratio = 4; Turbulent flow 

The velocity contours gives the following information: 
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i. Along the axis of the jet, the velocity of jet decreases away from the nozzle exit due 

to the transfer of momentum to the surrounding fluid (entrainment). After striking the 

plate surface, the air gains the heat and moves in transverse direction along wall jet 

region.  

ii. In between the adjacent jets, there occurs a mixing of jets in wall jet region resulting 

in the upward flow called as upwash flow. This mixing inhibits turbulence leading to 

the increase of pressure as well as heat transfer. This upwash flow is most prominent 

and effective in the submerged jet i.e. H/d = 0.5. The upwash flow reduces with 

increase in the H/d ratio. 

iii. The upwash flow produced the recirculation of the flow creating an obstruction to the 

actual jet exiting from the nozzle. This makes the flow rotational resulting in the 

formation of vortices around the free jet. At the outer jets due to the formed vortices, 

pressure reduces leading to more entrainment of air form surroundings.  

iv. Increase in H/D ratio results in more interaction between the jets before reaching the 

target surface and more lateral spreading. This results in the reduction of jet 

impinging velocity, thereby reducing the pressure at the stagnation point. Also the 

velocity of jet in the wall jet region decreases. 

5.2 Pressure contours: 
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Fig24. For H/D ratio = 0.5; Turbulent flow 

 

 

Fig 25. For H/D ratio = 1; Turbulent flow 
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Fig 26. For H/D ratio = 2; Turbulent flow 

 

 

Fig 27. For H/D ratio = 3; Turbulent flow 
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 Fig 28. For H/D ratio = 4; Turbulent flow  

The pressure contours gives the following information: 

i. Peak static pressure is observed at the stagnation point. As the jet moves in the wall 

jet region, mixing of adjacent streams results in increase of pressure in between the 

jets. This is represented by the secondary peak in the pressure distribution curve. 

ii. The mixing of streams on the target plate is clearly visible in the figures presented in 

section 4.3. 

iii. The low pressure created in between the jets leading to the recirculation is visible 

from the figures presented in section 4.2. 

iv. The peak static pressure obtained is less than the stagnation pressure. 

 

5.3 Wall shear on target plate: 

 

Fig 29. For H/D ratio = 0.5; Turbulent flow 

 

 



Computational Analysis of Fluid Flow and Heat Transfer Characteristics of Twin 

Circular jets impinging on a heated flat surface 
2019-20 

 

 

 

 

 

Fig 30. For H/D ratio = 1; Turbulent flow 

 

 

 

Fig 31. For H/D ratio = 2; Turbulent flow 
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Fig 32. For H/D ratio = 3; Turbulent flow 

 

 

Fig33. For H/D ratio = 4; Turbulent flow 

 Wall shear represents the resistance to the flow of working fluid in the wall jet region. 

From the results it has been observed that at the stagnation point, the wall shear is maximum 



Computational Analysis of Fluid Flow and Heat Transfer Characteristics of Twin 

Circular jets impinging on a heated flat surface 
2019-20 

 

 

 

 

where the velocity is zero for the fluid. Away from the centre of the jets towards the edge of 

the plate, the wall shear reduces to minimum. Also, towards the interaction of jets on the 

plate, the wall shear reduced and again increased indicating the mixing of jets. Maximum 

wall shear is observed at the H/D = 0.5 and reduced gradually to minimum at H/D = 4.0.  

5.4 Temperature Distribution: 

 

Fig34. For H/D ratio = 0.5; Turbulent flow 

 

Fig35. For H/D ratio = 1; Turbulent flow 
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Fig 36. For H/D ratio = 2; Turbulent flow 

 

 

 

Fig37. For H/D ratio = 3; Turbulent flow 
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Fig38. For H/D ratio = 4; Turbulent flow 

 From the temperature plots it has been observed that maximum heat transfer is 

observed at stagnation point resulting in lower surface temperature. Also due to interaction 

between the jets, the level of turbulence increased in between the jets thereby increasing the 

heat transfer from the surface to the air. So, temperature is less in the region between the two 

jets. As we move away from the stagnation point, the temperature of air is increasing thus 

decreasing the temperature difference. This reduces the heat transfer, thus increasing the 

surface temperature of the plate. This trend is observed for all the cases outside the extreme 

jets impinging on the surface. 

 Lowest surface temperature is recorded for H/D = 0.5 i.e. in the submerged jet where 

the velocity of jet is high having more contact between the jet and the plate surface. In this 

case the upwash flow is observed, where the jet strikes the confinement plate gets cooled and 

strikes the target plate again. Thus fluid can have more contact with the target surface 

resulting in more heat transfer. With increase in the H/D ratio, the fluid spreads laterally 

parallel to the plate surface with reducing axial velocity. This reduces the effect of upwash 

flow. The highest surface temperature is recorded for H/D = 4. 

 Also at H/D = 0.5, higher velocity of fluid enhances the heat transfer by convection. 
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This results in higher Nusselt number and heat transfer coefficient. With increase in H/D 

from 1 to 4, the fluid velocity is reducing resulting in reduction of heat transfer by 

convection. Hence Nusselt number and heat transfer coefficient decreases. At H/D = 4.0, 

both Nusselt number and heat transfer coefficient will be minimum. 
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CHAPTER – V 

Conclusion and Scope for Future Work 

5.1 Conclusion 

Following conclusions are drawn from the numerical analysis of impingement of two inline 

arranged circular jets, under constant heat flux boundary condition. 

1. Peak static pressure is observed at the static point where the jet strikes the plate. 

2. Due to the mixing of the adjacent jets in wall jet region after impingement, there 

occurred a secondary peak in the pressure distribution producing turbulence. 

3. Heat transfer is more at the stagnation points and in the region between the stagnation 

points (due to mixing of the jets). Away from the jets the towards the edges of the plate 

heat transfer reduces. Correspondingly heat transfer coefficient varies. 

4. Because of spread of air jet transverse to the jet axis, the velocity in the potential core 

reduces.  

5. With increase in the H/d ratio, it has been observed that 

a. Peak static pressure reduces with maximum occurring for submerged jet i.e. at 

H/d = 0.5. 

b. Wall shear stress reduces with maximum occurring for submerged jet i.e. at H/d 

= 0.5.  

c. Temperature at the stagnation region is increasing, due to reduction in heat 

transfer from the heated plate. 

d. Peak Nusselt number and convective heat transfer coefficient reduces with 

maximum occurring for submerged jet i.e. at H/d = 0.5 to minimum at H/D = 4.0. 

 

5.2 Scope for future work 

1. Effect of Reynold’s number can be studied. 

2. Impingement of jet on a roughened surface can be studied. 

3. Impingement of jet on smooth and roughened surfaces can be studied under transient 

conditions. 

4. Implementing the jet impingement for any engineering application can be studied in 

detail, for better design. 
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ABSTRACT 
 

The project is focussed to develop functionally graded material (FGM) which is 
the layer by layer deposition of the matrix and the reinforcing elements. The 
whole material is divided into four layers which consists of 100% of weight 
fraction as matrix material(Pure Al) and ending with 50% copper and 50% 
nickel in the top most layer, so that the material is used extensively as per the 
functional requirements such as for the tension, compression, fatigue, 
toughness, microstructural and tribological  conditions. 

 

The composition of top most layer has attained a micro hardness of 62.44 VHN 
for macro hardness of 63.43 BHN. 

 

In SEM analysis the interstitial bonding of the materials is clearly depicted and 
it is also been validated by using EDAX and XRD analysis.  
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CHAPTER-1 

                                INTRODUCTION 

Advances in material science have prompted development of new materials having 

distinctive properties. Functionally Graded Laminates (FGL) has a place with this pattern. 

The design of metal matrix composites can be enhanced by integrating the concept of 

functionally graded materials (FGMs) to produce engineering materials with tailored 

contradictory properties that suit multifunctioning components. Typically, FGMs are made 

from a mixture of metals and ceramics and are characterized in a way that composition of 

each one and the volume fraction of materials are changed gradually whereas, Composite 

material made up of one or more materials combined in solid states with distinct physical and 

chemical properties. Composite material offers an excellent combination of properties which 

are different from the individual parent materials and are also lighter in weight. Wood is a 

composite material from nature which consists of cellulose in a matrix of these materials or 

conventional FGM will fail under extreme working conditions through a process called 

delamination (separation of fibres from the matrix) led to damage of component. This can 

happen for example, in high temperature application where two metals with different 

coefficient of expansion are used. The case of FGL, gradation is achieved by forming very 

thin layers of laminates. FGM used in structural components so as to optimize the responses 

of structures undergoing severe loadings, thermal effects due to complex environments. The 

concept of functionally graded materials was developed by researchers in Japan in the mid-

1980s in which the transition between different materials is made gradually. That time the 

aim was to fabricate the aircraft body’s material with improved thermal resistance and 

mechanical properties by gradually changing compositions to withstand severe temperature 

gap (about 10000C) in between the inside and the outside of a plane project. 

Functionally graded structures can be seen in nature, in bio tissues of animals, such as 

bones and teeth, and plants. Dental crowns represent excellent examples of functionally 

graded structures. They require a high wear resistance outside and a ductile inner structure for 

reasons of optimal fatigue and brittleness combination. 
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1.1. Definition of FGM: 

Materials with changing composition, microstructure, or porosity across the volume 

of the material results n corresponding changes in properties are referred to as the 

functionally graded material (FGM). 

1.2. FGM Structure: 

 

 

Fig.1 FGM structure 

Functionally graded materials (FGM) can be obtained by layered mixing of two  

materials of different thermo mechanical properties with different volume ratio by  

gradually changing from layer to layer such that the first layer has only a few particles of 

second phase and the last has the maximum volume ratio of the first phase.

 

Fig.2 FGM layer 
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1.3. NATURALLY OCCURRING FGMS 

      

Fig.3 Naturally Occurring FGMs 

1.4. HOW FGM DIFFERS FROM TRADITIONAL COMPOSITE 

Composites are generally homogenous through their material volume when dealing with a 

two component system, and their properties are then also uniform through that material 

volume (in a particular direction). 

Functional grading could also be controlled by the evolution of different material phase or 

structures (like variations in precipitation hardening), as long as it’s done in a controlled 

matter through the volume via the production method. 

 

---Thermal conductivity 

                                                        - Elastic modules 
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CHAPTER-2 

 CLASSIFICATION OF FGM 

At the inception of the development of the functionally graded materials, the 

concept was to remove the sharp interface that existed in the traditional composite material, and 

to replace it with the gradually changing interface, which was translated into the changing 

chemical composition of this composite at this interface region. The growing interest in this 

type of material has resulted in different types of FGMs being developed. The type of intended 

application usually determines the type of FGM to be used. The different types of FGMs that 

are being produced now include the chemical composition gradient FGM, the porosity gradient 

FGM, and the micro structural gradient FGM. 

2.1. According to types of gradation: 

2.1.1. Chemical Composition Gradient Functionally Graded Materials 

This is the type of functionally graded materials, where the chemical composition is 

gradually varied, according to the spatial position in the material. This could be in the form of 

a single phase, or in a multiphase material. A single-phase FGM is produced when the 

composite is produced from a single phase, as a result of the solubility of the chemical 

elements of one phase in the other phase. This usually occurs during the sintering process. 

In powder metallurgy, the method of producing FGM is by putting the required 

powder composition layer-by-layer and this is then followed by powder compaction and 

thereafter sintering. During the sintering process, some of metallic powders will react to form 

different chemical compounds and phases. These would vary, according to the spatial 

position in the functionally graded material. 

                

               Fig.4 Gradient FGM Structure 
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2.1.2. Porosity Gradient Functionally Graded Materials 

The porosity gradient functionally graded material is another type of FGM, in which the 

porosity in the material is made to change with the change in the spatial position in the bulk 

material. The shape and size of the pore are designed and varied, according to the required 

properties of the functionally graded material. The schematic diagram of a typical porosity 

gradient functionally graded material is shown in Fig 5. 

 

Fig.5 Discrete Gradient Structure 

The function of pore size gradation is seen in bone implants, where the larger 

pore sizes in the porosity functionally graded implants are to be implanted in the 

bone, in order to aid the bone ingrowths, while the smaller pores are useful for the 

cartilage growth. The function of porosity-graded FGM includes the gradual 

change in the pore distribution in a porosity-graded FGM that helps in absorbing 

the shock from one face to the other. It also helps to provide thermal insulation. 

It helps to aid the catalytic efficiency; and it also helps to relax the electrical and the 

thermal stresses. 

The porosity gradient in a FGM also has an effect on the tensile strength and the 

Young’s modulus of the material. A number of porosity gradient FGMs have been reported in 

the literature for biomedical application. 

2.1.3. Microstructure Gradient Functionally Graded Materials 

Micro structural gradient functionally graded material is another type of FGM, where 

the microstructure is tailored so that different microstructures are produced in the material, 

which is made to change gradually, so as to achieve the required properties from the material. 

Micro structural gradation can be achieved during the solidification process, such that the 
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surface of the material is quenched, for example, when producing a very hard surface 

property of the material. The core of the same material is allowed to cool down slowly, which 

would help to produce different microstructures from those on the surface of the material to 

the innermost part. Also, the micro structural gradation can be achieved through a controlled 

heat treatment process. For example, a varying microstructure can be produced by a 

controlled heat treatment of a titanium-alloy cylindrical part, as shown by the following 

schematic diagram. 

A functionally graded microstructure can be achieved by first allowing a liquid metal, 

whose melting temperature is lower than the melting temperature of the titanium alloy, and 

such that the re-crystallization temperature of the titanium alloy would be reached when this 

molten metal is run in a kind of heat exchanger setup, as shown in Fig 5&6. The liquid metal 

is allowed to run for a certain period of time, and subsequently withdrawn, and then the part 

is allowed to cool down. The heat is transferred from the inner part of the cylinder to the 

external part. It is expected that the temperature of the innermost part of the cylinder is much 

higher than that of the outermost temperature. 

                                     

      Fig.6. Flow of Liquid metal                   Fig.7.Flow of Cooling Water  

This would result in a varying microstructure, as the part is allowed to cool 

down. The outer part would behave like a heat sink, and the microstructure of this 

area would be larger because of the grain growth, while the innermost 

microstructure would be smaller and equaled, because of the refined microstructure during 

the re-crystallization process and the slow cooling rate. In another type of micro structural 

gradation process, the cylinder could be heated to a certain temperature, and then cooling 
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water could be run through the inner part of the cylinder also in a heat exchanger setup, as 

shown in fig 6&7. The inner part of the cylinder would be subjected to rapid cooling, thereby 

causing the formation of a non-equilibrium microstructure at this face. The innermost 

microstructure would consist of a martensitic microstructure that is harder, while the 

microstructure of the cylinder far away from the innermost part would be completely 

different from the microstructure on the outer part of the cylinder. 

The graded microstructure would result in a gradual change of the material 

properties with respect to position, since the microstructure is dependent on the 

position in the FGM, and because the microstructure is directly related to the 

properties of the material. 

 

 

2.2. According to process of manufacturing: 

Thin FGM: It consists of relatively thin sections or thin surface coatings. 

Bulk FGM: It consists of volume of materials which   require more labor intensive 

processes. 

Thin functionally graded materials are usually in the form of surface coatings, there are a 

wide range of surface deposition processes to choose from depending on the service 

requirement from the process. 

Thin FGM 

• Vapour Deposition Technique (i.e., CVD, PVD) 

• Plasma spraying 

• Self-propagating high temperature synthesis (SHS) 

• Ion beam assisted deposition (IBAD) 
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Bulk FGM 

• Powder Metallurgy  

• Centrifugal Method  

• Solid Freeform fabrication method 

2.2.1. Vapor Deposition Technique 

There are different types of vapor deposition techniques, they include: sputter deposition, 

Chemical Vapor Deposition (CVD) and Physical Vapor Deposition (PVD). These vapor 

deposition methods are used to deposit functionally graded surface coatings and they give 

excellent microstructure, but they can only be used for depositing thin surface coating. They 

are energy intensive and produce poisonous gases as their byproducts. 

Other methods used in producing functionally graded coating include: plasma 

spraying, electrode position, electrophoresis, Ion Beam Assisted Deposition (IBAD), Self-

Propagating High-temperature Synthesis (SHS). 

 

Fig.8 physical Vapor Deposition Technique 

 

 



9 
 

2.2.2. Self-propagating high temperature synthesis (SHS) 

SHS = combustion + structure formation 

Self-propagating high-temperature synthesis (SHS) is a method for producing both 

inorganic and organic compounds by combustion-like exothermic reactions, involving 

different substances. A variant of this method is known as solid state metathesis (SSM). Since 

the process occurs at high temperatures, the method is ideally suited for the production of 

refractory materials with unusual properties, for example: powders, metallic alloys, or 

ceramics with high purity, corrosion–resistance at high–temperature or super-hardness. 

 

 

 

Fig.9 Self-propagating high temperature synthesis 

2.2.3. Powder Metallurgy 

Powder metallurgy (PM) technique is used to produce functionally graded material through 

three basic steps namely: weighing and mixing of powder according tothe pre-designed 

spatial distribution as dictated by the functional requirement, stacking and ramming of the 

premixed-powders, and finally sintering. PM technique gives rise to a stepwise structure. If 

continuous structure is desired, then centrifugal method is used 

about:blank
about:blank
about:blank
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. 

Fig.10 Powder Metallurgy 

 

2.2.4. Centrifugal Method 

Centrifugal method is similar to centrifugal casting where the force of gravity is used through 

spinning of the mold to form bulk functionally graded material. The graded material is 

produced in this way because of the difference in material densities and the spinning of the 

mold. There are other similar processes like centrifugal method in the literature (e.g. gravity 

method, etc.). Although continuous grading can be achieved using centrifugal method but 

only cylindrical shapes can be formed. Another problem of centrifugal method is that there is 

limit to which type of gradient can be produced, because the gradient is formed through 

natural process (centrifugal force and density difference). To solve these problems, 

researchers are using alternative manufacturing method known as solid freeform. 

 

Fig.11 Centrifugal Method 
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2.2.5. Solid Freeform (SFF) Fabrication Method 

Solid freeform is an additive manufacturing process that offers lots of advantages that 

include: higher speed of production, less energy intensive, maximum material 

utilization, ability to produce complex shapes and design freedom as parts are produced 

directly from CAD (e.g. AutoCAD) data. SFF involves five basic steps: generation of CAD 

data from the software like AutoCAD, Solid edge etc., conversion of the CAD data to 

Standard Triangulation Language (STL) file, slicing of the STL into two dimensional cross-

section profiles, building of the component layer by layer, and lastly removal and finishing. 

There are various types of SFF technologies, laser based processes are mostly employed in 

fabrication of functionally graded materials. Laser based SFF process for FGM include: laser 

cladding based method, Selective Laser Sintering (SLS), 3-D Printing (3-DP), and Selective 

Laser Melting (SLM). Laser cladding based system and selective laser melting are capable of 

producing fully dense components. Solid freeform provide manufacturing flexibility amongst 

other advantages but the technology is characterized by poor surface finish making it 

necessary to carry out a secondary finishing operation. 
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CHAPTER-3 

 LITERATURE REVIEW 

                      

                       S. Pradeep Devaneyan et.al in his research thesis “on the Mechanical 

Properties of Hybrid Aluminium 7075 Matrix Composite Material Reinforced with Sic and 

Tic Produced by Powder Metallurgy Method’’ has investigated that the Mechanical 

behaviour of aluminium 7075 reinforced with Silicon Carbide (Sic) and Titanium Carbide 

(Tic) through powder metallurgy route. Enhanced mechanical properties have been obtained 

with 90% of Al 7075, 4% of Tic, and 8% of Sic composition in the composite. In his 

experiments the higher value of micro hardness was 52.12 HV which can be obtained with 

90% of Al 7075, 4% of Sic, and 8% of Tic. 

                        

                        Rao SS and Gangadharan has Fabricated “Functionally Graded Carbon Nan 

tube- Reinforced Aluminium Matrix Laminate by Mechanical Powder Metallurgy 

Technique” in his work the FGL composites have been prepared by incorporating CNT 

particles to aluminium metal matrix in different weight fractions, ranging from 0.1 to 0.5 

wt.%. Absence of Aluminium Carbide in the FGL composites is an important finding of this 

work highlighting the chemical stability of CNT in Al-matrix. An increase in the hardness by 

129% was observed in the case of 0.5 wt. % of CNT in the formed laminates. 

                         

                         M.H. Ahmed et.al in his research article “Characterization of functionally 

graded Al-Sic metal matrix composites manufactured by centrifugal casting” focuses on 

characterization of functionally graded metal matrix composites (FGMMCs) based on pure 

aluminium matrix reinforced with different percentages and sizes of Sic particles. Sic 

particles were mixed with base metal (molten aluminium) stirred at three different rotational 

speeds. The ultimate tensile strength has been found to be proportional to the percentage of 

Sic and inversely proportional to the size of the particles. 

                          

                           N. Tejaswiniet.al in her thesis “Functionally Graded Material: An 

Overview” has presented a overview on functionally graded materials, characterization by 

variation in properties as the dimension varies, the Manufacturing processes of different 

types of FGMs advantages difficulties of FGMs are presented. 
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                        Arindam Ghosh and Subrata Chatterjee in their study on Effect of Al2O3 

Content and Process Variables on Structure and Properties ofAl-Al2O3Compacts indicates   

that, densification of the compact increases with increasing compacting pressure and 

decreases with increasing alumina content. Densification parameters increase with the 

increase in compacting pressure.93% of densification can be achieved for pure Al-compacts, 

which decreases to 85% for Al-20 wt.% Al2O3 compacts at 290MPa pressure. 

 

                    G. Pitchayya pillai, et.al (2016) in their research article “Al6061 Hybrid 

Metal Matrix Composite Reinforced with Alumina and Molybdenum Di-sulphide” an attempt 

has been made to investigate the wear rate of Al6061 hybrid metal matrix composite 

reinforced with the hard ceramic alumina (4, 8, and 12 wt. % of Al2O3) and of solid lubricant 

of molybdenum disulphide (2, 4, and 6 wt. % of MoS2) is fabricated by using stir casting 

method and  presented the  mechanical behaviour, tribological behaviour, and machinability 

behaviour. 

 

                    Yoshimi Watanabeet.al in their thesis, "A Novel Fabrication Method for 

Functionally Graded Materials under Centrifugal Force: The Centrifugal Mixed-Powder 

Method" presents one of the fabrication methods for functionally graded materials (FGMs) is 

a centrifugal solid-particle method which is an application of the centrifugal casting 

technique. Using this processing method, Cu-based FGMs containing Sic particles and Al-

based FGMs containing TiO2nano-particles on their surfaces have been fabricated. They 

found that hardness on the surface of FGM fabricated by centrifugal mixed-powder method is 

improved by dispersion of NANO-particles. 
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CHAPTER-4 

 APPLICATIONS OF FUNCTIONALLY GRADED MATERIALS 

The important characteristics of the FGM have made them to be favoured in almost 

all the human areas of endeavour. Functionally graded materials are currently being applied 

in a number of industries, with a huge potential to be used in other applications in the future. 

The current applications and futuristic application of the FGM are presented in this section. 

The current areas of applications include aerospace, automobile, biomedical,

 electrical/electronic, energy, marine, optic-electronics, and thermo electronics. The 

following shows the different types of FGMs and their application areas. FGM offers great 

promise in applications with harsh operating conditions, for example, for wear-resistant 

linings for handling large heavy abrasive ore particles in the mining industry, for the rocket 

heat shields, for the heat engine components, for heat exchanger tubes, for the plasma facings 

for fusion reactors in nuclear reactor plant, for thermo-electric generators, and in the 

electrical insulating applications. 

 

Fig.12 Applications of FGM 

Aerospace 

Functionally graded materials can withstand very high thermal gradient, this makes it suitable 

for use in structures and space plane body, rocket engine component etc. If processing 

technique is improved, FGM are promising and can be used in wider areas of aerospace. 
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Medicine 

Living tissues like bones and teeth are characterized as functionally graded material from 

nature to replace these tissues, a compatible material is needed that will serve the purpose of 

the original bio-tissue. The ideal candidate for this application is functionally graded material. 

FGM find wide range of application in dental and orthopaedic applications for teeth and bone 

replacement. 

 

Nuclear-Projects 

In nuclear projects, a good thermal resisting material required, also a leak proof structure to 

avoid industrial accidents which occurs due to fusion reaction process and hence FGM is 

used. More use of FGM in fuel pallets and plasma wall of fusion reactor. 

 

Energy sector 

FGM are used in energy conversion devices. They also provide thermal barrier and are used 

as protective coating on turbine blades in gas turbine engine. 

 

Communication field 

Optical fibre wires, which require a good electrical resistor at outer cover and a good electric 

transistor material property on inner side and hence FGM is used. Even in lenses and 

semiconductors, FGM become very useful. 

 

Defence 

One of the most important characteristics of functionally graded material is the ability to 

inhibit crack propagation. This property makes it useful in defence application as a 

penetration resistant material used for armour plates and bullet-proof vests. 
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CHAPTER-5 

 COMPARISON OF FGM TO TRADITIONAL COMPOSITES 

Advantages over conventional materials: 

 FGM as an interface layer to connect two incompatible materials can greatly enhance the 

bond strength. 

 FGM coating and interface can be used to reduce the residual stress and thermal stress. 

 FGM coating can be used to connect the materials to eliminate the stress at the interface 

and end point stress singularity. 

 FGM coating not only enhances the strength of the connections but can also reduce the 

crack driving force.  

 FGM has the ability to control deformation, dynamic response, wear, corrosion etc. 

 FGM also provides the opportunities to take the benefits of different material systems 

e.g., ceramics and metals. 

Ceramic part has good thermal resistance, wear and oxidation (rust) resistance whereas 

metallic part has superior fracture toughness, high strength and bonding capability. 

 FGM has wide range of applications in dental and orthopaedic applications for teeth and 

bone replacement. 

 FGM are used in energy conversion devices. They also provide thermal barrier and used 

as protective coating on turbine blades in gas turbine engine. 
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CHAPTER-6 

DIFFICULTIES OF FGM 

There are some issues that need further study and to be resolved, mainly in the following 

aspects: 

 A proper database of gradient material (including material system, parameters, material 

preparation and performance evaluation) is to be developed. 

 Still need further research and examination on the physical properties of the material 

model. Microscopic structure and the quantitative relationship between preparation 

conditions to be established in order to accurately and reliably predict the physical 

properties of graded materials. 

 Research should focus on variation of gradient material with respect to thermal stress 

relaxation of the material as well as keep the road open to variety of engineering 

applications. 

 Still need to improve the continuum theory, quantum (discrete) theory, percolation theory 

and micro-structure model, and rely on computer simulation of the material properties for 

theoretical prediction particular. 

 Functionally gradient materials prepared are samples of small size, simple structure. More 

practical valued materials still need to be developed. 

 The total preparation costs are high. 
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CHAPTER-7 

 SPECIMEN PREPARATION 

 

Powder metallurgy process: 

Powder metallurgy (P/M) has become important processing method for producing metals 

parts, because of its high efficiency in moderate to high volume production of net or near-net 

shapes. Additional advantages of P/M include uniform properties: fine grain structures, and 

chemical homogeneity. In powder metallurgy (PM), first the primary bulk material is 

physically turned to powder form and cleaned of oxides or other contaminants. Then 

the powder is injected into a mould or passed through a die to produce a weakly 

cohesive structure near the dimensions of the final object. This process is known as 

compaction and the product at this stage is referred to as green compact. Finally, the 

end part is formed by applying pressure, high temperature and long setting times, 

this process is known as sintering. The compaction process itself can be divided into 

five identifiable stages: filling, transfer (when required), compaction, unloading, and 

ejection. Modelling of powder compaction process has received considerable 

research attention particularly in compaction, unloading and ejection stages of the 
process 
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CHAPTER-8 

 SPECIMEN SIZE AND SPECIFICATIONS 

SPECIMEN:                                                                                       

LAYER 1 50%Cu+50%Ni 

LAYER 2 90%Al+5%Cu+5%Ni 

LAYER 3 90%Al+10%Cu 

LAYER 4 Pure Al (100%) 

                                             

                                   

                 Specimen                                                                                Die 

Specimen Diameter = 40 mm                                         

Specimen thickness = 10 mm 

Number of specimens prepared = 5 

Different composite compositions were studied, through Cu and Ni additions of 5 wt.%, 10 

wt.% add to the Al-matrix. Blended powder mixtures were compacted in a cylindrical-

diameter compaction dye, with compositions ranging from pure 100%wt to composite 

containing 0%wt Al followed by cold-pressing (compression Testing machines,100KN) for 
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60 sec under an uniaxial pressure of 600KN. Compacted samples were sintered for 1hr 30 

minutes at 600ºC under vacuum with a heating rate of 50ºC/min. 

CHAPTER-9 

EXPERIMENTAL PROCEDURE

 

9.1. Selection of powder materials: 

 The powders selected for this study are aluminium, copper and nickel. 

 

9.1.1. Aluminium and Its Nomenclature 
The Aluminium is the most abundant metal on the earth’s crust and the third most abundant 

element after silicon and oxygen. On the periodic table it falls into group three with 13 

protons and 14 neutrons in its nucleus and therefore a mass number of27. 

Pure aluminium is a silvery- white coloured metal with a bluish tinge and with high 

reflectivity for both heat and light. It forms a tightly adherent transparent oxide film when 

exposed to air. This film is resistant to corrosion in ordinary media. Although this property is 

useful in resisting corrosion, it is troublesome when soldering, welding and electroplating.  

Nomenclature of Aluminium 

S.NO PROPERTY        VALUE 

1 Atomic number  13 

1

Selection  of 
Materials

Weighing the 
materials for 
compositions

2

Mix the 
materials on  

machine 
according to the 
composition(ble

nding).

3

Preparation of 
Specimens by 

compacting the 
powder between 
punch and die.

Measure the 
dimensions

4 

sintering

5

Tests to be 
Conducted

about:blank
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2 Atomic mass  26.98154 g/mol  

3 Discovered by Hans Christian Oersted in 1825 

Aluminium crystals have face-centred cubic structure (FCC). This means that it does not 

suffer from loss of notch toughness with reduction in temperature. Some of the Aluminium 

alloys have shown increase in tensile strength and ductility as the temperature falls. This 

crystal structure means that aluminium has good formability and thus products can be 

produced by drawing, extrusion and high energy forming.  

Due to its reactive nature aluminium is not found in its metallic form but in form of different 

compounds. It is a constituent of many silicates and hydrated oxides, the most prolific being 

Bauxite. Extracting aluminium from these compounds is difficult because of its high affinity 

for oxygen. Therefore normal methods of extracting metals such as reduction are not 

industrially employed when it comes to aluminium.         

Aluminium is commercially extracted from Bauxite using the Hall (Heroult) process which 

is a two stage electrolytic process. In the first stage, aluminium oxide, Al2O3 (alumina), is 

separated from the ore. In the second stage, electrolytic reduction of alumina at between 

950oC to 1000oC in cryolite takes place. The aluminium so produced has impurities of about 

5% to 10% of silicon and iron. It is thus further purified either by further electrolysis or by 

zone melting to produce pure aluminium (99.9%). 

9.1.2. PROPERTIES OF ALUMINIUM: 

Low specific gravity: Lightness of aluminium is its most important property. Pure 

aluminium has a specific gravity of 2.7 as compared to 7.8 for steel.   

This makes it the metal of choice where high strength to weight ratios are important. It is 

therefore employed in the aerospace industry, in manufacture of automobile parts and for 

structures like ladders. 

Good electrical conductivity: Electrical conductivity of aluminium is 60% that of copper. 

But since aluminium is lighter than copper, it means that weight for weight, aluminium has 

overall better conduction than copper. It is thus used in overhead electrical cables but twisted 

around a steel core for strength.  

High thermal conductivity and non-toxic: The high thermal conductivity makes it suitable 

for heat exchanger components and in machine parts with rapid dissipation of heat. The fact 

about:blank
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that it is also non-toxic makes it ideal for manufacturing cooking utensils like saucepans and 

kettles.  

Malleability and ductility: Aluminium is readily rolled into sheets or drawn into wires. It is 

thus used to produce aluminium foils used for food packaging.  

Good corrosion resistance: Aluminium has good corrosion resistance characteristics 

High thermal expansion: Aluminium is another characteristic of Aluminium. Its coefficient 

of thermal conduction is two times that of steel. Thus adequate allowance has to be made 

when aluminium is used in high temperature applications. Otherwise, high thermal stresses 

will be produced.  

Hardness: Aluminium is a comparatively soft metal. Its hardness lies between that of tin and 

zinc. But cold working and alloying increases hardness to a marked degree. 

 

 

Physical Properties of Aluminium (Al): 

Property Aluminum 

Density 2700kg/m3 

Modulus of Elasticity 69Gpa 

Melting Point 6600C 

Boiling point 24670C 

Specific Heat 940kJ/kg0K 

Electrical Conductivity 3.8×107s/m 

Thermal Conductivity 222w/m 0k 

Coefficient of linear expansion 23.6 

 

 

9.1.3. PROPERTIES OF COPPER (Cu): 

Copper is a soft, malleable, and ductile metal with very high thermal and electrical 

conductivity. A freshly exposed surface of pure copper has a pinkish-orange colour. Copper 

is used as a conductor of heat and electricity, as a building material, and as a constituent of 

various metal alloys, such as sterling silver used in jewellery, cupronickel used to make 

about:blank
https://en.wikipedia.org/wiki/Ductility
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https://en.wikipedia.org/wiki/Electrical_conductivity
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https://en.wikipedia.org/wiki/Copper_(color)
https://en.wikipedia.org/wiki/Building_material#Metal
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https://en.wikipedia.org/wiki/Jewelry
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marine hardware and coins, and constantan used in strain gauges and thermocouples for 

temperature measurement. 

Physical Properties of Copper (Cu): 

 
Property Copper 

Density 8920kg/m3 

Modulus of Elasticity 117Gpa 

Melting Point 10830C 

Boiling point 25950C 

Specific Heat 0.385kJ/kg0K 

Electrical Conductivity 5.9×107s/m 

Thermal Conductivity 305-355w/m 0k 

Coefficient of linear expansion 17 

 

 

9.1.4. PROPERTIES OF NICKEL (Ni): 
 Nickel is silvery-white, hard, malleable, and ductile metal. It is a good conductor of heat and 

electricity. It is bivalent, that is it has a valency of two. The metal dissolves slowly in dilute 

acids. 

Physical Properties of Nickel (Ni): 

Property Aluminum 

Density 7850kg/m3 

Modulus of Elasticity 200Gpa 

Melting Point 14530C 

Boiling point 27320C 

Specific Heat 735kJ/kg0K 

Electrical Conductivity 1.43×107s/m 

Thermal Conductivity 69.2w/m 0k 

Coefficient of linear expansion 14.1 

 

https://en.wikipedia.org/wiki/Coins
https://en.wikipedia.org/wiki/Constantan
https://en.wikipedia.org/wiki/Strain_gauge
https://en.wikipedia.org/wiki/Thermocouples
about:blank
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9.2. Blending:   

 Stoneware ball-milling machine was used to mix the aluminium and alumina powders. 

Alumina cylinders were used as grinding media to mix them consistently and the ball to 

powder ratio used was 2.5 (by mass). It was run at a speed of 100rpm for 3 hours. 35 wt % 

ethanol was added to the powders before ball milling, which acts as a process control agent 

by minimizing cold welding between powder particles (thus smaller particles can’t weld and 

become bigger particles), reduces the possibility of formation of agglomerates and also helps 

in formation of uniform particle size distribution throughout the powder. After blending, the 

vials were left open to the outside atmosphere for 3 to 4 hours, to allow the evaporation of 

ethyl alcohol. 

 

9.3. Compacting:    

Once ethyl alcohol evaporates from the powders, a hydraulic press was used to cold press the 

powders for 30 minutes at a constant uniaxial pressure in a cylindrical die. During this 

process the powder starts to become a solid due to compacting pressure. The effects of 

compacting pressure on the overall density and porosity of composite were also studied.  

 

COMPRESSION TESTING MACHINE(CTM) 

The compression testing machine(CTM) is the important equipment used in this project. It is 

helpful in while applying the compression pressure and also helpful in the ejection pressure. 

It is particularly used for applying the compression and tranverse loads on cement, concrete 

blocks, stones and many other similar materials. This machine is operated hydraulically and 

its driving is performed by electric motor. The machine is also equipped with the pendulum 

dynamometer for reading the load and an autographic continuous roll recorder for registering 

load deformation diagram. The special extra accessories such as load stabilizer, bend test 

attachments can be supplied on request at additional cost. 
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There are several types in compressive testing machines based on maximum and minimum 

capacity of the load, maximum and minimum graduation of scale, clearance between the 

column, ram stroke. There are several types of universal testing machines like UTM-50, 

UTM-100, UTM-200, UTM-300. In our project we are conducting our tests on th UTM-100 

machine. The maximum load with standing capacity of it is 1000 KN and first measuring 

range is 0-1000 KN and second measuring range is 0-500 KN and third measuring range is 0-

250 KN and fourth measuring range is 0-100KN. The number divisions on load measuring 

dial is 500 and the ram stroke is 100mm.The clearance between the column is 390mm. The 

equipment that we are used in ourroject are showed in the fig. 

Equipment: 

 

 

Fig-13 Compression Testing Machine 



26 
 

 

 

9.4. Sintering: 

The cold pressed specimens were further sintered in a high temperature tubular furnace at      

600 0C.  The samples were heated from room temperature to 6000C at a rate of 50C/min, 

sintered at that temperature for 2 hours and then allowed to cool back naturally to room 

temperature.  As aluminium is prone to oxidation at higher temperatures, during this entire 

process an inert atmosphere was maintained in the tubular furnace by sending an ultra-high 

purity Argon gas, which helps in preventing the oxidation of aluminium.  During the sintering 

process, bonds tend to form and pores are going to be filled with atoms of aluminium or 

alumina, as diffusion is higher at higher temperatures. Sintered Al + Cu + Ni composite 

samples of diameters 40mm. 

 

 

Fig-14 Tubular furnace 
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CHAPTER-10 

 Results & Discussions 

10.1. MICROSTRUCTURE ANALYSIS: 

Micro structural analysis testing is used widely throughout industry to evaluate products and 

materials. Metals have a preferred microstructure obtained by a specified processing or heat 

treatment to achieve desired material properties. 

At SGS MSi, we can perform micro structural testing across the broad  spectrum of 

metals to identify a material’s response to processing, such as  heat 

treatment, welding or mechanical forming, or to evaluate material degradation and 

failure mechanisms, such as corrosion and creep. Using specified ASTM 

metallographic sample preparation and our Clemex Image Analysis software, we can 

provide high magnification inspections from 50X to 1000X. We can perform a wide 

array of examinations, including grain size determinations, case depth 

measurement, inclusion ratings, graphite evaluation, phase determination and 

discontinuity identification. A detailed engineering report will identify the material’s 

microstructure accompanied with high-resolution digital photographs. 

about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
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Fig-15 Microstructure of Specimen on top side (200X / 50µm) 

                        

 

 Fig-16 Microstructure of Specimen on bottom side (200X / 50µm) 
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Fig-17 Microstructure of Specimen on top side (100X / 100µm) 

 

Fig-18 Microstructure of Specimen on bottom side (100X / 1000µm)  
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10.2. VIKER’S MICRO HARDNESS TEST: 

Hardness is a characteristic of a material, not a fundamental physical property. It is defined as 

the resistance to indentation, and it is determined by measuring the permanent depth of the 

indentation. The Vickers hardness test method, also referred to as a micro hardness test 

method, is mostly used for small parts, thin sections or case wear depth. The Vickers method 

is based on an optical measurement system. The Micro hardness test procedure, ASTM E-

384, specifies a range of light loads using a diamond indenter to make an indentation which is 

measured and converted to a hardness value. It is very useful for testing on a wide type of 

materials, but test samples must be highly polished to enable measuring the size of the 

impressions. A square base pyramid shaped diamond is used for testing in the Vickers scale. 

Typically loads are very light, ranging from 10gm to 1kgf, although "Macro" Vickers loads 

can range up to 30 kg or more. The Micro hardness methods are used to test on metals, 

ceramics, composites - almost any type of material. 

 

Fig-19 VIKER’s Micro Hardness Test Equipment 

Results of VHN Values: 

     LAYER      COMPOSITION               VHN Value 

about:blank
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TOP 

 

50% Cu+50% Ni 

63.42 

60.46 

62.22 

 

MIDDLE 

90%Al+5%Cu+5%Ni 

+ 

90%Al+10%Cu 

32.75 

33.24 

32.42 

 

BOTTOM 

 

100%Al 

22.26 

21.67 

22.47 

 

10.3. ROCKWELL CUM BRINELL HARDNESS TEST: 

                      The Rockwell test is generally easier to perform, and more accurate 

than other types of hardness testing methods.  The Rockwell test method is used on 

all metals except in condition where the test metal structure or surface conditions 

would introduce to much variations. The Rockwell method measures the 

permanent depth of indentation produced by a force/load on an indenter. 

                                                                                   

BHN =    
2𝑃

𝜋𝐷(𝐷−√𝐷2−𝑑2)
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Fig-20 Rockwell cum                                                                                                                                                                                 

Brinell hardness test equipment 

  Results of BHN Values:                                                          

S. No Specimen 

Composition 

Indenter 

Diameter 

Indentation 

Diameter 

BHN 

1 50%cu+50%Ni 2.5 1.8 62.44 

2 50%cu+50%Ni 2.5 1.85 58.36 

3 50%cu+50%Ni 2.5 1.9 54.58 

4 50%cu+50%Ni 2.5 2.1 41.77 

5 50%cu+50%Ni 2.5 2.05 44.68 

10.4. SCANNING ELECTRON MICROSCOPY (SEM):  

Scanning electron microscopy (SEM) is a test process that scans a sample with an 

electron beam to produce magnified image for micro structural analysis.  It is used to 

evaluate the bonding of the matrix and the reinforcing agents thereby assessing the 

standardization of the experimental process.  It is used for crystal lattice deformations 

and interstitial and substitutional bonding of the constituent materials.  Useful for 

evaluation of various materials for surface fractures,  flaws, corrosion and crack 

detections. 
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Top Face 

 

Side Face 

10.5. X-Ray diffraction: 

X-Ray Diffraction, frequently abbreviated as XRD, is a non-destructive test method 

used to analyze the structure of crystalline materials.  XRD analysis, by way of the 

study of the crystal structure, is used to identify the crystalline phases present in a 

material and thereby reveal chemical composition information.  X-ray diffraction is 

useful for evaluating minerals, polymers, corrosion products, and unknown materials. 

In most cases, the samples analyzed at Element are analyzed by powder diffraction 

using samples prepared as finely ground powder. 
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XRD Results 

 

10.6. Energy Dispersive X-Ray Spectroscopy: 

Energy Dispersive X-Ray Analysis (EDX), referred to as EDS or EDAX, is an x-ray 

technique used to identify the elemental composition of materials. Applications 

include materials and product research, troubleshooting, deformation, and more.  EDX 

systems are attachments to Electron Microscopy instruments (Scanning Electron 

Microscopy (SEM) or Transmission Electron Microscopy (TEM)) instruments where 

the imaging capability of the microscope identifies the specimen of interest.  The data 

generated by EDX analysis consist of spectra showing peaks corresponding to the 

elements making up the true composition of the sample being analyzed. Elemental 

mapping of a sample and image analysis are also possible.  
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EDX Result of top face 
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EDX Result of bottom face 
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Cost of the project: 

 Powders 

           Al fine grade powder, 1Kg = 1200 Rs 

           Copper powder, 1Kg        = 700 Rs 

           Nickel powder, 1 Kg          = 1000 Rs 

 Specimen preparation                           = Rs 250/piece 

                                        5 pieces  = 1250 Rs 

 Tests 

                              SEM Analysis = 1500 Rs 

                 XRD & EDX Analysis = 1400 Rs 

                                           Total    = 7050 Rs 
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CONCLUSIONS 

 

1. The composition of top most layer has attained a micro hardness of  

62.44 VHN for macro hardness of 63.43 BHN. 

2. In SEM analysis the interstitial bonding of the materials is clearly 

depicted and it is also been validated by using EDX and XRD 

analysis.  
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ABSTRACT 
 

The high temperature operation of Evacuated Tube Collectors 

(ETC) and their very low radiant heat losses make them ideal for solar water 

heating, solar space heating, desiccant air conditioning, thermal driven cooling and 

industrial process heating applications. The work temperature of common ETC can 

reach 100~ 250°C. The vacuum tube envelope minimizes heat loss and ensures 

high collector durability and steady performance. This paper investigates different 

types of solar thermal collectors and compared them so that the result which the 

heat loss of ETC is least is obtained. The thermal analysis and performance of ETC 

are investigated as well. 
 

The thermal performance of an evacuated tube solar air collector is 

experimentally investigated at different air flow rates  0.5, 1,1.5,2, and 2.5 kg/min. 

Air is used as a working fluid in experimental setup and tested in Indian climatic 

conditions. The evacuated tube solar air collector consists of six evacuated tubes and 

manifold channel. The manifold channel consists of a hollow pipe  in centre through 

which air flows. The temperature difference and efficiency are studied with 

different air flow rates. The reflectors are used to enhance the performance of 

evacuated tubes solar air collector. It is observed that in case of reflector evacuated 

tube solar air collector gives higher outlet temperature and temperature difference 

and has better thermal performance as compared to the case without reflector. The 

maximum outlet temperature and temperature difference of air are found to be 

74°C and 79°C at a flow rate of 2 kg/min, the system performance better than 6.7% 

with reflector. 
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CHAPTER – 1 

Introduction 

 

 Solar Collector: 

A solar collector is a device that collects and/or concentrates solar radiation from 

the Sun. These devices are primarily used for active solar heating and allow for the heating 

of water for personal use. These collectors are generally mounted on the roof and must be 

very sturdy as they are exposed to a variety of different weather conditions. 

The use of these solar collectors provides an alternative for traditional domestic 

water heating using a water heater, potentially reducing energy costs over time. As well as 

in domestic settings, a large number of these collectors can be combined in an array and 

used to generate electricity in solar thermal power plants. 

 Types of Solar Collectors: 

There are many different types of solar collectors, but all of them are constructed 

with the same basic premise in mind. In general, there is some material that is used to 

collect and focus energy from the Sun and use it to heat water. The simplest of these 

devices uses a black material surrounding pipes that water flows through. The black 

material absorbs the solar radiation very well, and as the material heats up the water it 

surrounds. This is a very simple design, but collectors can get very complex. Absorber 

plates can be used if a high temperature increase isn't necessary,  but generally devices that 

use reflective materials to focus sunlight result in a greater temperature increase. 

Flat plate collector: 

 

Fig.1.1 flat plate solar collector 

Flat-plate collectors are the most common solar thermal technology. They consist of an 

(1) enclosure containing (2) a dark colored absorber plate with fluid circulation passageways, 

and (3) a transparent cover to allow transmission of solar energy into the enclosure. The sides 
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and back of the enclosure are typically insulated to reduce heat loss to the outside air. A fluid is 

circulated through the absorber's fluid passageways to remove heat from the solar collector. 

The circulation fluid in tropical and sub-tropical climates is typically water. In climates where 

freezing is likely, a heat- transfer fluid similar to an automotive antifreeze solution may be 

used instead of water, or in a mixture with water. If a heat transfer fluid is used, a heat 

exchanger is typically employed  to transfer heat from the solar collector fluid to a hot water 

storage tank. The most common absorber design consists of copper tubing attached to 

thermally conductive copper or aluminum fins. A dark coating is applied to the sun- facing 

side of the absorber assembly to increase it absorption of solar energy. A common absorber 

coating is flat black enamel paint In higher performance solar collector designs, the transparent 

cover is tempered glass with reduced iron oxide content (the green color visible when viewing 

a pane of window glass from the side). The glass may also have a stippling pattern an anti-

reflective coating to trap more  solar energy by reducing reflection. The absorber coating is 

typically a selective coating. Selective coatings have special optical properties to improve 

efficiency by reducing the remittance of infrared energy from the absorber.  

Some manufacturers have introduced inexpensive flat plate solar collectors that employ 

polycarbonate transparent covers and polypropylene absorber assemblies. 

Most air heat fabricators and some water heat manufacturers have a completely flooded 

absorber consisting of two sheets of metal which the fluid passes between. Because the heat 

exchange area is greater, they may be marginally more efficient than traditional absorbers. 
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` 

In locations with average available solar energy, flat plate collectors are sized approximately 

1.2 to square decimeter per liter of one day's hot water use. Absorber piping configurations 

include: 

 sharp – traditional design with bottom pipe risers and top collection pipe, used in low pressure 

thermosyphon and pumped systems; 

 Serpentine – one continuous S that maximizes temperature but not total energy yield in 

variable flow systems, used in compact solar domestic hot water only systems (no space 

heating role); 

 Flooded absorber consisting of two sheets of metal stamped to produce a circulation zone; 

 Boundary layer absorber collectors consisting of several layers of transparent and opaque 

sheets that enable absorption in a boundary layer. Because the energy is absorbed in the 

boundary layer, heat conversion may be more efficient than for collectors where absorbed heat 

is conducted through a material before the heat is accumulated in a circulating liquid. 

Polymer flat plate collectors are an alternative to metal collectors and are now being produced 

in Europe. These may be wholly polymer, or they may include metal plates in front of freeze-

tolerant water channels made of silicone rubber. Polymers are flexible and therefore freeze- 

tolerant and can employ plain water instead of antifreeze, so that they may be plumbed directly 

into existing water tanks instead of needing heat exchangers that lower efficiency. By 

dispensing with a heat exchanger, temperatures need not be quite so high for the circulation 

system to be switched on, so such direct circulation panels, whether polymer or otherwise, can 

be more efficient, particularly at low light levels. Some early selectively coated polymer 

collectors suffered from overheating when insulated, as stagnation temperatures can exceed 

the polymer's melting point. For example, the melting point of polypropylene is 160 °C (320 

°F), while the stagnation temperature of insulated thermal collectors can exceed 180 °C (356 

°F) if control strategies are not used. For this reason polypropylene is not often used in glazed 

selectively coated solar collectors. Increasingly polymers such as high temperate silicones 

(which melt at over 250 °C (482 °F)) are being used. Some non- polypropylene polymer based 

glazed solar collectors are matte black coated rather than selectively coated to reduce the 

stagnation temperature to 150 °C (302 °F) or less. 



4 
 

In areas where freezing is a possibility, freeze-tolerance (the capability to freeze 

repeatedly without cracking) can be achieved by the use of flexible polymers. Silicone rubber 

pipes have been used for this purpose in UK since 1999. Conventional metal collectors are 

vulnerable to damage from freezing, so if they are water filled they must be carefully plumbed 

so they completely drain using gravity before freezing is expected, so that they do not crack. 

Many metal collectors are installed as part of a sealed heat exchanger system. Rather than 

having potable water flow directly through the collectors, a mixture of water and antifreeze 

such as propylene glycol is used. A heat exchange fluid protects against freeze damage down 

to a locally determined risk temperature that depends on the proportion of propylene glycol in 

the mixture. The use of glycol lowers the water's heat carrying capacity marginally, while the 

addition of an extra heat exchanger may lower system performance at low light levels. 

A pool or unglazed collector is a simple form of flat-plate collector without a 

transparent cover. Typically polypropylene or EPDM rubber or silicone rubber is used as an 

absorber. Used for pool heating it can work quite well when the desired output temperature is 

near the ambient temperature (that is, when it is warm outside). As the ambient temperature 

gets cooler, these collectors become less effective. Most flat plate collectors have a life 

expectancy of over 25 years. 

 

 Evacuated Tube collectors: 

 

Most vacuum tube collectors are used in middle Europe use heat pipes for their core 

instead of passing liquid directly through them. Direct flow is more popular in China. 

Evacuated heat pipe tubes (EHPTs) are composed of multiple evacuated glass tubes each 

containing an absorber plate fused to a heat pipe. The heat is transferred to the transfer fluid 

(water or an antifreeze mix— typically propylene glycol) of a domestic hot water or hydronic 

space heating system in a heat exchanger called a "manifold". The manifold is wrapped in 

insulation and covered by a protective sheet metal or plastic case. The vacuum inside of the 

evacuated tube collectors traditionally have warranties of 10 years.
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The reflective coating for the design is encapsulated in the vacuum inside of the tube, which 

will not degrade until the vacuum is lost. The vacuum that surrounds the outside of the tube 

greatly reduces convection and conduction heat loss, therefore achieving greater efficiency 

than flat-plate collectors, especially in colder conditions. This advantage is largely lost in 

warmer climates, except in those cases where very hot water is desirable, e.g., for commercial 

processes. The high temperatures that can occur may require special design to prevent 

overheating. 

 

 

                               Fig.1.2 evacuated tube solar collector 

 

Some evacuated tubes (glass-metal) are made with one layer of glass that fuses to the heat pipe 

at the upper end and encloses the heat pipe and absorber in the vacuum. Others (glass-glass) 

are made with a double layer of glass fused together at one or both ends with a vacuum 

between the layers (like a vacuum bottle or flask), with the absorber and heat pipe contained at 

normal atmospheric pressure. Glass-glass tubes have a highly reliable vacuum seal, but the two 

layers of glass reduce the light that reaches the absorber. Moisture may enter the non-

evacuated area of the tube and cause absorber corrosion. Glass-metal tubes allow more light to 

reach the absorber, and protect the absorber and heat pipe from corrosion even if they are 

made from dissimilar materials (see galvanic corrosion). 

 

The gaps between the tubes may allow for snow to fall through the collector, 
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minimizing the loss of production in some snowy conditions, though the lack of radiated heat 

from the tubes can also prevent effective shedding of accumulated snow. 

Line focused collectors: 

These collectors, sometimes known as parabolic troughs, use highly reflective 

materials to collect and concentrate the heat energy from solar radiation.These collectors are 

composed of parabolically shaped reflective sections connected into a long trough.A pipe that 

carries water is placed in the center of this trough so that sunlight collected by the reflective 

material is focused  onto the pipe, heating the contents. These are very high powered 

collectors and are thus generally used to generate steam for Solar thermal power plants and are 

not used in residential applications. These troughs can be extremely effective in generating 

heat from the Sun, particularly those that can pivot, tracking the Sun in the sky to ensure 

maximum sunlight collection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.3 line focus solar collector 
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 Point focusing collector: 

 

Fig.1.4 POINT FOCUS SOLAR COLLECTOR 

These collectors are large parabolic dishes composed of some reflective material that focus the 

Sun's energy onto a single point. The heat from these collectors is generally used for driving 

Stirling engines. Although very effective at collecting sunlight, they must actively track the Sun 

across the sky to be of any value. These dishes can work alone or be combined into an array to 

gather even more energy from the Sun. 

Point focus collectors and similar apparatuses can also be utilized to concentrate solar energy for 

use with concentrated photovoltaics. In this case, instead of producing heat, the Sun's energy is 

converted directly into electricity with high efficiency photovoltaic cells designed specifically to 

harness concentrated solar energy. 
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Scope of Project:- 

                  Solar energy is the most abundant source of energy, as the earth receives millions 

of watts of energy per day in the form of solar radiation. Although, a fraction of it in the form 

of day lighting and photosynthesis is used by the natural world, one-third of it is reflected back 

into the space and remaining is absorbed by land, water reserves and clouds. Thus, an 

appropriate method is required to collect solar energy and use it efficiently to produce electric 

power and thermal energy, also for heating purposes in a viable way. The influence of using 

solar energy on the environment for a variety of applications is minimal, as it produces 

practically negligible dangerous pollutants. In addition, environmental consciousness, 

declining of traditional energy sources justifies solar energy as the prominent energy source to 

meet the increasing demand of energy worldwide. 

 

Solar drying:      

              The most widely used technique to preserve agricultural products is sun drying for 

processing the agricultural products such as vegetables and fruits with zero energy costs in 

clean ,hygienic and standard conditions, solar drying technology is an another solution. For 

agricultural purposes or for small scale food handling industries, solar dryer technology is 

suitable, environment friendly, and reliable to produce hygienic and high quality food products 

as this skill requires less area, saves time, energy and manpower and also improves the quality 

of the product 
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CHAPTER-2 

Literature Review 

Presently, India spends around 100 million tones of fossil fuels (FF) every year for 

various uses, where 40% is solely consumed by the industries. Approximately, 40-50% nearly 

15 MT of fuel oil per year is used for heating appliance below 250°C catering to a huge annual 

energy requirement of approximately 150GW/hr in India. Solar energy (SE) which is 

abundantly available can be harnessed effectively to provide the heating requirements of 

various industries. One such important task is the use of heated air for drying application in 

automobiles, plastic packing, printing, food and beverage, drags and chemical industries. 

Presently available commercial technologies for air heating employ flat plate solar collectors 

(FPSC) where the maximum attained temperature is limited to 80°C and heat losses are higher. 

One of its best utilization of the solar energy is by solar evacuated tubes. 

Evacuated tube solar collectors are commercially available for over 25 years. However 

till now these could not compete with flat plate collectors. All glass- evacuated tube collectors 

are based on double glass tubes where the outside of the inner glass wall  is  treated  with  an  

absorption selective coating and vacuum  is  created  between  the  tubes.  Evacuated  tube  

collectors have better performance than flat-plate collectors for  high-temperature  operation 

because of reduced convection heat loss due to the  vacuum  envelope  around  the  absorber 

surface. 

 

A review of the literature suggests that considerable efforts have been  made  in  the  

research and development of  the  evacuated-tube  solar  collectors.  In the 1980s, most of the 

studies on performance improvement tried to enhance the individual components in the 

collector. Efforts were made to optimize the operating conditions and performance variables 

for various conditions (Mather  1980, Behrendorff  and  Tanner 1982). The  shape  of the  

absorber  tube  for the glass evacuated tube solar collector is a very important design factor 

because the solar irradiation energy is collected through the tube surface. For example, the 

absorbed energy at the glass-evacuated solar collector adopting  a semi-cylindrical-shaped  

absorber  tube  was found  to  be about 15.9%, which is greater than that adopting a flat plate-

shaped absorber tube (Perez et al.1995, Zinian et al. 1997). The major difficulty with the 

application of all glass-evacuated tube collectors is the problem of heat extraction from the 

long narrow single-ended absorber  tube.  Many heat extraction  methods  such  as  heat-pipes,  

U-tube  inserts  or  integrated  collector/storage in the tube have also been developed; however, 

the  most  successful  method  is the simple water concept (Morrison et al. 2005). 

The performance of the glass-evacuated tube collector depends on operating 
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conditions, such as the inlet and outlet temperatures and the flow rate of the working fluid.  

The  solar irradiation interference due to adjacent tubes must  be also considered  (Shah  and 

Furbo  2004).  The flow conditions in very long tubes give the possible presence of a stagnant 

region  in the  bottom of the tube that would influence the operation of the  tube  (Morrison et  

al.  2004). When the heat input is concentrated on the top part of the tube, this phenomenon is 

observed. There is a case  in which collectors  are  mounted  over  a  diffused  reflector;  the 

effect of circumferential heat  flux distribution on  the circulation  (axial þ circumferential)  

flow rate through the  tubes  is not  significant  (Budihardjo  et  al.  2007). The  efficiency  of  

the  glass-evacuated  tube  collector is highest when the shortest  length  tubes  are  used (Shah 

and Furbo  2007). As the evacuated  tubes center distance is increased in evacuated-tube solar 

collector, the number of  installed collector tubes is decreased because the width of the 

collector is fixed. Therefore, the absorbing  area significantly decreases, so the performance 

decreases even though the shadow effect has been decreased.  On the other hand, as the centre 

distance  becomes  short,  the  number  of  collector  tube increases. So, the performance of the 

collector increases  because  the  absorbing  area increases even though the shadow effect has 

been increased (Kim and Seo 2007). 

 

This analyses and discusses the performance results of solar air heater based on 

evacuated- tube solar collector. The experimental setup is installed at Gudlavalleru 

Engineering College, India. 

Solar collectors are important components for solar energy utilization. Development of 

appropriate technologies for conversion of solar radiation to thermal energy is essential for 

food preservation. A review of various designs, construction, operational principles and 

various aspects of solar air heaters with and without thermal storage for drying applications is 

presented in this chapter. The chapter concludes with the scope of the work. 

A solar dryer for drying herbs and spices using hot air from roof-integrated solar 

collectors was developed by Janjai et al. (2005). The dryer was bin type with a rectangular 

perforated floor. The bin had a dimension of 1.0 m×2.0 m×0.7 m. Hot air was supplied to the 

dryer from fiber glass-covered solar collectors, which also functioned as the roof of a 

farmhouse. The total area of the solar collectors was 72 m 2 . To investigate its performance, 

the dryer was used to dry four batches of rosella flowers and three batches of lemon-grasses 

during the year 2002–2003. The dryer could be used to dry 200 kg of rosella flowers and 

lemon-grasses within 4 and 3 days, respectively. The products dried in the dryer were 

completely protected from rains and insects and the dried products were of high quality. The 

solar air heater had an average daily efficiency of 35% and it performed well both as a solar 
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collector and a roof of a farmhouse. 

Solar air collectors are important components for solar energy utilization in green 

houses. Zhai et al. (2005) carried out experimental studies on a solar air collector (SAC), for 

which the length of air channel was 1500 mm, the width was 500 mm, with a variable air 

channel gap ranges from 100 to 500 mm. In the experiment, the uniform heat flux along the air 

channel was affected by three electric heating plates, which played an important role as solar 

radiation. It was found that the temperature distribution of air and the induced natural air-flow 

rate were highly dependent on heat input, inclination angle, channel gap, etc. Experimental 

results. indicated that the optimum inclination angle for the SAC was 45°, under which a 

maximum natural ventilation rate could be created. Also it was found that there existed an 

appropriate channel length, about 1 m in this study, beyond which the obtained heat and the 

natural ventilation rate could not be increased drastically. Higher the volume of air-flow rate 

through the SAC, lower the temperature difference between inlet and outlet. Consequently, it 

should be balanced between the air temperature rise and a suitable mechanical air-flow rate in 

order to obtain maximum heat. Additionally, theoretical analysis based on heat balance 

equations was testified to agree well with experimental results. 

Solar air heaters of many types had been developed in India and their performance 

studied in detail. The applications of these air heaters were limited to a few demonstration 

projects for food dehydration, and space heating. Some of these case studies were described by 

Bansal (1999). For a few cash crops, the potential of solar air heaters for the drying process 

were assessed in detail. Space heating by solar air heaters and their use for natural ventilation 

were discussed and results of a theoretical study presented to make out a case for more 

intensive research in the fields of solar air heater applications in India. 

Gupta et al. (1967) reported an experimental study on the performance characteristics 

of four solar air heaters. Two were of a corrugated type and two were of a mesh type. All used 

ordinary black-painted surfaces. Instead of comparing the efficiencies at the same rate of 

discharge, the same amount of pumping power was employed so that the unequal frictional 

losses were also taken into account in the comparison of over-all heater efficiency. The rating 

parameters, such as plate efficiency factor, heat-removal efficiency factor, over-all heat-loss 

coefficient and the effective absorption coefficient were reported for average winter conditions 

for these heaters at Roorkee, India. The air-heater performance could be computed from these 

parameters for any other usual range of operating conditions. 

Drying for agricultural and marine products are one of the most attractive and cost-

effective application of solar energy. Numerous types of solar dryers were designed and 

developed in various parts of the world, yielding varying degrees of technical performance. 
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Basically, there are four types of solar dryers; (1) direct solar dryers, (2) indirect solar dryers, 

(3) mixed-mode dryers and (4) hybrid solar dryers. This paper by Fudholi et al. (2010) is a 

review of these types of solar dryers with respect to the product dried and also technical and 

economic aspects. The technical directions in the development of solar-assisted drying systems 

for agricultural produce are compact collector design, high efficiency, integrated storage and 

long-life drying system. Air-based solar collectors are not the only available systems. Water-

based collectors can also be used whereby water to air heat exchanger can be used. The hot air 

for drying of agricultural produce could be forced to flow in the water to air heat exchanger. 

The hot water tank acted as heat storage of the solar drying system. 

A solar drying system was constructed consisting of three parts (solar collector, drying 

chamber and air blower). Solar collector having v-corrugated absorption plate of two air 

passes, a single glass cover was used. The total area of the collectors was 2.04 m². The 

dimension of the drying chamber was 1.06 m, 0.66 m and 0.56 m for width, depth and height 

respectively. 38 kg of corn was dried. The moisture content was reduced from 21 to 13% 

within four hours of drying. The drying air temperatures at the inlet of the dryer were found in 

the range of 30ºC to 45ºC when the range of ambient air temperature was from 8.5 ºC to 20ºC 

and total solar radiation intensity was from (270 to 560)W/m2 . Increasing volumetric air flow 

rate from (0.025 to 0.030)m 3 /s raises the daily solar collector efficiency by 3.25%, while 

increasing volumetric air flow rate from (0.030 to 0.035)m 3 /s raises the solar daily collector 

efficiency by 11.11%. Kareem et al (2011) noticed that the drying rate was reduced when 

moisture content decreases. Efficiency of the collector was very much dependent on air flow 

rate. At the lower flow rate (0.025 m³/s), the collector efficiency was found to be 38.7%, at 

0.03 m³/s the collector efficiency was found to be 40%, and at 0.035 m³/s the collector 

efficiency was found to be 45%. 
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CHAPTER-3 

Experimental setup 

 

The aim of the experiment is to study the performance of a solar air heating with one-

ended evacuated tubes. The objective of this study is to investigate the temperature of outlet 

air at different flow rates with air as a working fluid in evacuated-tube solar collector at 

different operating conditions. 

The test section of solar air heater is based on glass evacuated tubes. This system 

consists of 6 evacuated tubes, aluminum tubes, blower and humidifier. The length and 

diameters of the outer glass tube and absorber tube are 1500, 47 and 37 mm respectively. The 

blower suction end is connected to one end of series of evacuated tube pipe. On other side of 

tubes i.e. at inlet humidifier is connected in one condition and in other condition it is open to 

atmospheric air. On delivery end i.e. outlet of blower is connected to pipe which we get hot air 

for use. The collector is inclined at an angle of 30 relative to horizontal. A blower with power 

of 0.28 HP is used to suck the air in the solar air heater. The blower is powered by AC mains 

supply and air flow rate is controlled by using a regulator. To enhance the temperature of outlet 

air,  aluminum  coil is  placed  inside the  circular pipe of solar evacuated tubes. 

  
Fig.3.1 Experimental setup of solar evacuated tube air heating system 
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             The system consists of the following parts: 

 evacuated tube 

 Aluminum coil 

 Working fluid 

 blower 

 Motor Controller 

 Artificial Humidifier 

 

          EVACUATED TUBES: 

The test sections of the evacuated tube used in this system are shown in Figure. Each 

evacuated tube consists of two glass tubes made from extremely strong borosilicate glass and 

between them vacuum is present. The outer tube is transparent which allows light rays to pass 

through with minimal reflection. The inner tube is coated with a special selective coating  (Al- 

N/Al) with excellent features as solar radiation absorption and minimal reflection properties. 

 

 
 

Fig.3.2 Solar evacuated tube 

        

                EVACUATED TUBE AND HEAT PIPE: 

The evacuated tube and heat pipe are assembled in a patented format that is different 

to any other product on the market. Rather than a centrally located heat pipe with heat transfer 

fins radiating out to the glass wall, the heat pipe is positioned directly against the glass wall, 

where the sun strikes. The aluminum heat transfer fin is tightly held against the top inner wall 

of the evacuated tube and heat pipe with a set of spring clips. This is an important design 

feature as over time, with exposure to high temperature, the Aluminum will soften. The spring 

clips guarantee long term tight contact with the glass wall and heat pipe, which is essential for 

optimal performance. 

         Tube Design 

The evacuated tube design used by Apricus was originally developed in the 1980s and 

has proven to be extremely robust.  Referred to as the "Sydney" tube, "twin-tube" or "all-

glass",the tube is essentially two glass tubes that are fused at the top and bottom. The inner 



15 
 

tube has a solar absorbing coating, and the space between the two tubes is evacuated to form a 

vacuum. 

 

         Strong Glass 

           The tubes are made from a type of glass called Borosilicate, the same base material as 

used in many Pyrex glass products used in kitchens around the world. Borosilicate glass has 

the characteristic of being very strong and also has excellent light transparency (>92% @ 2mm 

thick). 

The wall thickness of the glass greatly impacts the strength, longevity and naturally 

also the cost. Apricus evacuated tubes are custom made to strict requirements that exceed the 

industry standards, including a 1.8mm thick wall ensuring excellent strength and resilience to 

hail impact. 

             Vacuum Insulation: 

The name "evacuated" is used to describe the process that expels the air from within the 

space between the tube tubes, forming a vacuum. A vacuum is an excellent insulator against 

heat loss, and so evacuated tubes are able to operate very efficiently when there is a big 

difference between the inside of the tube and the outside ambient air. For this reason evacuated 

tubes are the ideal choice for high temperature hot water applications or locations that get cold 

in the winter. 

              Solar Absorber: 

                 The absorber coating comprises a base layer of Aluminum on the outside of 

the inner glass tube followed by thin layer of the dark colored AL/N material. These coatings 

are applied using a method called dc reactive sputtering which is extremely reliable after 

having been fine-tuned over the past 20 years since it was developed. 

              Extracting Heat 

 The heat produced by an evacuated tube can be extracted in a number of ways, 

depending on the design. The most common methods include direct water flow, direct air flow, 

U tube pipe, and pipe-in-pipe or heat pipe. 

             Other Tube Designs 

               There are a number of different structural evacuated tube designs that exist. Some 

tubes have a single walled tube with a metal to glass seal at the top. Apricus uses the twin 

wall "all glass" design as it is has been mass produced for more than 15 years and is extremely 

reliable and efficient. 
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                        Efficiency 

The combination of the highly efficient absorber coating and the vacuum insulation 

means that the coating can be well over 200oC / 392oF and the outer glass is cool to touch. In 

strong sunlight, each evacuated tube can provide over 60 Watts / 204 Btu of water heating 

output. 

 

 

Fig.3.3 cross sectional view of Solar Evacuated tube 

 

Specifications: 

 

Model Number: 58x1500mm 

Type: Vacuum Solar Collector 

Pipe Material: Glass 

Coating Layers: Three Targets Coating 

Structure: Double Jacket 

Outer tube diameter: 52mm 

Inner tube diameter: 48mm     

Outer Tube thickness: 1.6±0.15mm 

Inner tube thickness: 1.6±0.15mm 

Tubes length: 1500mm 

Absorptance: ≥0.92 

Emittance: ≤0.06 

Vacuum: less than 5.2×10-4Pa 
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Stagnation temperature (height): 270~300℃ 

Transmittance of Outer Tube: 0.92 

Heat-loss coefficient: less than 0.5 w/ (m2*℃) 

Pressure-endure ability: 1MPa 

 

     Copper tube coil: 

A copper tube coil which is placed in the circular pipe (through which the air flows) to 

increase the temperature of outlet air. The copper tube provides obstruction to the air flow and 

increases the surface contact time of air with pipe by which the air flow rate decreases and  

temperature  increases.  The length and diameter of copper coil are 7620mm and 12mm, 

respectively. The schematic diagram of aluminum coil in a header is shown in Figure 2.3. 

 

 

 

  

  

  

  

  

  

  

  

 Working fluid: 

 

The evacuated tubes in the experimental setup contain 108 L of working  fluid. The 

working fluid is Air. Air is a mixture of gases at standard conditions. However, at low 

temperature and high pressures the gas mixture becomes a liquid. Air is a mixture of gases, 

78% nitrogen and 21% oxygen with traces of water vapor, carbon dioxide, argon, and various 

other components. Like all matter, air has weight and takes up space. 

 

  Centrifugal Blower: 

A centrifugal blower is a mechanical device for moving air or other gases in a direction 

at an angle to the incoming fluid. Centrifugal blowers often contain a ducted housing to direct 

outgoing air in a specific direction or across a heat sink; such a fan is also called a blower fan, 

biscuit blower or squirrel-cage fan (because it looks like a hamster wheel). These blowers 

increase the speed and volume of an air stream with the rotating impellers. 
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In general, a blower can produce a higher pressure ratio. As per American Society of 

Mechanical Engineers (ASME) the specific ratio - the ratio of the discharge pressure over the 

suction pressure is used for defining the blowers. The pressure ration of blower is 1.1 to 1.2 

and Pressure rise is 1136 to 2066 mm H2O. 

Active Air Blower (AAB) series is a centrifugal AC electric blower. It has features 

such as large air volume, high wind pressure, power source saving, low temperature rising. 

The shell of this series is made of cast aluminum. This product is light weight, strong 

structure, elegant and beautiful appearance, etc., it is mainly for export and also widely 

applicable for combustion supporting at general places such as in homes, restaurants, canteen, 

small-size boilers, blast furnace and used in packing machines. 

Main parts of a centrifugal blower are: 

1. Fan housing 

2. Impellers 

3. Inlet and outlet ducts 

4. Drive shaft 

5. Drive mechanism 

 Operation: 

The centrifugal blower uses the centrifugal power supplied from the rotation of 

impellers to increase the kinetic energy of air/gases. When the impellers rotate, the gas 

particles near the impellers are thrown off from the impellers, then move into the fan casing. 

As a result, the kinetic energy of gas is measured as pressure because of the system resistance 

offered by the casing and duct. The gas is then guided to the exit via outlet ducts. After the gas 

is thrown-off, the gas pressure in the middle region of the impellers decreases. The gas from 

the impeller eye rushes into normalize this. This cycle repeats and therefore the gas can be 

continuously transferred. 

            Features: 

 Performance stability 

 Rigid construction 

 High performance 

 Longer life 

 Dimensional accuracy 
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Fig.3.5 Centrifugal Blower 

Specifications: 

Motor Rating: 0.28 HP 

Blower type: Centrifugal blower  

Phase: 2 

AMP: 0.9 amps 

Speed: 2800 RPM 

Power source type: electric power AC 

  

AC Motor Controller: 

This controller used a bi-directional high-power SCR, can be very convenient adjust 

the current up to 25A, and solve the over current problem of the heating wire resistance is too 

small in the case of cooling causing good. 

Fig.3.6 AC Motor Controller 

 

 

 

 

The output voltage is adjusted anywhere between 50V - 220V for use with electrical 

appliances. It can use to such as electric stove, water heater tune thermal, lighting dimmer, 

small motor speed, electric iron thermostat, and achieve dimming, thermostats, pressure 

regulator effect. 
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Specifications: 

 Input voltage: 110V ~ 250V AC 

 Output voltage: 50V - 250V 

 Output Power: Max. 2000W 

 Output Current: Max. 25A 

 Size: 47 * 35 * 27mm 

 Operation environment temperature:-20'C-40'C; 

 High efficiency, high torque, low heat generating 
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CHAPTER-4 

                             Measuring device instruments 

To perform the experimental analysis of this system we need to measure the some parameters 

while performing experiment.                            

        Different parameters are measured in this study; these include: 

  Inlet and outlet air temperatures, 

 solar radiation intensity and 

 Air flow rate. 

 Energy consumption of  blower 

These parameters are measured by the following devices: 

 Digital Thermometer: 

PM-10 digital thermometers are used to measure the temperatures at different points. The 

thermometers are connected at inlet and outlet of pipe where we get the temperature with a 

resolution of 0.1°C. 

      Product Specification: 

 Power Source: battery 

 Model ID: PM-10 

 Model Name: Digital Thermometer 

 Features: 1m Waterproof Probe 

 Color : White 

 Measurement Range: -50°C to 110°C 

 Measurement Accuracy: Accuracy: +/- 1°C 

 

 

 

Fig.4.1 Digital Thermometer 
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           Features: 

 Highly accurate 

 Withstand high pressure 

 Dimensions as specified 

Anemometer:   

MPS anemometer is a device which is used to measure the air flow rate with the help 

of this we can find The flow rate of air at blower initially and we can also check the 

flow rate at the outlet of the system for analysis system . 

 

                           (Mass flow rate = velocity * area * density). 

 

Specifications: 

Units: feet per minute (fpm), meter per second (m/s) 

Minimum speed: 60fpm, or 0.4(m/s) 

Maximum speed: 9999 fpm or 9999(m/s) 

 

                              

                                         fig.4.2: MPS Anemometer 

       Features: 

 Highly Accurate 

 Dust proof  and water proof 

 No calibration is needed 

        Energy Meter: 

 

Energy meter is a device used to measure the amount of energy consumed, in this 

experiment we are going to measure the amount of energy consumed by the blower for 

running it one hour. 
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      Specifications: 

 

  Rated voltage: 240 V 

 Operating voltage: 140-300 V 

  Basic current: 2.5A/5A/10A 

  Maximum current:10A/20A/40A 

  Temperature Range :-10 to 80 degrees 

  Resolution: 1/100kwh 

 

      Features: 

 Accurate Reading 

 No effect of voltage fluctuations 

 High heat resistant 

 

 

 

 
 

Fig: Energy meter 
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Design calculations:- 

        Calculation of a parameters for a particular day in a march for the gudlavalleru 

location 

Latitude      φ    =  16.18  N 

Longitude   α    =  81.13  E 

For march 20 

N = 31 + 28 + 20 = 79 

                                    Declination angle   δ = 23.34 sin[ ( )] 

                                   = -0.803  

Hour angle ω = cos  (−tan∅ ∗ tan  ) 

                       = cos  [- tan(16.18) * tan (-0.803) ]  

                       = 89.36 ° 

                       = 1.55 radians  

H =    [ 1 + 0.033 cos ( ∗ ) ] 

= [ 1.55 sin (16.15) sin (-2.406) + cos (16.15) cos (-2.406) sin (89.30)]                

= H  =  
π
∗ 1.37 ∗ 0.947 

= 10.04 kwh/m  

Day length = ∗  ω  

                   = ∗ 89.30 = 11.9 hrs                                                                                

     H =  .
.  

  

  = 0.843 kw/m  

Time ∆T =  τ ∗α∗∆ ′ ∗  
∗

 

= . ∗ . ∗ ∗ ∗ .  
∗ . ∗

 

                                     ∆ = 37.14 ℃  

T - T  = 37.14 ℃ 

T  = ambient temperature = 23 ℃                                                                 

     T = 37.14 + 23 

    =  60.14 ℃ 

                                         = 333.14k 

Now, Q = m ∗  c  ∗  ∆T   

              = 1* 1.005 * 10  * 37.14  

              = 37.325 * 10  W       =  37.325 kw 
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CHAPTER-5 

Results and Discussion 

 

Initially, when the setup was installed, we used air as the working fluid. The air at 

temperature 30oC is filled as a working fluid in the all 6 evacuated tubes. As the solar radiation  

falls  on  the  evacuated  tubes,  the  evacuated tubes  gain  solar energy from these radiations 

and transfer it to the working fluid  through conduction and convection. These evacuated tubes 

are attached as series connection so that the hot fluid enters at one side and leaves at another 

side after working fluid is flown through pipes. The air gets the heat in the circular pipe, which 

gets heat from the working fluid.  

The result verified by the following conditions 

Case:1 

Model verified on variable flow rates without reflector 0.5,1,1.5,2 and 2.5 kg/min 

 

S.NO Mass flow 
rate( Kg/min) 

Outlet 
Temperature 

(
o
 C) 

1 0.5 45 

2 1 54 

3 1.5 65 

4 2 74 

5 2.5 72 
Table 1: mass flow rate of air vs  outlet temperature 

 
Fig 1:  system outlet temperature without reflector 

The system operated variable mass flow rates of air, the outlet temperature increases upto 

certain mass flow rate 2 kg/min, after increase the mass flow rate the heat collection rate 

decreases. 
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Case:2 

Model verified on variable flow rates with reflector 0.5,1,1.5,2 and 2.5 kg/min 

 

 

 

 

 

 

 

           

 

 

Table 2: mass flow rate of air vs  outlet temperature with  reflector 

 

 

 
Fig 2:  system outlet temperature without reflector 

 

 

The outlet temperature increased by increasing flow rate up to 2 kg/s but after 

increasing flow rate the amount of  heat collection rate decreased (Convection rate)   
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1 0.5 49 
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Case:3 

 Comparison of system result with and without reflector 

 

 

 

 

 

 

 

 

 

 

 

 Table : comparison of system outlet temperature with and without reflector 

 
Fig :  variation of system temperature with and without temperature 

      

The performance of designed system experimentally verified by with 

and without reflector by variable flow rates, the system output better by 

reflector. The percentage  percentage  variation of with and without reflector is 

6.03% at 2 kg/min. 
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CHAPTER-6 

Conclusion 

 

The system is designed with 0.66 m2 surface area of solar evacuated tubes ( Length  1.5 m 

X dia 0.037 m) and it is operated by variable velocities of working fluid, 0.5 ,1,1.5,2 and 2.5 

kg/min. 

 The experimental analysis is coried out by variable mass flow rates of a working fluid  

 The system operated by with and without reflectors , the outlet temperature verified. 

 The maximum outlet temperature obtained at  2kg/min 74o C 

 The maximum outlet temperature at 2kg/min is 79oC 

 The performance of the system improved with and without reflector is 6.7% . 
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ABSTRACT 

 

3D printing or additive manufacturing (AM) is a technology that enables the fabrication of 

3D data by depositing a thin layer of material layer-by-layer until a final product is produced. Recently, 

the application of metal-based material has been increasingly utilized. The aim of this review is to 

analyze and to summarize the state of the art of the processing of aluminum alloys, and in particular of 

the AlSi10Mg alloy, obtained by means of the Additive Manufacturing (AM) technique known as 

Selective Laser Melting (SLM). Additive manufacturing processes take the information from a 

computer-aided design (CAD) file that is later converted to a stereo lithography (STL) file. In this 

process, the drawing made in the CAD software is approximated by triangles and sliced containing the 

information of each layer that is going to be printed. There is a discussion of the relevant additive 

manufacturing processes and their applications. The aerospace industry employs them because of the 

possibility of manufacturing lighter structures to reduce weight. In this work mechanical properties like 

tensile strength, elongation, young’s modulus, compressive strength and hardness of SLM produced 

AlSi10Mg parts are investigated and results are tabulated and comparison is observed 
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CHAPTER-1 

INTRODUCTION 

1.1  Additive Manufacturing: 

Additive Manufacturing (AM) processes, which are also known as Rapid Prototyping (RP), refer to an 

evolutionary type of fabrication that utilize a 3D CAD file and slice it to different thicknesses. A 

computer uses the sliced files as geometry of each layer and orders the fabrication setup to deposit a 

layer regarding that geometry. The layer-by-layer deposition continues to the last layer in order to 

fabricate a complete 3D component. There are various deposition methods that are working on different 

basis. However, these processes are similar in the thermal, chemical and mechanical ways they 

fabricate parts. Although many benefits come out of AM processes, many of them are yet available in 

lab scales and they are not ready for commercial uses. AM processes can be categorized to solid, liquid 

and powder-based types that as comes from their names, they are working with solid, liquid and 

powder feedstock. Some of the benefits of AM processes can be summarized as: 

i) no need of tooling designs 

ii) no need for separate machines and 

iii) less waste of materials and final cost. 

Additive manufacturing now enables both a design and industrial revolution, in various industrial 

sectors such as aerospace, energy, automotive, medical, tooling and consumer goods. AM processes 

fabricate parts in layer-by-layer format which is completely different than conventional ones. As a 

result, these processes have to undergo a deep investigation regarding their mechanical, thermal and 

chemical properties in dynamic and static conditions 

 

1.2  3D Printing techniques:- 
 

1.2.1. Photo polymerization: 

a. Stereo lithography(SLA) 

b. Digital light processing(DLP) 

c. Materials jetting(MJ) 

d. Continuous liquid interface production(CLIP) 

e. Multiphotonpolymerization(MPP) 

1.2.2. Extrusion-based: 

a. Fused deposition modeling(FDM) 

b. Direct ink writing(DIW) 

1.2.3. Powder-based:- 

a. Selective laser sintering(SLS) 
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b. Selective laser melting(SLM) 

c. Binder jetting(BJ) 

1.2.4. Lamination:- 

a. Laminated object manufacturing(LOM) 

 

 

Fig 1.1 Powder based process 

1.3 Stereo lithography (SLA): 

Stereo lithography (SLA) is one of the most common types of AM. in this process, the feedstock are in 

liquid form and after impact of a ray of light (laser, UV, etc.), they solidify and form each layer. This 

process is called curing step of SLA. As the materials are solidified by light curing, the thickness of 

each layer cannot pass a specific value that depends on feedstock material properties and intensity of 

light emitted. Also, reflectivity of materials plays an important role in fabrication process. Similar to 

the concept of all AM processes, after solidification of a layer, the ram of sample holder descends and a 

next layer is deposited and solidified, consecutively. However, based on complexity of the geometry, 

there might be some modifications and considerations needed to have a solid 3D component. These 

features are known as supports, overhangs and undercuts. 

As mentioned before, the steps of SLA AM process are: A CAD model is used as a reference and a 

software slices the model. A processing unit obtains the slices and send them to a CNC machine 

equipped with deposition head. Each layer solidifies and at the final step a 3D component is fabricated. 

Benefits of this process are that there is flexibility in materials selection and a high accuracy can be 

achieved but all materials cannot be used and the fabricated parts must undergo a curing process after 

completion 



 

GUDLAVALLERU ENGINEERING COLLEGE       3        

 

Fig 1.2 Stereo lithography setup 

1.4 Liquid thermal polymerization (LTP) : 
 

Another interesting technique of AM is called liquid thermal polymerization (LTP) that is able to form 

layers of thermo set materials instead of photo-curable ones in SLA. In this process some jetting heads 

feed the materials in liquid form on the surface. The computer control tells the machine where to 

deposit the liquid polymer droplets in order to form a deposition layer. On the other side, another head 

is in charge of addition of adhesive materials to the droplets on the surface. After heat dissipation of the 

deposited materials, they become solid layers of a desired composition. The thickness is not uniform as 

it is difficult to control droplet geometries. The other step is to use a milling machine in order to make a 

uniform thickness throughout the surface and prepare the materials for next layers of deposition. This 

sequence continues until the process is finished. As the surface is machined after each step of 

deposition, the texture and surface quality are very good but these extra steps increase the time of 

fabrication process. However, as this machine is in an office size and portable versions, it could be a 

very reliable option for desktop material printing. 

 

 

 
Fig 1.3 Representation of LTP setup 
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1.5 Fused Deposition Modeling (FDM) : 
 

Fused deposition modeling (FDM) is a type of additive manufacturing of polymers that does not utilize 

laser. This setup is equipped with a computer-controlled nozzle head that deposits semisolid materials 

on a surface on order to form a layer. This process is widely used in deposition of hard polymers as 

they are in semisolid form prior to deposition . The deposition materials exit the nozzle head in a 

filament mode with variable diameters and geometries depending on nozzle head condition. The 

fabrication takes place in a layer-by-layer mode again. Similar to LTP, after deposition of each layer, a 

milling head cuts the surface to adjust surface finish and thickness of the layers. In order to facilitate 

material deposition, the process of FDM takes place in a temperature close to melting point of the 

polymeric materials. In addition, a second nozzle can be added to the setup that are able to deposit 

secondary materials in order to have a composite and modify properties of the fabricated component . A 

benefit of using this process is obtaining a finished part at the end without needs for post-processing 

and machining. Besides, it can be used in office scale, as well. Materials such as acrylonitrile butadiene 

styrene (ABS), medical grade ABS and E20 can be used in FDM. As it is known, ABS is a tough 

polymer with high wear resistance. However, there are some modifications in feedstock materials to 

enhance properties of FDM parts. On small pieces, there is no need of supports while like other AM 

processes, when the parts are complicated, a set of supports must be assigned to the design. Although 

this process offers many benefits, it is unable to use a wide range of materials and provide a high 

surface quality and geometrical accuracy. Figure 3 shows a schematic FDM process setup. 

 
Fig 1.4  FDM process 

 

1.6 Ballistic Particle Manufacturing (BPM) : 
 

Another interesting category of AM processes is known as ballistic particle manufacturing (BPM). 

In order to have a continuous stream of materials exiting nozzle, a set of piezoelectric are designed and 

based on pressure excite the nozzle sensors and ensure that there is a flow of materials. However, the 

materials can be applied as droplets. When the deposition material faces the cold substrate, the 

semisolid form changes to solid quickly and to some extent the material is welded to the previous 

layers. On the other side, an electrical field is utilized to guide the droplets or flow of materials into the 

desired locations and form the needed design and geometry. The process resamples ink-jetting but with 

the difference that it is a 3D process and it is controlled by a computer processing unit. Similar to other 

processes, in complex geometries there is need for support design. However, the supports can be made 

of a specific material that can be dissolved in solvents. With this feature, there is no limitation in 

removing support pillars from different parts of a complicated design. In addition, BPM can be 

conducted in protected atmosphere that releases high geometrical accuracy and surface quality with no 
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further need to post-process the fabricated parts also it has been mentioned in literature that the density 

of the parts are high enough to have a performance close to the conventionally-fabricated. 

 

Fig 1.5 Schematic view of BPM 

1.7 Selective Laser Melting (SLM) : 
 

Selective laser melting (SLM) is a solid process of AM of metals. Mostly, a more advanced controlling 

setup is required relative to the polymer processing methods. In this process, a bed pf selected material 

powder feeds the chamber of fabrication. A roller, also known as coater, feeds the metal powder 

materials into the place of fabrication. The same as other AM processes, a computer design file will 

provide the geometry of each layer and an integrated laser head will get the G-codes and move on the 

designated paths. After each pass of laser, the materials that had interaction with laser will melt and the 

rest of powder particles remain untouched. These particles can be reused until they are not under 

thermal effects of laser beam. This process is mostly done under controlled atmosphere of vacuum or 

inert gases at air pressure. After layer-by-layer manufacturing the parts, a final component with a 

density over 99% can be achieved that offers superior mechanical and chemical properties. The most 

common reaction in melt pools of SLM is fusing the particles together and bond them mechanically and 

chemically. From advantages of this process, high flexibility and process speed can be named. 

However, the process is flexible in materials selection and it can give high accuracy of the final parts 

after the component is fabricated . All being said, SLM is a process that can do process on different 

materials such as engineering plastics, polymers, and ceramic and metal oxide materials and from this 

point of it has the high power of laser in charge of melting powders. Also, among all AM processes, 

SLM is the fastest one and it is able to fabricate multiple parts in one round 

 

 
Fig 1.6 Schematic view of SLM 
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1.8 Laser engineered net shaping (LENS) : 
 

Laser engineered net shaping (LENS) is a type of AM processes that is mostly used for metallic 

materials. This method is a close match to SLM with slight differences. In this technique, a computer-

controlled head moves above a surface and the powder materials are fed into nozzles that are coaxial 

with the laser head. A pressure of air or inert gases propels the feedstock to the tip of the laser and after 

reaching to the deposition surface, the materials are melted by a focused laser spot with adjustable 

energy densities. Similar to SLM, the density of the parts fabricated by LENS are over 99% and they 

have a reliable performance in mechanical and chemical environments. This process is able to fabricate 

complex geometries and again similar to other AM processes, for some designs, it needs supports and 

overhangs to reduce part distortion during the process. The flowing feedstock on the other hand, can 

facilitate cooling of the deposited materials and enhance density and integrity of the structure. 

Although this process is a powder-based one, it has been reported in literature that rods, 

wires and larger particles can be used for feedstock materials. LENS is able to fabricate tough and 

difficult-to-cut materials such as in cone, Nitti, stainless steel and some other soft metals such as 

aluminum and copper. As it is known, AL and Cu have high reflectivity and make difficulties during 

laser processing but in this method, this negative effect is minimized or in some cases, it is removed . 

The parameters affecting process and component quality are feed rate of materials, reflectivity of 

materials, melting point of feedstock, laser power and scanning speed of laser. By adjusting these 

parameters, there is a wide range of flexibility in fabricating different materials. The only deficiency of 

LENS compared to SLM is its lower geometric accuracy that requires post-processing such as high-

speed machining. Also, it has been mentioned that in some complex parts, a finalizing heat treatment is 

essential. All being said, the most significant benefit of this process is that it can deposit materials in 

spots that need to be filled As an instance, in expensive forming dies and molds, if there is a hole, crack 

or any other physical problem, it can be easily filled with a desired material using LENS 

 
 

Fig 1.7 Laser engineered net shaping (LENS) 

1.9 Binder Jet Printing (BJP) : 

 

Binder jet printing (BJP) is a typical form of AM processes that is mostly used for metals. However, 

there are many reports of polymeric and ceramic materials utilization. The same as SLM and LENS, 

this process has a computer-controlled head which injects ink of adhesive materials. On the other side, 

a roller or coater similar to the one in SLM, will bring a uniform thickness of materials into the 

fabrication chamber. In the next step, the spread material will receive amounts of adhesives in the 
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geometry of the specific slice of the 3D CAD file. As it is obvious, the difference of this process with 

the last two is that instead of using a laser head to melt the powder, it uses an adhesive injector head to 

bond the materials. After all the layers are deposited and bonded with adhesives, the part is finished but 

not completed yet. The final step of fabricating BJP parts is to cure them in a specific heat in a furnace. 

The curing temperature varies based on the adhesive and base materials used .However, it has been 

mentioned that some new BJP equipment are in lab scale that apply heat and cure the adhesives after 

each layer has been deposited. Furthermore, in some ceramic materials, there is a need of high 

temperature firing in order to attain the specific properties of the ceramic materials. The density of the 

parts made in this process strictly depends on the particle size of powder feedstock. The smaller the 

powder size, the higher the density [52]. It has been reported that densities over 99% are achieved 

during BJP. Another capability of BJM is that it is able to provide colored structures such as the ones 

that are used in educational purposes. However, this advantage is still limited and needs more 

investigations. Regarding surface quality of the BJP-fabricated parts, they usually need to undergo 

finishing and machining process in order to remove surface roughness and fluctuation in flatness [50]. 

It has been mentioned that hot isostatic pressing has been implemented on BJP-fabricated parts to 

improve surface quality and density. Figure 7 represents a schematic BJP process. 

 

Fig 1.8 Schematic view of a binder jet printing setup 
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CHAPTER-2 

LITERATURE SURVEY 

Patil Deogonda, Vijay Kumar and N Chalwa  has made their project on Mechanical 

Property  of we observed about composite materials that present work describes the development and 

mechanical characterization of new polymer  composites consisting of filler materials such as TiO2 and 

ZnS. The newly developed composites are characterized for their mechanical properties. Experiments 

like tensile test, three point bending and impact test were conducted to find the significant influence of 

filler material on mechanical characteristics of GFRP composites. The tests result have shown that 

higher the filler material volume percentage greater the strength for both TiO2 and ZnS filled composite 

show more sustaining values than  TiO2. They also tried to increase mechanical properties by adding 

composite materials like zinc and nickel in there research. 

Kalpesh J. Patel, Kamlesh G. Amin, Ranjan G. Patel &Vitthal S.Patel  had made 

research on properties of composite materials. They had made research on properties from that we 

observed that reaction of composite materials when added to base metals like aluminium, titanium, 

Gold. e.t.c; we can obtain increased mechanical properties, working strength and reduced residual 

stresses using this data the way of composites were fabricated and there mechanical and electrical 

properties and there resistance to chemicals were studied. The obtained products have good thermal 

stability, good mechanical strength and chemical resistance. 

Moataz and Allah investigated the variations of microstructure and mechanical properties 

at high elevated temperatures of Nickel alloy which are manufactured by 3D printing process. They 

found that by adding the aluminium to nickel alloys we can increase ductility, corrosion resistance and 

also we can see the improvement of tensile strength.  

U.Heckenbergr investigated aluminium and silicon alloys which are manufactured by 

selective laser melting resulting in the improvement of microstructure and fracture behaviour when 

compared to the normal machining process. And he also found there is no need of finishing after the 

work piece is manufactured. The hardness and other mechanical properties can be obtained according to 

the requirement of the application by using selective laser melting process. 

Susilendra Mutalikdesai, Akshay Hadapad, Sachin Patole, Gururaj Hatti made 

research on in this work the characterization of the mechanical behaviour of composites were carried 

out. With three types of fillers- Nano clay- Zinc oxide fly ash at different weight ratios and 

combinations were dispersed with matrix material by ultra-sonication method. Composites with various 

fillers were fabricated by hand Lay-up technique. Mechanical characterization of Composites using Fly 

ash/ Nano clay/ Zinc oxide as filler were carried out for tests for tensile, flexural and impact strength 

properties. Experimental analysis shows Nano clay /fly ash composites show comparatively higher 

tensile and impact strength. While Zinc oxide/ fly ash composite exhibited better flexural strength. 

Hybrid filler material dispersed composites can be used for structural application as properties it 

processes are higher as compared composites. 

S. K. Mithun1, S. Umesh2, Ramjan Pathan3 1-M.Sc.[Engg.] Student, 2-Asst. Professor, 

3-Asst. Professor, Automotive & Aeronautical Engineering Department, M. S. Ramaiah done a 

research on composite materials to increase thermal properties and thermal stability by there research 

and analysis are noticed fluid flow analysis were carried out to study the behaviour inside a composite 

material and modifications were noticed. By adding magnesium we can increase compact strength. 
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K.Essa and Ostiguy investigated in the area of 3D printing technologies and did a research 

on Titanium alloys and they found that by adding titanium improves tensile properties high load 

carrying capacity with lighter weights. By adding other materials like magnesium, nickel we can 

increase resistance to withstand higher temperatures, ware resistance and fatigue strength. By adding 

silicon we can obtain products with high temperature withstanding capacity. 

Mr.Chavan V.B, Prof.Gaikwa by studying their journals on Development of Composite 

Material and its Characterizations gives information about the present study is an attempt to take an 

overview of the work done in the area of characterization composite material. Different manufacturing 

processes are used for making composite. Based on comprehensive literature review of various aspects 

in developing composite material, it is observed that extensive work has been done related to 

manufacturing and mechanical characterization of current material, whereas limited studies carried out 

to analyses tensile, shear and flexural strength by varying volume fraction of  materials. The behavior 

under tensile, shear and flexural loading and different manufacturing processes of laminated  composite 

are the main areas of interest of researchers. Polymeric based composites materials are being used in 

many applications such as automotive, sporting goods, marine, electrical, industrial, construction, 

household appliances, etc. Composite material is a macroscopic combination of two or more distinct 

materials, having a recognizable interface between them. Composite laminate is a combination of resin 

mixed in proper form. One of the unique properties of composite laminate is that it has high specific 

strength. Composites are being utilized as viable alternatives to metallic materials in structures where 

weight is a major consideration, e.g., aerospace structures, high speed boats and trains. They as 

purchased are woven into cloth, which is categorized by weight per square yard, type of weave, and type 

of glass. There are several types of epoxy available. The mechanical properties of the depend on the 

volume ratio of the two components as well as on the properties of the component and the epoxy 

component individually. Therefore, in this study, the manufacturing processes and mechanical behavior 

of rein-forced epoxy composites by varying parameters such as orientation, thickness, and volume 

fraction has been studied. 

Srinivas K.R. Perm Kumar Naik Samantha B from their research on Experimental 

Comparison of E-Glass Fiber Reinforced Thermosetting and Thermoplastic Composites for Tensile 

Strength we learnt that current work is concerned with the development of thermos-set and thermo-

plastic composites reinforced with e-glass fibers. The influence of fiber content in the composites was 

studied by tensile test. The thermoset and thermoplastic used in this work are Epoxy and Polypropylene 

materials. Finally comparing the tensile strength between the Epoxy and Polypropylene composite 

materials Polymers are of two types thermoplastic and thermosetting according to the effect of heat on 

their properties. Thermosetting materials, or thermosets, are formed from a chemical reaction, where the 

resin and hardener or resin and catalyst are mixed and then undergo a non-reversible chemical reaction 

to form a hard, infusible product. In some thermosets, such as phonemic resins, volatile substances are 

produced as by-products (condensation reaction). Other thermosetting resins such as polyester and 

epoxy cure by mechanisms that do not produce any volatile by products and thus are much easier to 

process (addition reaction). Once cured, thermosets will not become liquid again if heated, although 

above a certain temperature their mechanical properties will change significantly. This temperature is 

known as the Glass Transition Temperature (Tg) and varies widely according to the particular resin 

system used, its degree of cure and whether it was mixed correctly. Above the Tg, the molecular 

structure of the thermoset changes from that of a rigid crystalline polymer to a more flexible, amorphous 

polymer. The properties such as resin modulus (stiffness) drop sharply and as a result the compressive 

and shear strength of the composite does too. Other properties such as water resistance and color 



 

GUDLAVALLERU ENGINEERING COLLEGE       10        

stability also reduce markedly above the resin’s Tg. Thermoplastics like metals soften with heating and 

eventually melt,hardening again with cooling. This process of crossing the softening or melting point on 

the temperature scale can be repeated as often as desired without any appreciable effect on the material 

properties in either state. 

Haibin Ninga, Selvum Pillaya, K. Balaji Thattaiparthasarathy b, and Uday K. Vaidyac 

researched on the Design and Manufacturing of Long Fiber Thermoplastic Composite Insertwe 

experienced that Long fiber thermoplastic composite (LFT) is one category of fiber reinforced polymer 

matrix composites that has been increasingly used because of its excellent mechanical properties and 

other characteristics such as ease of manufacturability, infinite shelf life and recyclability . The LFT has 

shown its increasing market share and it has been predicted that LFT will have 5% increase annually 

from year 2015 to and 2022. Most of its use is in automotive or transportation applications for the main 

purpose of decreasing vehicle weight and enhancing fuel efficiency. Components such as dash boards, 

front ends, underbody panels, trunk lids, seats, or battery doors are prototyped or manufactured using 

LFT . The weight reduction has been reported to reach up to 50% for the LFT components compared to 

their metallic counterparts. LFT has also been used in other applications other than automotive or 

transportation. Vaidyaetal  reported the design and manufacturing of a LFT tailcon with complex 

geometry for military applications and scope is observed 
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CHAPTER-3 

MATERIALS AND METHODS 

AlSi10Mg:- Information in this data sheet refers to the alloy Aluminium AlSi10Mg. This 

alloy is formed when the powder EOS Aluminum AlSi10Mg is processes at a building platform 

temperature of 200 °C.  

This document provides information and data for parts built using Aluminum AlSi10Mg powder  on the 

following system specifications. 

Description: 

 AlSi10Mg is a typical casting alloy with good casting properties and is typically used for cast parts with 

thin walls and complex geometry. It offers good strength, hardness and dynamic properties and is 

therefore also used for parts subject to high loads. Parts in EOS Aluminum AlSi10Mg are ideal for 

applications which require a combination of good thermal properties and low weight. They can be 

machined, spark-eroded, welded, micro shot-peened, polished and coated if required. Conventionally 

cast components in this type of aluminum alloy are often heat treated to improve the mechanical 

properties, for example using the T6 cycle of solution annealing, quenching and age hardening. The 

laser-sintering process is characterized by extremely rapid melting and re-solidification . This produces a 

metallurgy and corresponding mechanical properties in the as-built condition which is similar to T6 

heat-treated cast parts. Therefore such hardening heat treatments are not recommended for laser-sintered 

parts, but rather a stress relieving cycle of 2 hours at 300 °C (572 °F). Due to the layer wise building 

method, the parts have a certain anisotropy, which can be reduced or removed by appropriate heat 

treatment - see Technical Data for examples. 

Composition of material: 

 AlSi10Mg 

 

Materials Composition 

Aluminium Balance 

Magnesium 0.3 wt-% 

Nickel 0.05 wt-% 

Zinc 0.10 wt-% 

Silicon 10.5 wt-% 

Titanium 0.15 wt-%  
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3.1 Materials used: 

3.1.1 Aluminum: 

 Light Weight. Aluminum is a very light metal with a specific weight of 2.7 g/cm3, about a third of 

that of steel 

 Corrosion Resistance 

 Electrical and Thermal Conductivity 

 Reflectivity 

 Ductility 

 Strength at Low Temperatures 

 Impermeable and Odorless 

 Non-magnetic. 

 

3.1.2 Magnesium: 

 Magnesium is a silvery-white 

 low density 

 Reasonably strong metal that tarnishes in air to form a thin oxide coating 

 Magnesium and its alloys have very good corrosion resistance 

 Good high temperature mechanical properties 

 The metal reacts with water to produce hydrogen gas. 

 

3.1.3 Nickel: 

 Color : Silvery-white metal. 

 Phase : Solid. 

 Conductivity: Fairly good conductor of heat and electricity. 

 Ductility: It can be beaten into extremely thin sheets. 

 Malleability: It's capable of being shaped or bent. 

 Luster: Exhibits a shine or glow. 

 Hardness: Harder than iron. 

 

3.1.4 Zinc: 

 

 density – 7.13 g/cm³ 

 color – bluish-white 

 melting point – 420 °C 

 elasticity and malleability increase when heated to approximately 100 °C 

 boiling point of 906 °C 

 at temperatures above 200 °C, loses its elasticity and becomes a grey powder 

 high heat capacity and heat conductivity 
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3.1.5 Silicon: 

 

 Silicon is a hard 

 Relatively inert metalloid and in crystalline form is very brittle with a marked metallic luster 

 Silicon occurs mainly in nature as the oxide and as silicates 

 The solid form of silicon does not react with oxygen, water and most acids. 

 

3.1.6 Titanium: 

 High strength 

  Stiffness 

  Toughness 

  Low density 

  Good corrosion resistance provided by various titanium alloys at very low to elevated temperatures 

 Allow weight savings in aerospace structures and other high-performance applications 

3.2 Properties of material: 

       AlSi10Mg alloy belongs to hypoeutectic aluminum alloy groups. due to mechanical  

properties  combined  with  low  density,  corrosion  resistance  and  excellent cast ability it is 

widely used in automotive industry, aircraft and military applications. Eutectic Al + Si phase 

present in this alloy may significantly affect its ductility and strength, but also makes this material 

difficult to machine. Low shrinkage and relatively low melting temperature is characteristic for 

AlSi10Mg alloy. For those reasons this alloy is mainly used for casting. Taking above into 

consideration, properties of AlSi10Mg alloy  given opportunities to apply it in manufacturing 

process based on Additive Manufacturing (AM). Current publications and research are focused on 

investigations of mechanical and physical properties of AlSi10Mg alloy obtained by AM methods. 

The nature of the microstructure is widely analyzed. Optimal process parameters are also studied 

for improving relative density and properties 

Nowadays,  the  aim  is  to  fully  automate  industrial  processes  and  minimize 

manufacturing costs with  reducing production time.  Considering the above,  the techniques based  

on AM  may be  suitable for  rapid prototyping  complex-shape  parts. Selective  laser melting 

(SLM), also known as direct metal laser sintering (DMLS) is technique using laser beam to 

selectively melt powder metal layer by layer to achieve final component based on 3D computer  

aided  design  (CAD)  data. Due  to  growing  industry  filed  requirements regarding producing 

lightweight, complex-shape parts, AM techniques such as SLM become attractive  for  automotive  

and aerospace industry,  especially  in  manufacturing  components from Al alloys, Ti alloys and Ni 

superalloys. This technology is also useful in producing artificial cellular metals, where controlled 

structure, high impact energy absorption and high gas  permeability  is  required. Application  of 

AM  technology  is  also  beneficial  from economical  and  ecological  point  of  view.  SLM  

allows  producing  complex  structures continuously what leads to weight reduction of finish 

product. Additionally serial production results in waste reduction which gives benefits in energy 

and time savings. 

Designing of SLM process requires selection of suitable parameters. To achieve high 

mechanical  properties  and low  porosity  of  product, laser,  scan,  material  and  temperature 

related parameters should be taken into consideration. It has been proven, that combination of 

parameters such as hatch spacing and scan speed affects density of finished product significantly. 
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Microstructure of AlSi10Mg: 

 
 

Fig 1.9 Heat treated SLM AlSi10Mg alloy 

3.3 Selection of base material 

  Aluminum belongs to the lighter weight category was taken as a base material be 

considering cost criteria. 

3.4  Selection of composite material 

 Metal matrix composite have been playing a dominate role for a present time in a verity of 

application for there specific strength, Mechanical properties and accurate dimensions. 

By adding different types of composites we can increase required properties according to the 

application. According to this we have chosen some types of composite materials for increasing certain 

properties and parameters  

 

3.5 Details of properties to be determined 

 Hardness 

 Ultimate Tensile Strength 

 Yield Strength 

 Elongation at break 

 Young’s modulus 

 Compression 

Hardness: 

The of hardness testing is ‘a test to determine the resistance a material exhibits to permanent 

deformation by penetration of another harder material. ‘ However, hardness is not a 

fundamental property of a material. 
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Fig 2.0 Hardness test  

Ultimate Tensile Strength: 

Ultimate tensile strength (UTS), often shortened to tensile strength (TS), ultimate strength, 

or  within equations is the maximum stress that a material can withstand while being stretched or 

pulled before breaking.In brittle materials the ultimate tensile strength is close to the yield point, 

whereas in ductile materials the ultimate tensile strength can be higher. 

The ultimate tensile strength is usually found by performing a tensile test and recording 

the engineering stress versus strain. The highest point of the stress–strain curve is the ultimate 

tensile strength and has units of stress. 

Yield Strength: 

Yield strength is defined in engineering as the amount of stress (Yield point) that a material can 

undergo before moving from elastic deformation into plastic deformation. Yielding – 

a material deforms permanently. 

 

Fig 2.1 Yield strength 

https://en.wikipedia.org/wiki/Stress_(mechanics)
https://en.wikipedia.org/wiki/Brittle_failure
https://en.wikipedia.org/wiki/Yield_point
https://en.wikipedia.org/wiki/Ductile
https://en.wikipedia.org/wiki/Tensile_test
https://en.wikipedia.org/wiki/Stress%E2%80%93strain_analysis#Uniaxial_stress
https://en.wikipedia.org/wiki/Strain_(engineering)
https://en.wikipedia.org/wiki/Stress%E2%80%93strain_curve
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Elongation at Break: 

Elongation at Break, also known as fracture strain or tensile elongation at break, is the ratio 

between increased length and initial length after breakage of the tested specimen at a controlled 

temperature. It is related to the ability of a plastic specimen to resist changes of shape without 

cracking 

 

Fig 2.2 Elongation at break 

Young’s Modulus: 

Young’s modulus is a measure of the ability of a material to withstand changes in length when 

under lengthwise tension or compression. Sometimes referred to as the modulus of 

elasticity, Young’s modulus is equal to the longitudinal stress divided by the strain 

 

Fig 2.3 Young’s modulus 
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Fatigue: 

Fatigue is generally defined as a feeling of lack of energy and motivation that can be physical, 

mental or both. In addition, individuals often describe fatigue using a variety of terms including 

weary, tired, exhausted, malaise, listless, lack of energy and feeling run down. 

 

Fig 2.4 Fatigue caused by CYCLIC STRESS 

 

Compression: 

  Compression strength is the capacity of material or a structure to with stand 

loads tending to reduce size as opposed to which with stand load tending to elongate. 

In other word compressive strength resist being pushed together, where as tensile 

strength resists tension 
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CHAPTER-4 

EXPERMENTAL SETUP 

4.1 Design of specimens 

4.1.1  Introduction to Selective Laser Melting(SLM) 

Selective laser melting (SLM), also known as Direct metal laser melting (DMLM) 

or laser powder bed fusion (LPBF), is a rapid prototyping, 3D printing, or additive manufacturing (AM) 

technique designed to use a high power-density laser to melt and fuse metallic powders together. To 

many SLM isconsidered to be a subcategory of selective laser sintering (SLS). The SLM process has the 

ability to fully melt the metal material into a solid three-dimensional part unlike SLS. 

Selective laser melting, one of the several 3D printing technologies, started in 1995 at 

the Fraunhofer Institute ILT in Aachen, Germany, with a German research project, resulting in the so-

called basic ILT SLM patent DE 19649865.Already during its pioneering phase Dr. Dieter Schwarze 

and Dr. Matthias Fockele from F&S Stereolithographietechnik GmbH located in Paderborn collaborated 

with the ILT researchers Dr. Wilhelm Meiners and Dr. Konrad Wissenbach. In the early 2000s F&S 

entered into a commercial partnership with MCP HEK GmbH (later on named MTT Technology GmbH 

and then SLM Solutions GmbH) located in Lübeck in northern Germany. Today[when?] Dr. Dieter 

Schwarz is with SLM Solutions GmbH and Dr. Matthias Fockele founded Realizer GmbH. 

The ASTM International F42 standards committee has grouped selective laser melting into the category 

of "laser sintering", although this is an acknowledged misnomer because the process fully melts the 

metal into a solid homogeneous mass, unlike selective laser sintering (SLS) which is a 

true sintering process. Another name for selective laser melting is direct metal laser sintering (DMLS), a 

name deposited by the EOS brand, however misleading on the real process because the part is being 

melted during the production, not sintered, which means the part is fully dense. This process is in all 

points very similar to other SLM processes, and is often considered as a SLM process. 

Process: 

DMLS uses a variety of alloys, allowing prototypes to be functional hardware made out of the same 

material as production components. Since the components are built layer by layer, it is possible to 

design organic geometries, internal features and challenging passages that could not be cast or otherwise 

machined. DMLS produces strong, durable metal parts that work well as both functional prototypes or 

end-use production parts.[6] 

The process starts by slicing the 3D CAD file data into layers, usually from 20 to 100 micrometers thick, 

creating a 2D image of each layer; this file format is the industry standard .stl file used on most layer-

based 3D printing or stereo lithography technologies. This file is then loaded into a file preparation 

software package that assigns parameters, values and physical supports that allow the file to be 

interpreted and built by different types of additive manufacturing machines. 

With selective laser melting, thin layers of atomized fine metal powder are evenly distributed using a 

coating mechanism onto a substrate plate, usually metal, that is fastened to an indexing table that moves 

in the vertical (Z) axis. This takes place inside a chamber containing a tightly controlled atmosphere 

of inert gas, either argon or nitrogen at oxygen levels below 500 parts per million. Once each layer has 

been distributed, each 2D slice of the part geometry is fused by selectively melting the powder. This is 

https://en.wikipedia.org/wiki/Additive_manufacturing
https://en.wikipedia.org/wiki/Additive_Manufacturing
https://en.wikipedia.org/wiki/Laser
https://en.wikipedia.org/wiki/Selective_laser_sintering
https://en.wikipedia.org/wiki/Selective_laser_sintering
https://en.wikipedia.org/wiki/3D_printing
https://en.wikipedia.org/wiki/Fraunhofer_Institute
https://en.wikipedia.org/wiki/Aachen
https://en.wikipedia.org/wiki/Paderborn
https://en.wikipedia.org/wiki/L%C3%BCbeck
https://en.wikipedia.org/wiki/Wikipedia:Manual_of_Style/Dates_and_numbers#Chronological_items
https://en.wikipedia.org/wiki/ASTM_International
https://en.wikipedia.org/wiki/Selective_laser_sintering
https://en.wikipedia.org/wiki/Sintering
https://en.wikipedia.org/wiki/Selective_laser_melting#cite_note-6
https://en.wikipedia.org/wiki/Computer-aided_design
https://en.wikipedia.org/wiki/STL_file
https://en.wikipedia.org/wiki/Stereolithography
https://en.wikipedia.org/wiki/Inert_gas
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accomplished with a high-power laser beam, usually an ytterbium fiber laser with hundreds of watts. 

The laser beam is directed in the X and Y directions with two high frequency scanning mirrors. The  

          

Fig 2.5 Slm process 

laser energy is intense enough to permit full melting (welding) of the particles to form solid metal. The 

process is repeated layer after layer until the part is complete. 

The DMLS machine uses a high-powered 200 watt Yb-fiber optic laser. Inside the build chamber area, 

there is a material dispensing platform and a build platform along with a recoater blade used to move 

new powder over the build platform. The technology fuses metal powder into a solid part by melting it 

locally using the focused laser beam. Parts are built up additively layer by layer, typically using layers 

20 micrometers thick. 

Materials: 

Many selective laser melting (SLM) machines operate with a work space up to 400 mm (15.748 in) 

in X & Y and they can go up to 400 mm (15.748 in) Z. Some of the materials being used in this process 

can include copper, aluminum, stainless steel, tool steel, cobalt chrome, titanium and tungsten. SLM is 

especially useful for producing tungsten parts because of the high melting point and high ductile-brittle 

transition temperature of this metal. In order for the material to be used in the process it must exist in 

atomized form (powder form). These powders are generally gas atomized prealloys, being this the most 

economical process to obtain spherical powders on an industrial scale. Sphericity is desired because it 

guarantees a high flow ability and packing density, which translates into fast and reproducible spreading 

of the powder layers. To further optimize flow ability, narrow grain size distributions with a low 

percentage of fine particles like 15 - 45 µm or 20 - 63 µm are typically employed. Currently available 

alloys used in the process include 17-4 and 15-5 stainless steel, maraging 

steel, cobalt chromium, Inconel 625 and 718, aluminum AlSi10Mg, and titanium Ti6Al4V.[10] The 

mechanical properties of samples produced using direct metal laser sintering differ from those 

manufactured using casting. AlSi10Mg samples produced using direct metal laser sintering exhibit a 

higher yield(engineering) then those constructed of commercial as-cast A360.0 alloy by 43% when 

constructed along the xy-plane and 36% along the z-plane. While the yield strength of AlSi10Mg has 

been shown to increase in both the xy-plane and z-plane, the elongation at break decreases along the 

https://en.wikipedia.org/wiki/Ytterbium
https://en.wikipedia.org/wiki/Fiber_laser
https://en.wikipedia.org/wiki/Laser_scanning
https://en.wikipedia.org/wiki/Laser
https://en.wikipedia.org/wiki/Metal
https://en.wikipedia.org/wiki/Stainless_steel
https://en.wikipedia.org/wiki/Maraging_steel
https://en.wikipedia.org/wiki/Maraging_steel
https://en.wikipedia.org/wiki/Cobalt
https://en.wikipedia.org/wiki/Chromium
https://en.wikipedia.org/wiki/Inconel
https://en.wikipedia.org/wiki/Aluminum
https://en.wikipedia.org/wiki/Titanium
https://en.wikipedia.org/wiki/Selective_laser_melting#cite_note-10
https://en.wikipedia.org/wiki/Yield_strength
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build direction.[11] These improvement of the mechanical properties of the direct metal laser sintering 

samples has been attributed to a very fine microstructure.  

The next generation of additive comes through the direct metal laser melting (DMLM) process. The 

beds have been developed to allow for the melting of the powder to occur just before building the 

surface. Additionally, industry pressure has added more super alloy powders to the available processing 

including AM108.  It is not only the Print operation and orientation that provides a change in material 

properties, it is also the required post processing via Hot Isostatic Pressure (HIP) Heat Treat and shot 

peen that change mechanical properties to a level of noticeable difference in comparison to equated cast 

or wrought materials.  Based on research done at the Tokyo Metropolitan University, it is shown that 

creep rupture and ductility are typically lower for additive printed Ni based super alloys compared to 

wrought or cast material. The directionality of print is a major influencing factor along with grain size. 

Additionally, wear properties are typically better as seen with the studies done on additive Inconel 718 

due to surface condition; the study also demonstrated the laser power's influence on density and 

microstructure.[13] Material Density that is generated during the laser processing parameters can further 

influence crack behavior such that crack reopening post HIP process is reduced when density is 

increased.[14] It is critical to have a full overview of the material along with its processing from print to 

required post-print to be able to finalize the mechanical properties for design use. 

Overview and benefits: 

Selective laser melting (SLM) is a part of additive manufacturing where a high-power-density laser 

is used to melt and fuse metallic powders together. This is a fast developing process that is being 

implemented in both research and industry. Selective Laser Melting is also known as direct melt laser 

melting or laser bed fusion. This advancement is very important to both material science and the 

industry because it can not only create custom properties but it can reduce material usage and give more 

degrees of freedom with designs that manufacturing techniques can't achieve. Selective laser melting is 

very useful as a full-time materials and process engineer. Requests such as requiring a quick turnaround 

in manufacturing material or having specific applications that need complex geometries are common 

issues that occur in industry. Having SLM would really improve the process of not only getting parts 

created and sold, but making sure the properties align with whatever is needed out in the field. Current 

challenges that occur with SLM are having a limit in processable materials, having undeveloped process 

settings and metallurgical defects such as cracking and porosity. The future challenges are being unable 

to create fully dense parts due to the processing of aluminum alloys.[17]Aluminum powders are light-

weight, have high reflectivity, high thermal conductivity, and low laser absorptivity in the range of 

wavelengths of the fiber lasers which are used in SLM.  

These challenges can be improved with doing more research in how the materials interact when 

being fused together. Also if more people understand the material properties and how they interact with 

specific heat (such as lasers) and different alloys, then there is a better chance we can understand how to 

avoid these defects and make this process more streamlined. As an advocate for creating new inventions 

that can help this world, understanding additive manufacturing and how to successfully implement SLM 

would be a great benefit to our society. 
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4.1.1.1 SLM Process 

Selective laser melting, or SLM, is a type of metal additive manufacturing or 3D printing. Often, the 

terms SLM and direct metal laser sintering (DMLS) are used interchangeably. However, the two 

technologies differ slightly, in that SLM melts pure metals while DMLS fuses metal alloys.SLM is one 

of the most exciting 3D printing technologies available today and is utilized both for rapid prototyping 

and mass production. The range of metal alloys available is fairly extensive. The end result has 

properties equivalent to those manufactured via traditional manufacturing processes. 

How Does It Work? 

SLM is very similar to SLS, and both processes are covered under the powder bed fusion umbrella. The 

major difference is the type of feedstock or powder it uses. While SLS uses mainly nylon (PA) polymer 

materials, SLM is specifically for metals. 

 

Fig 2.6 Principal of SLM 

 

Fig 2.7  Laser Beam Melting Machine 

https://all3dp.com/2/direct-metal-laser-sintering-dmls-simply-explained/#legal-history
https://all3dp.com/2/direct-metal-laser-sintering-dmls-simply-explained/#legal-history
https://all3dp.com/2/selective-laser-sintering-sls-3d-printing-simply-explained/
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However, there is one big difference between SLM and SLS. Due to the constraints of the SLM process 

and the weight of the material, SLM requires support structures to be added to any overhanging features. 

This differs from SLS, where the surrounding powder material can provide enough support, allowing 

freeform shapes and features to be realized. 

 

An SLM machine has a chamber filled with metal powder. This metal powder is then spread across the 

substrate or build plate in very thin layers by a coater blade. 

 

Fig  2.8 Powder bed machine  
 

A high power laser then fuses a 2D slice of the part by selectively melting the powdered material. The 

build plate then drops down by the height of one layer, and the coater spreads another layer of fresh 

powder finely across the surface. The process is repeated until you have the finished part. 

This whole process is performed in a controlled atmosphere inside the machine. Once the part is built, it 

can be removed from the machine. SLM parts need to be removed from the build plate, which is often 

done with a band saw. Then you need to remove the supports. As the support material is the same as the 

part material, this can be difficult and a time-consuming process. 

The surface finish of the sintered parts is rough and, depending on your requirements, may need some 

post-processing. It is also common to machine parts to achieve fine tolerances and finish fine features, 

surfaces, and holes. 

4.1.1.2Applications 

The types of applications most suited to the selective laser melting process are complex 

geometries & structures with thin walls and hidden voids or channels on the one hand or low lot sizes on 

the other hand. Advantage can be gained when producing hybrid forms where solid and partially formed 

or lattice type geometries can be produced together to create a single object, such as a hip stem or ace 

tabular cup or other orthopedic implant where oseointegration is enhanced by the surface geometry. 

Much of the pioneering work with selective laser melting technologies is on lightweight parts for 

aerospacewhere traditional manufacturing constraints, such as tooling and physical access to surfaces 

for machining, restrict the design of components. SLM allows parts to be built additively to form near 

net shape components rather than by removing waste material. 

https://en.wikipedia.org/wiki/Near_net_shape
https://en.wikipedia.org/wiki/Near_net_shape
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Traditional manufacturing techniques have a relatively high set-up cost (e.g. for creating a mold). While 

SLM has a high cost per part (mostly because it is time-intensive), it is advisable if only very few parts 

are to be produced. This is the case e.g. for spare parts of old machines (like vintage cars) or individual 

products like implants. 

Tests by NASA's Marshall Space Flight Center, which is experimenting with the technique to make 

some difficult-to-fabricate parts from nickel alloys for the J-2X and RS-25 rocket engines, show that 

difficult to make parts made with the technique are somewhat weaker than forged and milled parts but 

often avoid the need for welds which are weak points.[19] 

This technology is used to manufacture direct parts for a variety of industries including aerospace, 

dental, medical and other industries that have small to medium size, highly complex parts and the 

tooling industry to make direct tooling inserts. DMLS is a very cost and time effective technology. The 

technology is used both for rapid prototyping, as it decreases development time for new products, and 

production manufacturing as a cost saving method to simplify assemblies and complex geometries. With 

a typical build envelope (e.g., for EOS's EOSINT M280) of 250 x 250 x 325 mm, and the ability to 

‘grow’ multiple parts at one time, 

The Northwestern Polytechnic University of China is using a similar system to build structural titanium 

parts for aircraft. An EADS study shows that use of the process would reduce materials and waste in 

aerospace applications. 

On September 5, 2013 Elon Musk tweeted an image of SpaceX's regenerative Super Draco rocket 

engine chamber emerging from an EOS 3D metal printer, noting that it was composed of 

the Inconel super alloy. In a surprise move, SpaceX announced in May 2014 that the flight-qualified 

version of the SuperDraco engine is fully printed, and is the first fully printed rocket engine. Using 

Inconel, an alloy of nickel and iron, additively-manufactured by direct metal laser sintering, the engine 

operates at a chamber pressure of 6,900 kilopascals (1,000 psi) at a very high temperature. The engines 

are contained in a printed protective nacelle, also DMLS-printed, to prevent fault propagation in the 

event of an engine failure. The engine completed a full qualification test in May 2014, and is slated to 

make its first orbital spaceflight in April 2018. 

The ability to 3D print the complex parts was key to achieving the low-mass objective of the engine. 

According to Elon Musk, "It’s a very complex engine, and it was very difficult to form all the cooling 

channels, the injector head, and the throttling mechanism. Being able to print very high strength 

advanced alloys was crucial to being able to create the SuperDraco engine as it is”. The 3D printing 

process for the SuperDraco engine dramatically reduces lead-time compared to the traditional cast parts, 

and "has superior strength, ductility, and fracture resistance, with a lower variability in materials 

properties. 

Industry applications: 

 Aerospace – Air ducts, fixtures or mountings holding specific aeronautic instruments, laser-

sintering fits both the needs of commercial and military aerospace 

 Manufacturing – Laser-sintering can serve niche markets with low volumes at competitive costs. 

Laser-sintering is independent of economies of scale, this liberates you from focusing on batch size 

optimization. 

 Medical –Medical devices are complex, high value products. They have to meet customer 

requirements exactly. These requirements do not only stem from the operator's personal 

https://en.wikipedia.org/wiki/Marshall_Space_Flight_Center
https://en.wikipedia.org/wiki/J-2X
https://en.wikipedia.org/wiki/Space_Shuttle_Main_Engine
https://en.wikipedia.org/wiki/Cryogenic_rocket_engine
https://en.wikipedia.org/wiki/Selective_laser_melting#cite_note-SA11912-19
https://en.wikipedia.org/wiki/EADS
https://en.wikipedia.org/wiki/SpaceX
https://en.wikipedia.org/wiki/SuperDraco
https://en.wikipedia.org/wiki/Inconel
https://en.wikipedia.org/wiki/3D_printing
https://en.wikipedia.org/wiki/Rocket_engine
https://en.wikipedia.org/wiki/Chamber_pressure
https://en.wikipedia.org/wiki/Verification_and_validation
https://en.wikipedia.org/wiki/Orbital_spaceflight
https://en.wikipedia.org/wiki/Elon_Musk
https://en.wikipedia.org/wiki/Lead_time#Manufacturing
https://en.wikipedia.org/wiki/Casting_(metalworking)
https://en.wikipedia.org/wiki/Yield_strength
https://en.wikipedia.org/wiki/Ductility
https://en.wikipedia.org/wiki/Fracture_mechanics
https://en.wikipedia.org/wiki/Material_properties#Manufacturing_properties
https://en.wikipedia.org/wiki/Material_properties#Manufacturing_properties
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preferences: legal requirements or norms that differ widely between regions also have to be 

complied with. This leads to a multitude of varieties and thus small volumes of the variants offered. 

 Prototyping – Laser-sintering can help by making design and functional prototypes available. As 

a result, functional testing can be initiated quickly and flexibly. At the same time, these prototypes 

can be used to gauge potential customer acceptance. 

 Tooling – The direct process eliminates tool-path generation and multiple machining processes 

such as EDM. Tool inserts are built overnight or even in just a few hours. Also the freedom of 

design can be used to optimize tool performance, for example by integrating conformal cooling 

channels into the tool. 

Other applications: 

 Parts with cavities, undercuts, draft angles 

 Fit, form, and function models 

 Tooling, fixtures, and jigs 

 Conformal cooling channels 

 Rotors and impellers 

 Complex bracketing 

 

Potential: 

Selective laser melting or additive manufacturing, sometimes referred to as rapid manufacturing or rapid 

prototyping, is in its infancy with relatively few users in comparison to conventional methods such as 

machining, casting or forging metals, although those that are using the technology have become highly 

proficient. Like any process or method selective laser melting must be suited to the task at hand. 

Markets such as aerospace or medical orthopedics have been evaluating the technology as a 

manufacturing process. Barriers to acceptance are high and compliance issues result in long periods of 

certification and qualification. This is demonstrate by the lack of fully formed international standards by 

which to measure the performance of competing systems. The standard in question is ASTM F2792-10 

Standard Terminology for Additive Manufacturing Technologies. 

 

 

Difference from selective laser sintering (SLS): 

The use of SLS refers to the process as applied to a variety of materials such as plastics, glass, and 

ceramics, as well as metals. What sets SLM apart from other 3D printing process is the ability to fully 

melt the powder, rather than heating it up to a specific point where the powder grains can fuse together, 

allowing the porosity of the material to be controlled. On the other hand, SLM can go one step further 

than SLS, by using the laser to fully melt the metal, meaning the powder is not being fused together but 

actually liquefied long enough to melt the powder grains into a homogeneous part. Therefore, SLM can 

produce stronger parts because of reduced porosity and greater control over crystal structure, which 

helps prevent part failure. Additionally, certain types of nanoparticles with minimized lattice misfit, 

similar atomic packing along matched crystallographic planes and thermodynamic stability can be 

introduced into metal powder to serve as grain refinement nucleates to achieve crack-free, equated, fine-

grained microstructures. However, SLM is only feasible when using a single metal powder. 

https://en.wikipedia.org/wiki/Rapid_manufacturing
https://en.wikipedia.org/wiki/Rapid_prototyping
https://en.wikipedia.org/wiki/Rapid_prototyping
https://en.wikipedia.org/wiki/Porosity
https://en.wikipedia.org/wiki/Homogeneous
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Benefits: 

DMLS has many benefits over traditional manufacturing techniques. The ability to quickly produce a 

unique part is the most obvious because no special tooling is required and parts can be built in a matter 

of hours. Additionally, it's the best type of printing to use. There's no stress, and it's easy to use and 

process. 

DMLS is also one of the few additive manufacturing technologies being used in production. Since the 

components are built layer by layer, it is possible to design internal features and passages that could not 

be cast or otherwise machined. Complex geometries and assemblies with multiple components can be 

simplified to fewer parts with a more cost-effective assembly. DMLS does not require special tooling 

like castings, so it is convenient for short production runs. 

Constraints: 

The aspects of size, feature details and surface finish, as well as print through dimensional error in the Z 

axis may be factors that should be considered prior to the use of the technology. However, by planning 

the build in the machine where most features are built in the x and y axis as the material is laid down, 

the feature tolerances can be managed well. Surfaces usually have to be polished to achieve mirror or 

extremely smooth finishes. 

For production tooling, material density of a finished part or insert should be addressed prior to use. For 

example, in injection molding inserts, any surface imperfections will cause imperfections in the plastic 

part, and the inserts will have to mate with the base of the mold with temperature and surfaces to 

prevent problems.  

Independent of the material system used, the DMLS process leaves a grainy surface finish due to 

"powder particle size, layer-wise building sequence and [the spreading of the metal powder prior to 

sintering by the powder distribution mechanism]."  

Metallic support structure removal and post processing of the part generated may be a time-consuming 

process and require the use of machining, EDM and/or grinding machines having the same level of 

accuracy provided by the RP machine. 

Laser polishing by means of shallow surface melting of DMLS-produced parts is able to reduce surface 

roughness by use of a fast-moving laser beam providing "just enough heat energy to cause melting of 

the surface peaks. The molten mass then flows into the surface valleys by surface 

tension, gravity and laser pressure, thus diminishing the roughness."  

When using rapid prototyping machines, .stl files, which do not include anything but raw mesh data in 

binary (generated from Solid Works, CATIA, or other major CAD programs) need further conversion to 

.cli & .sli files (the format required for non-stereo lithography machines). Software converts .stl file to 

.sli files, as with the rest of the process, there can be costs associated with this step. 

Machine component 
       The typical components of a DMLS machine include: a laser, roller, sintering piston, removable 

build plate, supply powder, supply piston, and optics and mirrors. 
 

 

https://en.wikipedia.org/wiki/Casting
https://en.wikipedia.org/wiki/Surface_finish
https://en.wikipedia.org/wiki/Machining
https://en.wikipedia.org/wiki/Electrical_discharge_machining
https://en.wikipedia.org/wiki/Surface_roughness
https://en.wikipedia.org/wiki/Surface_roughness
https://en.wikipedia.org/wiki/Surface_tension
https://en.wikipedia.org/wiki/Surface_tension
https://en.wikipedia.org/wiki/Gravity
https://en.wikipedia.org/wiki/Laser_science
https://en.wikipedia.org/wiki/Solid_Works
https://en.wikipedia.org/wiki/CATIA
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4.2 Fabrication of specimen 

4.2.1 Layer by layer technique 

  In this method of creating a three dimensional object layer by layer using a computer 

created design.3D printing is a additive process where layers of  material are built up to create a 3D 

part. As result 3D printing creates less material wastage by using layer by layer technique  

 

Fig 2.9 Layer by layer technique 

4.2.2 Fabrication procedure 

  Fabrication of  the specimen was carried by adopting the following layer by layer technique. 

SLM process is an additive manufacturing technique that can print metal parts in 3D. A laser is 

used to melt metallic powder in specified places. A laser used to melt successive layers of metallic 

powder. The laser will heat particles in the required places on bed of metallic powder until 

completed melted. The CAD 3D file indicates where melting will occur. Then, machine will 

successively add another bed of powder above the melted layer, Until the object is completed 

finished. 

 

Fig 3.0 Fabrication process 
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4.2.3 Specimens Produced By SLM Process: 

 

Fig 3.1 HARDNESS TEST SPECIMEN 

 

Fig 3.2 TENSILE TEST SPECIMEN 
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Fig 3.3 COMPRESSION TEST SPECIMEN 

Note:All the specimens are manufactured by the ASME STANDARDS 
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CHAPTER-5 

RESULTS AND DISCUSSIONS 

5.1 Testing of specimen: 

5.1 .1 Vickers Hardness Test: 

Hardness is a characteristic of a material, not a fundamental physical property. It is defined as the 

resistance to indentation, and it is determined by measuring the permanent depth of the indentation. 

 

More simply put, when using a fixed force (load) and a given indenter, the smaller the indentation, 

the harder the material. Indentation hardness value is obtained by measuring the depth or the area of 

the indentation using one of over 12 different test methods. 

 

The Vickers hardness test method, also referred to as a micro hardness test method, is mostly used 

for small parts, thin sections, or case depth work. 

The Vickers method is based on an optical measurement system. Specifies a range of light loads 

using a diamond indenter to make an indentation which is measured and converted to a hardness 

value. It is very useful for testing on a wide type of materials, but test samples must be highly 

polished to enable measuring the size of the impressions. A square base pyramid shaped diamond is 

used for testing in the Vickers scale. Typically loads are very light, ranging from 10gm to 1kgf, 

although "Macro" Vickers loads can range up to 30 kg or more.The Micro hardness methods are 

used to test on metals, ceramics, and composites - almost any type of material. 

Since the test indentation is very small in a Vickers test, it is useful for a variety of applications: 

testing very thin materials like foils or measuring the surface of a part, small parts or small areas, 

measuring individual microstructures, or measuring the depth of case hardening by sectioning a part 

and making a series of indentations to describe a profile of the change in hardness. 

 

Sectioning is usually necessary with a micro hardness test in order to provide a small enough 

specimen that can fit into the tester. Additionally, the sample preparation will need to make the 

specimen’s surface smooth to permit a regular indentation shape and good measurement, and to 

ensure the sample can be held perpendicular to the indenter. 

 

Fig 3.4 Hardness indentation 

https://www.hardnesstesters.com/products/hardness-testing-accessories/indenters
https://www.hardnesstesters.com/products/hardness-testing-accessories/indenters
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Vickers Hardness Testing Machine: 

 

Fig 3.5 Vickers hardness test machine 

Hardness Testing Process: 

 

Fig 3.6 Hardness testing process 
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Fig 3.7 Hardness testing process 

Data and Results: 

S.No Sample Vickers's 

Hardness 

Test (HV) 

Rockwell 

Hardness 

Test 

(RHN) 

Material 

produced 

by stir 

casting 

(HV) 

1. Sample 1 119 64 106 

2. Sample 2 121 67 109 

3. Sample 3 124 66 111 
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5.1.2 Compression testing: 

A compression test is any test in which a material experiences opposing forces that push inward 

upon the specimen from opposite sides or is otherwise compressed, “squashed”, crushed, or 

flattened. The test sample is generally placed in between two plates that distribute the applied load 

across the entire surface area of two opposite faces of the test sample and then the plates are pushed 

together by a universal test machine causing the sample to flatten. A compressed sample is usually 

shortened in the direction of the applied forces and expands in the direction perpendicular to the 

force. A compression test is essentially the opposite of the more common tension test. 

The purpose of a compression test: 

The goal of a compression test is to determine the behavior or response of a material while it 

experiences a compressive load by measuring fundamental variables, such as, strain, stress, and 

deformation. By testing a material in compression the compressive strength, yield strength, ultimate 

strength, elastic limit, and the elastic modulus among other parameters may all be determined. With 

the understanding of these different parameters and the values associated with a specific material it 

may be determined whether or not the material is suited for specific applications or if it will fail 

under the specified stresses. 

Types of compression tests: 

In general, a compression test for a material involves at least two opposing forces directed towards 

each other applied to the opposite face of the test sample so that the sample is compressed. 

However, there are many different variations to this basic test setup that involve any combination of 

different variables. The more common compression tests involve forces applied to more than one 

axis of the specimen as well as the testing of the sample at elevated and lowered temperatures. 

Uniaxial, biaxial, triaxial, cold temperature, elevated temperature, fatigue and creep are all 

examples of different compression tests that may be performed upon a material. 
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Fig 3.8 Compression test machine 

 

Data and Result: 

S.No Sample Young’s 

Modulus 

(GPa) 

Yield 

Strength 

(Mpa) 

Buckling 

Stress 

(Mpa) 

Buckling 

stress of 

material 

produced 

by stir 

casting 

(Mpa) 

1. Sample 1 81.8 225 470 420 

2. Sample 2 82.6 201 455 436 

3. Sample 3 78.4 219 497 439 
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5.1.3 Tensile testing : 

Tensile testing,also known as tension testing is a fundamental materials science and engineering test 

in which a sample is subjected to a controlled tension until failure. Properties that are directly 

measured via a tensile test are ultimate tensile strength, breaking strength, maximum elongation and 

reduction in area. From these measurements the following properties can also be 

determined: Young's modulus, Poisson's ratio, yield strength, and strain-

hardening characteristics.Uniaxial tensile testing is the most commonly used for obtaining the 

mechanical characteristics of isotropic materials. 

Tensile testing might have a variety of purposes, such as: 

 Select a material or item for an application 

 Predict how a material will perform in use: normal and extreme forces. 

 Determine if, or verify that, the requirements of a specification, regulation, or contract are met 

 Decide if a new product development program is on track 

 Demonstrate proof of concept 

 Demonstrate the utility of a proposed patent 

 Provide standard data for other scientific, engineering, and quality assurance functions 

 Provide a basis for Technical communication 

 Provide a technical means of comparison of several options 

 Provide evidence in legal proceedings 

Tensile Testing Specimen: 

The preparation of test specimens depends on the purposes of testing and on the governing test 

method or specification. A tensile specimen is usually a standardized sample cross-section. It has 

two shoulders and a gage in between. The shoulders are large so they can be readily gripped, 

whereas the gauge section has a smaller cross-section so that the deformation and failure can occur 

in this area. 
 

  

Tensile specimens made from an aluminum alloy. The left two specimens have a round cross-

section and threaded shoulders. The right two are flat specimens designed to be used with serrated 

grips.. 

https://en.wikipedia.org/wiki/Materials_science
https://en.wikipedia.org/wiki/Engineering
https://en.wikipedia.org/wiki/Tension_(physics)
https://en.wikipedia.org/wiki/Ultimate_tensile_strength
https://en.wikipedia.org/wiki/Breaking_strength
https://en.wikipedia.org/wiki/Elongation_(materials_science)
https://en.wikipedia.org/wiki/Young%27s_modulus
https://en.wikipedia.org/wiki/Poisson%27s_ratio
https://en.wikipedia.org/wiki/Yield_strength
https://en.wikipedia.org/wiki/Strain-hardening
https://en.wikipedia.org/wiki/Strain-hardening
https://en.wikipedia.org/wiki/Isotropy
https://en.wikipedia.org/wiki/Force
https://en.wikipedia.org/wiki/Specification
https://en.wikipedia.org/wiki/Regulation
https://en.wikipedia.org/wiki/Contract
https://en.wikipedia.org/wiki/New_product_development
https://en.wikipedia.org/wiki/Proof_of_concept
https://en.wikipedia.org/wiki/Patent
https://en.wikipedia.org/wiki/Technical_standard
https://en.wikipedia.org/wiki/Data
https://en.wikipedia.org/wiki/Quality_assurance
https://en.wikipedia.org/wiki/Technical_communication
https://en.wikipedia.org/wiki/Evidence
https://en.wikipedia.org/wiki/Test_method
https://en.wikipedia.org/wiki/Test_method
https://en.wikipedia.org/wiki/Specification
https://en.wikipedia.org/wiki/File:Tensile_specimen-round_and_flat.jpg
https://en.wikipedia.org/wiki/File:Tensile_specimen-round_and_flat.jpg
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The shoulders of the test specimen can be manufactured in various ways to mate to various grips in 

the testing machine (see the image below). Each system has advantages and disadvantages; for 

example, shoulders designed for serrated grips are easy and cheap to manufacture, but the 

alignment of the specimen is dependent on the skill of the technician. On the other hand, a pinned 

grip assures good alignment. Threaded shoulders and grips also assure good alignment, but the 

technician must know to thread each shoulder into the grip at least one diameter's length, otherwise 

the threads can strip before the specimen fractures.[5] 

In large castings and forgings it is common to add extra material, which is designed to be removed 

from the casting so that test specimens can be made from it. These specimens may not be exact 

representation of the whole work piece because the grain structure may be different throughout. In 

smaller workpieces or when critical parts of the casting must be tested, a work piece may be 

sacrificed to make the test specimens.[6] For workpieces that are machined from bar stock, the test 

specimen can be made from the same piece as the bar stock. 

 

Fig 3.9 Test specimen nomenclature 

The repeatability of a testing machine can be found by using special test specimens meticulously 

made to be as similar as possible. 

A standard specimen is prepared in a round or a square section along the gauge length, depending 

on the standard used. Both ends of the specimens should have sufficient length and a surface 

condition such that they are firmly gripped during testing. The initial gauge length Lo is 

standardized (in several countries) and varies with the diameter (Do) or the cross-sectional area 

(Ao) of the specimen as listed. 

Process: 

The test process involves placing the test specimen in the testing machine and slowly extending it 

until it fractures. During this process, the elongation of the gauge section is recorded against the 

applied force. The data is manipulated so that it is not specific to the geometry of the test sample. 

The elongation measurement is used to calculate the engineering strain, ε, using the following 

equation. 

 

Where ΔL is the change in gauge length, L0 is the initial gauge length, and L is the final length. The 

force measurement is used to calculate the engineering stress, σ, using the following equation. 

 

https://en.wikipedia.org/wiki/Tensile_testing#cite_note-davis9-5
https://en.wikipedia.org/wiki/Casting_(metalworking)
https://en.wikipedia.org/wiki/Forging
https://en.wikipedia.org/wiki/Tensile_testing#cite_note-davis8-6
https://en.wikipedia.org/wiki/Machining
https://en.wikipedia.org/wiki/Bar_stock
https://en.wikipedia.org/wiki/Elongation_(materials_science)
https://en.wikipedia.org/wiki/Deformation_(engineering)
https://en.wikipedia.org/wiki/File:Tensile_specimen_nomenclature.svg
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Where F is the tensile force and A is the nominal cross-section of the specimen. The machine does 

these calculations as the force increases, so that the data points can be graphed into a stress–strain 

curve. 

Equipment: 

 

 

 

    Fig 4.0 Universal Testing Machine 

Data and Result: 

 

S.N

o 

Sample Tensile 

Strengt

h 

(MPa) 

Yield 

Strength 

(Mpa) 

Elongati

on 

(%) 

Modulus 

of 

Rigidity 

(Gpa) 

Tensile 

strength  of 

material 

produced by 

stir 

casting(Mpa) 

1. Sample 

1 

370 200 1.8 70 305 

2. Sample 

2 
365 204 1.8 72 307 

3. Sample 

3 
372 201 2 68 302 
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CHAPTER-6 

 CONCLUSION 

The specimen was successfully implemented and proved to be an effective way of taking advantage 

of the manufacturing freedom provided by SLM. It was possible to material volume of the original 

component by 54%,resulting on a 28% weight reduction can be obtained in additive manufacturing 

compared to conventional manufacturing. In this work we also calculated the hardness values are 

calculated(119,121,124)respectively by using Vickers test and the tensile strength values are 

(370,365,372),the yield strength values are (200,204,201),the  elongation values are(1.8,2),the 

modulus f rigidity values are(70,72,68) respectively by using Compression test and the yield 

strength(225,201,219),the young’s modulus values are(81.8,82.6,78.4),the buckling strength values 

are(470,455,497)respectively by using Compression test and there values are compared with the stir 

casting process. 

   



 

GUDLAVALLERU ENGINEERING COLLEGE       38        

CHAPTER-7 

REFERENCES 

 

1. E.Brandl,U.Heckenberger,V.Holzinger, and D.Buchbinder,”Additive  manufactured AlSi10mg 

Samples using Selective Laser Melting(SLM):Microstructure,high cycle fatigue,and 

fracture behaviour,”J.Mater., vol,34,pp. 

 

2. Z.Dong,Y.Liu, W. Li, and J.Liang,”Orientation dependency for microstructure, geometric 

Accuracy and mechanical properties of selective laser melting Al-Si10Mg lattices,” J.Alloys 

Compd.,vol.791 pp. 

 

3. N.Read,W . Wang, K.Essa, and M.M. Attallah,”Selective laser Melting of AlSi10Mg alloy 

:Process optimisation and mechanical properties development,”Mater . Des., vol. 65,pp. 

 

4. I.Maskey, N.T. Aboulkhair,A. Aremu, C.Tuck, I.Ashcroft,R.Wildman, and R.hague, 

“A mechanical property evaluation of graded density AlSi10Mg lattice structures 

manufactured by selective laser melting,”Master.Sci.Eng.A,vol.670,pp. 

 

5. Li,Wi.;Li,Si.;Liu,J.;Zhang,A.;Zhou, Y.;Wei,Q.; Shi, Y. Effect of heat treatment on 

AlSi10Mg alloy fabricated by selective laser melting: Microstructure evolution, mechanical 

Properties and fracture mechanism. Mater Sci. Eng.A. 

 

6. Ghasri-Khouzani, M.; Peng, H.; Attardo, R.; Ostiguy, P.; Neidig, J.; Billo, R.; Shankar, 

M.R. Comparing microstructure and hardness of direct metal laser sintered ALSi10Mg 

alloy between different planes. J. Manuf. 

 

7. This, L.; Kempen, K.; Kruth, J.P.; Van Humbeeck, J. Fine-structured aluminium products 

with controllable texture by selective laser melting of pre-alloyed AlSi10Mg powder. 

  



 

GUDLAVALLERU ENGINEERING COLLEGE       39        

COST ANALYSIS FOR PROJECT 

  

S.No Cost criteria Cost(Rupees) 

1 Powder material cost 5,600/- 

2 Cost for producing 

Specimens 

5,103/- 

3 Cost for testing 

specimens 

1,400/- 

4 Miscellaneous amount 2,000/- 

 Total cost 14,103/- 
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Course Outcomes 

At the end of the course , student will be able to 

 apply the knowledge of mathematics, science, engineering fundamentals, and an 

engineering specialization to the solution of complex engineering problems 

 study the behavior of mechanical engineering systems by critical observation or by 

conducting the experiments. 

 analyze the performance of mechanical engineering systems using modern software 

tools. 

 prepare reports and present effectively in oral and written form. 

 inculcate habit of lifelong learning independently to stay with the changes in 

technology 

 
Program Outcomes 

Engineering Graduates will be able to: 

 

 Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals and an engineering specialization to the solution of complex engineering 

problems. 

 Problem analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences 

 Design/development of solutions: Design solutions for complex engineering problems 

and design system components or processes that meet the specified needs with 

appropriate consideration for the public health and safety, and the cultural, societal, and 

environmental considerations. 

 Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, 

and synthesis of the information to provide valid conclusions. 

 Modern tool usage: Create, select, and apply appropriate techniques, resources and 

modern engineering and IT tools including prediction and modeling to complex 

engineering activities with an understanding of the limitations. 
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 The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal and cultural issues and the consequent 

responsibilities relevant to the professional engineering practice. 

 Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, 

and need for sustainable development 

 Ethics: Apply ethical principles and commit to professional ethics and responsibilities 

and norms of the engineering practice. 

 Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

 Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend 

and write effective reports and design documentation, make effective presentations, 

and give and receive clear instructions. 

 Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a 

member and leader in a team, to manage projects and in multidisciplinary 

environments. 

 Life-long learning: Recognize the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of technological 

change. 

 
Program Specific Outcomes 

Engineering Graduates will be able to 

 design and analyze thermal systems related to power generation and human comfort 

for sustainable environment. 

 develop eco friendly products and manufacturing processes. 

 effectively use various mechanical engineering software tools for design, analysis 

and optimization. 
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ABSTRACT

India is basically an agrarian country, which needs consistent supply of water from
various sources. Directly or indirectly fossil fuels are the main source to lift the water from
various geological resources. However, these fossil sources are depleting at faster and leaves
carbon foot prints on environment. For instant, diesel and electric water pumps used for
irrigation in India liberates almost 45 million tones of CO2 is added to the atmosphere by
using diesel and electric water pumps annually, which is equivalent to 8%–12% of the total
greenhouse gas emissions.

To mitigate these challenges, the Indian government has launched a solar pumping
program for irrigation and drinking water for installation. To drive a motor to run the water
pump for agricultural purpose by using solar energy, in view of increase the utilization of
incident solar radiation a solar tracking mechanism is proposed.
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CHAPTER-1

INTRODUCTION

The Solar energy is energy received by the sun. This energy is in the form of

solar radiation, which makes the production of solar electricity possible. Energy from

the Sun not only sustains life on earth but is also the source of almost all forms of

energy used by man. Fossil fuels such as coal and oil represent solar energy that was

received on earth millions of years ago and converted into other forms. Renewable

sources of energy such as wind, hydropower, biomass and ocean energy are also

indirect forms of solar energy. Energy from Sun has many features, which make it an

attractive option such as its widespread distribution, pollution-free nature and

virtually inexhaustible supply. India receives solar energy equivalent to over 5,000

trillion KWh / year which is far more than the total energy consumption of the

country. The daily average solar energy incident varies from 4-7 KWh / m2

depending upon the location. India has one of the world's largest programs in solar

energy. A sizeable research and technology base, a growing manufacturing capability

and a countrywide infrastructure for the distribution and after-sales service of solar

energy products have emerged. Solar energy is beginning to be used for a large

number of applications.

 India has been enriched with enormous renewable energy resource.

 electrical power generation capacity using renewable generation is 175 GW by
2022

 the renewable sources to grid power

 The Mixing and managing different power sources to optimize cost .
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Smart hybrid technololgy for agriculture and domestic use

HYBRIDAGRICULTURALAND DOMESTIC UTILIZATION

• The excess energy generated in the agricultural sector can re-connect
grid to supply the same for domestic sector

• On other way, the houses near to the agricultural field can directly
coupled with solar power along with the grid so as to solar PV power as
the main source.

• The more power is needed at houses it can draw from the grid.
• Not only domestic applications and many other sectors are utilizing the

solar power.

 Utilization of solar energy in various sector
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• From the electrical energy consumption statistics’19 agricultural sector alone
shares 17.89% across the world consumption.

• Even still, about 18,452 villages are in dark lines it is about 7. 3 % of power
consumption in India.

• However power tariff is also playing a key role in many areas.

• In order to mitigating these challenges we use solar hybrid technology for
both agricultural and domestic purposes.

• By placing the solar panels on the boundary of 1 acre field produces about
250kwh per month with the assumption of average 7 hrs solar energy
availability and utilizes 22kw per month power for irrigation purpose.

• The remaining 228kw of power utilizes for grid purpose for every month. By
installing this setup almost 90% of generated power can serves the domestic
purpose.
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CHAPTER-2

LITERATURE REVIEW

Bukke Prasanna Lakshmi, Agricultural era is converting swiftly. Farm machinery, farm

building and production centers are constantly being progressed. Agricultural applications

appropriate for photovoltaic (PV) solutions are numerous. Those programs are a combination

of person installations and systems hooked up by utility businesses once they have observed

that a PV solution is the nice solution for remote agricultural want along with water pumping

for crops or farm animals. A sun powered water pumping system is made from primary

components. These are PV panels and pumps. The smallest detail of a PV panel is the sun

mobile. every sun cell has two or more in particular prepared layers of semiconductor cloth

that produce direct modern-day (DC) electricity whilst uncovered to light. This DC current is

accrued by using the wiring in the panel. Its miles then supplied both to a DC pump, which in

flip pumps water each time the sun shines, or stored in batteries for later use by using the

pump. The goal of this article is to explain how solar powered water pumping machine works

and what the variations with the other energy assets

Nader Barsoum [2010], states that research has proved that solar tracking system

with single-axis freedom can increase energy output by approximately 20%, whereas

the tracking system with double axis freedom can increase the output by more than

40%. Therefore this work was to develop and implement a solar tracking system with

both degree of freedom and which detects the sunlight using sensors. This Peripheral

Interface Controller was the brain of the entire tracking system, and it was

programmed to detect the sunlight through the sensors and then actuate the motor to

position where maximum sunlight could be illuminate the surface of the solar panel.

This is programmed to detect the sunlight using the photocells and then actuate the

motor to position the solar panel where it can receive maximum sunlight.

Tiberiu Tudorache [2012] discussed the performance of a single axis solar tracking

PV panel designed and executed by University Politehnica of Bucharest in

cooperation with Techno soft International SRL .The performance of the equipment

was experimentally tested in comparison with a fixed PV panel .This paper deals with

the performance estimation of a solar tracking PV panel of single axis type. The

studied device automatically searches the optimum PV panel position with respect to
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the sun by means of a DC motor controlled by an intelligent drive unit that receives

input signals from dedicated light intensitysensors. The recorded data on particular

day proved that the solar tracking PVpanel produced more energy than the fixed one

with about 57.55%. Considering the own energy consumption of the tracking

mechanism, the mobile PVpanel becomes less attractive than the fixed one, the

tracking mechanism beingoversized. If higher power PV panels are driven by the

same tracking mechanismthey may produce more energy than the fixed ones e.g.

about 38% more energy in case of a 100 Wp PV panel, under the same experimental

conditions.

Sonali Goel, Prajnasmita Mohapatra & R. K. Pati, Agriculture requires energy as an

important input to production. Agriculture consumes about 35 per cent of the total power

generated through electrically operated pump sets. It is expected that about 30 per cent of

savings is possible through appropriate technology. Agriculture uses energy directly as fuel or

electricity to operate machinery and equipment, to heat or cool buildings, and for lighting on

the farm, and indirectly in the fertilizers and chemicals produced off the farm. Agricultural

technology is changing rapidly. Farm machinery, farm building and production facilities are

constantly being improved. Agricultural applications suitable for photovoltaic (PV) solutions

are numerous. These applications are a mix of individual installations and systems installed

by utility companies when they have found that a PV solution is the best solution for remote

agricultural need such as water pumping for crops or livestock. A solar powered water

pumping system is made up of two basic components. These are PV panels and pumps. The

smallest element of a PV panel is the solar cell. Each solar cell has two or more specially

prepared layers of semiconductor material that produce direct current (DC) electricity when

exposed to light. This DC current is collected by the wiring in the panel. It is then supplied

either to a DC pump, which in turn pumps water whenever the sun shines ,or stored in

batteries for later use by the pump. The aim of this article is to explain how solar powered

water pumping system works and what the differences
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MATERIALS USED
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CHAPTER-3

Materials Used

3.1Solar panel

Photovoltaic solar panels absorb sunlight as a source of energy to generate electricity.

A photovoltaic (PV) module is a packaged, connected assembly of typically 6x10

photovoltaic solar cells. Photovoltaic modules constitute the photovoltaic array of

a photovoltaic system that generates and supplies solar electricity in commercial and

residential applications.

Fig 3.1 Solar Panel

3.2 Submersible Pump

A pump is a device that moves fluids (liquids or gases), or sometimes slurries,

by mechanical action. Pumps can be classified into three major groups according to

the method they use to move the fluid: direct lift, displacement, and gravity pumps.

Pumps operate by some mechanism (typically reciprocating or rotary), and

consume energy to perform mechanical work moving the fluid. Pumps operate via

many energy sources, including manual operation, electricity, engines, or wind power,

come in many sizes, from microscopic for use in medical applications to large

industrial pumps.
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Mechanical pumps serve in a wide range of applications such as pumping water from

wells, aquarium filtering, pond filtering and aeration, in the car industry for water-

cooling and fuel injection, in the energy industry for pumping oil and natural gas or

for operating cooling towers. In the medical industry, pumps are used for biochemical

processes in developing and manufacturing medicine, and as artificial replacements

for body parts, in particular the artificial heart and penile prosthesis.

When a casing contains only one revolving impeller, it is called a single-stage pump.

When a casing contains two or more revolving impellers, it is called a double- or

multi-stage pump.

Fig 3.2 Submersible Pump

3.3 Arduino Uno

The Arduino UNO is an open-source microcontroller board based on

the Microchip ATmega328P microcontroller and developed by Arduino.cc.[ The

board is equipped with sets of digital and analog input/output (I/O) pins that may be

interfaced to various expansion boards (shields) and other circuits. The board has 14

Digital pins, 6 Analog pins, and programmable with the Arduino IDE (Integrated

Development Environment) via a type B USB cable. It can be powered by a USB

cable or by an external 9 volt battery, though it accepts voltages between 7 and 20

volts.
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It is also similar to the Arduino Nano and Leonardo. The hardware reference design is

distributed under a Creative Commons Attribution Share-Alike 2.5 license and is

available on the Arduino website.

Layout and production files for some versions of the hardware are also available.

"Uno" means one in Italian and was chosen to mark the release of Arduino Software

(IDE) 1.0. The Uno board and version 1.0 of Arduino Software (IDE) were the

reference versions of Arduino, now evolved to newer releases.

The Uno board is the first in a series of USB Arduino boards, and the reference model

for the Arduino platform.The ATmega328 on the Arduino Uno comes

preprogrammed with a bootloader that allows uploading new code to it without the

use of an external hardware programmer.

It communicates using the original STK500 protocol.[1] The Uno also differs from all

preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it

uses the Atmega16U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial

converter.

Fig 3.3 Arduino Uno

3.4 Servo Motor

A servomotor is a rotary actuator or linear actuator that allows for precise control of

angular or linear position, velocity and acceleration. It consists of a suitable motor

coupled to a sensor for position feedback. It also requires a relatively sophisticated

controller, often a dedicated module designed specifically for use with servomotors.
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Fig 3.4 Servo motor

3.5 LDR Sensor

A photoresistor (or light-dependent resistor, LDR, or photo-conductive cell) is a light-

controlled variable resistor. The resistance of a photoresistor decreases with increasing

incident light intensity; in other words, it exhibits photoconductivity. A photoresistor is made

of a high resistance semiconductor.

Fig 3.5 LDR Sensor

3.6 Moisture Sensor

Soil moisture sensors measure the volumetric water content in soil. Since the
direct gravimetric measurement of free soil moisture requires removing, drying, and
weighing of a sample, soil moisture sensors measure the volumetric water content
indirectly by using some other property of the soil, such as electrical resistance,
dielectric constant, or interaction with neutrons, as a proxy for the moisture content.

The relation between the measured property and soil moisture must be calibrated and
may vary depending on environmental factors such as soil type, temperature,
or electric conductivity. Reflected microwave radiation is affected by the soil
moisture and is used for remote sensing in hydrology and agriculture. Portable probe
instruments can be used by farmers or gardeners.

Soil moisture sensors typically refer to sensors that estimate volumetric water content.
Another class of sensors measure another property of moisture in soils called water
potential; these sensors are usually referred to as soil water potential sensors and
include tensiometers and gypsum blocks.
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Fig 3.6 Moisture Sensor

3.7 Relay

• A relay is an electrically operated switch. It consists of a set of input terminals

for a single or multiple control signals, and a set of operating contact terminals.

The switch may have any number of contacts in multiple contact forms, such

as make contacts, break contacts, or combinations thereof.

Fig 3.7 Relay

3.8 Rechargeable Battery

A rechargeable battery, storage battery, or secondary cell, (or

archaically accumulator) is a type of electrical battery which can be charged, discharged

into a load, and recharged many times, as opposed to a disposable or primary battery,

which is supplied fully charged and discarded after use. It is composed of one or

more electrochemical cells. The term "accumulator" is used as it accumulates and stores

energy through a reversible electrochemical reaction. Rechargeable batteries are

produced in many different shapes and sizes, ranging from button cells to megawatt

systems connected to stabilize an electrical distribution network. Several different

combinations of electrode materials and electrolytes are used, including lead–
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acid, nickel–cadmium (NiCd), nickel–metal hydride (NiMH), lithium-ion (Li-ion),

and lithium-ion polymer (Li-ion polymer).

Fig 3.8 Rechargeable Battery
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WORKING PRINCIPLE
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CHAPTER-4

WORKING PRINCIPLE

One of our fastest developing technologies is found in the photovoltaic cells that

power solar PV systems and provides the electricity and heat used in our homes and

businesses. Researchers and developers are working harder than ever to bring the

price down and produce new technologies that decrease our reliance on fossil fuels.

That means solar PV systems are becoming more and more viable as renewable

energy generating technology. Most commercially used solar PV systems currently

use silicon photovoltaic cells in one form or another and they are judged primarily

upon their efficiency at producing electricity and their subsequent cost. Pure silicon

cells such mono-crystalline have a high efficiency but also cost more, which may not

make them suitable for use in domestic abodes. Hybrid cells, a mix of silicon and

organic substances, have a lower efficiency but cost less.

4.1 Solar Pump Working

Solar water pumps (SWP) use electricity generated by photovoltaic (PV) panels to

pump water from bore holes, wells or reservoirs directly onto fields or into a storage

tank for gravity based irrigation. With no fuel inputs and simple operation, SWP are

cheaper, cleaner and more reliable than diesel pumps. They offer the potential to

increase smallholder incomes through reduced operating costs and improved crop

yields. Once installed, Solar Water Pump are low maintenance and have a long life if

maintained properly. Water supplied can be used to irrigate crops, water livestock or,

in some cases, provide drinking water.

4.2 Efficiency of Solar Pump

Generally, solar panels are stationary and do not follow the movement of the sun.

Here is a solar tracker system that tracks the sun’s movement across the sky and tries

to maintain the solar panel perpendicular to the sun’s rays, ensuring that the maximum

amount of sunlight is incident on the panel throughout the day. The solar tracker starts
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following the sun right from dawn, throughout the day till evening, and starts all over

again from the dawn next day. By using tracking system in solar panels we can

 Increase solar panel output by 25 to 40%

 The space requirements for a solar park are reduced and they keep the

same output.

 The return of the investment timeline is reduced.

 The tracking system amortizes itself within four years

 In terms cost per watt of the completed solar system, it is usually to use a

solar panels where space and planning permit.

 Maximize power unit area.

 Able to grab the energy throughout the day
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PRINCIPLE OF

OPERATION
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CHAPTER-5

PRINCIPLE OF OPERATION

Solar Energy in the form of light rays falls on the solar photovoltaic panels

and got converted into electrical energy through silicon wafers embedded in the solar

photovoltaic panels. This electrical energy then goes to the DC based motor pumping

system through the cables and operate this motor. By rotation of the shaft coupled to

mono-block pump, the pump starts lifting the ground water and throws it out for use.

5.1 Solar Panel:

 It is a device which converts light energy into electric energy by the

principle of photovoltaic effect.

 It is an array of a number of photo voltaic modules which consists of basic

elements called solar cell in which flow of electron is established when

high intensity solar radiation falls on it.

 Different semiconducting materials (P and N type) for solar cell

are:Crystalline and thin films silica etc. may be used.

 Each module is rated by its DC output power under standard test conditions

(STC), and typically ranges from 100 to 320 watts. The efficiency of a

module determines how efficient those particular solar cells can extract

energy from sun.

Number of Panels Required= Wattage Required / Each Panel Power Output.

5.2 Controller:

A charge controller may be used to power DC equipment with solar panels. The

charge controller provides a regulated DC output and stores excess energy in a battery

as well as monitoring the battery voltage to prevent under/overcharging. More

expensive units will also perform maximum power point tracking. An inverter can be

connected to the output of a charge controller to drive AC loads.
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Battery wattage = voltage*its capacity= 12*2 amps=24 Watts

5.3 Solar Tracker

They are two types of solar trackers:

Single axis: They either have a horizontal axle or a vertical axle. They are mostly

used in tropical regions where sun gets very high at noon but the days are short.

Dual axis: They have both horizontal and vertical axel so they can track suns

apparent motion exactly anywhere across the sky.

An automated solar tracking mechanism consists of

1. 2 LDR’s (light dependent resistors)

2. Microcontroller

3. H bridge

4. Servo motor

The sun rise and sun set detection is straightforward. It is done through a light

dependent resistor .When sun rises, the LDR resistance decreases and the current

through it increases. The voltage at the transistor base builds up until the transistor is

forced into saturation. The collector current in turn increases and the coil is energized,

and in turn it pulls the relay to close connecting the supply to the micro controller

input PORTA pin. When darkness falls, the LDR resistor increases and the transistor

base current decreases cutting the collector current, and in turn disconnecting the relay

(The flywheel diode is connected to protect the transistor against the di/dt effect). An

identical circuit is used for the sun set, with small difference where the input is

connected to the micro controller through pin.
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Fig 5.3.1: Mechanism of Solar Pump

Following are the equipment required to make a solar pump with tracking system.

1. Solar Panel

2. Pump Set

3. Batteries

4. Pressure Switch

5. Arduino uno

6. Pressure Tank

7. Charge Controller

8. LDR sensors

9. Motor and shaft assembly

10. PIC Microcontroller.

11. Output mechanical transducer (DC motor).
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Description: From the above circuit diagram a Solar panel of 12watts is

connected to a rechargeable battery and this is connected to a water pump. After the

purchase of solar panel, a battery/inverter and a pump set along with remaining

equipment the installation is done.

Fig 5.3.2 : Block Diagram of Solar Pump Setup

5.4 For tracking mechanism:

The solar tracking system operates by the comparison of voltages that are solar cell

array. The compared voltage levels are given as the input to the PIC microcontroller.

Motor is use to drive the Solar Tracker to the best angle of exposure of light with the

help of wheel arrangement. The required power used to run the motor and controller is

provided by Step-Down
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Fig 5.4: Solar Tracking Mechanism

5.5 Use Case Diagram
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5.5 Result:

Fig 5.5 :Result
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Expected outcomes

• 1 acre = 43560sq feet

• Perimeter of square = 4*a

• Area of square =a^2

• a^2=43560 sq feet

• a = 208 sq feet

• Perimeter of 1acre = 4*208 =835 sq feet

• 100 sq feet of solarpanel produces 1000 watts per day

• With considering 17% losses due to atmospheric conditions

• For 835 sq feet = (835*1000)/100=8350watts per day

• For 1 month = 8350 *30=250500 watts

• For irrigation of 1 acre we need 15 hours of water supply

• For 2HP motor = 2*735=1470 watts per hour

• By using 2HP motor = 15* 1470 = 22050 watts

• Utilizing for grid power per month = total produced power - power utilized by

motor

= 250500 - 22050

= 228450 watts
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APPLICATIONS
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CHAPTER-6

APPLICATIONS

 Solar water pumps avoid the emission of particulate matter diesel leakages

into cultivations and water, noise pollution, and travel to collect fuels. It

could also contribute to a more efficient use of water.

 Solar pumps can be used to lift water from wells of low heads.

 The panels need not be right beside the well. They can be anywhere up to

20 meters! 60 feet away from the well, or anywhere you need the water. So,

it offers freedom regarding the placement of panels. These pumps can also

be turned on and off as per the requirement, provided the period between

two operations is more than 30 seconds.

 Low maintenance: A well-designed solar system requires little maintenance

beyond cleaning of the panels once a week.

 Trackers generate more electricity than their stationary counterparts due to

increased direct exposure to solar rays. This increase can be as much as 10

to 25% depending on the geographic location of the tracking system.
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CHAPTER-6

CONCLUSION

Solar Pump that we developed can run satisfactory at all conditions and during

this peak summer this is the best option which can work out well, and it can be easily

installed in the fields and can help the farmers to reduce the expenses on the other

energy recourses like electricity dieseletc.There is no electricity requirement, can be

operated lifelong.it is highly reliable and durable, easy to maintain and operate.it

creates wealth for the farmers by increasing number of crops and reducing the

expenditure
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ABSTRACT

Free cooling systems with PCMs work by storing outdoor coolness (e.g.,

during the night) and release the coolness indoors during the day. The PCM can

then be used during the day to absorb the heat from, e.g., passing air in a

ventilation system or water in a pipe system, and stored as latent heat, to cool the

building in the day when temperatures are higher and the need for cooling arises.

These systems work as long as the ambient temperature allows the PCM to freeze

and melt over the day, i.e., the ambient temperature must be above the phase

change temperature during the day and below it during the night.

The present work aims at studying different types of building free cooling

systems and also to design a typical building free cooling system on the concepts

of Evaporative Cooling and Cooing by Phase Change Material. A brief

introduction on the necessity for building free cooling systems and various

methods of free cooling is given in chapter 1. An exhaustive study of different

methods of free cooling is made in chapters 2, 3, and 4. Various steps involved in

the design of building free cooling system based on the principles of evaporative

cooling and cooling by PCM are presented in chapter 5. A computer code is

developed in MATLAB to simulate the performance of the system. Subsequently,

in chapter 6, a detailed discussion on the feasibility of such a free cooling system

in a hot and dry climate is made based on the results generated by the MATLAB

code. Finally, the importance of both evaporative and PCM based free cooling

systems, particularly in a hot and dry climate, has been highlighted in the

concluding remarks.
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1. Introduction

The global annual consumption of all forms of primary energy has
increased more than 10-fold during the past century. Therefore, a significant
awareness towards energy consumption in buildings as a dominant contributor to
the global energy use has increased nowadays. In hot climates, most of the
energy use in buildings is by the heating, ventilating and air conditioning (HVAC)
systems in order to maintain thermal comfort. Thus, sustainable and abundant
alternatives are highly required to replace or reduce the dependence on these
conventional systems.

Buildings in hot-arid climate experience high indoor air temperatures above

the comfort zone most of the year. In such regions, the ambient air temperature in

summer is extremely high throughout the daytime exceeding 40°C, while at night

is within the thermal comfort limit. Admittance of the cold night ambient air into

the building interior provides instantaneous cooling, whilst, an existence of an

appropriate thermal energy storage (TES) medium contributes to a continuous

cooling supply. This sustainable strategy is known in the literature as the free

cooling of buildings, which takes place by either increasing/decreasing the

temperature of a sensible heat storage (SHS) substance or by altering a physical

phase of a latent heat storage (LHS) substance. According to many research

publications, free cooling systems perform efficiently in locations with a diurnal

temperature variation of 12 and 15 K.

Substances operated for LHS are identified as Phase Change Materials

(PCMs) which store and release latent heat as they undergo a phase change by

rearranging their microstructure. Unlike SHS, the use of PCM is highly desirable

to maintain the thermal comfort as these substances possess a high energy

storage capacity and have the ability to absorb and release heat at a narrow

temperature range.

Free cooling with the PCM TES:

The operation of free cooling-based PCM thermal storage is explained next.
By forcing the low temperature ambient air over the PCM during night time, the
charging (freezing) of PCM takes place, and cold energy is effectively contained
(stored) in the PCM. Because the PCM selected in the free cooling application
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has a melting temperature higher than the ambient air temperature, it would
become solidified when cold air flows over the PCM.
During daytime, by passing the indoor (room) air, which is at a temperature
higher than the PCM, the stored cold energy is retrieved by the warm room air,
and the PCM is discharged. The return cold air circulated in the room
subsequently meets the space cooling load requirements. Thus, the on-peak load
(daytime) is shifted effectually to the part load conditions (night time) by using
the PCM free cooling system.

The idea of implementing PCM in the ventilation system is to control the
temperature of the inlet air and try to reach a temperature close to the indoor
comfort temperatures corresponding to the season. During the day in the winter,
solar thermal panels can be used to heat up the PCM system which enables
heating of the building. During the summer, the opposite process can be
implemented, night cooling can be stored for daytime cooling of the building. To
perform these thermal exchanges, as in all ventilation systems, fans are needed,
that is why we speak about active free cooling.

Types of Free Cooling Systems:

Free cooling systems can be broadly classified in to

 Passive cooling systems,

 Evaporative cooling systems, and

 PCM based free cooling systems.

A detailed study of the above free cooling systems is presented in the

subsequent chapters.
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2. Passive Cooling Systems

2.1 Introduction:

Passive cooling has a holistic approach. This is because it integrates the building

design, material selection and techniques of construction to reduce the heating of the

building or to increase the cooling as the case may be, taking into cognizance the

climatology of the area, relative humidity, wind direction and solar radiation to create

conservative buildings. It covers all natural processes and techniques for cooling buildings. It

is cooling without any form of energy input, other than renewable energy sources. Passive

cooling techniques are also closely linked to the thermal comfort of the occupants.

It is also possible to increase the effectiveness of passive cooling with mechanically

assisted heat transfer techniques, which enhance the natural cooling processes.

Energy consumption is maintained at very low level, but the efficiency of the systems

and their applicability is greatly improved. It maintains a delicate balance between the

human need to improve lifestyles and feeling of well-being on one hand, and preserving

natural resources and ecosystems, on which we and future generations depend.

Passive cooling is a building design approach that focuses on heat gain control and

heat dissipation in a building in order to improve the indoor thermal comfort with low or no

energy consumption.

This approach works either by preventing heat from entering the interior (heat gain

prevention) or by removing heat from the building (natural cooling). Natural cooling utilizes

on-site energy, available from the natural environment, combined with the architectural

design of building components (e.g. building envelope), rather than mechanical systems to

dissipate heat.

The last two decade has witnessed a severe energy crisis in developing countries

especially during summer season primarily due to cooling load requirements of buildings.

The energy consumption in buildings is quite high and is expected to further increase

because of improving standards of life and increasing world population. Air conditioning use
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has increasingly penetrated the market during the last few years and greatly contributes in the

upsurge of absolute energy consumption. According to the World watch institute, buildings

consume about 40% of the world’s energy production. As a result, buildings are involved in

producing about 40% of the sulfur dioxide and nitrogen oxides that cause acid rain and

contribute to smog formation.

Building energy use also produces 33% of all annual carbon dioxide emissions,

significantly contributing to the climate changes brought about by the accumulation of this

heat-trapping gas.

In India, the building sector represents about 33% of total electricity consumption,

with commercial sector accounting for 8% and 25 % respectively.

Before the advent of mechanical refrigeration, ingenious use was made of the many

means of cooling (e.g. damp cloths hung in draughts created by the connective stack effect in

buildings). So, dwellings and life styles were developed to make best possible use of these

sources of cooling.

The introduction of mechanical refrigeration permitted not only the ability to increase

the likelihood of achieving complete thermal comfort for more extended periods, but also a

great deal of flexibility in building design, and simultaneously led to changes in life style and

work habits. However, increasingly, the use of a 'higher technology' resulted in natural-

cooling techniques being ignored.

Now with the growing realization of the rapid depletion of non-renewable energy

sources and of the adverse environmental impacts of fossil-fuel dissipating processes it is

accepted that it is foolish to continue consuming vast amounts of non-renewable fuels for the

air-conditioning of buildings, when our ancestors achieved thermal comfort by natural means.

Hence to reduce the emission of greenhouse gases, caused by fossil fuels to power the

cooling requirement of the buildings has stimulated the interest towards adoption of passive

cooling techniques for buildings.
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2.2 Passive cooling applications:

The following techniques were adopted to determine the proper application of passive

cooling for hot-humid climate buildings in Northern Nigeria in order to solve the energy

problems and provide thermal comfort. When passive cooling techniques are used for

cooling and ventilation of buildings. The first concern is however how to avoid cooling

loads and then how to cool down the building follows. We will consider two major

approaches; these are Reduction of Heat Gain through Passive Design and Dissipation of

Heat Using Passive Cooling Strategies.

2.3 Reduction of heat gain through passive design:

It is necessary to cool down the temperature in a building, but it is more important to

prevent the building from gaining it unnecessarily. Passive design is the process of designing

a building while ensuring that it gains minimum heat and ensures that it requires little or no

mechanical energy to achieve thermal comfort. This approach to passive cooling takes

advantage of natural air flow to provide comfort in a building. It improves comfort,

drastically reduces energy bills and it also prevents the release of toxic gases into the

atmosphere.

This method ensures that the building envelope controls heat gain and heat loss. This

concept works as a two way system to provide thermal comfort at the two extreme weather

situations as it can provide heat storage when needed and dissipation as the case may be.

These design techniques vary according to the different climatic situations. To explain this

method further, below are the guiding principles.

Figure 2.1: How passive cooling works.
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2.3.1 Bioclimatic analysis:

The climate of an area where a building is to be situated plays a major role in the

design and specification of materials used. This is because climate is the atmospheric

condition of the place over a long period of time. It is as a result of the influence of the

topography, soil structure, temperature, precipitation and wind. The climatic condition of a

geographic location could differ due to human activity, ambient temperature, relative

humidity, wind speed and solar radiation. These factors must be digressed and put in

harmony with the proposed design.

2.3.2 Building orientation and solar geometry:

A building well oriented on site could deliver a compelling betterment to the comfort

of its occupants. A buildings orientation in hot climates must be from a solar point of view,

because the maximum daytime temperature goes up to 40 degrees centigrade. It should be

such that non habitat rooms be used as barriers from the sun, they are therefore placed at the

facades that receive the most solar heat. The longer facades should face the north and south,

there receiving a lower solar heat, which makes those sides most suitable for locating living

rooms. The kitchen on the other hand should be placed at the leeward side of the building to

avoid circulation of hot air.

Figure 2.2: Solar path for winter and summer.



7

2.3.3 Building Insulation:

It is essential to make the building envelope resistant to external climatic factors

especially the unwanted ones and hence the need and importance of insulation. The building

envelope comprises of walls, floors and roofs, all these elements in a building can be

insulated from either heat loss or gain as the case may be. The type and quality of an

insulation material is strongly determined by the climate as different insulation materials

offer different qualities, PCM integrated facades have the ability to store heat during the day

and discharge it during the night through radiation. In hot climates, roof could be made

reflective a Reflective Foil Laminate (RFL). In other cases sarking could be used by placing

boards underneath the roofing sheet. The use of dense materials like concrete, bricks and

other similar materials that absorb, store and release energy to optimize diurnal extremes

should be considered.

Figure 2.3: Wall materials installed with copper foam integrated PCM panels Source.

2.3.4 Glazing:

Heat loss and heat gain is most accounted for by doors and windows than any other

element of the building envelope. The glazing system has to be well designed in such a

manner that it reduces glare and improves indoor thermal quality. A well designed glazing

system reduces the amount of energy needed to cool down a building which is the main point

of this paper. The thermal performance of the glazing must be adequate as well as well as

being glare resistant while allowing solar radiation into the building. Some of the glasses

could be double or even triple glazing depending on the design specification or building

regulations. According to 87% of unwanted heat in summer comes into a building through
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the windows and doors. Glass is a good thermal conductor and as such, double and triple

glazing work to conflict that fact by trapping air or gas that serves as a barrier between

indoor and outdoor.

Figure 2.4: Solar transmission through varying types of glasses.

Figure 2.5: Glazing types.
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2.3.5 Shading:

Shading is the fractional or imperforate barrier of sunrays directed to a surface. This

varies in position and size depends on the geometric relationship of the sun and the

building’s façade. An analysis should be carried out to measure the integration between these

two elements. A simulation of the daylight performance could be carried out at the design

stage to enable the designer have a fore knowledge of the daylight assessment of the

building. The roof is an integral part of the shading elements as it is the overall cover of the

building and its overhangs provides shade around the building therefore protecting the

building envelope from unwanted heat. Materials with low thermal capacity should be used

near opening so that they quickly cool down after sunset, so as not to return their heat back

into the building.

Figure 2.6: Roof overhang for North latitude.

2.4 Passive cooling through removal of excess heat:

This study concentrates on two types of passive cooling systems, viz. Evaporative

cooling and Radiative cooling.
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2.4.1 Evaporative cooling:

This method entails the use natural effect of natural effect of evaporation to cool down

the air or to remove heat from the air. This air could be the incoming or exiting air. Heat is

absorbed as latent heat necessary to evaporate water, whereby hot air is converted to cool

moist air where the heat necessary to evaporate water. The hot air is converted to cool moist

air where the heat in the air evaporates the water. The heat absorbed is in cognizance to the

quantity or volume of water that is evaporated. As this paper is concentrating on the passive

evaporation system, the system is divided into two main categories; these are Passive direct

evaporative systems and Passive indirect evaporative systems.

2.4.1.1 Passive direct evaporative system:

This can further be sub categorized into two groups; these are the Use of vegetation

and the Use of Stark Ventilation (Bernoulli Effect).

Use of Vegetation:

Trees and other plants evaporate moisture especially during a hot summer day due to

their high cooling potential. An average sized deciduous tree can evaporate up to 1460kg of

water as its corresponding cooling effect is around 240kwh that is 2320kj per kg of

evaporated water. This has a potential of reducing energy requirement of air conditioning by

between 250 and 650 kWh of electricity per year and in some studies, it was discovered that

these trees bring about a temperature reduction of about 2-3 degrees centigrade. Evaporation

from wet spaces depends on the velocity of air and the difference between water vapor and

air pressure respectively which makes fountains, pools and ponds effective passive cooling

elements. Vegetation provides shade for the surrounding ground and reduces its temperature,

it also has the ability to absorb intense heat and emit so little, this is due to its low emissivity

quality.
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Figure 2.7: Passive direct evaporative cooling.

Stark Ventilation (Bernoulli Effect):

This is a natural mechanism of moving hot air upwards and expelling it into the

atmosphere, naturally air with higher temperature tends to move upwards. The application or

provision of a stark ventilation system will take advantage this phenomenon. The system

uses air pressure differences to pull air through the building. It uses the temperature of the air

to move it. In this strategy, the rate of ventilation is proportional to the area of the openings,

so therefore openings will be placed at the top and bottom of the building.

Figure 2.8: The stack effect, hot air rises due to buoyancy and its low pressure sucks in

fresh air from outside.
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2.4.1.2 Passive Indirect evaporation system:

This includes roof sprinkling system, roof ponds and moving water films.

Roof sprinkling system:

This is a quite interesting method as most buildings today have flat roofs. The main

source of heat or external heat gain is from the roof, and this is because the roof of a building

is the most exposed part of a building to the sun. This system is based on evaporation of a

water mist layer created by misting spray heads on top of the roof. An appreciable amount of

heat is dissipated as the water evaporates.

Figure 2.9: Roof top sprinkler.

Roof pond:

This is a much simpler method than the sprinkler system. Water ponds are constructed

over flat roofs to avoid excess heating by the sun; the pond is covered or shaded. The water

cools the building by conduction. This decreases both indoor air temperature and radiant

temperatures with an increase in humidity. This is only applied on water insulated roofs and
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is recommended for regions with mostly hot climate in other to prevent heat loss in

winter.

Figure 2.10: Roof pond during summer.

Moving water films:

This method is based on the circulation of water through films embedded in ceilings

and walls whereby the increase in the velocity between air and water surface enhances the

evaporation process. The water is stored in the basement and is pumped through these films

to cool down the building; this method can also heat the building during winter as the water

underground is hot during winter so therefore the reverse happens.

Figure 2.11: Capillary water moving films in floor and ceiling.
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2.4.2 Radiative Cooling:

This has extensively been one of the most energy efficient means of cooling buildings,

the principle uses outer space as this infinite energy sink. Radiative cooling is as a result of

heat loss by long wave radiation emission from a body with higher temperature to a body

with low temperature and plays a role of a heat sink. This occurs due to the low sky

temperature especially at night. The difference between sky temperature and ambient

temperature is around -10 degrees centigrade during a summer night.

The transmission of energy is caused by the emission of radiation over a spectrum of

different wavelengths, a property exhibited by all surfaces and by the significant differences

between the temperature of space and that of the objects on earth, this approach to cooling is

passive.

Surfaces can be designed to enhance the difference between the net radiated energy,

the sky and the surface of the building. This is so that the designer takes advantage of an

atmospheric window. This is the period where the atmospheres absorption of heat energy is

low (see figure 2.12). In this case, it is the period between 7.5 and 13μm. Radiative cooling

has the potential to replace totally the air condition system but in order to achieve that, the

surfaces of the building must be designed in such a way that they emit energy until the

surface temperature becomes lower than that of the ambient air.

Figure 2.12: Wavelength and intensity ranges of short-wave and long-wave radiation

(Top) and. Transmittance of light through the atmosphere versus wavelength (Bottom).
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2.5 Induced ventilation techniques:

2.5.1 Solar chimney:

A solar chimney is a modern device that induces natural ventilation by the thermal -

buoyancy effect. The structure of the chimney absorbs solar energy during the day, thereby

heating the enclosed air within and causing it to rise. Thus air is drawn from the building into

an open near the bottom of the chimney. The air exhausted from the house, through the

chimney, is replaced by ambient air. However, if the latter is warmer than the air inside the

house, as it usually is during the day in hot climates, the continued use of the solar chimney

will then begin to heat the structure of the building previously cooled overnight. The solar

chimney is used to exhaust hot air from the building at a quick rate, thus improving the

cooling potential of incoming air from other openings. Thus solar chimneys having a

relatively low construction cost, can move air without the need for the expenditure of

conventional forms of energy, and can help achieve comfort by cooling the building structure

at night. They can also improve the comfort of the inhabitants during the day if they are

combined with an evaporative-cooling device.

2.5.2 Air vents:

Curved roofs and air vents are used in combination for passive cooling of air in hot

and dry climates, where dusty winds make wind towers impracticable. Suited for single units,

they work well in hot and dry and warm and humid climates. A hole in the apex of the

domed or cylindrical roof with the protective cap over the vent directs the wind across it (Fig.

2.13). The opening at the top provides ventilation and provides an escape path for hot air

collected at top. Arrangements may be made to draw air from the coolest part of the structure

as replacement, to set up a continuous circulation and cool the living spaces. The system

works on the principle of cooling by induced ventilation, caused by pressure differences.
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Figure 2.13: Induced ventilation through curved roof and air vents.

Figure 2.14: Section showing detail of a wind tower.
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2.5.3 Wind tower:

In a wind tower, the hot ambient air enters the tower through the openings in the tower,

gets cooled, and thus becomes heavier and sinks down. The inlet and outlet of rooms induce

cool air movement. When an inlet is provided to the rooms with an outlet on the other side,

there is a draft of cool air. It resembles a chimney, with one end in the basement or lower

floor and the other on the roof. The top part is divided into several vertical air spaces ending

in the openings in the sides of the tower (Fig. 2.14).

In the presence of wind, air is cooled more effectively and flows faster down the tower

and into the living area. The system works effectively in hot and dry climates where diurnal

variations are high. Figure 2.14 shows the section and detail of a wind tower.

2.5.4 Radiative cooling:

The roof of a building can be used both as a nocturnal radiator and also as a cold store.

It is often a cost-effective solution. During the night the roof is exposed to the night sky,

losing heat by long-wave radiation and also by convection. During the day, the roof is

externally insulated in order to minimize the heat gains from solar radiation and the ambient

air. The roof then absorbs the heat from the room below.

2.5.4.1 Diode roof:

The diode roof eliminates the water loss by evaporation and reduces heat gains

without the need for movable insulation. It is a pipe system, consisting of a corrugated sheet-

metal roof on which are placed polyethylene bags coated with white titanium oxide each

containing a layer of pebbles wetted with water. The roof loses heat by long-wave heat

radiation to the sky and by the evaporation of water which condenses on the inside surface of

the bags and drops back onto the pebbles. By this means, it is possible to cool the roof to 4°C

below the minimum air temperature.
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2.5.4.2 Roof pond:

In this system a shallow water pond is provided over highly conductive flat roof with

fixed side thermal insulation. The top thermal insulation is movable. The pond is covered in

day hours to prevent heating of pond from solar radiation. The use of roof pond can lower

room temperature by about 20°C. While keeping the pond open during night the water is

cooled by nocturnal cooling. The covered pond during the day provides cooling due to the

effect of nocturnally cooled water pond and on other side the thermal insulation cuts off the

solar radiation from the roof. The system can be used for heating during the winter by

operating the system just reverse. The movable insulation is taken away during day so the

water of pond gets heated up by solar radiation and heating the building. The pond is covered

in night to reduce the thermal losses from the roof and the hot water in the pond transfers

heat into building.

2.6 Evaporative cooling:

Evaporative cooling is a passive cooling technique in which outdoor air is cooled by

evaporating water before it is introduced in the building. Its physical principle lies in the fact

that the heat of air is used to evaporate water, thus cooling the air, which in turn cools the

living space in the building. However passive evaporative cooling can also be indirect. The

roof can be cooled with a pond, wetted pads or spray, and the ceiling transformed into a

cooling element that cools the space below by convection and radiation without raising the

indoor humidity.

2.6.1 Passive downdraft evaporative cooling (PDEC):

Passive downdraft evaporative cooling systems consist of a downdraft tower with

wetted cellulose pads at the top of the tower. Water is distributed on the top of the pads,

collected at the bottom into a sump and re-circulated by a pump. Certain designs exclude the

re-circulation pump and use the pressure in the supply water line to periodically surge water

over the pads, eliminating the requirement for any electrical energy input. In some designs,

water is sprayed using micronisers or nozzles in place of pads, in others, water is made to

drip. Thus, the towers are equipped with evaporative cooling devices at the top to provide



19

cool air by gravity flow. These towers are often described as reverse chimneys. While the

column of warm air rises in a chimney, in this case the column of cool air falls. The air flow

rate depends on the efficiency of the evaporative cooling device, tower height and cross

section, as well as the resistance to air flow in the cooling device, tower and structure (if any)

into which it discharges. Passive downdraft evaporative cooling tower has been used

successfully at the Torrent Research Centre in Ahmedabad (Fig. 2.15). The inside

temperatures of 29 –30 °C were recorded when the outside temperatures were 43 – 44 °C.

Six to nine air changes per hour were achieved on different floors.

Figure 2.15: Passive Downdraught Evaporative Cooling in Torrent Research Centre,

Ahmedabad.

2.6.2 Roof surface evaporative cooling (RSEC):

In a tropical country like India, the solar radiation incident on roofs is very high in

summer, leading to overheating of rooms below them. Roof surfaces can be effectively and

inexpensively cooled by spraying water over suitable water-retentive materials (e.g., gunny

bags) spread over the roof surface. Wetted roof surface provides the evaporation from the

roof due to unsaturated ambient air. As the water evaporates, it draws most of the required

latent heat from the surface, thus lowering its temperature of the roof and hence reduces heat

gain. Therefore, the wetted roof temperatures 40°C are much lower than the ambient air

about 55°C. However, the water requirement for such arrangement is very high and it is a

main constrain in the arid region to adopt this technique.
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2.7 Earth coupling:

This technique is used for passive cooling as well as heating of buildings, which is

made possible by the earth acting as a massive heat sink. At depths beyond 4 to 5m, both

daily and seasonal fluctuations die out and the soil temperature remains almost constant

throughout the year. Thus, the underground or partially sunk buildings will provide both

cooling (in summer) and heating (in winter) to the living space. A building may be coupled

with the earth by burying it underground or berming. Figure 2.17 & 2.18 shows the

functioning of earth berming during summer and winter.

2.7.1 Earth air tunnel:

The use of earth as a heat sink or a source for cooling/heating air in buried pipes or

underground tunnels has been a testimony to Islamic and Persian architecture. The air

passing through a tunnel or a buried pipe at a depth of few meters gets cooled in summers

and heated in winters (Fig. 2.16). Parameters like surface area of pipe, length and depth of

the tunnel below ground, dampness of the earth, humidity of inlet air velocity, affect the

exchange of heat between air and the surrounding soil.

Figure 2.16: Working principle of earth air tunnel.
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2.7.2 Earth berming:

In an earth sheltered building or earth bermed structure the reduced infiltration of

outside air and the additional thermal resistance of the surrounding earth considerably

reduces the average thermal load. Further the addition of earth mass of the building acts like

a large thermal mass and reduces the fluctuations in the thermal load. Besides reducing solar

and convective heat gains, such buildings can also utilize the cooler sub-surface ground as a

heat sink. Hence with reference to thermal comfort, an earth sheltered building presents a

significant passive approach. Fig. 2.17 and Fig. 2.18, shows the working principle of earth

berming during summer and winter conditions.

Figure 2.17 & 2.18: Principle of earth berming during summer and winter.

2.8 Desiccant cooling:

Desiccant cooling is effective in warm and humid climates. Natural cooling of human

body through sweating does not occur in highly humid conditions. Therefore, a person’s

tolerance to high temperature is reduced and it becomes desirable to decrease the humidity

level. In the desiccant cooling method, desiccant salts or mechanical dehumidifiers are used

to reduce humidity in the atmosphere. Materials having high affinity for water are used for

dehumidification. They can be solid like silica gel, alumina gel and activated alumina, or

liquids like triethylene glycol. Air from the outside enters the unit containing desiccants and

is dried adiabatically before entering the living space. The desiccants are regenerated by

solar energy. Sometimes, desiccant cooling is employed in conjunction with evaporative

cooling, which adjusts the temperature of air to the required comfort level.
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3. Evaporative Cooling Systems

3.1 Introduction:

Energy demand worldwide for buildings cooling has increased sharply in the last few

decades, which has raised concerns over depletion of energy resources and contributing to

global warming. Current energy demand estimates stands at between 40 and 50% of total

primary power consumption. In hot climate countries, the highest share of building energy

use is mainly due to space air conditioning using traditional HVAC systems. For example, in

the Middle East, it accounts for 70% of building energy consumption and approximately

30% of total consumption. Nowadays, buildings air conditioning has become a necessity for

people life and plays a vital role in ensuring indoor comfort levels. Hence, improving the

efficiency of cooling technologies are essential, particularly ones that have the potential, i.e.

high performance, low power consumption. Currently, mechanical vapor compression

coolers (MVC) are commercially dominant despite their intensive energy use and low

performance in hot climate.

In contrast, evaporative cooling systems are more environmentally friendly as they

consume less energy and their performance improves as air temperature increases and

humidity decreases. Table I; shows a comparison of coefficient of performance (COP)

values of several cooling cycles.

Thermo-physical
Requirements

Kinetic
Requirements

Chemical Requirements Economic and
environmental
requirements

- Appropriate melting
temperature in the required
operating temperature range.
- High latent heat of fusion.
- High specific heat.
- High thermal conductivity of
solid and liquid phases.
-High density.
- Congruent melting of the PCM.
-cycling stability.
- Small vapor pressure.
- Small volume changes.
- Little or no sub-cooling during
freezing.
-no segregation.

-High nucleation rate in
order to avoid super
cooling of the liquid
phase.
- High rate of
crystallization to satisfy
demands of heat
recovery from the
storage system.

- Long term chemical stability
of the PCM.
- No degradation after
freeze/melt cycles.
- Complete reversible
freeze/melt cycle.
- No corrosiveness.
-non-flammable, Non- toxic
and non-explosive materials for
safety.

- Low price and cost
effective.
- availability
-Nonpolluting.
- Low environmental
impact.
- Good recyclability.
- Low embodied energy.
- Facility of separation from
other materials.

Table 1: thermo-physical, kinetic, chemical, economic and environmental requirements

of PCM.
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However, the main drawback of the evaporative cooling is their high dependency on

the ambient air conditions. Since the temperature difference between the dry- and wet-bulb

temperatures of the ambient air is the driving force of evaporative cooling. For mild and/or

humid climate this difference is small, therefore, leads to limited cooling capacity

Evaporative cooling is a heat and mass transfer process that uses water evaporation for air

cooling, in which large amount of heat is transferred from air to water, and consequently the

air temperature decreases. Evaporative coolers could be classified into:

1) Direct evaporative coolers, in which the working fluids (water and air) are in direct

contact;

2) Indirect evaporative coolers, where a surface/plate separates between the working fluids;

3) Combined system of direct and indirect evaporative coolers and/or with other cooling

cycles.
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Figure 3.1: classification of evaporative cooling systems in building cooling.

3.2 Direct Evaporative Cooling (DEC):

This system is the oldest and the simplest type of evaporative cooling in which the

outdoor air is brought into direct contact with water, i.e. cooling the air by converting

sensible heat to latent heat. Ingenious techniques were used thousands of years ago by

ancient civilizations in variety of configurations, some of it by using earthenware jar water

contained, wetted pads/canvas located in the passages of the air. Direct evaporative coolers

in buildings vary in terms of operational power consumption from zero power to high power

consumption systems. DEC systems could be divided into: Active DECs which are

electrically powered to operate and Passive DECs that are naturally operated systems with
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zero power consumption. DEC is only suitable for dry and hot climates. In moist conditions,

the relative humidity can reach as high as 80%, such a high humidity is not suitable for direct

supply into buildings, because it may cause warping, rusting, and mildew of susceptible

materials.

3.2.1 Active DEC system:

The active direct evaporative coolers are electricity- driven systems, however, it use a

fraction of power for air and water circulation. So, it is considered much less energy

intensive than other traditional cooling technologies, with energy saving up to 90%. A

typical direct evaporative cooler comprises of evaporative media (wettable and porous Pads),

fan blows air through the wetted medium, water tank, recirculation pump and water

distribution system, as illustrated schematically in Fig. 3.2a . The direct evaporative cooling

is an adiabatic cooling process, i.e. the total enthalpy of the air is constant throughout the

process, as shown in Fig. 3.2 b: The water absorbs the sensible heat from the supply air and

evaporates causing the air temperature decreases and its humidity to increase.

Figure 3.2a & b: Structure, working principle and psychometric chart of a direct

evaporative cooler.

Theoretically, the supply air could be cooled to 100% effectiveness, but in such

process a wet-bulb effectiveness of 70%-80% only is achievable because of short contact

time between the two fluids, insufficient wettability of the pads and due to the fact that the

circulated water and the supply air will reach an equilibrium point that is equal to the wet-

bulb temperature of the supply air. Eventually the system would not be able to cool down the

incoming air lower than its wet-bulb temperature. The wet-bulb effectiveness could reach

range between 70-95% in most current commercial DEC coolers and mainly as a function of

(a) (b)



26

the type and thickness of evaporative media, working climate, and supply air flow-rate.

According to ASHRAE Handbook-HVAC Systems and Equipment (2008) active DEC could

be divided according to types of wet media into: Random media DEC, Rigid media DEC and

Remote media DEC, as shown in Fig. 3.3. However, active DEC coolers can be classified in

terms of water distribution system type: spray (also called air washer), slinger (a rotating

wheel), and drip (Misting) system. Table II, show the main types of active DEC systems:

TABLE II: MAIN TYPES OF ACTIVE DEC SYSTEM

System

type

Evaporative media Effectiveness Features

Random

media

Excelsior or plastic

fiber/foam supported

by plastic frame.

>80%

Low

effectiveness

Short life-time.

Hard to clean.

Rigid

media

Block of corrugated

Materials: Cellulose,

plastic, fiberglass.

75-95%

High initial cost.

Longer life-time.

Cleaner air.

Remote

pad

Random or rigid Pads

mounted on wall or

roof of building

75-95%

Higher power

consumption

Bacteria growth
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Figure 3.3: Types of DEC system pads.

3.2.2 Passive DEC systems:

Passive cooling techniques use natural phenomena, energies, and heat sinks for

cooling buildings without the use of mechanical apparatus consume electrical energy.

However, small fans and pumps could be required. Passive DEC is relied on the climate

which means the techniques applied for hot and humid regions are different from those for

hot and arid areas. This technology is able to reduce indoor air temperature by about 9oc. The

main types of passive direct evaporative cooling building integrated systems are:

Mashrabiya:

The mashrabiya is a traditional Islamic architecture element used for natural

ventilation and cooling of buildings without requiring any energy. It is wooden

screens/windows provides shad, protection from the sun and allows breezes to flow through

into the building for cooling purpose. Fig. 3.4a shows a mashrabiya system coupled with

porous water-jugs to provide evaporative cooling effect for a dwelling and cooling water

inside jugs for water drinking.

Wind towers:

The wind tower, also called wind catcher is a traditional passive cooling technique of

buildings, existed hundreds of years ago in the Middle East and Iran, known as, Burjal hawaa

i.e. the air tower. Basic structure of a wind tower is illustrated Fig. 3.4b. A capped tower
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with one face opening or multi-face openings at the top of tower, the tower is placed on the

roof of a dwelling. Wind towers/catchers could be divided according airflow patterns inside

the tower into: downward airflow towers and upward airflow towers. Downward airflow

wind tower, also called “Passive down draught tower (PDEC)”, is driven by pressure

difference between windward side and leeward sides of the tower.

The tower catches the ambient air which enters at top of the tower and flow through it

to the building providing fresh air. Water could be introduced into the tower geometry by

several means i.e. water pool at bottom of tower, porous jars filled with water located in the

tower airstream or wetted pads hanged at the top of the tower (Fig. 3.4b). Upward airflow

wind tower is driven by temperature difference between building interior and the outside

environment. In this system, the air is drawn upwards via wind tower. Because of positive

pressure on one sides of the building the hot air could be drown down via underground

channels or water fountains before entering to the building as cooled air, while the hot

interior air rises upward via the openings of the wind tower.

Roof-pond:

Roof-pond is a building-integrated evaporative cooling technique. It can contribute

highly to mitigate heat by cooling the roof passively; therefore, the indoor air is cooled

without increasing its moisture and reducing the energy consumption and heat gain during

daytime. A typical roof pound consists of water pool in plastic or fiber-glass container stored

on top of the roof of the building. The pond could be covered by a removable cover, a fixed

cover or a fixed floating installation. A basic configuration of a shaded roof-pond system is

shown in Fig.3.4c. During summer, the ambient air flow over the pond causes the water to

evaporate, thus, cools the pond and the roof structure which act as a heat sink of the building

interior. During winter, the pond is emptied and the shaded openings are closed. Roof-pond

cooling systems may incorporate water spraying system to enhance evaporative cooling.
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(c)

Figure 3.4a, b & c: Types of passive cooling systems.

3.3 Indirect Evaporative Cooling (IEC):

The primary idea of the indirect evaporative coolers is cooling by decreasing air

sensible heat without changing its humidity, which is a distinctive advantage over DEC

systems. A common IEC unit comprises of: a heat exchanger (HX), small fan, pump, water

tank, and water distribution lines, as illustrated in Fig. 3.5a. Indirect evaporative coolers are

classified into: Wet-bulb temperature IEC systems and Sub wet-bulb temperature ICE

systems.

3.3.1 Wet-Bulb Temperature IEC System:

Wet-bulb temperature IEC system are packaged unit of flat-plate-stack, cross-flow

heat exchanger, the most common configuration and flow pattern, which can lower air

temperature close to, but not below, the wet-bulb temperature of the inlet air. Fig. 3.5b shows

a schematic drawing of the working principles of a typical HX configuration of a wet-bulb

temperature IEC system which comprises of several pairs of adjacent channels: wet passages

of the working (secondary) air and dry passages of the supply (primary) air. Heat transfer

occurs between the two working fluids through a heat conductive plate, therefore, the supply

air is cooled sensibly with no additional moisture introduced into the cooled supply air

stream. While, heat transfer mechanism between the working air and water in wet channels is

by latent heat of water vaporization. The wet-bulb effectiveness of this system is in the range

of 40–80%, which is lower than that of the DEC systems. Different types of IEC systems are

existed which can be classified, according to the type of heat exchanger (HX), into: plate-

(b)(a)
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type IEC, tubular-type IEC and heat pipe IEC as summarized below: Plate-type HX based

IEC: This type of heat exchanger is the most commonly used configuration, that is, flat-

plate-stack HX with cross- or counter-flow arrangement of the primary and secondary

airstreams. Fig. 3.6a illustrates schematically a basic plate-type IEC system. Several

researches conducted evaluation of energy saving mathematically modeling of the heat

transfer process and performance evaluation studying the effects of channels dimensions,

humidity ratio, primary and working air velocities, and plate wettability percentage on the

efficiency of. However, the cooling effectiveness of plate type IEC system s is only in the

range of 50–80%. Tubular-type HX based IEC: This configuration is usually built of circular

tubes, as shown in Fig. 3.6b. However, other tubular shapes have been used such as elliptical

and rectangular tubes. A common configuration consists of a bundle of round tubes mounted

in a cylindrical or rectangular shall, where the primary air flows inside the tubes and the

secondary air flow across and/or along the tubes in the normal direction to the primary air,

while the water is sprayed over the external surface of the tubes. So that it could offer more

uniform water film over the tubes and less pressure losses comparing with plate-type IEC.

Usually, the tubes are made of either polymer, metal, porous ceramic, PVC, or aluminum.

Another common configuration is a tube-fin HX based IEC in which round or rectangular

tubes are fitted with outside fins by soldering, brazing, or welding. For example, Velasco

Gomez et al introduced tube-fin HX based indirect evaporative cooler, that is, a bundle of

porous ceramic tubes fitted with flat metallic fins. The results showed air dry-bulb

temperature reduction of 9-14 ℃ was achieved. The system can be used for heat recovery in

air conditioning systems. Heat pipe HX based IEC: Heat pipe is a light, simple and thermally

conductive device available in shapes and sizes, can be applied to transport heat from the

primary to secondary air passages for cooling applications. The configuration of heat pipe

can be any type from thermo syphon, cryogenic, rotating and revolving, flat plate and

capillary pumped loop heat pipe. In this structure, the heat pipe based IEC, the condenser

section of heat pipe is used in the secondary air (wet) channel, and the evaporator section is

used in primary air (dry) channel, as shown in Fig. 3.7. Limited studies carried out

evaluating the performance of the heat pipe based IEC systems for building cooling. A

finned heat pipe was used to increase convective heat transfer between the primary air and
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the heat pipe, with different methods of heat eliminations from the condenser sections such

as water sprayer on condensation section surface, the outdoor air is precooled by air washer

before passed through the condensation section, the use of porous ceramic water container

fitted around condensation section to assure even distribution of water. Also, In the literature

many research studies conducted on heat pipes applications in building cooling includes

HVAC systems and heat recovery systems.

Figure 3.5: IEC structure, working principle and its psychometric chart.

Figure 3.6: Schematics of plate-type and Tubular-type based IEC.

(a)
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Figure 3.7: Schematic of heat pipe based IEC.

3.3.2 Sub Wet-Bulb Temperature IEC:

Systems to overcome some of the disadvantages of DEC systems and to enhance the

effectiveness of wet-bulb temperature IEC, introduced a new design of the heat exchanger of

IEC system. The Maisotsenko-cycle (M-cycle) based IEC system is a combination of a

cross-flow, multi-perforated flat-plate HX and evaporative cooling, in which, the secondary

air is precooled in the dry channel before it is diverted to pass through the wet channel to

achieve further heat transfer with the dry channel. Thus, the primary air temperature is lower

than wet-bulb temperature and approach dew-point temperature of the incoming air. So, it is

called Dew point IEC. The wet-bulb effectiveness is in the range of 110% -122% and a dew-

point effectiveness of 55%-85%. Although the M-cycle heat exchanger has 10–30% higher

effectiveness than that of the conventional heat exchangers, its operation is still facing some

limitations; the secondary air is not fully cooled as high proportion of it is gradually diverted

early into the wet channels, and cross-flow is unfavorable pattern for heat exchangers. An

experimental tests of the M-cycle based IEC system showed that its dew-point/wet-bulb

effectiveness was only around 50–60% and 80–90% respectively. Several research studies

conducted to develop and modify the thermal process of the M-cycle IEC to overcome the

above mentioned drawbacks and to enhance the efficiency and increase the thermal

performance. Zhao et al. introduced a new counter-flow heat and mass exchanger based on

M-cycle of a dew-point evaporative cooling system. In this structure, unlike the cross-flow
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Maisotsenko-cycle heat exchanger, holes are located at end of flow channels as presented in

Fig. 3.8. The product air flows through and along the dry channels losing sensible heat to wet

channels and at the end of dry channels part of cooled product air is delivered to the

conditioned space and the remaining air is diverted to the adjacent wet channels as cold

working air transferring heat latently with the water and sensibly with the product air in the

dry channel. It was found that the wet bulb effectiveness achieve up to 130% and dew-point

effectiveness of up to 90%. Furthermore, a comparative study between cross-flow and

counter-flow M-cycle base IEC system showed that the counter-flow arrangement achieved

around 20% higher cooling capacity and 15–23% higher dew-point and wet-bulb

effectiveness respectively under the same geometrical sizes and operational conditions.

Contradictory, the cross flow exchanger has 10% higher performance which is due to an

increase in power consumption of counter-flow heat exchanger. Additionally, Zhao et al.

conducted a feasibility study in China and the UK respectively, using the proposed dew-

point IEC system in.

Figure 3.8: Working principle and psychometric chart of a sub wet-bulb IEC.

It was found that the dew-point IEC system is applicable for most of the UK and china

regions, particularly where the climate is dry. Tap water is suitable as feed water with an

adequate temperature for cooling and its consumption rate ranged from 2.1 to 3 l/kWh

cooling output. The system cooling output is in the range of 3.1-4.3 W/m3/h air flow rate.

Also, Rogdakis et al. theoretically and experimentally evaluated the performance of an M-

cycle based IEC system at Greek climate condition. It was found that the Maisotsenko cycle

can be applied for most Greek cities without intensive consuming of electricity and water,

the effectiveness ranged between 97% and 115%, while water consumption was in the range
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of 2.5 3.0 l kW/h. It is noteworthy that research done on the dew-point IEC systems is still its

early stage. To date, most theoretical and experimental works are based on the principles of

the M-cycle. Most highly ranked papers and innovative research work of dew-point

evaporative cooling systems are summarized in the following Table III.

Study Method Configuration Research
Wet Bulb
Effectiveness

Dew Point
Effectiveness

Elberhing
[30]

Experiment Cross-Flow M-
Cycle Based IEC.
A
Multi-Perforated
Flat-Plate-Stacked
Heat And
Mass Exchanger
Made Of
Aluminum
Polyethylene As
Water-Proof
Material.
Cellulose-Blended
Fiber As Wettable
Material

Assessment Of The
Performance Of A
Coolerado Cooler In
Terms Of Air Flow.
Cooling Effectiveness
And Power Demand

81-91% 50-63%

Zhao et al.
[31]

Simulation Cross-flow m-cycle
based iec. A
Polygonal plate-fin
hx made from flat
sheets and
corrugated
triangular cross-
section fins as flow
guides.

Introduce of a novel
counter-flow hx of m-
cycle based iec. And
optimization of the
geometrical sizes and
operating conditions
of the cooler

54-130% 36-82%

Zhan Et Al.
[32]

Simulation

Cross-Flow M-
Cycle Based IEC.

Comparative Study
Between Cross And
Counter-Flow IEC
To Identify The In
Performance.
Effectiveness And
Cooling Capacity Of
Both Systems Under
The Same
Operational
Conditions

114% 76%

Counter-Flow M-
Cycle Based IEC.

136% 91%

Riangvilaikul
et al. [9]. [36]

Experiment
and
simulation

Counter-flow m-
cycle based iec. Hx
consists of flat-
sheets-stackes
structure
polyethylene as
water-proof
material, and thin-
film cotton sheet as
wettable material

Evaluation of the
performance at
different inlet air
conditions of various
climatae conditions.
Developed a
numerical model to
simulate the heat and
mass transfer process
and optimize system 92-114% 58%-84%
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parameters

Bruno [37] Experiment

Counter-Flow
Plate-Type
Exchange Based
On M-Cycle
Indirect
Evaporative
Cooler

Experimental Test Of
The Thermal
Performance Of A
Module Product IEC
For Residential And
Commercial Cooling
Applications For A
Wide Range Of
Operation Conditions

Residential
124%

Commercial
106%

Residential
106%

Commercial
65%

Cui et al. [38] Simulation Counter-flow flat-
plate-stacked hx of
iec. The hx
comprises of a dry
channel with a
closed-loop
configuiration.

Investigation of the
thermal performance
under varying inlet
conditions. Also,
studied the effect of
the channels surface
roughness and effect
of using the return
air as working air on
the overall
performance

122-132% 81-93%

Hasan [39] Simulation Plate-Type
Indirect
Evaporation
Cooler

Study Of Heat And
Mass Transfer
Process Using A
Numerical Analysis
For Four Flow-
Configuration Of HX
Of IEC System To
Evaluate The
Performances

109-131% N/A

Boukhanouf
et al. [40]

Experiment
and
simulation

The exchanger of
the iec is a counter-
flow. Plate-type hx
consists of two
adjacent channels
with hallow.
Rectangular
porous cermic
panels as heat
transfer wall(wet
medium) filled
with water

Evaluation of the
performance. Cooling
capacities and other
characteristics of
cooling system

117% N/a

Lee et al. [41] Experiment
and
simulation

Counter-flow m-
cycle based iec.
The hx is a plate-
fin type hx.
Comprises of
multiple pairs of
aluminum finned
channels brazed
with a thin flat
plate

Evaluation of the
performance of the
system at various
operation conditions

118-122% 75-90%

Table III: List of recent contribution and development of dew-point IEC systems.
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The effectiveness ranges from 90% to 115%. However, the high initial cost and

system complexity are the obvious drawbacks. The common types of the IDEC systems are

two-stage IDEC: in this configuration, the IDEC comprises of IEC stage followed by a DEC

stage. The first indirect stage (state 1) cools the outdoor air

3.4 Indirect-Direct Evaporative Cooling (IDEC):

Since DEC have higher effectiveness but humidity increases indoors while IEC have

lower effectiveness and the humidity is constant, a combination of both systems or in

conjunction with other cooling technologies can be a potential and achieve the best

characteristics of both systems, such as cooler supply air at a lower relative humidity, higher

efficiency and controlled humidity. The main components of IDEC system are heat

exchanger of IEC unit, evaporative pad of DEC unit, water recirculation system, water

reservoir, and blowers, as shown in Fig. 3.9. Flows through a direct stage (state 2) for further

cooling to below its wet-bulb temperature, but with additional moisture added (state 3), as

illustrated on the psychometric chart Fig. 3.9 b. The effectiveness is in the range of 90–120%,

but water consumption increases by 5%. Other two-stage IEC-DEC configurations reported

by achieved effectiveness of 109%-116%. Three-stage IDEC: this system consists of two-

stage IDEC system in conjunction with a cooling cycle. For example, a solid desiccant

dehumidification with an IEC and/or DEC unit gives COP of around 20. Several

configurations have been reported: An IEC, cooling coil and DEC stage. An IEC and a DEC

system to provide sensible and adiabatic cooling coupled with a desiccant system for

dehumidification (Fig. 3.10) can offer energy saving of 54%-82% over the conventional

cooling systems. Multi-stage IDEC: a hybrid system of two-stage IDEC coupled with more

than one cooling cycle. For instance, combined system of two-stage DEC-IEC coupled

nocturnal radiative cooling and cooling coil (Fig. 3.11) has higher effectiveness than two-

stage evaporative cooling system, with energy saving is between 75-79% compared to MVC

systems.
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Figure 3.9: Two-stage IDEC system.

Figure 3.10: Schematics of solid desiccant and evaporative cooling systems.

Figure 3.11: Hybrid system of radiative cooling, cooling coil, and two-stage IEC-DEC

system.

(a) (b)
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4. Free Cooling by PCMs

4.1 Introduction:

Phase change materials (PCMs) are substances with a high latent heat of fusion. They

store latent heat during the transition phase. A PCM absorbs thermal energy and stores it

during a solid-to-liquid phase transition, allowing the temperature to be maintained near

melting point. Latent heat storage is beneficial as it requires a smaller temperature difference

between the storage and releasing functions than sensible heat, making PCMs ideal for

maintaining temperatures within a narrow temperature range.

PCMs are used due to their high latent heat capacity; they have the ability to maintain

internal temperatures at whichever temperature is desired. Due to the increasing focus on

climate change and the use of renewable energy, PCMs have been researched and developed

a lot over the last decade. This is due to PCMs’ ability to maintain internal temperatures

without the use of gas or fuel. They have a large energy storage density, which is available

within a narrow temperature range. There are many types of phase change materials which

all have their advantage s and disadvantages.

PCM classification:

A considerable number of PCM is available in any desired temperature range.

According to their chemical composition, PCM can be categorized as organic compounds,

inorganic compounds and eutectic mixtures. Each group has its typical range of melting

temperature and its range of melting enthalpy. The paraffin waxes, salt hydrates, fatty acids

and eutectic organic /non-organic compounds are the most used since last 30 years. The

relationship between the melting enthalpy (kJ/l) and the temperature of PCM is shown in

Figure 3. These characteristics are considered very important especially for their application

in building envelopes (i.e. PCM incorporated into finish materials, thermal insulation or

structural components).
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Figure 3: Relationship between PCM melting enthalpy and temperature for

the different groups of.

For a specific application, PCM for thermal energy storage in buildings do not meet all

the above stated requirements and performance properties. Each material has its own specific

poor characteristics, which can be enhanced by proposing different solutions. For example,

using metallic fins can increase the thermal conductivity of PCM, introducing a nucleating

agent may suppress super-cooling and the use of suitable PCM thickness can prevent

incongruent melting. A classification of PCM is given Figure 4.

Figure 4: PCM classification.

Organic materials:

Organic phase change materials are paraffin and non-paraffin, the latter including fatty

acids, ester, alcohols, glycols, etc... They have some characteristics making them beneficial

to latent heat storage in buildings. Generally, organic PCM are available in large temperature

range, they are chemically stable, non-corrosive and non-toxic, they freeze with little or

without super cooling, they present no segregation, and they have a high latent heat of fusion
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and good nucleation rate. However, Most of the organic PCM are not stable in higher

temperatures due to covalent bonds. Also, their density is low (usually less than 103 kg/m3),

which is below the density of inorganic materials such as water and salt hydrates.

Paraffin are available in a large range of melting points from about 200C up to 700C,

however they have a low thermal conductivity (about 0.2W/ (m.K)) limiting their

applications. During the freezing cycle, when high heat transfer rates are desired, Paraffin

present a problem. Moreover, they have a large volume change during the phase change. In

addition, they are available from many manufacturers but they are expensive comparing to

salt hydrates. Paraffin wax is the most used commercial organic PCM.

Fatty acids that are generally presented by the chemical formula CH3 (CH2)2nCOOH, have

similar characteristics to paraffin and they are stable at cycling. The combination of different

fatty acids to get melting temperatures range of 20–30°C with a precision of ± 0.5 °C can be

promising.

Inorganic materials:

Inorganic materials are salt hydrates and metallic. They have respectively good

thermal conductivity and high latent heat of fusion; they are not expensive and non-

flammable. Their main drawback is compatibility with metals, since in some combinations of

PCM with metals corrosion can be developed. They require containment; hence, they are

inadequate for impregnation into porous building materials.

The most attractive and important TES materials are salt Hydrates, due to their relative

high storage density of about 240 kJ/kg, their small volume change during phase transition,

and their relative high thermal conductivity of about 0.5W/(m. K). Salt hydrates have some

disadvantages such as super-cooling, segregation, and corrosion. Concerning Metallic PCMs,

they are not within the desired temperature range for building applications.

Eutectics:

Eutectics are a mixture of proportions of many solids, in order to get more desired

properties mainly a higher latent heat and a more specific melting point. They almost melt
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and solidify without segregation, preventing the separation of components. Eutectics are

divided into 3 groups according to their consisting materials: organic–organic, inorganic–

organic and inorganic– inorganic eutectics.

Bio-based PCMs:

Bio-based PCMs are typically made from fatty acids derived from either plants or

animals. Fatty acids are molecules made up of a hydrocarbon and a carboxyl group, therefore

they are extremely environmentally friendly to use. They are non-toxic, cheap and have a

high latent heat capacity. However, the main downside to using bio-based PCMs is that they

are poor thermal conductors, which is a key characteristic of PCMs. Poor thermal

conductivity is a bad characteristic to have; this is due to the PCM being heated/ cooled

unevenly, and therefore only a small proportion of the material changing state. This can

result in the material under-performing due to only a small proportion of the material

absorbing/ releasing heat.

Charging process:

The main aim during the charging phase is to ensure full solidification of the PCM in

the shortest possible time. The ambient air is used to extract the heat from the melted PCM.

The PCM charging is possible when the ambient air temperature is lower than the freezing

point of the PCM.

Discharging process:

The main objective during the discharging phase is to supply air into the building

interior with a temperature and velocity within the acceptable comfort zone. To achieve this

objective, the inlet air temperature and flow rate should be carefully considered. Normally,

during the discharging process, the indoor air is circulated through the system instead of the

hotter ambient air. In real applications, a certain ratio of ambient air may occasionally be

admitted into the building indoors in order to improve the air quality.
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PCM for cooling applications:

Recently, it has been noticed that the cooling demand of the building sector is

increasing rapidly, especially in developing countries, due to

1) The high need of comfort of building occupants,

2) The rise of the internal heat gains of buildings,

3) The impact of urban heat island felt in overcrowded cities and

4) The reduced cost of cooling equipment.

Thus Passive or efficient-energy solutions for space cooling have received much

attention. In space cooling, the objective is to keep a space cold, more precisely to avoid the

temperature increasing above a certain level, which can be carried out in three ways: the

reduction of heat input, the reduction of temperature fluctuations, and the improvement of

heat rejection. To meet the cooling requirements, PCM can be installed into the building in

passive or active systems. Passive systems do not use active mechanical equipment and no

additional energy is required i.e. the heat is charged or discharged only due to temperature

fluctuations when the air temperature rises or falls beyond the PCM melting point and only

natural ventilation provides cold from outside. Passive applications are easily implemented

and can be integrated into the building envelope (walls, roofs, and floors). On the contrary,

Active systems need the help of mechanical equipment to achieve the PCM thermal energy

charging or discharging. In this case PCM can be installed in storage units, in HVAC

systems or it can be used as heat-cold storage tank in solar cooling technique. Different PCM

cooling system classifications have been suggested in different studies. In the current study

the PCM cooling systems are divided into five categories: free cooling, solar cooling, air

conditioning systems, evaporative and radiative cooling and PCM in building envelope.

Active and passive cooling systems could be found together or each alone in these categories.

A number of PCM used for cooling applications is listed in.
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Name of PCM Melting point (0C) Latent heat(KJ/Kg) Reference

Emerest 2325 (butyl stearate + butyl 17 - 21 138 - 140 [24]

palmitate 49/48)

Hexadecane 18 236 [26]

Heptadecane 18 214 [26]

KF, 4H2O 18.5 231 [24]

Butyl stearate 19 140 [29]

Paraffin C16–C18 20 - 22 152 [32]

Paraffin RT20 20 - 22 172 [34]

Paraffin FMC 20 - 23 130 [33]

Dimethyl sebacate 21 120 - 135 [32]

Eutectic E21 21 150 [34]

Capric-lauric 45/55 21 143 [27]

Salt hydrates Na2SO4,10H2O 21 198 [33]

ClimSel C 21 21 122 [34]

Octadecane 22 244 [26]

Capric-palmitate 75.2/24.8 22.1 153 [30]

Paraffin RT25 24 164 [33]

CaCl2·6H2O 24 - 29 192 [31]

45% Ca(NO3)2_6H2O+ 55%
Zn(NO3)2_6H2O

66.6% CaCl2_6H2O +
33.3%

Mgcl2_6H2O

25

25

130 [32]

127 [32]

Mn(NO3)2,6H2O

25.8 125.9 [28]

Paraffin R27

26 - 28 179 [32]

SP27 27 180 [33]

Eutectic E23 29 155 [34]
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Free cooling:

In free cooling technique, a separate storage unit is utilized in order to provide the cold

into the room whenever it is required by circulating room air through the storage unit. The

difference between the natural night ventilation and free cooling is that fans or other

mechanical equipment (extra power) are used to charge or discharge the heat from the

storage unit which improves the cooling potential, unlike the night ventilation where

building envelope such as walls are used for thermal storage. The effectiveness of PCM-

based free cooling application depends on the diurnal temperature range that should be

between 120C and 150C. If the air temperature swing between day and night is relatively

small, then other parameters should be accurately considered in the design of free cooling

system coupled with PCM i.e. selection of an appropriate PCM with suitable encapsulation.

The principle of a free cooling system with PCM, shown in Figure 5, consists of two

operation modes:

Figure 5: Principal function of PCM ‘‘free cooling system’’.

Solidification of PCM occurs at night when the ambient temperature is lower than the

indoor temperature. The outdoor cool air flows across the storage unit, by means of a fan,

absorbing heat from PCM, which leads to the beginning of solidification process, which lasts

until the outdoor temperature became nearly equal to the PCM solidification temperature.

Melting of PCM occurs during the day when the indoor temperature increases above

the comfort range. Hot air of the room passes through the storage unit and the heat is

absorbed by the solid PCM which leads to the beginning of melting process. Consequently,

the room air temperature is reduced and the cooled air is delivered to the interior of the

building.
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Many Parameters affect the thermal performance of a free cooling system during

charging and discharging such as the air flow rate, the outlet air temperature and the inlet air

temperature of the storage unit, in addition to the thermo-physical properties and

encapsulation thickness of PCM, which all affect the melting and the solidification processes.

Moreover, PCM melting temperature is an important factor in the design of a free cooling

system. The cooled air temperature in the room after the discharging of PCM should be

within the comfort range (23–270C), therefore the PCM melting temperature should be taken

between 190C and 240C.

It is found that commercially available PCM having melting point between 200C and

270C, are often used in the application of free cooling system. In addition, Most of the

studies have used paraffin as PCM in the storage unit since they do not react with the

encapsulated material (no leakage) and without sub cooling in contrast to salt hydrates which

are rarely used.

It could be noticed that the main component in the free cooling system is the PCM

storage unit; moreover, suitable PCM with appropriate melting temperature should be

carefully selected. PCM free cooling system technology is not yet commercialized and its

initial cost is higher by about 10% than a traditional air-conditioner; keeping this cost

competitive with other traditional cooling technologies requires more PCM

commercialization. However, it was shown that PCM solidification during the limited period

at night is slow due to the low thermal conductivity of PCM; heat transfer improvements are

needed.

Solar cooling systems with PCM:

Solar cooling systems including adsorption and absorption cooling have been

examined in the last few years, and it can be considered as alternatives to traditional air

conditioning systems. Moreover, solar powered absorption cooling system can realize

summer comfort conditions in buildings at low primary energy consumption. Solar cooling

systems can reduce the cooling needs in buildings under hot climate; they can also decrease

the peak demand for electricity and consequently reduce the environmental pollution.
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The use of PCM with solar absorption cooling, help significantly to meet cooling demand

when the solar energy is not available. A solar-driven absorption cooling system coupled

with PCM and a dry air cooler instead of a traditional wet cooling tower as shown in Figure

17. By integrating PCM in heat rejection circuit of the chiller, a quantity of required power

could be shifted to the off-peak

Figure 17: solar heating and cooling system with absorption chiller and latent heat

storage in cooling mode.

PCM-air conditioning systems:

Air conditioning systems control several changes such as weather conditions,

residential, commercial and industrial activities. Thus during the day, the electrical

consumption varies considerably and reaches peak values. Integrating PCM in AC system

could significantly reduce the cooling load, where AC with smaller power size could be used.

PCM in building envelope:

The previous sections presented PCM used as separate storage unit installed with other

mechanical equipment which were considered mostly as active systems. The installation of

such systems needs a specific place in the building, which is considered an important

disadvantage for the designers and users. As a solution for this drawback, PCM can be

integrated into building envelopes i.e. walls, roofs, and floors as part of building structure or

as building component and can be installed whether in passive or active system. The PCM

integration into the building envelopes has attracted a great interest in the last 10 years.
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PCM passive system applications in the building envelope:

PCM “integrated” into building materials: when they are incorporated to a building

construction material such as plaster with microencapsulated paraffin, gypsum plasterboards

with microencapsulated paraffin, concrete with microencapsulated paraffin, panels with

shape- stabilized paraffin, and blending PCM with thermal insulations. The main benefit of

PCM- enhanced insulation is their capability to reduce and shift significantly the peak hour

thermal loads of the building envelopes.

PCM as “component”: The main difference between building components equipped

with PCM and PCM integrated into building materials is that a component can be

manufactured before the building being constructed and have a particular design. Blinds

with integrated PCM are considered as an example for PCM component. In fact, solar gains

through windows are considered one of the major sources of heat input into a building. Thus

to avoid direct solar radiation, blinds equipped with PCM (Figure 28) can be used, it can be

fixed inside the building or outside in front of the window. Integration of PCM into the

internal blinds can reduce and delay the temperature rise of the blinds, and then the heat

release into the room is delayed.

Figure 28: Internal blinds with integrated PCM.

Suspended ceilings with PCM are considered as an example for PCM component; salt

hydrates are used and are encapsulated in plastic containers, in bags or in metal containers.

The company Dörken sells a full range of PCM under the brand name DELTA®COOL

system and it can be installed in ceilings or floors.

PCM in floors, roofs and ceilings:

Incorporation of PCM in floors that are in direct contact with solar radiation could be

an effective solution for thermal energy storage. Xu et al. investigated the thermal
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performance of PCM floor system in passive solar buildings. This performance is affected

by several factors such as the choice of covering material, thickness of PCM layer, PCM

melting temperature, its thermal conductivity and heat of fusion, and the air gap between the

PCM and covering material. The results showed that the thickness of PCM should not be

greater than 20 mm and the heat of fusion and thermal conductivity of PCM should

respectively exceed 120 kJ/ kg and 0.5 W/m K.

Incorporation of PCM into roof systems has not gotten too much attention, Pasupathy

investigated the performance of a double layer of PCM incorporated into roof in Chennai,

India. Inorganic eutectic of hydrated salts used as PCM was incorporated into roof panels of

a room and then it was compared experimentally to a room without the PCM panel. The

results showed that the indoor air temperature swings can be narrowed due to the PCM roof

panel, and that this system can be suitable all seasons when the upper PCM layer had a

melting temperature 6–70C greater than the ambient temperature during summer and the

lower PCM layer had a melting temperature close to the indoor temperature. A naturally

ventilated roof with a photovoltaic (PV) module with PCM in Oak Ridge, Tennessee was

developed by Kosny et al. Reducing heating loads and cooling loads during winter and

summer respectively was the main objective of this system, in winter PCM absorb heat

during the day and release it at night while in summer PCM absorb excess heat. The results

showed that heating loads and cooling loads were reduced by 30% and 55% during winter

and summer respectively; additionally it was observed that peak daytime roof heat fluxes

were reduced by about 90%.

Windows and shutters:

In cold climates great parts of energy are lost due to glazed facades, which increase the

need for heating while in warm climates excessive solar heat gain increase the need for

cooling, Figure 32 shows PCM filled window.
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Figure 32: Illustration of a PCM filled window.

PCM in Concrete:

The general objective of incorporating PCM in concrete materials is to increase heat

storage of heavy construction materials in buildings. A number of studies have been carried

out on PCM incorporated into concrete and have shown positive results such as reducing

indoor temperatures in warm climates.

PCM active system applications in the building envelope:

In contrast to passive systems for PCM integrated into building materials, PCM active

systems lead to a better heat transfer coefficient by replacing the free convection by forced

convection. The solidification of PCM actively can be accomplished with a minimum of

energy with the help of small fans.

Active systems using air as heat transfer fluid:

Systems integrated into the ceiling:

An active thermal storage unit in the ceiling was developed by the Team Germany

(2009).The application is composed of four insulated channels, with polycarbonate profiles

filled with salt- hydrate PCM with a melting temperature of 26oC, the PCM system used is

Delta Cool 28 by Dorken. The team equips the channels with ventilation fans, grills,

operable flaps, and temperature sensors. Depending on weather conditions, the COP of the

system varies from 9 to 15. During the day, in cooling mode, the air in the room circulates
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through the ceiling and decreases its temperature. The cool air from outside, at night, blows

across the ceiling and discharges the PCM.

Systems integrated into the wall:

Since wall systems have been used for a longer time than other applications, the same

concept is followed as for the ceiling in a wall construction. The system consists of bags

filled with PCM, at the bottom a fan is used in order to transfer the air, openings at the top

and the bottom allowing the intake and the exit of air from the room. However, it should be

assured that the volume flow rate of air at the exit does not lead to uncomfortable air

velocities. An extra intake at the outside of the wall can be used optionally for direct

absorption of cold night air.

Systems integrated into the floor:

It is possible to integrate the same system as for the ceiling and for wall into the floor.

The PCM can be directly located under the floorboards. Figure 43 shows the general concept

for cooling with PCM integrated into the floor. During the day, the warm air from the room

is taken away; it is cooled during the melting of PCM and then the cooled air is supplied back

to the room providing cooling. At night, cold air circulates under the floor, cooling the PCM

and discarding the stored heat.

Figure 43: General concept for cooling with PCM integrated into the floor.
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Active systems using a liquid as heat transfer fluid:

Active systems with air thermal exchange used to reject the stored heat means that the

cold night air is used as cold source. Regarding the energy consumption, it seems a very

effective method, but it is not completely trusted that the night-air temperature drops to a

temperature low enough to reject all the heat stored during the day. It is possible to integrate

systems with liquid-air thermal exchange to solve this problem, and to attach it to a cold

source with a liquid heat transfer fluid.

PCM-plaster with capillary sheets:

The capillary sheets can be fixed at the surface of the concrete wall and then cover it

by a plaster layer with PCM. Integration of capillary sheets as heat exchanger into the wall is

a general approach for the thermal activation of concrete walls

Cooling ceiling with PCM plasterboard

Panels suspended from the ceiling are an example of this application; a plate for dry

construction used as a wall or ceiling element, was developed by the Company

ILKATHERM, which is made up of a pure-foam as an insulating layer located between two

coatings made of plaster board, metal, plastics, or others. In this application, the coating can

be PCM plasterboard. The construction and the installation of the PCM plasterboard are

shown in Figure 44 and Figure 45.

Figure 44: Installation of ILKATHERM PCM board.
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Figure 45: PCM board from ILKATHERM; 1) sheet metal coating, 2) PU rigid foam, 3)

capillary tube mats, 4) Micronal PCM smartboard gypsum construction panel.

Ventilated facades principle and applications:

To reduce the energy demand of a building, the careful design of its façade is

considered as the most important method. Ventilated facades (VF) have been recently used

in buildings and have attracted great attention of architects and engineers, in order to fit the

energy restrictions recommended by the European Directive. PCM can be introduced into the

external layer of VF or in its air cavity. During cooling season, VF with PCM can act as a

free cooling system in order to avoid overheating and therefore minimize the HVAC energy

consumption. VF or VDSF are considered as a special kind of envelopes, where in front of an

ordinary building façade, a second skin is placed, and consequently an air cavity (channel) is

created. In order to ameliorate the energy or thermal performance of the building, the air in

the cavity can be naturally or mechanically ventilated. Ventilated façades (VF) have the

potential to ameliorate the energy efficiency of buildings, and it can be used in both new and

refurbished buildings.

During the cooling period, the working principle of VF-PCM is to use the low

temperatures at night to fully solidify the PCM, while during the day time, supply cold when

it is needed by removing heat through melting of PCM. Figure 46 shows how a ventilated

façade works.
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PCM solidification: occurs at night when the outdoor temperature is lower than the PCM

phase change temperature, the air from outside enters to the channel leading to PCM

solidification. To ensure the full PCM solidification, fans operating under various power

rates can be used (mechanical ventilation instead of natural ventilation) increasing the

convective heat exchange.

PCM melting: during the day, PCM absorbs heat from the indoor air to provide cooling effect.

Overheating prevention: after the PCM melting, due to the buoyancy forces, the air flows

from outdoors to outdoors preventing the overheating in the air channel by natural

convection

Free cooling: occurs at night when the outdoor temperature is lower than the indoor set point

temperature.

Figure 46: modes of operation of VF.

(a) Solidification process; (b) Melting process; (c) Overheating prevention; and (d) Free

cooling.

In building applications, PCM can be incorporated in passive or active systems.

Passive systems do not require additional energy, are easy to install with integrated low

consumption devices. They depend completely on the outdoor temperature and the variable

weather conditions. Thereby if night temperatures do not drop considerably below the PCM

phase change temperature, the PCM will not fully solidify which hinders the pursuit of its

operation. In addition, among day-night cycles the heat transfer between the air and the wall
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limits the maximum capacity of storage which restricts the application of passive systems.

Furthermore, the required rate of heat exchange between the air and the PCM is not always

attained. During summer season, it is proposed to increase air-change rate at night; even

though natural ventilation could provide cold from outside but it may be insufficient; thus

mechanical ventilation must be applied, which is considered as an active system, leading to a

better heat transfer coefficient. Improving the heat transfer rates using electrical fans requires

adding their energy consumption in the economic study.

Active systems seem to be more efficient than the passive ones, the charge/discharge

process is fully controlled and its execution depends on several parameters besides the

outdoor temperature, moreover the thermal energy storage can be obtained when it is required.

On the other hand, active applications are regarded as complicated and complex systems

requiring mechanical elements such as pumps and fans, in addition to a control system. In

terms of the use of PCM for building applications, PCM integrated materials and PCM

components are more and more easily implemented. Recently, PCM mats and boards have

become available in the market which facilitates the integration of latent heat storage in

lightweight construction. Originally, PCM boards were used only in passive systems, but

later on it was used also for active applications also. For space heating, the solar direct gain is

the most significant strategy and the appropriate selection of the finishing material

characteristics is very important in this case.

However this application is affected essentially by the type and the color of chosen

floor finishing material since the PCM is not immediately subjected to solar radiation. The

heat transfer rate is reduced and delayed when the PCM is not directly in contact with solar

radiation, neither with the room air. For space cooling, night ventilation and solar protection

are the most important strategies. Night ventilation is advantageous in regions with large

temperature swings between day and night; it can improve thermal comfort conditions and it

can be achieved through window or door openings, ceiling fans and others. Cooling

strategies and PCM applications with active and passive systems are summarized in the

synthetic diagram shown in Figure 52.
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Figure 52: A synthetic diagram of PCM cooling applications.

Factors affecting PCM selection:

It is clear that the integration of PCM in buildings leads to an increase in their thermal

energy storage which subsequently minimizes the indoor temperature fluctuation, providing

indoor thermal comfort and therefore reducing the energy consumption. Osterman et al.

confirmed that the use of PCM highly improves the energy performance of buildings in

summer season.The efficiency of PCM strongly depends on several factors:
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1) Outdoor climatic conditions;

2) Type of PCM, its melting temperature range and its thermo-physical properties;

3) PCM encapsulation method;

4) Quantity of PCM (effective volume and PCM layer thickness);

5) Location and installation of PCM in the building;

6) Purpose of PCM application;

7) Way of PCM is charged/discharged (active or passive systems);

8) Characteristics and orientation of the building;

9) real life conditions including heating and cooling set points, air infiltration rates, internal

gains from occupancy (i.e. people (person/m2), metabolic rate (Writing, seating, standing

Cooking, cleaning… (W/person)), Lighting (W/m2) and Electric equipment (W/m2))

schedules);

10) Solar gains;

11) Orientation and reflectivity of the surfaces (solar absorbance coefficient);

12) And finally investment cost and tariff structure should be taken into account

Climatic conditions;

As it was formerly stated, climatic conditions are one of the main factors affecting the

efficiency of PCM in building applications, since the system performance is principally

influenced by the outdoor weather conditions. The climate of a specified location is influenced

by its latitude; terrain, ice or snow lids, and altitude, in addition to close water bodies. It can

be defined as the average weather over a long period and it is categorized according to the

average and the typical ranges of temperature and precipitation. Cooling and heating needs

for buildings in each climatic zone can be determined according to the climatic zone
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conditions, and other conditions such as the kind use of building (residential, or non-

residential) and internal gains from occupancy

One of the most popular climate classification systems is Köppen- Geiger, Figure 53,

it divides the main climate in five zones namely, A: equatorial, B: arid, C: warm temperate,

D: snow and E: polar. Furthermore, it determines the level of precipitation W: desert, S:

steppe, f: fully humid, s: summer dry, w: winter dry, m: monsoonal. Lastly, it gives details

about temperature as h: hot arid, k: cold arid, a: hot summer, b: warm summer, c: cool

summer, d: extremely continental, F: polar frost. For example in Seville-Spain, the climate is

considered as Csa: a Mediterranean climate with dry hot summer and mild winter while in

Paris-France the climate is Cfb: Marine west coastal with warm summer, mild winter and rain

all the year. In general, each climate zone has clearly different construction and design

requirements. Table IV shows cooling and heating requirements for each climate condition.

Figure 53: climate classification according to the Köppen–Geiger.

Melting temperature of PCM:

The most significant criterion for PCM selection is the required melting temperature, it

is considered as the greatest influent parameter. It is very important to select the right type of

PCM because, for a specific climate conditions, if the melting temperature is too low, it is

difficult to maintain the indoor air temperature at a comfortable level during the night;
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furthermore, if the melting temperature is too high, the quantity of solar radiation heat stored

by the PCM will be reduced in the daytime. Additionally, the selection of a low melting

temperature leads to insufficient use of PCM in the hottest months. On the other hand, a

melting temperature too high could lead to a marginal feasibility during the intermediate

seasons. Most of the PCM that can be applied in buildings have melting points between 180C

and 280C, close to the human comfort temperature range. A phase change temperature

outside of the operating temperature range of the storage could make the application totally

useless. Partial solidification and melting of PCM can lead to insufficient thermal storage.

The selection of different melting temperatures depends on the main purpose of the

application, which could be to save heating energy or to prevent overheating. The PCM that

has a good performance in the heating periods will have an insignificant impact or no effect

at all in cooling periods and vice versa.

Location of application: Effect of PCM surface area and thickness

In the previous section, the effectiveness of PCM was investigated in terms of

selecting a suitable PCM melting temperature for a considered application. In this part, the

effect of position, surface area and thickness of PCM integrated in building on energy

savings will be investigated. As mentioned previously, PCM can be incorporated into

wallboards, roof, underfloor, concrete, plaster, furniture, and insulation of buildings, glazing

and others. The location of PCM, essentially in passive systems, depends on its objective and

functioning, unlike the PCM storage units that have more options and liberty in terms of their

location. Passive PCM application at the floor seems to be the best location for the heating

periods; this is due to the fact that in the floor it is possible to benefit from each of the indoor

air temperature and direct solar gains via the glazing. However, PCM drywalls (plasterboards,

wallboards or gypsum boards) seemed more appropriate as passive systems for cooling

purposes. Knowing that, night ventilation together with PCM is a very effective strategy that

leads to decrease the cooling demand of buildings. Ingenious solutions for reducing the

cooling demand of buildings such as ventilated facade with fins filled with PCM and PCM

cylinders in hollow core slabs; were created in order to increase the convective heat transfer

coefficient. Therefore they allow the use of large quantities of PCM, and improve the
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utilization factor of cold stored. Ceilings present considerable areas for passive heat transfer

and have less risk of spillage of the macro-encapsulated PCM by drilling; however, they

have lower convective heat transfer coefficients compared to walls and floor. Moreover, it

was found that a PCM layer incorporated in the roof structure seemed inappropriate to

improve the building energy performances, actually rooftop temperature increases when the

PCM becomes liquid.

During a phase change daily cycle, the PCM volume must be chosen so that PCM

mass could be melted and solidified entirely. During the cooling season, if the PCM volume

is very high, the solidification process time may be longer than the time of low temperatures

at night. Similarly, in winter, if the PCM volume is very high, the PCM cannot be completely

melted because the sunshine time could be shorter than the time required for the heat

penetration in the PCM. Furthermore, increasing the surface area of the applied location of

PCM, leads to an increase of the heat transfer rate between this area and the PCM. At a

constant PCM volume, the thickness of PCM layer is thinner when the surface area increases.

Therefore, melting and solidification processes become more effective.

The total energy exchanged due to the enthalpy content in the PCM (i.e. the overall latent

heat storage capability) can be calculated using Equation (1):

ESatent = n. N. Hƒ (1)

Where, m is the mass of the PCM, n is the number of phase changes that occur during a

specified period of time and Hf is the PCM latent heat.

For a better evaluation of the impact of PCM position and thickness, Konstantinidis [7]

calculated the total amount of PCM necessary to absorb the surplus heat for cooling periods.

The average daily cooling load Edaily was determined. Therefore, the diurnal energy stored

in the PCM isgiven by Equation (2):

EdaiSy = Ncp. Hƒ (2)
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Where, mcp is the specific mass of PCM and Hf is the latent enthalpy of the material.

Therefore, the required mass of PCM is calculated and subsequently the required PCM

volume is given by Equation (3):

PCM VOLUNE = N (PCM)/q (PCM) (3)

HVAC control

According to the indoor microclimate, two types of study can be carried out:

Without including the HVAC system (naturally ventilated building): to find out the effect of

PCM on the temperature fluctuations in the considered indoor space, where the temperature is

free- running, and the potential of PCM in reducing peaks. In this case the hourly temperature

data must be given.

Including the HVAC system (air-conditioned building): to calculate the energy consumptions,

and thus the energy savings. In this case, the indoor temperature is controlled and a schedule

of set points must be made.

Conclusion:

A review of PCM applications for cooling purposes, and factors affecting the

effectiveness of PCM were discussed in this article. Many experimental and modeling-

simulation studies have been presented, showing the effect of PCM on the buildings thermal

performance. The use of PCM in buildings seems to be very beneficial; PCM can decrease

energy consumption, shift the peak loads of cooling energy demand, decrease temperature

fluctuations providing a thermally comfortable environment, and reduce the electricity

consumption. Free cooling applications are effective when the diurnal temperature variations

are large (up to150C). When HVAC system is used, PCM act as a cold storage unit, shifting

the peak loads to low electricity rate periods. Integrating PCM in the building envelope

prevents the raise of the indoor temperature improving the thermal comfort. However, many

drawbacks have been found in PCM applications, mainly the non-use of considerable

portions of employed PCM due to the low convective heat transfer coefficients, incomplete

solidification of PCM at night and the limited contact area between the air and PCM. Several
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solutions have been proposed, such as the use of proper control strategy, forced ventilation to

increase the convective heat transfer, and adequate design of the heat exchangers. Moreover,

using fins, cylinders, and spheres to encapsulate the PCM could improve the use of

considerable amounts of PCM and increase the convective heat transfer coefficients. Paraffin

was mostly used in cooling applications; however, salt hydrates and fatty acids were used in

some cases. Selecting the most suitable PCM for a specific climate and a specific application

was discussed. The melting temperature is the most influential parameter, some authors

approve that high PCM melting temperatures seemed more effective for warmer climates,

while low PCM melting temperature could be more efficient in colder climates, and others

emphasized on the importance of selecting PCM melting temperature within the comfort

range then an optimization method by testing different melting temperatures is required.

Moreover, systems with different PCM having different melting temperatures are considered

as an important future research, and should be developed in order to improve the building

performance in both cooling and heating seasons. Moreover, for a specified amount of PCM,

it was shown that energy savings and therefore effectiveness of PCM increase with the

decrease of the thickness of PCM layer and the increase of surface area until a certain

optimum level. The selection of an appropriate amount of PCM needed for thermal storage

still requires also further research.
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5. Design of a typical building free cooling system

5.1 Design Methodology:

The outdoor air is initially passed through an Air-washer to cool it by evaporative

cooling. Subsequently, the cooled and humidified air passes over PCM channels. The cooled

air from the PCM channels mixes with the re-circulated air and is supplied to the building to

provide required cooling. The various steps involved in the design of building free cooling

system is as follows:

Indoor condition:
Ti=32;
RHi=0.35;
pvi=RHi*psi;
Determination of indoor specific humidity and enthalpy:
wi=0.622*pvi/(101.325-pvi);
hIndoor=1.005*Ti+wi*(2500+1.88*Ti);
Outdoor conditions:
Jaipur - on 12th May Data:
T0=[36,36,34,33,33,33,33,34,35,38,40,41,42,42,43,43,42,42,40,39,38,37,36,35];
T0WBT=[18,18,17,17.5,17.6,18.5,18.7,18.5,19.8,18.7,18.8,19,19.2,19.5,19.2,18.8,19.5,19.7,
19.5,18.2,18.2,18,17.3,17.8];
Determination of outdoor specific humidity and enthalpy:
pv0(n)=RH0(n)*ps0(n);
w0(n)=0.622*pv0(n)/(101.325-pv0(n));
v0(n)=0.287*(T0(n)+273)/(101.325-pv0(n));
h0(n)=1.005*T0(n)+w0(n)*(2500+1.88*T0(n));

Cooling load estimation:
Outside wall overall heat transfer coefficient:
Uw=1/(1/h0+tp/kp+tcb/kcb+tp/kp+1/hi);
Roof overall heat transfer coefficient:
Ur=1/(1/h0+ta/ka+tRCC/kRCC+tp/kp+1/hi);
Floor overall heat transfer coefficient:
Uf=1/(1/hi+tf/kcb);
Glass overall heat transfer coefficient:
Ug=1/(1/h0+tg/kg+1/hi);
Infiltration data:
Vinf=2.5;
Lcrack=8*2*(1.5+1.5);
V=Vinf*Lcrack/3600;
hv=2500;
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Occupancy load: 6 persons:
Np=6;
Qsh=75;
Qlh=55;
Lights load:
Qlight=300;
wall, floor & roof areas:
Awest=W*H;
Aeast=Awest;
Asouth=L*H;
Anorth=Asouth;
Afloor=L*W;
Aroof=Afloor;
Wall, floor & roof masses:
mWall=rhocb*tcb+rhop*2*tp;
mFloor=rhocb*tf;
mRoof=rhoRCC*tRCC+rhoa*ta+rhop*tp;
wall temperature correction factors:
dTwEast=[3.6,3.05,2.2,2.2,1.65,1.125,1.125,1.5,8.05,12.25,14.15,15.25,12.25,10.55,9.15,8.3
5,8.05,7.8,7.5,7.25,6.65,6.1,5.25,4.1];
dTwWest=[4.75,4.15,3.6,3.35,2.75,2.5,2.22,1.65,1.65,1.65,2.2,2.75,3.9,5.0,8.05,10.5,14.2,16.
65,18.4,16.8,15.3,11.6,8.05,5.55];
dTwSouth=[2.75,2.2,1.45,1.65,1.1,0.8,2.0,-
.055,0,0,2.8,4.45,7.8,10,11.1,11.65,11.4,10.5,8.3,7.25,6.1,5.0,4.15,3.3];
dTwNorth=[1.4,1.15,0.55,0.3,-0.3,-0.6,-0.6,-1.1,-0.85,-0.55,-
0.275,0,1.125,2.2,3.05,3.65,4.45,4.75,4.75,5.55,4.7,3.85,3.0,2.2];
Roof temperature correction factor:
dTroof=[14,12,10.5,9,7.2,6.4,6.0,5.2,5.4,6,6.9,8.8,12.2,14.6,16.4,18.4,20,21,20.8,19.6,18.9,1
8.2,16.9,15.7];
Floor temperature difference:
dTf=5.0;
Solar heat gain through window glass:
Gwest=[0,0,0,0,0,13,28,38,41,44,44,44,139,312,457,517,489,315,0,0,0,0,0,0];
Gnorth=[0,0,0,0,0,69,63,76,41,44,44,44,44,44,41,44,63,69,0,0,0,0,0,0];
Gsouth=[0,0,0,0,0,13,28,38,44,63,85,95,85,63,44,38,28,13,0,0,0,0,0,0];
Geast=[0,0,0,0,0,315,489,517,457,312,139,41,44,44,41,38,28,13,0,0,0,0,0,0];
Total cooling load:
Q0(n)=(Uw*(Awest-2*Aw-Adoor)*(T0(n)-Ti-8.3+dTwWest(n))+Uw*(Asouth-
2*Aw)*(T0(n)-Ti-8.3+dTwSouth(n))+Uw*(Aeast-2*Aw)*(T0(n)-Ti-8.3+dTwEast(n))+
Uw*(Anorth-2*Aw-Adoor)*(T0(n)-Ti-8.3+dTwNorth(n))+Ur*Aroof*(T0(n)-Ti-

8.3+dTroof(n))+Uf*Afloor*dTf+Ug*8*Aw*(T0(n)-Ti)+Udoor*2*Adoor*(T0(n)-
Ti)+Gwest(n)*2*Aw+Geast(n)*2*Aw+Gnorth(n)*2*Aw+Gsouth(n)*2*Aw+(Vinf/v0(n))*h
v*(w0(n)-wi)+(Qsh+Qlh)*Np+Qlight)/1000.0;
Air-washer,PCM heat exchanger effectivenesses:
etaaw=0.45; etaPCMHE=0.65;
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pv0(n)=RH0(n)*ps0(n);
w0(n)=0.622*pv0(n)/(101.325-pv0(n));
v0(n)=0.287*(T0(n)+273)/(101.325-pv0(n));
h0(n)=1.005*T0(n)+w0(n)*(2500+1.88*T0(n));
ws0WBT(n)=0.622*ps0WBT(n)/(101.325-ps0WBT(n));
w10(n)=w0(n)+etaaw*(ws0WBT(n)-w0(n));
h10(n)=h0(n);
T10(n)=(h10(n)-2500*w10(n))/(1.005+1.88*w10(n))
When T10(n)>Tpcm0(n)
T20(n)=T10(n)-etaPCMHE*(T10(n)-Tpcm0(n));
h20(n)=1.005*T20(n)+w10(n)*(2500+1.88*T20(n));
mSupply(n)=Q0(n)/(hIndoor-h20(n));

When T10(n)<Tpcm0(n)
T20(n)=T10(n)+etaPCMHE*(Tpcm0(n)-T10(n));
h20(n)=1.005*T20(n)+w10(n)*(2500+1.88*T20(n));
mSupply(n)=Q0(n)/(hIndoor-h20(n));

Quantity of water required:
mWaterAW=mWaterAW+mSupply(n)*(w10(n)-w0(n))*3600;
Quantity of PCM - Paraffin RT29 required:
Choose Fan capacity equal to maximum supply quantity in kg/s, which happens at 17
hours
Lpcm=164.0;
mPCMmelt=mPCMmelt+mFan(n)*1.005*(T10(n)-T20(n))*3600/Lpcm;
mPCMfreez1=mPCMfreez1+mFan(n)*1.005*(T20(n)-T10(n))*3600/Lpcm;
mPCMfreez2=0.0;
mPCMfreez2=mPCMfreez2+mFan(n)*1.005*(T20(n)-T10(n))*3600/Lpcm;
mPCMfreez=mPCMfreez1+mPCMfreez2;
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6. Results & Discussion

A MATLAB code is developed based on the steps outlined in chapter 5 to determine the
hourly cooling load and find the Air outlet temperature during evaporative cooling and
charging and discharging processes of PCM and also supply air temperature. The input data
for various design parameters is presented below:

Design Parameters:

1. Building dimensions (Length, L, Width, W, and Height, H in meters)
L=12.0 m
W=9.0 m
H=3.0 m

2. Wooden Doors: 2 Nos, 2.0X1.2 square meter
Overall heat transfer coefficient, Udoor=0.63 W/m2-K
Surface area, Adoor=2.4 m2

3. Window glass: 8 Nos, 1.5X1.5 square meter
Thermal conductivity, kg=0.78 W/m-K
Thickness, t g=0.003 m
Surface area, Aw=1.5×1.5 m2

4. Outer wall constuction: 20 cm concrete brick+both sides plaster(1.25cm)
Thermal conductivity of concrete brick, kcb=1.73 W/m-K
Density of concrete brick, ρ cb=1900 kg/m3

Thermal conductivity of plaster, kp=8.65 W/m-K
Density of plaster, ρp=1885 kg/m3

Thickness of concrete brick, tcb=0.2 m;
Thickness of plaster, tp=0.0125 m

5. Roof construction: 15 cm RCC slab+ 4 cm asbestos cement board+1.25 cm
plaster
Thermal conductivity of RCC, kRCC=9.0 W/m-K
Density of RCC, ρRCC=2450 kg/m3

Thickness of RCC, tRCC=0.15 m
Thermal conductivity of asbestos, ka=0.154 W/m-K
Density of asbestos, ρa=520 kg/m3

Thickness of asbestos, ta=0.04 m
Roof area, Aroof=L×W m2

6. Floor construction:
15 cm RCC slab
Thickness of floor, tf=0.20 m;
Floor area, Afloor=L×W m2

7. Wall outside and inside convective heat transfer coefficients
Outside, h0=23.0 W/m2-K
Inside, hi=7.0 W/m2-K

8. No. of occupants: 6
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Q sensible heat =75 Watts;
Q latent heat =55 Watts;

9. Lighting load: 300 Watts
10. PCM (Paraffin RT29) properties:

Melting/Freezing temperature, Tpcm =29 0C
Latent heat of melting, L = 164 kJ/kg

11. Indoor Design Conditions:
DBT = 33.0 0C and RH = 35%
(Human comfort conditions in summer usually are 25 0C DBT and 50% RH.
Based on the principle of effective temperature, indoor temperature of 33 0C and 35%
RH is chosen, which will also provide nearly the same level of comfort)
Figure 6.1 shows the hourly cooling load of the building. It is nearly proportional to

the outdoor conditions. The peak cooling load occurs at about 4.00 PM. The maximum
quantity of cooled air supplied to the building and the required fan capacity are calculated
based on this load.

Figure 6.1: Hourly cooling load of a typical building on 12th May for Jaipur weather

conditions

Figure 6.2 shows the hourly variation in outdoor air temperature (T0), temperature of

air after evaporative cooling (T10), conditioned air temperature after passing through the

PCM channels (T20) and supply air temperature after mixing with the re-circulated air

(Tsupply). The temperature of air after evaporative cooling is well below the PCM freezing

temperature (Tpcm) from 21.00 hours to 10.00 hours so that solidification of PCM takes place

during this period. From 10.00 hours to 21.00 hours, the temperature of air after evaporative
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cooling is well above the melting temperature of PCM (Tpcm), so that PCM melts. Upon

melting of PCM, the air temperature decreases. The air after PCM channels is mixed with the

return air (re-circulated air) in the ratio of 1:4 and the mixture of fresh cooled air and re-

circulated air is supplied to the building. The supply air temperature is slightly below the

indoor design temperature throughout 24 hours period.

Figure 6.2: Air outlet temperature during evaporative cooling and charging and discharging
processes of PCM and supply air temperature.

(Outdoor air temperature (T0), Temperature of air after evaporative cooling (T10), PCM
melting temperature (Tpcm), Temperature of air after charging and discharging of PCM (T20),

and Supply or conditioned air temperature (Tsupply))
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7. Conclusions

In the present work, various types of Building Free Cooling systems and their

limitations have been thoroughly discussed. A typical building free cooling system based on

the principles of evaporative cooling and cooling by PCM has been designed to maintain

indoor conditions at 33.0 0C DBT and 35% RH during peak summer for Jaipur weather

conditions. A computer code is developed in MATLAB to simulate the performance of

building free cooling system throughout 24 hours period. Performance results shows that a

reasonable comfort temperature of 33.0 0C can easily be maintained in hot and dry climatic

condition in peak summer by using PCM. About 2500 kg of PCM is required to provide the

required cooling for a building of floor area of 108 sq. m.
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Appendix A: MATLAB code

%Design of a typical Free Cooling System for a Building in Hot and Dry Weather
Conditions
%Indoor condition
Ti=33;
psi=5.034;
RHi=0.35;
pvi=RHi*psi;
%Determination of indoor specific humidity and enthalpy
wi=0.622*pvi/(101.325-pvi);
hIndoor=1.005*Ti+wi*(2500+1.88*Ti);
%Outdoor conditions
%Jaipur - on 12th May Data
T0=[36,36,34,33,33,33,33,34,35,38,40,41,42,42,43,43,42,42,40,39,38,37,36,35];
RH0=[.16,.16,.17,.20,.21,.23,.24,.21,.20,.14,.11,.10,.09,.10,.08,.08,.10,.08,.10,.11,.1
2,.13,.13,.18];
T0WBT=[18,18,17,17.5,17.6,18.5,18.7,18.5,19.8,18.7,18.8,19,19.2,19.5,19.2,18.8,19.5,19.
7,19.5,18.2,18.2,18,17.3,17.8];
ps0=[5.94747,5.94747,5.32469,5.03508,5.03508,5.03508,5.03508,5.32469,5.62862,6.63237,7.
38443,7.78731,8.20901,8.020901,8.65206,8.65206,8.020901,8.020901,7.38443,6.99968,6.6323
7,6.28185,5.94747,5.62862];
ps0WBT=[2.089,2.089,1.936,2.0,2.037,2.116,2.129,2.116,2.323,2.267,2.169,2.196,2.224,2.2
67,2.238,2.238,2.267,2.196,2.129,2.102,2.062,2.037,1.986,2.102];
%Determination of outdoor specific humidity and enthalpy
for n=1:24

pv0(n)=RH0(n)*ps0(n);
w0(n)=0.622*pv0(n)/(101.325-pv0(n));
v0(n)=0.287*(T0(n)+273)/(101.325-pv0(n));
h0(n)=1.005*T0(n)+w0(n)*(2500+1.88*T0(n));

end
%Cooling load estimation
%Building dimensions ( Length, L, Width, W, and Height, H in meters)
L=12.0;
W=9.0;
H=3.0;
%Wooden Door:2 Nos, 2.0X1.2 square meter
Udoor=0.63;
Adoor=2.4;
%Window glass:8 Nos, 1.5X1.5 square meter
kg=0.78;
tg=.003;
Aw=1.5*1.5;
%Outer wall constuction:20 cm concrete brick+both sides plaster(1.25cm)
kcb=1.73;
rhocb=1900;
kp=8.65;
rhop=1885;
tcb=0.2;
tp=0.0125;
%Roof construction:15 cm RCC slab+ 4 cm asbestos cement board+1.25 cm
%plaster
kRCC=9.0;
rhoRCC=2450;
tRCC=0.15;
ka=0.154;
rhoa=520;
ta=0.04;
Aroof=L*W;
%Floor construction:15 cm RCC slab
tf=0.20;
Afloor=L*W;
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%Outside and inside convective heat transfer coefficients
h0=23.0;
hi=7.0;
%Outside wall overall heat transfer coefficient
Uw=1/(1/h0+tp/kp+tcb/kcb+tp/kp+1/hi);
%Roof overall heat transfer coefficient
Ur=1/(1/h0+ta/ka+tRCC/kRCC+tp/kp+1/hi);
%Floor overall heat transfer coefficient
Uf=1/(1/hi+tf/kcb);
%Glass overall heat transfer coefficient
Ug=1/(1/h0+tg/kg+1/hi);
%Infiltration data
Vinf=2.5;
Lcrack=8*2*(1.5+1.5);
V=Vinf*Lcrack/3600;
hv=2500;
%Occupancy load: 6 persons
Np=6;
Qsh=75;
Qlh=55;
% Lights load
Qlight=300;
%wall, floor & roof areas
Awest=W*H;
Aeast=Awest;
Asouth=L*H;
Anorth=Asouth;
Afloor=L*W;
Aroof=Afloor;
%Wall, floor & roof masses
mWall=rhocb*tcb+rhop*2*tp;
mFloor=rhocb*tf;
mRoof=rhoRCC*tRCC+rhoa*ta+rhop*tp;
%wall temperature correction factors
dTwEast=[3.6,3.05,2.2,2.2,1.65,1.125,1.125,1.5,8.05,12.25,14.15,15.25,12.25,10.55,9.15,
8.35,8.05,7.8,7.5,7.25,6.65,6.1,5.25,4.1];
dTwWest=[4.75,4.15,3.6,3.35,2.75,2.5,2.22,1.65,1.65,1.65,2.2,2.75,3.9,5.0,8.05,10.5,14.
2,16.65,18.4,16.8,15.3,11.6,8.05,5.55];
dTwSouth=[2.75,2.2,1.45,1.65,1.1,0.8,2.0,-
.055,0,0,2.8,4.45,7.8,10,11.1,11.65,11.4,10.5,8.3,7.25,6.1,5.0,4.15,3.3];
dTwNorth=[1.4,1.15,0.55,0.3,-0.3,-0.6,-0.6,-1.1,-0.85,-0.55,-
0.275,0,1.125,2.2,3.05,3.65,4.45,4.75,4.75,5.55,4.7,3.85,3.0,2.2];
%Roof temperature correction factor
dTroof=[14,12,10.5,9,7.2,6.4,6.0,5.2,5.4,6,6.9,8.8,12.2,14.6,16.4,18.4,20,21,20.8,19.6,
18.9,18.2,16.9,15.7];
%Floor temperature difference
dTf=5.0;
%Solar heat gain through window glass
Gwest=[0,0,0,0,0,13,28,38,41,44,44,44,139,312,457,517,489,315,0,0,0,0,0,0];
Gnorth=[0,0,0,0,0,69,63,76,41,44,44,44,44,44,41,44,63,69,0,0,0,0,0,0];
Gsouth=[0,0,0,0,0,13,28,38,44,63,85,95,85,63,44,38,28,13,0,0,0,0,0,0];
Geast=[0,0,0,0,0,315,489,517,457,312,139,41,44,44,41,38,28,13,0,0,0,0,0,0];
%Total cooling load on the coils of evaporator
for n=1:24

Q0(n)=(Uw*(Awest-2*Aw-Adoor)*(T0(n)-Ti-8.3+dTwWest(n))+Uw*(Asouth-2*Aw)*(T0(n)-Ti-
8.3+dTwSouth(n))+Uw*(Aeast-2*Aw)*(T0(n)-Ti-8.3+dTwEast(n))+...

Uw*(Anorth-2*Aw-Adoor)*(T0(n)-Ti-8.3+dTwNorth(n))+Ur*Aroof*(T0(n)-Ti-
8.3+dTroof(n))+Uf*Afloor*dTf+Ug*8*Aw*(T0(n)-Ti)+...

Udoor*2*Adoor*(T0(n)-
Ti)+Gwest(n)*2*Aw+Geast(n)*2*Aw+Gnorth(n)*2*Aw+Gsouth(n)*2*Aw+(Vinf/v0(n))*hv*(w0(n)-
wi)+...

(Qsh+Qlh)*Np+Qlight)/1000.0;
end
%PCM - Paraffin RT29
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Tpcm0=[29.0,29.0,29.0,29.0,29.0,29.0,29.0,29.0,29.0,29.0,29.0,29.0,29.0,29.0,29.0,29.0,
29.0,29.0,29.0,29.0,29.0,29.0,29.0,29.0];
%Air-washer,PCM heat exchanger effectivenesses
etaaw=0.45; etaPCMHE=0.65;
for n=1:24

pv0(n)=RH0(n)*ps0(n);
w0(n)=0.622*pv0(n)/(101.325-pv0(n));
v0(n)=0.287*(T0(n)+273)/(101.325-pv0(n));
h0(n)=1.005*T0(n)+w0(n)*(2500+1.88*T0(n));
ws0WBT(n)=0.622*ps0WBT(n)/(101.325-ps0WBT(n));
w10(n)=w0(n)+etaaw*(ws0WBT(n)-w0(n));
h10(n)=h0(n);
T10(n)=(h10(n)-2500*w10(n))/(1.005+1.88*w10(n));
if T10(n)>Tpcm0(n)

T20(n)=T10(n)-etaPCMHE*(T10(n)-Tpcm0(n));
Tm0(n)=0.2*T20(n)+0.8*Ti;
h20(n)=1.005*T20(n)+w10(n)*(2500+1.88*T20(n));
hm0(n)=0.2*h20(n)+0.8*hIndoor;
mSupply(n)=Q0(n)/(hIndoor-hm0(n));

else
T20(n)=T10(n)+etaPCMHE*(Tpcm0(n)-T10(n));
Tm0(n)=0.2*T20(n)+0.8*Ti;
h20(n)=1.005*T20(n)+w10(n)*(2500+1.88*T20(n));
hm0(n)=0.2*h20(n)+0.8*hIndoor;
mSupply(n)=Q0(n)/(hIndoor-hm0(n));

end
end

%***********************************************************
%Quantity of water required
mWaterAW=0.0;
for n=1:24

mWaterAW=mWaterAW+mSupply(n)*(w10(n)-w0(n))*3600;
end
%Quantity of PCM - Paraffin RT34 required
%Choose Fan capacity equal to maximum supply quantity in kg/s, which happens at 17
hours
for n=1:24

mFan(n)=mSupply(17);
end
Lpcm=164.0;
mPCMmelt=0.0;
for n=10:21

mPCMmelt=mPCMmelt+mFan(n)*1.005*(T10(n)-T20(n))*3600/Lpcm;
end
mPCMfreez1=0.0;
for n=1:9

mPCMfreez1=mPCMfreez1+mFan(n)*1.005*(T20(n)-T10(n))*3600/Lpcm;
end
mPCMfreez2=0.0;
for n=22:24

mPCMfreez2=mPCMfreez2+mFan(n)*1.005*(T20(n)-T10(n))*3600/Lpcm;
end
mPCMfreez=mPCMfreez1+mPCMfreez2;
%
%&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
k=[1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24];
plot(k,T0,k,T10,k,Tpcm0,k,T20,k,Tm0);
plot(k,Q0);
%*******************************END*************************************
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ABSTRACT

Wind energy is one of the most widely adopted renewable energy harnessingmethods around

the world. Accordingly, wind turbine blades are gradually undergoing changes in design and

geometry to make them more efficient. Tropical wind turbines require a different design

structure due to the fact that wind speeds are low and turbine rotors cannot increase in size

infinitely which would cause inertial problems. Hence a lightweight and sustainable solution

could be found in natural fibre reinforced composites. In this study, epoxy resin is reinforced

with flax fibre Bidirectional and Hybrid composite (Flax + Ramie) Using Hand Lay - up

method.Tensiletesting,Flexuraltesting&Impacttestingofthenaturalfabricreinforcedepoxy

composites is performed according to ASTM D – 638 M / 89, ASTM D – 79 M/86 & ASTM

D – 256 / 97 standards respectively. It is found that these composites are considerably weaker

thanGlassfibrereinforcedepoxycomposites(GFRPs).Thus,theymaybeusedtomanufacture non-

load-bearing members of a wind turbine blade, which do not require stiffness comparable to

glass or carbon fibre reinforced composites..

Keywords— Natural fibre reinforced composites; tensile testing; Flexural testing; Impact

testing.
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Chapter 1

Introduction

1.1 Introduction:

Fiber-reinforced polymer composites have played a dominant role for a long time in a variety of

applications for their high specific strength and modulus. The manufacture, use and removal of

traditional fiber–reinforced plastic, usually made of glass, carbon or aramid fibers–reinforced

thermoplastic and thermoset resins are considered critically because of environmentalproblems.

Bynaturalfibercompositeswemeanacompositematerialthatisreinforcedwithfibers,particles or

platelets from natural or renewable resources, in contrast to for example carbon or aramid fibers

that have to be synthesized. Natural fibers include those made from plant, animal and

mineralsources.

1.2 Motivation of Thesis:

Theidealconditionsforwindturbineoperationareatwindspeedsrangingfrom7to25m/s,where

energy can be extracted easily from wind. Using the same turbines for low wind speed

conditions (from 3 m/s) does not yield satisfactory output. This happens because, to obtain the

same power output under low velocity conditions, an increase in the rotor area is required. This

leads to increased inertia and an increase in production cost. Rethinking the turbine design in

terms of material and geometry, and focusing on the two most important regions of a turbine

blade, skin and spar, is the exact place to start looking for a solution. Lighter materials such as

natural fibers provide a good way to overcome this challenge. Composites, also being a class of

plastics pose an environmental threat since they are not bio-degradable. They are dumped in

landfills or incinerated after their operation lifespan. Though the recent emphasis on

environment-friendly behavior insists on recycling and reusing the composites after their

lifespan, 15-20% of the processed waste remains unused, and so still has to be landfilled or

disposed of by other means [2]. To solve this problem, examination and analysis of bio-

degradable materials such as natural fibers may be an optimumsolution.
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Selection of fiber

Selection of suitable resin

Suitable Composite Manufacturing

Process

Fabrication of composite

Testing

Result

1.3 Objective of Thesis

The main objectives of current research work which are outlined as follows:

1. Fabrication of Flax fiber, and Ramie fiber-based epoxycomposites.

2. Evaluatethemechanicalpropertiessuchasimpactstrength,tensilestrength,flexturalstrength of

fabricatedcomposite and compared with glass fiber

3. To study their influence of fiber loading and fiber length on mechanical properties of

composites.

In order to achieve the objectives, one has to follow the following steps:

Figure 1.3: Plan for the Thesis
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1.4 Thesis Outline:

The plan of thesis can be summarized as follows:

Chapter 2 covers the literature survey Natural fiber, a detailed evolution and different attempt

had made till now is discussed in this chapter.

Chapter 3 gives details about the selection of composite manufacturing process and fabrication

of natural fiber composites.

Chapter 4 provides the details about the testing of composite material.
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Chapter 2

Literature Review

Fiber reinforced polymer matrix got considerable attention in numerous applications because of the
good properties and superior advantages of natural fibre over synthetic fibres in term of its relatively
low weight, low cost, less damage to processing equipment, good relative mechanical properties such
as tensile modulus and flexural modulus, improved surface finish of moulded parts composite,
renewable resources, being abundant, flexibility during processing, biodegradability, and minimal
health hazards. NFPCs with a high specific stiffness and strength can be produced by adding the tough
and light-weight natural fibre into polymer (thermoplastic and thermoset) On the other hand, natural
fibres are not free from problems and they have notable deficits in properties. The natural fibers
structure consists of (cellulose, hemicelluloses, lignin, pectin, and waxy substances) and permits
moisture absorption from the surroundings which causes weak bindings between the fiber and polymer.
Furthermore, the couplings between natural fibre and polymer are considered a challenge because the
chemical structures of both fibres and matrix are various. These reasons for ineffectual stress transfer
during the interface of the produced composites. Accordingly, natural fibre modifications using
specific treatments are certainly necessary. These modifications are generally centred on the utilization
of reagent functional groups which have ability for responding of the fiber structures and changing
their composition. As a result, fiber modifications cause reduction of moisture absorption of the natural
fibers which lead to an excellent enhancement incompatibility between the fibre and polymer matrix.

The wide applications of NFPCs are growing rapidly in numerous engineering fields. The different
kinds of natural fibers reinforced polymer composite have received a great importance in different
automotive applications by many automotive companies such as German auto companies (BMW, Audi
Group, Ford, Opel, Volkswagen, Daimler Chrysler, and Mercedes), Proton company (Malaysian
national carmaker), and Cambridge industry (an auto industry in USA). Beside the auto industry, the
applications of natural fiber composites have also been found in building and construction industry,
sports, aerospace, and others, for example, panels, window frame, decking, and bicycle frame.

In a review of chemical treatments of natural fibers, Kabir and co-workersconcurred that treatment is
an important factor that has to be considered when processing natural fibers. They observed that fibers
loose hydroxyl groups due to different chemical treatments, thereby reducing the hydrophilic
behaviour of the fibers and causing enhancement in mechanical strength as well as dimensional
stability of natural fiber reinforced polymer composites. Their general conclusion was that chemical
treatment of natural fibers results in a remarkable improvement of the NFPCs.

2.1 Natural Fiber Reinforced Composites (NFPCs)

Natural fiber polymer composites (NFPC) are a composite material consisting of a polymer matrix
embedded with high-.strength natural fibers, like jute, oil palm, sisal, kenaf, and flax . Usually,
polymers can be categorized into two categories, thermoplastics and thermosets. The structure of
thermoplastic matrix materials consists of one or two dimensional molecular, so these polymers have a
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tendency to make softer at an raised heat range and roll back their properties throughout cooling. On
the other hand, thermosets polymer can be defined as highly cross-linked polymers which cured using
only heat, or using heat and pressure, and/or light irradiation. This structure gives to thermoset polymer
good properties such as high flexibility for tailoring desired ultimate properties, great strength, and
modulus. Thermoplastics widely used for biofibers are polyethylene, polypropylene (PP) , and poly
vinyly chloride (PVC); here as phenolic, polyester, and epoxy resins are mostly utilized thermosetting
matrices . Different factors can affect the characteristics and performance of NFPCs. The hydrophilic
nature of the natural fiber and the fiber loading also have impacts on the composite properties [13].
Usually, high fiber loading is needed to attain good properties of NFPCs [14]. Generally, notice that
the rise in fiber content causes improving in the tensile properties of the composites [8]. Another vital
factor that considerably impacts the properties and surface characteristics of the composites is the
process parameters utilized. For that reason, appropriate process techniques and parameters should be
rigorously chosen in order to get the best characteristics of producing composite [10]. The chemical
composition of natural fibers also has a big effect on the characteristics of the composite represented
by the percentage of cellulose, hemicellulose, lignin, and waxes. Table 2 shows the chemical
composition of some common natural fibers [4].

Table 2.1
Chemical composition of some common natural fibers [4].

Many researchers [8, 11, 15–17] have examined and researched the suitability, competitiveness, and
capabilities of natural fibers embedded in polymeric matrices. The researchers [4, 18, 19] concentrated
on the effect of the fiber surface modifications as well as manufacturing processes in improving
fiber/polymer compatibility. On the other hand, some researchers studied and compared between

Fiber Cellulose (wt
%)

Hemicellulose (wt
%)

Ligning (wt
%)

Waxes (wt
%)

Bagasse 55.2 16.8 25.3 --

Bamboo 26-43 30 21-31 -

Flax 71 18.6-20.6 2.2 1.5
Kenaf 72 20.3 9 -

Jute 62-71 14-20 12-13 0.5

Hemp 68 15 10 0.8

Ramie 68.6-76.2 13-16 0.6-0.7 0.3

Abaca 56-53 20-25 7-9 3

Sisal 65 12 9.9 2

Coir 32-43 0.15-0.25 40-45 -

Oil palm 65 - 29 -

Pine apple 81 - 12.7 -

Curaua 73.6 9.9 7.5 -
Wheat
saw

38-45 15-31 12-20 -

Rice husk 35-45 19-25 20 -

Rice staw 41-47 33 8-19 -
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different natural fiber composites and their stability in various applications [20]. Al-Oqla and Sapuan
[20] investigated the properties of jute/plastic composites such as crystallinity, fiber modification,
thermal stability, weathering resistance, durability, in addition to their suitability to the automotive
industry throughout Eco design components. While Mohanty et al. [21] studied the effects of jute fiber
on the mechanical properties of pure biodegradable polymer (Biopol), the mechanical properties of the
resulted composites, impact strength, tensile strength, and bending strength, showed an increase when
compared with pure Biopol. The tensile strength of jute Biopol was enhanced by 50%, while bending
strength and impact strength of the composites were enhanced by 30% and 90% in comparison to pure Biopol.

2.2. General Characteristics of NFPCs

The properties of natural fiber composite are different to each other according to previous studies,
because of different kinds of fibers, sources, and moisture conditions. The performance of NFPCs
relies on some factors, like mechanical composition, microfibrillar angle, structure, defects, cell
dimensions, physical properties, chemical properties, and also the interaction of a fiber with the matrix.
Since every product in market has drawbacks, similarly, natural fiber reinforced polymer composites
also have drawbacks. The couplings between natural fiber and polymer matrix are problem taken into
consideration, as a result of the difference in chemical structure between these two phases. This leads
to ineffective stress transfer during the interface of the NFPCs. Thus, the chemical treatments for the
natural fiber are necessary to achieve good interface properties. The reagent functional groups in the
chemical treatments have ability to react on the fiber structures and alter the fiber composition. Natural
fibers include a functional group named as hydroxyl group which makes the fibers hydrophilic. During
manufacturing of NFPCs, weaker interfacial bonding occurs between hydrophilic natural fibre and
hydrophobic polymer matrices due to hydroxyl group in natural fibres. This could produce NFPCs with
weak mechanical and physical properties.

2.3. Mechanical Properties of the NFPCs

There are considerable enhancement and suggestions for the natural fibers that can be implemented in
order to enhance their mechanical properties resulting in high strength and structure. Once the base
structures are made strong, the polymers can be easily strengthened and improved. There are number
of aspects that effects of composite are performance level or activities, of which to name a few are the
following;
(a) Orientation of fiber.
(b) Strength of fibers
(c) Physical properties of fibers
(d) Interfacialadhesion property of fibers and many more.
NFPCs are such composites whose mechanical efficiency is dependent upon the interface provided by
fiber-matrix along with the stress transfer function in which stress is transferred to fiber from matrix.
This has been reported by many investigators in several researches. Characteristic components of
natural fibers such as orientation, moisture absorption, impurities, physical properties, and volume
fraction are such features that play a constitutive role in the determination of NFPCs mechanical
properties. Mechanical properties of PLA, epoxy, PP, and polyester matrices can be affected by many
types of natural fibers and to show some of them, Figure 1.
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Fig: 2.3 Mechanical Properties of the NFPCs

2.4. Energy Absorption of the NFPCs

High strength, energy absorption, and stiffness are obtained by composite materials which are widely
used in automotive and motorsport sectors of industry mainly due to the property of mass reduction.
Enhanced energy absorption is evident from the increased volume fraction that is only possible in the
presence of low speed such as 2.5 m/s. On the other hand, at high speeds, such as 300 m/s, similar
performance is shown by flax, jute, and hemp, but jute showed brittleness and low strength of fibers.
Potential of NFPCs that is required for application in providing sustainable energy absorption was
investigated by Meredith et al. While keeping focus on motorsport. Vacuum Assisted Resin Transfer
Molding (VARTM) technique is used to test conical specimens of flax, jute, and hemp for their
properties and features. Various values exhibited by different kinds of materials were recorded to
analyse specific energy absorption (SEA).

2.5. Thermal Properties of NFPCs

The untreated OPFs are thermally more stable when compared with treated ones, while OPF is
considered thermally more stable compared to flax fibers and hemp fibers. Increase of temperatures
from 20°C to 150°C causes increase of the heat capability of OPFs particularly from 1.083 to 3.317.
The thermal diffusivity, thermal conductivity, and specific heat of the flax/HDPE composites lessened
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with a rise in fiber composition. However, the thermal conductivity and thermal diffusivity showed no
significant changes in the range of 170–200°C. The bio composites’ specific heat showed gradual
increase with temperature [4]. By using polycarbonate to generate functional composites, pineapple
leaf fiber was the support. The changed pineapple leaf fibers composite, treated with silane, showed the
impact strengths and highest tensile. The composites’ thermal stability is lower than the neat
polycarbonate resin according to the thermo gravimetric examination. Besides that, the thermal
stability lessened with a rise in pineapple leaf fiber composition.

Enzymatic treatment for many natural fibers such as flax and hemp often natural fibers can lead to
improvement in surface and thermal properties. Hemicellulose and pectinase are the treatments which
can improve the thermal properties of the fibers mentioned. The enzymes possess an attractive state for
the improvement of the natural fibres’ surfaces for natural fiber composite application.

Norul Izani et al. studied the effect of chemical treatment on the morphological and tensile strength of
the EFB fiber. The treatments were by the types of treatments, 2% sodium hydroxide (NaOH) and
combination of both NaOH and boiling water. The chemical treatment by NaOH led to enhancing the
fiber surface topography, thermal stability, and tensile strength of the fiber, while the chemical
treatment using NaOH and water boiling caused the higher thermal properties of the EFB fibers
compared to untreated fibers.

2.6. Natural Fiber Polymer Composites Application

The applications of NFPCs are growing rapidly in numerous engineering fields. The different kinds of
natural fibers such as jute, hemp, kenaf, oil palm, and bamboo reinforced polymer composite have
received a great importance in different automotive applications, structural components, packing, and
construction. NFPCs are finding in electrical and electronic industries, aerospace, sports, recreation
equipment, boats, machinery office products, and so forth. The widespread application of NFPCs in
polymer composites due to its low specific weight, relatively high strength, relatively low production
cost, resistance to corrosion and fatigue, totally biodegradable, improving the surface finish of moulded
part composites, relatively good mechanical properties, available and renewable sources as compared
to synthetic fibers. On the other hand, there is a physical disadvantage of the NFPCs such as moisture
absorption, restricted processing temperature, and variable quality and this disadvantage led to limiting
their performance.

The increase in environmental consciousness and community interest, the new environmental
regulations and unsustainable consumption of petroleum, led to thinking of the use of environmentally
friendly materials. Natural fiber is considered one of the environmentally friendly materials which have
good properties compared to synthetic fiber.

A late current industry research identified that the worldwide natural fiber reinforced polymer
composites industry sector reached U$2.1 billion in 2010. Current pointers are that interest in NFPCs
industry will keep on growing quickly around the world. The utilization of NFPCs has expanded
considerably in the shopper merchandise as developing industry sectors throughout the last few years.
As indicated by evaluations, over 5 years (2011–2016), the NFPCs industry is estimated to grow 10%
worldwide

Natural fibers in simple definition are fibers that are not synthetic or manmade. They can be sourced
from plants or animals [3]. The use of natural fiber from both resources, renewable and non-
renewablesuch as oil palm, sisal, flax, and jute to produce composite materials, gained considerable



10 | P a g e

attention in the last decades, so far. The plants, which produce cellulose fibers can be classified into
bast fibers (jute, flax, ramie, hemp, and kenaf), seed fibers (cotton, coir, and kapok), leaf fibers (sisal,
pineapple, and abaca), grass and reed fibers (rice, corn, and wheat), and core fibers (hemp, kenaf, and
jute) as well as all other kinds (wood and roots). The most common and commercially natural fibers in
the world and world production

Fiber reinforced polymer matrix got considerable attention in numerous applications because of the
good properties and superior advantages of natural fiber over synthetic fibers in term of its relatively
low weight, low cost, less damage to processing equipment, good relative mechanical properties such
as tensile modulus and flexural modulus, improved surface finish of moulded parts composite,
renewable resources, being abundant, flexibility during processing, biodegradability, and minimal
health hazards. NFPCs with a high specific stiffness and strength can be produced by adding the tough
and light-weight natural fiber into polymer (thermoplastic and thermoset). On the other hand, natural
fibers are not free from problems and they have notable deficits in properties. The natural fibers
structure consists of (cellulose, hemicelluloses, lignin, pectin, and waxy substances) and permits
moisture absorption from the surroundings which causes weak bindings between the fiber and polymer.
Furthermore, the couplings between natural fiber and polymer are considered a challenge because the
chemical structures of both fibers and matrix are various. These reasons for ineffectual stress transfer
during the interface of the produced composites. Accordingly, natural fiber modifications using
specific treatments are certainly necessary. These modifications are generally centred on the utilization
of reagent functional groups which have ability for responding of the fiber structures and changing
their composition. As a result, fiber modifications cause reduction of moisture absorption of the natural
fibers which lead to an excellent enhancement incompatibility between the fiber and polymer matrix.

The wide applications of NFPCs are growing rapidly in numerous engineering fields. The different
kinds of natural fibers reinforced polymer composite have received a great importance in different
automotive applications by many automotive companies such as German auto companies (BMW, Audi
Group, Ford, Opel, Volkswagen, Daimler Chrysler, and Mercedes), Proton company (Malaysian
national carmaker), and Cambridge industry (an auto industry in USA). Beside the auto industry, the
applications of natural fiber composites have also been found in building and construction industry,
sports, aerospace, and others, for example, panels, window frame, decking, and bicycle frame.

In a review of chemical treatments of natural fibers, Kabir and co-workersconcurred that treatment is
an important factor that has to be considered when processing natural fibers. They observed that fibers
loose hydroxyl groups due to different chemical treatments, thereby reducing the hydrophilic
behaviour of the fibers and causing enhancement in mechanical strength as well as dimensional
stability of natural fiber reinforced polymer composites. Their general conclusion was that chemical
treatment of natural fibers results in a remarkable improvement of the NFPCs.

2.7.Machining Behaviour of natural Fiber Reinforced composites

Most of the composite’s parts are made to near -net shape through primary manufacturing. But, the
complexity in the product makes the machining process necessary in order to ascertain
thestructuralintegrity. Machining operations such as drilling, milling, grinding and boring are the most
common machining operations frequently performed on composite parts. Among all the machining
operations, drilling is the most frequently and widely used machining operation. Drilling performed in
polymer composites in order to fulfil the purpose of joining through bolting and riveting. Drilling is
almost unavoidable machining operation for any material, because several components need to be
assembled together to make a complete assembly.
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The joining through adhesive bonding is not always possible for obtaining the ultimate structural
integrity. Mechanical fastening such as riveting and bolting are the important methods of joining of
natural fiber reinforced composite parts. The mechanical fastening demands the making of good
quality holes of the desired size in composites parts.
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1. Gel CoatedCultured

StoneMolding

2. Solid SurfaceMolding

Cast Polymer MoldingClosed Molding

Composite Fabrication Processes

Open Molding

Chapter 3

Fabrication Process

3.1 Classification of composite fabrication processes:

1. HandLay-up

2. Spray-up

3.FilamentWinding

1. Vacuum BagMolding

2. Vacuum Infusion

Processing

3. Resin TransferMolding

4. CompressionMolding

5. Pultrusion

6. Reinforced Reaction

InjectionMolding

7. CentrifugalCasting

8. ContinuousLamination

Fig 3.1 : Classification of composite fabrication processes
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3.2 Open Molding

In open molding, raw materials (resins and fiber reinforcements) are exposed to air as they cure

or harden. Open molding utilizes different processes, including hand lay-up, spray-up, casting,

and filament winding.

3.2.1 HandLay-Up

Hand lay-up is the most common and least expensive open-molding method because it requires

the least amount of equipment. Fiber reinforcements are placed by hand in a mold and resin is

applied with a brush or roller. This process is used to make both large and small items,

including boats, storage tanks, tubs and showers.

Hand lay-up is an open molding method suitable for making a wide variety of composites

products from very small to very large. Production volume per mold is low; however, it is

feasible to produce substantial production quantities using multiple molds. Hand lay-up is the

simplest composites molding method, offering low cost tooling, simple processing, and a wide

range of part sizes. Design changes are readily made. There is a minimum investment in

equipment. With skilled operators, good production rates and consistent quality are obtainable.

Fig 3.2.1: Hand Lay-Up

Process: Gel coat is first applied to the mold using a spray gun for a high quality surface.When

the gel coat has cured sufficiently, roll stock fiberglass reinforcement is manually placed onthe

mold. The laminating resin is applied by pouring, brushing, spraying, or using a paintroller.

FRP rollers, paint rollers, or squeegees are used to consolidate the laminate, thoroughly wetting

the reinforcement and removing entrapped air. Subsequent layers of fiberglass reinforcement

are added to build laminate thickness. Low density core materials such as end-grain balsa,

foam, and honeycomb, are commonly used to stiffen the laminate. This is known as sandwich

construction.
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Molds: Simple, single cavity molds of fiberglass composites construction are generally used.

Molds can range from small to very large and are low cost in the spectrum of composites

molds.

3.2.2 Spray-up

Spray-up, or chopping, is an open mold method similar to hand lay-up in its suitability for

making boats, tanks, transportation components, and tub/shower units in a large variety of

shapes and sizes. A chopped laminate has good conformability and is sometimes faster to

produce than a part made with hand lay-up when molding complex shapes.

In the spray-up process, the operator controls thickness and consistency, therefore the process is

more operator dependent than hand lay-up. Although production volume per mold is low, it is

feasible to produce substantial production quantities using multiple molds. This process uses

simple, low cost tooling and simple processing. Portable equipment permits on-site fabrication

with virtually no part size limitations. The process may be automated.

Fig 3.2.2 : Spray-Up

Process: As with hand lay-up, gel coat is first applied to the mold and allowed to cure.

Continuous strand glass roving and initiated resin are then fed through a chopper gun, which

deposits the resin-saturated “chop” on the mold. The laminate is then rolled to thoroughly

saturate the glass strands and compact the chop. Additional layers of chop laminate are addedas

required for thickness. Roll stock reinforcements, such as woven roving or knitted fabrics, can

be used in conjunction with the chopped laminates. Core materials of the same variety as used

in hand lay-up are easily incorporated.

Molds: These are the same molds as hand lay-up: simple, single cavity molds of fiberglass

composites construction. Molds can range from small to very large and are low cost in the

spectrum of composites molds.
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3.2.3 Filament Winding

Filament winding is an automated open molding process that uses a rotating mandrel as the

mold. The male mold configuration produces a finished inner surface and a laminate surface on

the outside diameter of the product.

Filament winding results in a high degree of fiber loading, which provides high tensile strength

in the manufacture of hollow, generally cylindrical products such as chemical and fuel storage

tanks, pipes, stacks, pressure vessels, and rocket motor cases. The process makes high strength-

to-weight ratio laminates and provides a high degree of control over uniformity and fiber

orientation. The filament winding process can be used to make structures that are highly

engineered and meet strict tolerances. Because filament winding is computer-controlled and

automated, the labor factor for filament winding is lower than other open molding processes.

Fig 3.2.3 : Filament Winding

Process: Continuous strand roving is fed through a resin bath and wound onto a rotating

mandrel. The roving feed runs on a trolley that travels the length of the mandrel. The filament is

laid down in a predetermined geometric pattern to provide maximum strength in the directions

required. When sufficient layers have been applied, the laminate is cured on the mandrel. The

molded part is then stripped from the mandrel. Equipment is available for filament winding ona

continuous basis with to axis winding for pressure cylinders. Filament winding can be

combined with the chopping process and is known as the hoop chopprocess.

Molds: Filament winding uses mandrels of suitable size and shape, made of steel or aluminum,

to form the inner surface of the hollow part. Some mandrels are collapsible to facilitate part

removal.
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3.3 Closed Molding

In closed-molding, raw materials (fibers and resin) cure inside a two-sided mold or within a

vacuum bag (shut off from air). Closed-molding processes are usually automated and require

special equipment, so they’re mainly used in large plants that produce huge volumes of

material—up to 500,000 parts a year.

3.3.1 Vacuum Bag Molding

Vacuum bag molding improves the mechanical properties of open-mold laminates. This process can

produce laminates with a uniform degree of consolidation, while at the same time removing entrapped

air, thus reducing the finished void content.

By reducing the pressure inside the vacuum bag, external atmospheric pressure exerts force on the bag.

The pressure on the laminate removes entrapped air, excess resin, and compacts the laminate, resulting

in a higher percentage of fiber reinforcement.

Vacuum bagging can be used with wet-lay laminates and prepare advanced composites. In wet lay up

bagging the reinforcement is saturated using hand lay up, then the vacuum bag is mounted on the mold

and used to compact the laminate and remove air voids. In the case of pre-impregnated advanced

composites molding, the prepare material is laid up on the mold, the vacuum bag is mounted and the

mold is heated or the mold is placed in an autoclave that applies both heat and external pressure, adding

to the force of atmospheric pressure. The prepare-vacuum bag-autoclave method is most often used to

create advanced composite aircraft and military products.

Structures fabricated with traditional hand lay up techniques can become resin rich and vacuum bagging

can eliminate the problem. Additionally, complete fiber wet-out can be accomplished if the process is

done correctly. Improved core bonding is also possible with vacuum bag processing.

Fig 3.3.1: Vacuum Bag Molding

Process: In the simplest form of vacuum bagging, a flexible film (PVA, nylon, mylar, or

polyethylene) is placed over the wet lay up, the edges are sealed, and a vacuum is drawn. A

more advanced form of vacuum bagging places a release film over the laminate, followed by a

bleeder ply of fiberglass cloth, non-woven nylon, polyester cloth, or other material that absorbs

excess resin from the laminate. A breather ply of a non woven fabric is placed over the bleeder

ply, and the vacuum bag is mounted over the entire assembly. Pulling a vacuum from within the
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bag uses atmospheric pressure to eliminate voids and force excess resin from the laminate. The

addition of pressure further results in high fiber concentration and provides better adhesion

between layers of sandwich construction. When laying non-contoured sheets of PVC foam of

balsa into a female mold, vacuum bagging is the technique of choice to ensure proper secondary

bonding of the core to the outer laminate.

Molds: Molds are similar to those used for conventional open mold processes.

3.3.2 Vacuum Infusion Processing

Vacuum infusion processing is a variation of vacuum bagging in which the resin is introduced

into the mold after the vacuum has pulled the bag down and compacted the laminate.

Vacuum infusion can produce laminates with a uniform degree of consolidation, producing

high strength, lightweight structures. This process uses the same low-cost tooling as open

molding and requires minimal equipment. Vacuum infusion offers substantial emissions

reduction compared to either open molding or wet lay-up vacuum bagging.

The method is defined as having lower than atmospheric pressure in the mold cavity. The

reinforcement and core materials are laid-up dry in the mold by hand, providing the opportunity

to precisely position the reinforcement. When the resin is pulled into the mold the laminate is

already compacted; therefore, there is no room for excess resin. Vacuum infusion enables very

high resin-to-glass ratios and the mechanical properties of the laminate are superior. Vacuum

infusion is suitable to mold very large structures and is considered a low-volume molding

process.

Fig 3.3.2 :Vaccum Infusion Process

Process: The mold may be gel coated in the traditional fashion. After the gel coat cures, the dry

reinforcement is positioned in the mold. This includes all the plies of the laminate and core

material if required. A perforated release film is placed over the dry reinforcement. Next a flow

media consisting of a coarse mesh or a “crinkle” ply is positioned, and perforated tubing is
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Positioned as a manifold to distribute resin across the laminate. The vacuum bag is then

positioned as a manifold to distribute resin across the laminate. The vacuum bag is thenpositioned

and sealed at the mold perimeter. A tube is connected between the vacuum bag and the resin

container. A vacuum is applied to consolidate the laminate and the resin is pulled into the mold.

Molds: Molds are similar to those used for conventional open-mold processes.

3.3.3 Resin Transfer Molding(RTM)

Resin transfer molding (RTM) is an intermediate volume molding process for producing

composites. In RTM, resin is injected under pressure into a mold cavity. This process produces

parts with two finished surfaces.

By laying up reinforcement material dry inside the mold, any combination of material and

orientation can be used, including 3-D reinforcements. Part thickness is determined by the tool

cavity. Fast cycle times can be achieved in temperature-controlled tooling and the process can

range from simple to highly automated. RTM can use a wide variety of tooling, ranging from

low-cost composite molds to temperature controlled metal tooling. Vacuum assist can be used

toenhance resin flow in themold

cavity.

Fig 3.3.3: Resin Transfer Molding (RTM)

Process: The mold is gel coated conventionally, if required. The reinforcement (and core

material) is positioned in the mold and the mold is closed and clamped. The resin is injected

under pressure, using mix/meter injection equipment, and the part is cured in the mold. The

reinforcement can be either a preform or a pattern cut roll stock material. A preform is a

reinforcement that is formed to a specific shape in a separate process and can be quickly

positioned in the mold. RTM can be done at room temperature; however, heated molds are

required to achieve fast cycle times and product consistency. Clamping can be accomplished

with perimeter clamping or press clamping.

Molds: RTM can utilize either hard or soft tooling depending upon the expected duration of the

run. Soft tooling would be either polyester or epoxy molds, while hard tooling may consist of

cast machined aluminum, electroformed nickel shell, or machined steel molds. RTM can take
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advantage of the broadest range of tooling of any composites process. Tooling can range from very

low-cost to high-cost, life-long molds.

3.3.4 Compression Molding

Compression molding is a high-volume, high-pressure method suitable for molding complex,

fiberglass-reinforced polymer parts on a rapid cycle time.

There are several types of compression molding that are defined by the type of material molded:

sheet molding compound (SMC), bulk molding compound (BMC), thick molding compound

(TMC), and wet lay-up compression molding. Compression molding toolingconsists of heated

metal molds mounted in large hydraulic presses. The process can beautomated.

Compression molding enables part design flexibility and features such as inserts, ribs, bosses

and attachments. Good surface finishes are obtainable, contributing to lower part finishing cost.

Subsequent trimming and machining operations are minimized in compression molding and

labor costs are low.

Process: The mold set is mounted in a hydraulic or mechanical molding press and the molds are

heated from 250° to 400° F. A weighed charge of molding material is placed in the open mold.

The two halves of the mold are closed and pressure is applied. Depending on thickness, size,

and shape of the part, curing cycles range from less than a minute to about five minutes. After

cure, the mold is opened and the finished part is removed. Typical parts include automobile

components, appliance housings and structural components, furniture, electrical components,

and business machine housings and parts.

Fig 3.3.4: Compression Molding

Molds: Tooling usually consists of machined or cast metal or alloy molds that can be in either

single or multiple-cavity configurations. Steel molds are hardened and sometimes chrome

plated for enhanced durability. The molds are heated using steam, hot oil, or electricity. Side

cores, provisions for inserts, and other refinements are often employed. Mold materials include
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Cast of forged steel, cast iron, and cast aluminum. Matched metal molds can cost 50 times as

much as an FRP open mold and tooling in the $50,000-$500,000 range is not uncommon.

3.3.5 Pultrusion

Pultrusion is a continuous process for the manufacture of products having a constant cross

section, such as rod stock, structural shapes, beams, channels, pipe, tubing, fishing rods, and

golf club shafts.

Pultrusion produces profiles with extremely high fiber loading; thus, pultruded products have

high structural properties. The process can be readily automated and is adaptable to both simple

and complex cross-sectional shapes. Very high strengths are possible and labor costs are low.

Process: Continuous strand glass fiber, carbon fiber or basalt fiber roving, mat, cloth, or

surfacing veil is impregnated in a resin bath and then pulled (therefore the term pul-trusion)

through a steel die by a powerful tractor mechanism. The steel die consolidates the saturated

reinforcement, sets the shape of the stock, and controls the fiber/resin ratio. The die is heated to

rapidly cure the resin. Many creels (balls) of roving are positioned on a rack, and a complex

series of tensioning devices and roving guides direct the roving into the die.

Fig 3.3.5: Pultrution

Molds: Hardened steel dies are machined and include a preform area to do the initial shaping of

the resin-saturated roving. The dies include heating which can be electric or hot oil. The latest

pultrusion technology uses direct injection dies, in which the resin is introduced inside the die,

rather than through an external resin bath.

3.3.6 Reinforced Reaction Injection Molding(RRIM)

In the RRIM process, two or more reactive resins are metered and impingement-mixed under

high pressure to form a thermosetting polymer, injected into a mold, and then cured.

RRIM composites have a number of processing advantages including very fast cycle time, low

labor, low mold clamping pressure and low scrap rate. RRIM uses reinforcements to improve
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The properties of the resin. With the use of reinforcements, polymerization shrinkage is reduced,

thermal expansion is reduced, droop and sag of the composite at elevated temperatures is

minimized and other key properties such as stiffness, tensile strength and tensile elongation are

generally improved. Milled fibers or flakes can be added directly to the resin before reacting in

the mixing head.

Metering is accomplished with high pressure pumps or injection cylinders. Typically, a small

mixing chamber is used. The two resin streams enter from opposite sides of mix chamber under

high pressure. Mixing occurs from the energy-intensive collision of these two resin streams.

Although the streams are mixed at very high pressure, the result is a low viscosity liquid. The

low viscosity mixed resin is easily injected into the mold at relatively low pressure, 50 psi

(345kPa). Polymerization takes place very quickly within the mold cavity with little or no

additional heat required.

Fig 3.3.6 Reinforced Reaction Injection Molding (RRIM)

Resins and Reinforcement: The RRIM process requires special resins and reinforcements. A

number of resins, including epoxies, polyesters, nylons and polyurethanes have been

successfully developed for RRIM processing. Today, polyurethane is the predominate resin in

RRIM. Most of the urethanes used are elastomeric and range in flex modulus from 20,000 psi to

well over 500,000 psi (170MPa to 3.5 GPa). The basic RRIM reinforcements are chopped or

hammer milled glass fiber and glass flake.

Variations on a RRIM theme: Variations of the RRIM process include structural RIM (SRIM).

In this process, chopped fiber preforms or mats are positioned in the mold cavity. The mold is

clamped and resin is injected into the mold cavity. The reacting resin remains liquid long

enough to completely fill the mold and penetrate the reinforcing fibers. Then the resin quickly

cures.

Applications: Presently, transportation is the principal market for RRIM products. Automotive

and truck applications for RIIM parts include Class A body panels, fascia, bumper beams, spare

tire covers, floor pans and other similar products. The advent of controllable reactivity resins

such as polyuria/amide has introduced a trend toward larger machines, larger clamps and larger
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Parts. Very large RRIM molded parts weighing over 100 pounds have already been produced.

Breakthrough applications such as this clearly indicate that the future trend in RRIM products

will be toward increased market acceptable featuring larger and more sophisticated parts.

3.3.7 Centrifugal Casting

In centrifugal casting, reinforcements and resin are deposited against the inside surface of a

rotating mold. Centrifugal force holds the materials in place until the part is cured.

Fig 3.3.7: Centrifugal Casting

With centrifugal casting, the outside surface of the part, which is cured against the inside

surface of the mold, represents the “finished” surface. The interior surface of centrifugally cast

parts can be given an additional coating of “neat” or pure resin to improve surface appearance

and provide additional chemical resistance in the part. Large diameter composite pipe and tanks

are commercially produced by centrifugal casting.

Advantages of centrifugal casting include a finished exterior surface and containment of

volatiles during processing. The primary limitations of centrifugal casting are the ability to spin

molds of large size and relatively low productivity per tool.

3.3.8 Continuous Lamination

Continuous lamination is used to produce composite products such as opaque and translucent

flat or corrugated paneling, truck trailer paneling, refrigerator liners, sanitary paneling, road

signs and other similar products.
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Fig 3.3.8 Continuous Lamination

Typically, high output machines up to 10 feet (3 meters) wide combine reinforcement and resin

on plastic film that is pulled through the process. A second plastic film is applied over the

reinforcement and resin to allow mixing and exclusion of air that is usually accomplished by

compaction rollers.

Cure is completed in an oven. Panels are automatically trimmed to width and cut to length.

Corrugated sheet is produced by forming shoes which hold the compacted sheet in the required

shape during cure. Special surface effects are created by using embossed carrier films that are

later removed. Both mat reinforcements and rovings chopped by special wide cutters are

employed in the process.

Polyester and acrylic modified polyesters (for improved water resistance) are the primary resins

for continuous lamination.

3.4 Cast Polymers Molding

Cast polymers are unique in the composites industry: they typically don’t have fiber

reinforcement and are designed to meet specific strength requirements of an application. Cast

polymer molding is used to produce parts of any shape or size.
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3.4.1Gel Coated Cultured Stone Molding

Fig 3.4.1: Gel Coated Cultured Stone Molding

Gel coat is a specialized polyester resin that is formulated to provide a cosmetic outer surface

on a composite product, and to provide weather-ability for outdoor products. Gel coat consists

of a base resin and additives.

3.4.2 Solid Surface Molding

Fig 3.4.2: Solid Surface Molding

Solid surface products (also known as densified products) consist of a cast matrix without a gel-

coated surface. A vacuum can be used to remove entrapped air in the matrix. Solid surface

products offer limitless design styles.
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3.5 Vacuum Bag kit

Vacuum bagging is a technique employed to create mechanical pressure on a laminate during its cure
cycle. Pressurizing a composite lamination serves several functions. First, it removes trapped air
between layers. Second, it compacts the fiber layers for efficient force transmission among fiber
bundles and prevents shifting of fiber orientation during cure. Third, it reduces humidity. Finally, and
most important, the vacuum bagging technique optimizes the fiber-to-resin ratio in the composite part.
These advantages have for years enabled aerospace and racing industries to maximize the physical
properties of advanced composite materials such as carbon, aramid, and epoxy.

Building a Vacuum System

The first step in creating a successful vacuum bagging system is to select a quality vacuum pump. The
pumps are typically rated by the horsepower of the motor, type of pumping mechanism (rotary vane,
diaphragm, piston, etc.,) the volume of air displaced in cubic feet per minute (CFM), and the maximum
attainable vacuum pressure in inches of mercury ("Hg.) It is advisable to match the bag size, desired
vacuum rate, and ultimate pressure with that of the pump for best results. While a smaller pump can
often attain a desired vacuum level on a large system, it will take much longer to achieve that level.
Also, if a leak is present in a system which exceeds the CFM rating of the pump, even a partial vacuum
will be difficult to achieve. If a pump cannot achieve full vacuum in less than five to eight minutes, the
pump is probably too small. Determining the correct pump for an application is based on the square
footage of the mold which it must surround. By squeezing as much air out of the bag as soon as
possible before sealing the bag and applying the vacuum, the work of the pump can be greatly reduced.

Fig 3.5.1 Vacuum Bag kit model view
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Fig 3.5.2 Vacuum Bag kit equipment

Fig 3.5.3 Vacuum Bag kit experimental setup
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Chapter4

Testing of Composites

4.1 Mechanical Testing of Composites

The mechanical testing of composite materials involves a range of test types, a plethora of

standards, and the need to condition and test in a variety of different environments.

Composite materials are being used in an ever-increasing variety of products and applications,

as more and more industries realize the benefits that these materials offer. As the demands for

light-weight composite structures for aerospace, ground transportation, and environmentally

sustainable energy systems develop, so do the mechanical testing requirements for composite

materials, components and structures.

Full characterization of the properties of anisotropic and inhomogeneous composite materials,

for use in demanding structural applications, requires a wide range of mechanical tests.

Determination of bulk properties requires tension, compression and flextural tests.

'Composites' testing for aerospace applications is, undoubtedly, one of the most demanding

areas of testing. Laboratories undertaking composites testing for aerospace applications face a

number of challenges. Four significant challenges are:

 Ensuring all that tests are conducted in compliance with the wide range ofstandards.

 Achieving, maintaining, and being able to demonstrate accurate alignment of gripsand

fixtures.

 Changing test fixtures quickly and efficiently in order to cover a wide range oftests

while maintaining highproductivity.

 Maintaining the correct testenvironment.

4.2 Composite Test Standards

Composite tests have been standardized by a number of organizations. The main international

composite testing standards are those maintained by ASTM, ISO, CEN (European Committee

for Standardization). In addition to the international standards, there are a number of

manufacturer’s proprietary standards in widespread use including the BSS series from Boeing

and the AITM series from Airbus. There are other obsolete standards that are still being used

today including those published by SACMA (Suppliers of Advanced Composite Materials

Association), CRAG (Composites Research Advisory Group), and AECMA (Association

Européenne des Constructeurs de MatérielAérospatial). In many cases, the test methods

described by different standards are basically the same, but there are significant differences in
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The specimen and fixture dimensions. In addition, auditing bodies such as Nadcap further define

performance criteria, e.g. alignment for the testing equipment.

4.3 Tensile Testing:
The standard test method for tensile properties of fiber-resin composites, ASTM-D638M-89 is

used to prepare specimens as per the dimensions. The test specimen has a constant cross section

with tabs bonded at the ends.

The mould is prepared on smooth ceramic tile to the required dimension. Initially the ceramic

tile is cleaned to ensure clean surface on the tile. The engine oil has been poured on the tile for

the easy removal of the mould. Hand layup method is adopted to fill the prepared mould with

general purpose Epoxy resin of LY 556 grade with Hardener (HY 951) supplied by Vruksha

composites PVT. LTD. Chennai, as matrix and various fibers such as Flax and Ramie fibers as

reinforcement. The resulting mould is cured for 48 hours. Thespecimens’ dimensions are

(160x12.5x3) mm.

Fig 4.3(a) Ramie Tensile Test Pieces
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4.4 Flexural Testing:

Fig 4.3(b) : Flax Tensile Test Pieces

The standard test method for flexural test properties of fiber-resin composites, ASTM-D79M-

86 is used to prepare specimens as per the dimensions. The test specimen has a constant cross

section with tabs bonded at the ends. Thespecimens dimensions are (100x25x3) mm.

Fig 4.4(a) : Flax Flexural Test Pieces
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Fig 4.4(b) Ramie Flexural Test Pieces
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4.5 UNIVERSAL TESTING MACHINE:

A 0-50 Kg capacity - Electronic tensometer, Auto Graph AG 15 model, supplied by M/S

Microtech, Pune, is used to find the tensile strength and flexural strength of composites. The

specimens dimensions are (250x25x5) mm.Its capacity can be changed by load cells of 0 Kg

to 2000 Kg.

Fig 4.5 : Universal Testing Machine

A tensometer(Universal Testing Machine) is a device used to evaluate the tensile properties of

materials such as their Young's modulus (i.e. the degree to which they stretch under stress) and

tensile strength.It is usually a universal testing machine loaded with a sample between two

grips that are either adjusted manually or automatically to apply force to the specimen. The

machine works either by driving a screw or by hydraulic ram. The latter have the great
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advantage of being able to create much more complex loading patterns, such as the cyclical

loads needed formeasurement of fatigue strength. Machines can also be equipped with

environmental chambers for testing at different temperatures or variable humidity.

4.6 ImpactTesting:
The specimens are prepared for impact test accordance to the ASTM D256-97 to find the

impact strength of the composites. The specimen’s dimensions are (63.5x12.36x10) mm.

Fig 4.6(a): Ramie Impact Test Pieces

Fig 4.6(b): Flax Impact Test Pieces
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4.7 Impact Tester:

The impact test is a method for evaluating the toughness and notch sensitivity of engineering

materials. It is usually used to test the toughness of metals, but similar tests are used for

polymers, ceramics and composites.

Fig 4.7 : Impact Tester

The notched test specimen is broken by the impact of a heavy pendulum or hammer, falling at a

predetermined velocity through a fixed distance. The test measures the energy absorbed by the

fractured specimen.

4.7.1 Charpy Test:

The Charpy impact test is a dynamic test in which a test piece U-notched or V-notched in the

middle and supported at each end, is broken by a single blow of a freely swinging pendulum.

The energy absorbed is measured. This absorbed energy is a measure of the impact strength of

material.
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4.7.2 IzodTest:

Figure 4.7.1 Charpy Test

The Izod impact test is a dynamic test in which a test piece V-notched test piece, gripped vertically, is
broken by a single blow of a freely swinging pendulum. The blow is struck onthe same face as the
notch and at the fixed height above it. The energy absorbed is measured. This absorbed energy is a
measure of the impact strength ofmaterial.

Figure 4.7.2 :IzodTest
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Chapter 5

5 Results

5.1Fibres In Samples

Composites Fiber A Matrix

Sample 1 Flax Epoxy

Sample 2 Ramie Epoxy

Table 5.1 :Fibre in Samples

5.2 Volume Fraction

Composites %Fiber %Matrix

Sample 1

(Flax)

32.6 67.4

Sample 2

(Ramie)

31.2

(Ramie)

69.8

Table 5.2: Volume Fraction
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FORMULAE:

Volume Fraction

 mc = mf +mm

 1/ �c = (mm/ �m) +(mf/�f)

 Vc=mc/�c

Where

mc= Mass of Composite in grams

mf = Mass of Fibre in grams

mm= Mass of Matrix in grams

�c = density of Composite in gm/cc2

�m= density of Matrix in gm/cc2

�f = density of Fibre in gm/cc2

Vc =Volume of Composite in

cc3For Tensile Test

Tensile Strength �= F/A MPa

Strain ∈= � /�

Young Modulus E = � /∈MPa

For Flexural Test

Flexural Strength �= 3FL/2Wd2

Strain ∈=6��/�2

Flexural Modulus Ef = L3F/4Wd3D
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For Impact Test

Impact Strength = Impact Energy / Area under the Notch

Where

F = Load in N

L= Length of Specimen in mm

W= Width of Specimen in mm

d= depth of Specimen in mm

D = deflection of Specimen in mm

5.3 Material Composition

For Tensile And Flexural Tests
• Flax Fibre

1 layer - 25gm – 0.56 mm
6-layers -150gm – 3.36 mm
Flax fiber with resin ratio = 1 : 4

= 150 : 600
• Ramie Fibre

1 layer – 16 gm – 0.52 mm
6-layers -96 gm – 3.12 mm
Flax fiber with resin ratio = 1 : 4

= 96 : 384
 For Impact Test
• Flax Fibre

1 layer - 5gm – 0.56 mm
16-layers -70gm – 8.86 mm
Flax fiber with resin ratio = 1 : 4

= 70 : 280
• Ramie Fibre

1 layer – 4 gm – 0.52 mm
16 layers – 64 gm – 8.32 mm
Flax fiber with resin ratio

= 1 : 4
= 64 : 256
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5.4 Tensile Testing Results

Flax +Epoxy:

Sample No. Load (N)
Tensile
Strength
(MPa)

Tensile
Modulus
(GPa)

% Elongation

1 3547 42.25 3.29 1.7

2 1824 31 2.15 1.3

3 2895 38.92 2.52 1.6

Mean 3200 41.6 3.19 1.53

Table 5.4(a) :Flax+Epoxy for Tensile Test

Graphs:
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Fig 5.4(a): Results of Tensile Test of Flax
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Ramie + Epoxy:

Sample No. Load (N)
Tensile
Strength
(MPa)

Tensile
Modulus (GPa)

% Elongation

1 1470 23.52 1.68 1.4

2 2540 40.64 1.85 2.2

3 1510 24.16 2.013333333 1.2

Mean 1840 29.44 1.85 1.60

Table 5.4(b) :Ramie +Epoxy for Tensile Test

Graphs:
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Fig 5.4(b): Results of Tensile Test of Ramie
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5.5 Flexural Test

Results

Flax +Epoxy:

Sample No. Load (N)
Flexural

Strength (MPa)
FlexuralModulus

(GPa)

Maximum
Deflection
(mm)

1 330 62.23 28.691 3.3

2 270 60.21 22.029 3.7

3 300 61.20 26.869 3.1

Mean 260 60.80 21.86 3.37

Table5.5(a) : Flax+Epoxy for Flexural Test

Graph:
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Fig 5.5(a): Results of Flexural Test of Flax

Ramie + Epoxy:

Sample
No.

Load
(N)

Flexural
Strength
(MPa)

Flexural
Modulus
(GPa)

MaximumDe
flection (mm)

1 360 86.40 36.036 3.7

2 320 76.80 42.328 2.8

3 340 81.60 37.037 3.4

Mean 340.00 81.60 38.47 3.30

Table 5.5(b) :Ramie+Epoxy for Flexural Test
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Graph:

Fig 5.5(b): Results of Flexural Test Ramie
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5.6 Impact Test

Results:

Flax + Epoxy

Sample No.
Impact Energy

(J)
Impact Strength

(KJ/m2)

1 2.7 21.95

2 1 8.13

3 2.9 23.57

Mean 2.2 17.88

Table 5.6(a) :Flax + Epoxy for Impact Test

Fig 5.6(a): Results of Impact Test of Flax
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Ramie + Epoxy

Sample No.
Impact
Energy (J)

Impact
Strength
(KJ/m2)

1 4.2 34.14

2 2.2 17.88

3 1.2 9.75

Mean 2.53 20.59

Table5.6(b) : Ramie+Epoxy for Impact Test

Fig 5.6(b): Results of Impact Test of Ramie
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5.7 Comparison of Glass Fiber, Flax Fiber and Ramie Composite:

Type of
Fiber

Tensile
Strength
(MPa)

Tensile
Modulus
(GPa)

Flexural
Strength
(MPa)

Flexural
Modulus
(GPa)

Impact
Energy
(J)

Impact
Strength
(KJ/m2)

GF
134 4.09 190.5 7.6 2.67 22.37

FF
38.6 2.79 61.80 24.85

2.5 19.88

RF
29.44 1.85 81.60 38.47

2.53 20.59

Table 5.7 : Comparison of Glass Fiber, Flax Fiber and Ramie Composite
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Comparison Of Tensile Modulus (GPa)

Fig 5.7.1(a): Comparison Of Tensile Modulus (GPa) with fibre

Comparison Of Tensile Strength (MPa)

Fig 5.7.1(b) : Comparison Of Tensile Strength (MPa) with Fibre

 In the Ramie fiber composite, the tensile strength of the composite decreased as the

volume fraction of fiber in the composite has decreased.
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Comparison Of Flexural Strength (MPa)

Fig 5.7.2(a) : Comparison Of Flexural Strength (MPa) with Fibre

Comparison Of Flexural Modulus (GPa)

Fig 5.7.2(b) : Comparison Of Flexural Modulus (GPa) with Fibre

 In the case of flexural strength, the Glass fiber composites have the highest strength.

Ramie composite strength is higher when compared to the flax fibre composite

 But, when it come to the modulus the deflection in the sample is very less when

compared with the glass fiber. the reason is the glass fiber is more brittle in nature inthe

transverse direction when compared with natural fiber
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Comparison of Impact Energy (J)

Fig 5.7.3(a) : Comparison Of Impact Energy (J) with Fibre

Comparison of Impact Strength (KJ/m2)

Fig 5.7.3(b) : Comparison Of Impact Strength (KJ/m2) with Fibre

 In Case of Impact strength the strength of Ramie composite is near to the strength of

glass fibre
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6.Conclusion

The flax fiber strength is 31% weaker than the glass in its fiber strength. when we added the

matrix material to the fiber these fibers are 25%.due to the low fiber content. The Ramie

composites 28% weaker than the Glass fiber. Future SEM analysis is required to identity the

defects in composites.so these material can be used for non-load bearing of the turbines like

shed skin of blades. composites with increase in fiber content may further increase the strength

of the composite

Future work: the work can be extended for investigation of moisture absorption and fatigue

behavior is required to achieve the realization of industrial requirements different matrix

materials such as bio-resins and thermoplastics may be tested to obtain greater strength
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ABSTRACT 

 
                                         Today, there are growing challenges on business environment because of 

increase in competition and customer expectations .supplier selection and  later order allocation is 

an important subject matter in the area  of supply chains. This decision is often influenced by 

different players involved in  the supply chain. . An efficient and flexible supply chain allows the 

firm to choose the right suppliers at the right time for the right materials, with  reduced purchasing 

cost, ther by  improving competitiveness. Supply chains have  the basic characteristics like Multiple 

conflicting criteria, demand uncertainties , lead time and delivery uncertainities. In the literature 

isolated studies on supplier selection using mathematical models, multiple criteria decision making 

techniques and multiple stakeholder requirements are commonly found. Integration of these aspects 

give promising results. The correlation between criteria is normally  observed in the real life 

situation. The correlated Analytic Hierarchy considers the correlation effect between criteria in the 

Analytic Hierarchy process. Linear physical programming(LPP) is a multi-objective optimization 

method that develops an aggregate objective function of the criteria in a piecewise. LPP model 

enables decision maker to think about multiple criteria (i.e., cost, customer service, and rejections) 

and to express criteria preferences in terms of degrees of desirability



 

CHAPTER-1 

 

INTRODUCTION 

1.1 INTRODUCTION: 

 
Multiple-criteria decision-making (MCDM) or multiple-criteria decision analysis (MCDA) is a sub-

discipline of operations research that explicitly evaluates multiple conflicting criteria in decision 

making (both in daily life and in settings such as business, government and medicine) 

 

MCDM or MCDA are well-known acronyms for multiple-criteria decision-making and multiple-

criteria decision analysis; Stanley Zionts helped popularizing the acronym with his 1979 article 

"MCDM – If not a Roman Numeral, then What?", intended for an entrepreneurial audience. 

 

MCDM is concerned with structuring and solving decision and planning problems involving 

multiple criteria. The purpose is to support decision-makers facing such problems. Typically, there 

does not exist a unique optimal solution for such problems and it is necessary to use decision-

maker's preferences to differentiate between solutions. 

 

"Solving" can be interpreted in different ways. It could correspond to choosing the "best" 

alternative from a set of available alternatives (where "best" can be interpreted as "the most 

preferred alternative" of a decision-maker). Another interpretation of "solving" could be choosing a 

small set of good alternatives, or grouping alternatives into different preference sets. An extreme 

interpretation could be to find all "efficient" or "nondominated" alternatives . 

 

Multi criteria Decision making is a sub-discipline of operations research that explicitly evaluates 

multiple conflicting criteria in decision making (both in daily life and in settings such as business, 

government and medicine). Conflicting criteria are typical in evaluating options: cost or price is 

usually one of the main criteria, and some measure of quality is typically another criterion, easily in 

conflict with the cost. In purchasing a car, cost, comfort, safety, and fuel economy may be some of 

the main criteria we consider – it is unusual that the cheapest car is the most comfortable and the 

safest one. In portfolio management, we are interested in getting high returns while simultaneously 

reducing risks; however, the stocks that have the potential of bringing high returns typically carry 

high risk of losing money. In a service industry, customer satisfaction and the cost of providing 

service are fundamental conflicting criteria. 

 

 



 

In our daily lives, we usually weigh multiple criteria implicitly and we may be comfortable with the 

consequences of such decisions that are made based on only intuition.[1] On the other hand, when 

stakes are high, it is important to properly structure the problem and explicitly evaluate multiple 

criteria.[2] In making the decision of whether to build a nuclear power plant or not, and where to 

build it, there are not only very complex issues involving multiple criteria, but there are also 

multiple parties who are deeply affected by the consequences. 

 

Structuring complex problems well and considering multiple criteria explicitly leads to more 

informed and better decisions. There have been important advances in this field since the start of the 

modern multiple-criteria decision-making discipline in the early 1960s. A variety of approaches and 

methods, many implemented by specialized decision-making software, have been developed for 

their application in an array of disciplines, ranging from politics and business to the environment 

and energy. 

 

Multi-criteria decision making (MCDM) refers to making choice of the best alternative from among 

a finite set of decision alternatives in terms of multiple, usually conflicting criteria. The main steps 

in multi-criteria decision making are the following 

 

– establish system evaluation criteria that relate system capabilities to goals, 

– develop alternative systems for attaining the goals (generating alternatives),  

– evaluate alternatives in terms of criteria,  

– apply one of the normative multiple criteria analysis methods,  

– accept one alternative as “optimal” (preferred), 

– if the final solution is not accepted, gather new information and go to the next iteration of 

multiple criteria optimization.  

 

Multi-criteria decision-making techniques are useful tools to help decision maker(s) to select 

options in the case of discrete problems. Especially, with the help of computers, those methods have 

become easier for the users, so they have found great acceptance in many areas of decision-making 

processes in economy or management. Among many multi-criteria techniques, MAXMIN, 

MAXMAX, SAW, AHP, TOPSIS, SMART, ELECTRE are the most frequently used methods 

[Chen, Hwang, 1992]. The nature of the recommendations of one of those methods depends on the 

problem being addressed: choosing, ranking or sorting. 

 

 



 

 

The selection of models/techniques can be also based on such evaluation criteria as: 

– internal consistency and logical soundness, 

– transparency,  

– ease of use,  

– data requirements are consistent with the importance of the issue being considered,  

– realistic time and manpower resource requirements for the analytical process,  

– ability to provide an audit trail,  

– software availability, where needed.  

 

                                   The classification methods can be categorized by the type of information from 

the decision maker The MAXMIN technique assumed that the overall performance of an alternative 

is determined by its weakest attribute, in the MAXMAX technique an alternative is selected by its 

best attribute value. The SAW (Simple Additive Weighting) method multiplies the normalized 

value of the criteria for the alternatives with the importance of the criteria and the alternative with 

the highest score is selected as the preferred one. 

 

The TOPSIS (Technique for Order Preference by Similarity to the Ideal Solution) selects the 

alternative closest to the ideal solution and farthest from the negative ideal alternative. 

 

The classical TOPSIS method is based on information on attribute from decision maker, numerical 

data; the solution is aimed at evaluating, prioritizing and selecting and the only subjective inputs are 

weights. The AHP (The Analytical Hierarchy Process) uses a hierarchical structure and pairwise 

comparisons. 

 

An AHP hierarchy has at least three levels: the main objective of the problem at the top, multiple 

criteria that define alternatives in the middle and competing alternatives at the bottom. The major 

weaknesses of TOPSIS are that it does not provide for weight elicitation, and consistency checking 

for judgments; on the other hand, the use of AHP has been significantly restrained by the human 

capacity for the information process. From this point of view, TOPSIS alleviates the requirement of 

paired comparisons and the capacity limitation might not significantly dominate the process. 

 

 Hence, it would be suitable for cases with a large number of criteria and alternatives, and especially 

where objective or quantitative data are given. SMART (The Simple Multi Attribute Rating 

Technique) is similar to AHP, a hierarchical structure is created to assist in defining a problem and 



in organizing criteria. 

 However, there are some significant differences between those techniques: SMART uses a 

different terminology. For example, in SMART the lowest level of criteria in the value tree (or 

objective hierarchy) are called attributes rather than sub-criteria and the values of the standardized 

scores assigned to the attributes derived from value functions are called ratings.  

 

The difference between a value tree in SMART and a hierarchy in AHP is that the value tree has a 

true tree structure, allowing one attribute or sub-criterion to be connected to only one higher level 

criterion. SMART does not use a relative method for standardizing raw scores to a normalized 

scale. Instead, a value function explicitly defines how each value is transformed to the common 

model scale. The value function mathematically transforms ratings into a consistent internal scale 

with lower limit 0 and upper limit 1. 

 

The ELECTRE (Elimination and Choice Expressing Reality) method was to choose the best 

action(s) from a given set of actions, but it can also be applied to three main problems: choosing, 

ranking and sorting. There are two main parts to an ELECTRE application: first, the construction of 

one or several outranking relations, which aims at comparing in a comprehensive way each pair of 

actions; second, an exploitation procedure that elaborates on the recommendations obtained in the 

first phase. 

 

This paper is focused on the TOPSIS method, which was presented by Hwang and Yoon [1981] and 

developed later by many authors [Jahanshahloo, Lofti, Izadikhah, 2006a; 2006b; 

Zavadskas,Turskis, Tamosaitiene, 2008; Hung, Chen, 2009]. The acronym TOPSIS stands for 

Technique for Order Preference by Similarity to the Ideal Solution. It is worth noting that the 

TOPSIS method corresponds to the Hellwig taxonomic method of ordering objects. 

 

The main advantages of this method are the following: 

 

– simple, rational, comprehensible concept, 

– intuitive and clear logic that represent the rationale of human choice,  

– ease of computation and good computational efficiency 

– a scalar value that accounts for both the best and worst alternatives ability to measure the relative 

performance for each alternative in a simple mathematical form, 

– possibility for visualization.  

 

 



 

In general, the process for the TOPSIS algorithm starts with forming the decision matrix 

representing the satisfaction value of each criterion with each alternative. Next, the matrix is 

normalized with a desired normalizing scheme, and the values are multiplied by the criteria 

weights. Subsequently, the positive-ideal and negative-ideal solutions are calculated, and the 

distance of each alternative to these solutions is calculated with a distance measure. 

 

Finally, the alternatives are ranked based on their relative closeness to the ideal solution. The 

TOPSIS technique is helpful for decision makers to structure the problems to be solved, conduct 

analyses, comparisons and ranking of the alternatives. The classical TOPSIS method solves 

problems in which all decision data are known and represented by crisp numbers. 

 

Most real-world problems, however, have a more complicated structure. Based on the original 

TOPSIS method, many other extensions have been proposed, providing support for interval or 

fuzzy criteria, interval or fuzzy weights to modeled imprecision, uncertainty, lack of information or 

vagueness. In this paper, the classical TOPSIS algorithms for crisp, as well as interval data are 

described. Interval analysis is a simple and intuitive way to introduce data, uncertainty for complex 

decision problems, and can be used for many practical applications. An extension of the TOPSIS 

technique to a group decision environment is also investigated. The context of multi-criteria group 

decision making in both crisp and interval data are described. Finally, situations where criteria and 

their weight are subjectively expressed by linguistic variables are considered. The practical 

applications of the TOPSIS technique in estimating offers, for instance, in buyer-seller exchange 

are also proposed. 

 

Types of multi criteria decision making: 

 

Multi attribute utility theory (MAUT) 

Analytic hierarchy process (AHP) 

Aggregated Indices Randomization Method (AIRM) 

Base-criterion method (BCM) 

Best worst method (BWM) 

Brown–Gibson model 

Case based reasoning 

Data envelopment analysis 

Fuzzy set theory 

Simple multi attribute rating technique 



Goal programming 

Electre 

Promoted 

Simple additive weighting 

Technique for order preferences by similarity to ideal process 

 

Multi attribute utility theory (MAUT): 

 

When choosing between alternative places of residence, the decision-maker has to consider multiple 

attributes of the available alternatives at the same time, such as the preferred dwelling type, number 

of rooms and costs. Thus, the decision problem has multiple value dimensions, which may be in 

conflict, as is usually the case with difficult choices (Von Winterfield and Edwards 1986, p. 259). 

For example, the current dwelling might be relatively large and cheap but situated in a bad 

neighbor-hood, whereas an alternative dwelling might be situated in a better neighborhood but this 

comes at the cost of higher rent or less space. Should the resident move? Multi-criteria decision-

making techniques can be used to facilitate such complex decisions. Within a multi-criteria context, 

decision-making problems are represented as a decision-maker who considers a set of alternatives 

and seeks to make an optimal decision considering all the factors (so-called criteria or attributes) 

that are relevant to the decision. One way of doing this is by measuring the decision-maker’s values 

separately for a set of influential attributes and by weighting these by the relative importance of 

these attributes as perceived by the decision-maker. It is assumed that the more important attributes 

will have a greater impact in deter-mining preferences or choices. Thus, given the factors we care 

about, what’s the best choice? Combining the importance that respondents assign to different 

attributes with their evaluation of those attributes can be achieved using Multi-Attribute Utility 

Theory, often referred to as MAUT. 

 

Formally, Multi-Attribute Utility theory is a technique to support decision-making when a decision-

maker has to choose from a limited number of available alternatives. For example, these 

alternatives could be dwellings that are available at the basic assumption underlying this theory is 

that a decision-maker chooses the alternative (for example, a particular dwelling) that yields the 

greatest multi-attribute utility from a number of possible alternatives. An alternative is seen as a 

bundle of attributes, such as dwelling type and number of rooms. The decision-maker is assumed to 

evaluate every alternative on each of its salient attributes. Furthermore, the importance of each 

attribute is determined. Finally, the attribute values are combined with the importance weights and 

aggregated into a multi-attribute utility for each alternative. The alternative with the highest multi-

attribute utility is expected to be preferred. In terms of the main dimensions for distinguishing 



between methods and techniques for measuring housing preference and choice the multi-Attribute 

utility method can be characterized as measuring stated preferences and providing an outcome in 

the form of utilities. The approach is attribute-based (compositional) and mathematical. Often, the 

simple-additive combination rule is applied (compensatory rule), but non-compensatory rules (such 

as multiplicative rules) are also possible. 

 

Analytic hierarchy process (AHP): 

 

The analytic hierarchy process (AHP) is a structured technique for organizing and analyzing 

complex decisions, based on mathematics and psychology. It was developed by Thomas L. Saaty in 

the 1970s who partnered with Ernest Forman to develop Expert Choice in 1983, and has been 

extensively studied and refined since then. 

Analytic Hierarchy Process as a method of measurement with ratio scales and illustrate it with two 

examples. We then give the axioms and some of the central theoretical underpinnings of the theory. 

Finally, we discuss some of the ideas relating to this process and its ramifications. In this paper we 

give special emphasis to departure from consistency and its measurement and to the use of absolute 

and relative measurement, providing examples and justification for rank preservation and reversal 

in relative measurement. 

Basically the AHP is a method of (1) breaking down a complex, unstructured situation into its 

component parts; (2) arranging these parts, or variables into a hierarchic order; (3) assigning 

numerical values to subjective judgments on the relative importance of each variable; and (4) 

synthesizing the judgments to determine which variables have the highest priority and should be 

acted upon to influence the outcome of the situation. 

 

The process requires the decision maker to provide judgments about the relative importance of each 

criterion and then specify a preference for each decision alternative on each criterion. 

 

The output of the AHP is a prioritized ranking indicating the overall preference for each of the 

decision alternatives. 

 

 

Aggregated Indices Randomization Method: 

 

In applied mathematics and decision making, the aggregated indices randomization 

method (AIRM) is a modification of a well-known aggregated indices method,[citation 

needed] targeting complex objects subjected to multi-criteria estimation under uncertainty. AIRM was 

first developed by the Russian naval applied mathematician Aleksey Krylov around 1908. 

https://en.wikipedia.org/wiki/Wikipedia:Citation_needed
https://en.wikipedia.org/wiki/Wikipedia:Citation_needed
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The main advantage of AIRM over other variants of aggregated indices methods is its ability to 

cope with poor-quality input information. It can use non-numeric (ordinal), non-exact (interval) and 

non-complete expert information to solve multi-criteria decision analysis (MCDM) problems. An 

exact and transparent mathematical foundation can assure the precision and fidelity of AIRM 

results. 

Ordinary aggregated indices method allows comprehensive estimation of complex (multi-attribute) 

objects’ quality. Examples of such complex objects (decision alternatives, variants of a choice, etc.) 

may be found in diverse areas of business, industry, science, etc. (e.g., large-scale technical 

systems, long-time projects, alternatives of a crucial financial/managerial decision, consumer 

goods/services, and so on). There is a wide diversity of qualities under evaluation too: efficiency, 

performance, productivity, safety, reliability, utility, etc. 

The essence of the aggregated indices method consists in an aggregation (convolution, synthesizing, 

etc.) of some single indices (criteria) q,…,q(m), each single index being an estimation of a fixed 

quality of multi attribute objects under investigation, into one aggregated index 

(criterion) Q=Q(q,…,q(m)). 

In other words, in the aggregated indices method single estimations of an object, each of them being 

made from a single (specific) “point of view” (single criterion), is synthesized by aggregative 

function Q=Q(q,…,q(m)) in one aggregated (general) object’s estimation Q, which is made from the 

general “point of view” (general criterion). 

Aggregated index Q value is determined not only by single indices’ values but varies depending on 

non-negative weight-coefficients w…, w(m). Weight-coefficient (“weight”) w(i) is treated as 

a measure of relative significance of the corresponding single index q(i) for general estimation Q of 

the quality level. 

 

Case based reasoning: 

 

The main goal is to have a balance between brevity and expressiveness and to provide helpful 

pointers to literature in the field. To do so, we first describe the CBR types and the CBR cycle, then 

we briefly review a representative set of systems, next we discuss the connections between CBR 

and learning. The main part of the chapter analyses the most important issues and problems of the 

CBR components, such as indexing/retrieval/selection, memory organization, 

adaptation/evaluation, forgetting, and integration with other techniques. Finally, we discuss the 

added value of incorporating fuzzy techniques in CBR and briefly describe some representative 

Fuzzy-CBR systems. 

https://en.wikipedia.org/wiki/Ordinal_number
https://en.wikipedia.org/wiki/Interval_(mathematics)
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Data envelopment analysis: 

 

Data envelopment analysis (DEA) is a linear programming methodology to measure 

the efficiency of multiple decision-making units (DMUs) when the production process presents a 

structure of multiple inputs and outputs. 

"DEA has been used for both production and cost data. Utilizing the selected variables, such as unit 

cost and output, DEA software searches for the points with the lowest unit cost for any given 

output, connecting those points to form the efficiency frontier. Any company not on the frontier is 

considered inefficient. A numerical coefficient is given to each firm, defining its relative efficiency. 

Different variables that could be used to establish the efficiency frontier are: number of employees, 

service quality, environmental safety, and fuel consumption. An early survey of studies of 

electricity distribution companies identified more than thirty DEA analyses—indicating widespread 

application of this technique to that network industry. A number of studies using this technique 

have been published for water utilities. The main advantage to this method is its ability to 

accommodate a multiplicity of inputs and outputs. It is also useful because it takes into 

consideration returns to scale in calculating efficiency, allowing for the concept of increasing or 

decreasing efficiency based on size and output levels. A drawback of this technique is that model 

specification and inclusion/exclusion of variables can affect the results." 

Under general DEA benchmarking, for example, "if one benchmarks the performance of computers, 

it is natural to consider different features (screen size and resolution, memory size, process speed, 

hard disk size, and others). One would then have to classify these features into “inputs” and 

“outputs” in order to apply a proper DEA analysis. However, these features may not actually 

represent inputs and outputs at all, in the standard notion of production. In fact, if one examines the 

benchmarking literature, other terms, such as “indicators”, “outcomes”, and “metrics”, are used. 

The issue now becomes one of how to classify these performance measures into inputs and outputs, 

for use in DEA." (Cook, Tone, and Zhu, 2014) 

 

In about 30 years, Data Envelopment Analysis (DEA) has grown into a powerful quantitative, 

analytical tool for measuring and evaluating the performance. DEA has been successfully applied to 

a host of many different types of entities engaged in a wide variety of activities in many contexts 

worldwide. This chapter discusses the basic DEA models and some of their extensions. Keywords 

Data envelopment analysis-Efficiency-Performance 
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Fuzzy set theory: 

 

In mathematics, fuzzy sets (aka uncertain sets) are somewhat like sets whose elements have degrees 

of membership. ... By contrast, fuzzy set theory permits the gradual assessment of the membership 

of elements in a set; this is described with the aid of a membership function valued in the real unit 

interval [0, 1]. 

 

In classical set theory, the membership of elements in a set is assessed in binary terms according to 

a bivalent condition — an element either belongs or does not belong to the set. By contrast, fuzzy 

set theory permits the gradual assessment of the membership of elements in a set; this is described 

with the aid of a membership function valued in the real unit interval [0, 1]. Fuzzy sets generalize 

classical sets, since the indicator functions (aka characteristic functions) of classical sets are special 

cases of the membership functions of fuzzy sets, if the latter only take values 0 or 1. In fuzzy set 

theory, classical bivalent sets are usually called crisp sets. The fuzzy set theory can be used in a 

wide range of domains in which information is incomplete or imprecise, such as bioinformatics. 

 

Simple multi attribute rating technique: 

 

SMART is one of the simplest forms of MAUT. It requires two assumptions, namely “utility 

independence and preferential independence”. This method conveniently converts importance 

weights into actual numbers. Major advantages of SMART, in addition to those described in 

MAUT, are that it is simple to use and it actually allows for any type of weight assignment 

techniques (i.e., relative, absolute, etc.). It requires less effort by decision makers than MAUT. It 

also handles data well under each criterion. Like MAUT, a disadvantage is that the “procedure for 

determining work is not convenient considering the complicated framework”. SMART’s common 

applications are in environmental, construction, transportation and logistics, military, 

manufacturing and assembly problems. Its ease of use helps in situations where a fair amount of 

information is available and access to decision-makers is easy to obtain. Its simplicity appears to be 

what keeps this method fairly popular.  

 

Goal Programming: 

 

Goal Programming is a pragmatic programming method that is able to choose from an infinite 

number of alternatives. One of its advantages is that it has the capacity to handle large-scale 

problems. Its ability to produce infinite alternatives provides a significant advantage over some 

methods, depending on the situation. A major disadvantage is its inability to weight coefficients. 

https://en.wikipedia.org/wiki/Set_theory
https://en.wikipedia.org/wiki/Principle_of_bivalence
https://en.wikipedia.org/wiki/Membership_function_(mathematics)
https://en.wikipedia.org/wiki/Indicator_function
https://en.wikipedia.org/wiki/Crisp_set
https://en.wikipedia.org/wiki/Bioinformatics


Many applications find it necessary to use other methods, such as AHP, to properly weight the 

coefficients. Goal programming has seen applications in production planning, scheduling, health 

care, portfolio selection, distribution system design, energy planning, water reservoir management, 

timber harvest scheduling, and wildlife management problems. Many of these applications have 

been used in combination with other methods to accommodate proper weighting. By doing so, it 

eliminates one of its weaknesses while still being able to choose from infinite alternatives. This 

follows a common theme where MCDM methods are most often utilized in applications that avoid 

most of their disadvantages. 

 

The initial goal programming formulations ordered the unwanted deviations into a number of 

priority levels, with the minimisation of a deviation in a higher priority level being infinitely more 

important than any deviations in lower priority levels. This is known as lexicographic or pre-

emptive goal programming. Ignizio gives an algorithm showing how a lexicographic goal 

programme can be solved as a series of linear programmes. Lexicographic goal programming is 

used when there exists a clear priority ordering amongst the goals to be achieved. 

If the decision maker is more interested in direct comparisons of the objectives then weighted or 

non-pre-emptive goal programming should be used. In this case all the unwanted deviations are 

multiplied by weights, reflecting their relative importance, and added together as a single sum to 

form the achievement function. Deviations measured in different units cannot be summed directly 

due to the phenomenon of incommensurability. 

Hence each unwanted deviation is multiplied by a normalisation constant to allow direct 

comparison. Popular choices for normalisation constants are the goal target value of the 

corresponding objective (hence turning all deviations into percentages) or the range of the 

corresponding objective (between the best and the worst possible values, hence mapping all 

deviations onto a zero-one range). For decision makers more interested in obtaining a balance 

between the competing objectives, Chebyshev goal programming is used. Introduced by Flavell in 

1976, this variant seeks to minimise the maximum unwanted deviation, rather than the sum of 

deviations. This utilises the Chebyshev distance metric. 

 

ELECTRE: 

ELECTRE is a family of multi-criteria decision analysis methods that originated in Europe in the 

mid-1960s. The acronym ELECTRE stands for: ELimination Et Choix Traduisant la REalité 

(ELimination and Choice Expressing REality). 

https://en.wikipedia.org/wiki/Lexicographic
https://en.wikipedia.org/wiki/Unit_commensurability
https://en.wikipedia.org/wiki/Chebyshev_distance
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The method was first proposed by Bernard Roy and his colleagues at SEMA consultancy company. 

A team at SEMA was working on the concrete, multiple criteria, real-world problem of how firms 

could decide on new activities and had encountered problems using a weighted sum technique. 

Bernard Roy was called in as a consultant and the group devised the ELECTRE method. As it was 

first applied in 1965, the ELECTRE method was to choose the best action(s) from a given set of 

actions, but it was soon applied to three main problems: choosing, ranking and sorting. The method 

became more widely known when a paper by B. Roy appeared in a French operations 

research journal. It evolved into ELECTRE I (electre one) and the evolutions have continued with 

ELECTRE II, ELECTRE III, ELECTRE IV, ELECTRE IS and ELECTRE TRI (electre tree), to 

mention a few.They are used in the fields of business, development, design, and small hydropower. 

Bernard Roy is widely recognized as the father of the ELECTRE method, which was one of the 

earliest approaches in what is sometimes known as the French School of decision making. It is 

usually classified as an "outranking method" of decision making. 

There are two main parts to an ELECTRE application: first, the construction of one or several 

outranking relations, which aims at comparing in a comprehensive way each pair of actions; 

second, an exploitation procedure that elaborates on the recommendations obtained in the first 

phase. The nature of the recommendation depends on the problem being addresed: choosing, 

ranking or sorting. 

Usually the Electre Methods are used to discard some alternatives to the problem, which are 

unacceptable. After that we can use another MCDA to select the best one. The Advantage of using 

the Electre Methods before is that we can apply another MCDA with a restricted set of alternatives 

saving much time. 

Criteria in ELECTRE methods have two distinct sets of parameters: the importance coefficients and 

the veto thresholds. 

 

ELECTRE, along with its many iterations, is an outranking method based on concordance analysis. 

Its major advantage is that it takes into account uncertainty and vagueness. One disadvantage is that 

its process and outcomes can be hard to explain in layman’s terms. Further, due to the way 

preferences are incorporated, the lowest performances under certain criteria are not displayed. The 

outranking method causes the strengths and weaknesses of the alternatives to not be directly 

identified, nor results and impacts to be verified (Konidari and Mavrakis, 2007, p. 6237). 

ELECTRE has been used in energy, economics, environmental, water management, and 

transportation problems. Like other methods, it also takes uncertainty and vagueness into account, 

which many of the mentioned applications appear to need. 

https://en.wikipedia.org/wiki/Bernard_Roy
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PROMETHEE: 

 

PROMETHEE is similar to ELECTRE in that it also has several iterations and is also an outranking 

method. The PROMETHEE family of outranking methods, including the PROMETHEE I for 

partial ranking of the alternatives and the PROMETHEE II for complete ranking of the alternatives, 

were developed and presented for the first time in 1982. A few years later, several versions of the 

PROMETHEE methods such as the PROMETHEE III for ranking based on interval, the 

PROMETHEE IV for complete or partial ranking of the alternatives when the set of viable 

solutions is continuous, the PROMETHEE V for problems with segmentation constraints, the 

PROMETHEE VI for the human brain representation. 

Its advantage is that it is easy to use. It does not require the assumption that the criteria are 

proportionate. The disadvantages are that it does not provide a clear method by which to assign 

weights and it requires the assignment of values but does not provide a clear method by which to 

assign those values. PROMETHEE has seen much use in environmental management, hydrology 

and water management, business and financial management, chemistry, logistics and transportation, 

manufacturing and assembly, energy management, and agriculture. PROMETHEE has been utilized 

for many decades and its ease of use has made it a common method as its iterations have improved. 

 

SAW: 

SAW is “a value function is established based on a simple addition of scores that represent the goal 

achievement under each criterion, multiplied by the particular weights” (Qin et al., 2008, p. 2166). 

It has the ability to compensate among criteria. 

 

 It is also intuitive to decision makers. The calculation is simple and can be performed without the 

help of complex computer programs. It has specific disadvantages: 

 

1) All the values of the criteria Ri (i=1,...,m) should be maximizing. Minimizing criteria should 

be transformed to maximizing ones, for example, by formula (2) before being used in the analysis.  

2) All the values of the criteria Ri (i=1,...,m) should be positive. The evaluation results, i.e. the 

values of the criterion Sj, depend on the type of their transformation to positive values. 

 

3) The estimates yielded by SAW do not always reflect the real situation. The result obtained may 

not be logical, with the values of one particular criterion largely differing from those of other 

criteria.. SAW has had applications in water management, business, and financial management. It is 

extremely simple to use and but users have applied it in limited applications. 



 

TOPSIS: 

 

TOPSIS is “an approach to identify an alternative which is closest to the ideal solution and farthest 

to the negative ideal solution in a multi-dimensional computing space”. It has numerous 

advantages. It has a simple process. It is easy to use and programmable. The number of steps 

remains the same regardless of the number of attributes (Ic, 2012). A disadvantage is that its use of 

Euclidean Distance does not consider the correlation of attributes. It is difficult to weight attributes 

and keep consistency of judgment, especially with additional attributes. TOPSIS has been used in 

supply chain management and logistics, design, engineering and manufacturing systems, business 

and marketing management, environmental management, human resources management, and water 

resources management. This is another method where its ease of use has kept its application 

popular. Many of the uses seen in the literature review had TOPSIS confirm the answers proposed 

by other MCDM methods. The advantage of its simplicity and its ability to maintain the same 

amount of steps regardless of problem size has allowed it to be utilized quickly to review other 

methods or to stand on its own as a decision-making tool. 

 

1.2 Importance of supply chain management: 
                             

 

                                     Supply chain management (SCM) is the active integration and coordination 

of all supply chain activities to provide you, the customer, with the best value. Providing you with 

the best value means providing you with a quality product for a reasonable price. Companies are 

able to provide customer value by coordinating the efforts of every activity involved in their supply 

chains  internally as well as externally among supply chain members. Supply chain management 

has a huge impact on business. Selection of proper multiple criteria decision-making technique, 

finding relative weights with respect to each alternative and finally choosing the best alternative  

based on scores calculated against each alternative. Saaty has devised method to calculate  the 

relative weights. The AHP is used to calculate the weights of  independent criteria  and related with 

the upper-level criteria. Good SCM can directly improve customer service. The right product and 

the correct quantity must be delivered in a timely manner, to appease both producers and 

distributors. Consumers want to be able to know the location they must go to obtain the goods that 

they want. A good supply chain management can improve the efficiency of plants, warehouses, and 

transportation vehicles. Cash flow is directly increased because the delivery of a product is in a 

timely manner, and consumers can purchase their goods. 

 



 

The main importance of Supply Chain Management are:- 

REDUCE OPERATING COST: 

 Decreases Purchasing Cost – Organizations generally prefer quick distributions of costly 

products and raw materials to avoid expensive inventory 

 Decrease Production Cost –  A reliable supply chain delivers materials to assembly plants 

and avoid any costs that may occur due to delays. 

IMPROVE CUSTOMER SERVICES: 

 Right quantity and quality – Customer expects delivery of right quantity and quality of 

products. 

 On-time delivery –  Customers expect to receive the correct product mix and quantity to be 

delivered on time. A reliable supply chain can help in avoiding any bottlenecks and ensure 

customers get their products in the promised time frame 

 Services – After sales services is one of the important aspects in any business. If any kind of 

problem occur in the product, customer expects it to be fixed quickly. A right supply chain ensures 

that customers get the service they want. 

 SCM plays an important role in moving items quickly and efficiently to destination. 

1.3 Objectives of Supply Chain management: 

The objective of the study includes Identifying the criteria for supplier selection Study of the factors 

whether they influence each other to find the correlation matrix between the criteriaTo find the 

weights considering the correlation by multi objective programming. To find the relative weight age 

factors to find the scores  among the suppliers using AHP the quantity to be ordered on each 

supplier using linear physical programming. 

The fundamental objective of Supply Chain Management is to add Value. 

Supply Chain Management becomes a tool to help accomplish corporate strategic objective 

• Reducing Working Capital. 

• Taking Assets of the Balance Sheets. 

• Accelerating Cash to Cash Cycles. 

• Increasing Inventory turns. 

 

 

 



1.4  Supplier Selection : 

Today, Supplier (vendor) selection is a significant issue in supply chain management (SCM) field 

for many enterprises, therefore its objective is an identification of suppliers with the highest 

capability of responding desirably to firm’s needs. Basically, there are two dimensions in the issue 

of the supplier selection problem: first dimension is a specification of criteria used for evaluation of 

suppliers, and the other one is an applied procedure or method to rank these suppliers. Evaluation of 

a supplier depends on several factors. Some criteria such as price, quality, delivery, reputation are 

frequently selected for comparison and appraisement. These criteria can influence the outcome of 

the decision-making process for vendor selection and they can also affect each other. therefore, the 

decision of selection of  suppliers is of central importance for successful supply chain management . 

Therefore, selecting the right suppliers is a key to the procurement process and represents a major 

opportunity for companies to reduce costs the concept of utility function to reflect human 

persuading, such as maximum satisfactory, less cost etc forms  multiple attribute decision making 

(MADM) problems, 

Organizations that wish to carry on the sustainable growing need a robust strategic performance 

measurement and evaluation system because of changing demands of consumers, reduced product 

life cycle, competitive and globalized markets. Supplier selection with order allocation represents 

one of the most important functions to be performed by the purchasing decision makers, which 

determines the long-term viability of the company a good supplier selection makes a significant 

difference to an organization’s future to reduce operational costs and improve the quality of its end 

products. There have been a lot of factors in today’s global market in which that influence 

companies to search for a competitive advantage by focusing on purchasing raw materials ,good 

and component parts represents the largest percentage of the total product cost.. in addition to this 

selling the product in a right market is equally important. Hence in supply chain the transport of 

goods movement plays vital role. Generally companies p either on their own transport material with 

their fleet or through logistic suppliers. selection of right logistic supplier impacts the performance 

of the company as involves time, money, customer preference. 

Companies with a competitive advantage enjoy a position of enduring superiority over competitors, 

in terms of customer preference, which may be achieved through logistics. The source of 

competitive advantage is in the ability of the organization to differentiate itself, in the eyes of the 

customer, from its competition, and to operate at a lower cost, and therefore a greater profit than its 

competitors. Competitive advantage stems from the many discrete activities a company performs in 

designing, producing, marketing, delivering, and supporting its products. Companies are thus 

increasingly recognizing the role and importance of logistics. Companies thus gain competitive 



advantage by performing such strategically important activities more efficiently than their 

competitors In so doing they may well find that they are engaging considerable resources in the 

performing of non-strategically important activities, and may consider outsourcing these to a 

company that specializes therein. Furthermore, the impact of company performance on a country’s 

land, labour and capital resources; gross national product; rate of inflation, interest rates, 

productivity, energy costs and availability; as well as employment and standards of living, is also 

key to the increased focus on supply chain management in many companies and countries. 

Industries spent billion on freight transportation on warehousing, storage, and inventory carrying 

costs; and billions to administer, communicate, and manage the business process. Supplier (vendor) 

selection is a significant issue in supply chain management (SCM) field for many enterprises, 

therefore its objective is an identification of suppliers with the highest capability of responding 

desirably to firm’s needs. An appropriate supplier may become and  develop into a cooperative and 

long term partnership in SCM for decision maker (DM)’s interests, which can help the growth of a 

corporation and can be crucial to the success of the DM’s business. 

 

1.5 Order Allocation: 

This supply chain consists of a company that can order products from multiple suppliers. At any 

time of an order, decisions have to be made by the company concerning the allocation of products 

to the suppliers and the respective order quantities, so that the total purchasing cost is minimized, 

while maintaining a specified service level. Purchasing department gives periodical orders to the 

suppliers and allocating this order among the suppliers is one of the main concerns of this 

department. In this section a GP model is developed to determine the annual order quotas for the 

successful suppliers selected after the evaluation process. Actually one might choose to work with 

the most preferred supplier after the evaluation process. However, there are other concerns that 

bring the necessity to work with more than a single supplier. These concerns are in the form of 

either goals or restrictive constraints. In the order allocation model, five goals are identified among 

which the company should make a selection and identify target levels. The details of the order 

allocation model are given below for n candidate suppliers determined by the supplier evaluation 

model. The objective is to allocate the corresponding order quantities over time to the selected 

suppliers 

 

 

 

 
 

 

 

 



CHAPTER 2 

LITERATURE REVIEW 

                                 There are comprehensive literature reviews performed for supplier selection 

application by Dickson [5], Weber et al. [6], De Boer et al. [7] and Sanayei et al. [8]. Ayhan [9].  

Dickson‟s [4] stated 23 criteria for supplier selection. Cheraghietal. [10] updated Dickson‟s criteria 

with 13 more. As a brief of all criteria price, quality, and delivery performances are found as the most 

significant selection criteria. various MCDM are put into practice, which can be categorised broadly 

into in to three  

 

1) Value Models: AHP and multi attribute utility theory (MAUT) fall in this group. 

 2) Goal, Models: Goal programming, TOPSIS.VIKOR belong to the group. 

3) Outranking Methods: PROMETHEE and ELECTRE   etc. belong this group. 

 

Ghodsypour, S.H., and O’Brian, C [11] proposed a Decision Support System for Supplier Selection 

Using an Integrated AHP and Linear Programming. 

 AHP, which was first developed by Saaty integrates experts‟ opinions and evaluation scores into a 

simple elementary hierarchy system. Yahya and Kingsman used AHP to determine priorities in 

selecting suppliers.Similarly Analytic Network Process (ANP) is also a multi attribute approach for 

decision making that allows the transformation of qualitative values to quantitative ones. AHP is a 

special case of ANP. Kilic [ 12] suggested an integrated approach for supplier selection in multi 

item/multi supplier environment. Xia, W. and Wu, Z., [13] considered Supplier selection with multiple 

criteria.AHP, which was first developed by Saaty integrates experts‟ opinions and evaluation scores 

into a simple elementary hierarchy system.  

 

Yahiya and Kingsman [14] used  AHP to determine priorities in selecting suppliers. The book by 

Lambert and Gupta [15] presented the importance of the area of disassembly. Ganger and Gupta [16] 

cited a comprehensive study in manufacturing industry. Kongar and Gupta [17] presented a multi-

criteria decision making approach. Imtanavanich and Gupta [18] modelled the supply chain problem 

with stochastic yields LPP technique is used in solving the supply chain problem by Imtanavanich and 

Gupta [19]. Massoud and Gupta [20] considered the multi-period order problem. Kongar and Gupta 

[21] proposed a LPP model for environmental and financial goals. 

Researchers have introduced and examined different criteria for the supplier selection problem since 

1960s. Dickson identified 23 criteria based on a survey of 170 purchasing managers involved in 

various SSPs. The criteria such as price, delivery performance, and quality were the most important 

criteria in evaluating suppliers. Weber et al.  reviewed 74 articles to catch supplier selection criteria. 



They also concluded that the important criteria are quality, delivery performance and cost. They 

stressed that supplier selection not only depend on the criterion cost, but also it would depend on other 

criteria such as quality and delivery performance. 

Many papers in the literature have investigated supplier selection and evaluation methods . De Boer et 

al. and Ho et al.  conducted a comprehensive survey of methods used for solving SSP. In this section, 

direction of literature review will essentially be conducted in the mathematical programming models 

used for supplier selection and order allocation decisions. 

                        Among 78 journal articles studied by Hoet al., only nine papers (11.54%) formulated 

the supplier selection problem in form of various mathematical programming models. Hong and 

Hayya  formulated the multiple sourcing as a mathematical model and solved it to obtain the optimal 

solution of suppliers and the size of the split orders. Talluri and Narasimhan  proposed a linear 

programming model based on data envelopment analysis (DEA) for effective supplier sourcing where 

multiple strategic and operational factors in the evaluation process are considered. Ng developed a 

weighted linear programming model for the multi-criteria supplier selection problem. 

                             Different mixed-integer programming approaches have been applied by researchers 

for the SSP. Talluri  presented a binary integer linear programming model in selecting an optimal set 

of bids that satisfy the buyer’s demand requirements to evaluate supplier bids based on the ideal 

targets set by the buyer. Hong et al.  developed a mixed-integer linear programming model for the 

SSP. The outputs of the Hong et al. ’ model were the optimal number of suppliers, and the optimal 

order quantity to maximize revenue while satisfying the procurement condition and maintaining the 

supplier-relationship for a longer time period. Ghodsypour and O’Brien developed a mixed integer 

non-linear programming model taking into account the total logistics costs (net price, storage, 

transportation, and ordering costs) and the buyer limitations (budget, quality, service, etc.) to solve the 

multiple sourcing problems. Basnet and Leung  developed a mixed integer programming model to 

solve the SSP with multi-period multi-product lot sizing. The objective function included the 

transaction cost, the purchasing cost, and holding cost for each product in the inventory in each period. 

Order quantities with quantity discounts problem has studied from the point of view of supplier 

selection and order quantity allocation by Bender et al. Chaudhry et al.  Ghodsypour and O’Brien  

Amid et al.  Chaudhry et al.  formulated a linear mixed-integer programming model to minimize the 

aggregate price by considering both cumulative and incremental discount. The selection process was 

influenced by the price, delivery, and quality objectives of the buyer, as well as by the production or 

rationing constraints of vendors. 



                                It is well known that the optimal solution of single-objective models can be quite 

different from the models consisting of multiple objectives. In fact, the decision maker (DM) often 

wants to minimize the total purchasing and ordering costs, the net number of rejected items from the 

suppliers and the net number of late delivered items. Each of these objectives is valid from a general 

point of view. Since these objectives conflict with one another, a ssolution may perform well for one 

objective but may give inferior results for others. For this reason, SSP problems have a multi-objective 

nature. As mentioned, since considering one criterion rarely occurs in practice (single objective 

function), MOLP is a suitable approach to solve the SSP with taking account into quantity discount. 

                    

              The multi-objective programming techniques in evaluating suppliers in multiple sourcing 

problems have not received as much attention as single objective problem in single sourcing problem 

in the literature . Weber and Current  presented a multi-objective approach to systematically analyze 

the inherent tradeoffs involved in multi-criteria supplier selection problems. Weber et al.  presented an 

approach based on multi-objective programming and data envelopment analysis to determine the 

number of suppliers in a multi-vendor and single product purchasing environment. Xia and Wu  

proposed an integrated approach of analytical hierarchy process improved by rough sets theory and 

multi-objective mixed integer programming simultaneously determine the number of suppliers to 

employ and the order quantity allocated to these suppliers in the case of multiple sourcing, multiple 

products, with multiple criteria and with supplier’s capacity constraints. These models have not 

considered price discount or multi-price level. 

                             Narasimhan et al.  proposed a multi-objective programming model for dealing with 

the problem in multi-product and discount environment (multi-price level) environment while 

considering the competitive bidding mechanism for supplier selection. Wadhwa and Ravindran  

modeled the SSP as a multi-objective optimization problem, where price, lead-time, and rejects are 

explicitly considered as the three conflicting criteria to be minimized simultaneously. Because the real 

cases are actually full of ambiguities or in simplest term fuzzy, some authors have combined the fuzzy 

set theory to handle such uncertainties and ambiguities. 

 

 

 

 



 

                          Amid et al. proposed a FMOLP model (weighted additive) for SSP to tackle with 

information’s vagueness and to help decision makers to find out the appropriate ordering from each 

supplier. Amid et al.  formulated the SSP under price breaks in a supply Chain. Their model included 

three objective functions minimizing the net cost, minimizing the net rejected items, and minimizing 

the net late deliveries, while satisfying capacity and demand requirement constraints proposed a multi-

objective model for supplier quota allocation problem while demand was dependent on the offered 

price by suppliers. They solved their models using genetic algorithm and simulated annealing. Lee et 

al. tried to construct a lot-sizing model with multi-suppliers and quantity discounts to minimize total 

cost over the planning horizon as a single-objective problem. The objective was to minimize total 

costs, where the costs include ordering cost, holding cost, purchase cost, and transportation cost 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 



CHAPTER 3 

METHODOLOGY 1 

3.1 MULTI ATTRIBUTE DECISION MAKING PROBLEMS: 

3.1.1 The Analytic Hierarchy Process (AHP): 

Analytic Hierarchy Process (AHP) is one of Multi Criteria decision making method that was 

originally developed by Prof. Thomas L. Saaty. In short, it is a method to derive ratio scales from 

paired comparisons. The input can be obtained from actual measurement such as price, weight etc., or 

from subjective opinion such as satisfaction feelings and preference. AHP allow some small 

inconsistency in judgment because human is not always consistent. The ratio scales are derived from 

the principal Eigen vectors and the consistency index is derived from the principal Eigen value.  

The AHP and its use of pair wise comparisons has inspired the creation of many other decision-

making methods. Besides its wide acceptance, it also created some considerable criticism; both for 

theoretical and for practical reasons. Since the early days it became apparent that there are some 

problems with the way pair wise comparisons are used and the way the AHP evaluates alternatives. 

the AHP is the most widely accepted method and is considered by many as the most reliable MCDM 

method. multi criteria decision making (MCDM) approaches for supplier selection based on journal 

articles from 2000 to 2008. (Chen et al., 2006 (1)) proposed a fuzzy multiple criteria decision-making 

method to cope with supplier selection problems, and to use TOPSIS) to determine the ranking order 

of all suppliers. grey-based approach PROMETHEE (methodology to evaluate suppliers for strategic 

sourcing, in which suppliers are evaluated regarding to supplier’s co-design capabilities and 

categorized based on overall performances. 

 

 (Ghosh pour & O’Brien, 2001[2])) Formulated a mixed integer non-linear programming model to 

solve the multi-criteria sourcing problem. A survey of Multiple Attribute Decision Making Methods 

and Applications was done by Hwang, C.L., and Yoon, K., (1981)[3] 

In brief. The procedures of MADM can be comprised of five main steps as follows: 

Step 1. Define the nature of problem. 

Step 2. Construct a hierarchy system for evaluation. 

Step 3. Select the appropriate evaluating model.  

Step 4. Obtain the relative weights and performance score of each attribute with respect to each 

alternative.  

Step 5. Determine the best alternative according to the synthetic utility values, which are the 

aggregation value of relative weights and performance scores corresponding to alternatives.  

On the basis of dealing with MADM problems, the analytic hierarchy process (AHP) was proposed 

by Saaty to derive the relative weights according to the appropriate hierarchical system. The AHP 



should be the most popular method used in dealing with multicriteria decision making (MCDM) 

problems in the field of operations research/management science (OR/MS), according to the 

published journal papers. Many methods have been proposed to revise or modify the limitations and 

defects of the AHP as to extend the capability of the AHP for dealing with more sophisticated 

problems. The AHP is used to derive the weights of criteria when they are independent and outer 

dependent by the upper-level criteria. However, there are other effects, such as inner-dependence and 

feedback, which should be considered to present the relationship between criteria. 

Hence, Saaty proposed the analytic network process to account for the effects of outer-dependence, 

inner dependence and feedback. Hereafter, the AHP is the most common tool in the field of decision 

making to deal with various effects between criteria. The correlation between criteria is commonly 

observed in the realistic problems example such as quality of product and after sales service initial 

cost of vehicle and reliability etc. 

3.2 How the AHP works: 

The AHP considers a set of evaluation criteria, and a set of alternative options among which the best 

decision is to be made. It is important to note that, since some of the criteria could be contrasting, it is 

not true in general that the best option is the one which optimizes each single criterion, rather the one 

which achieves the most suitable trade-off among the different criteria. The AHP generates a weight 

for each evaluation criterion according to the decision maker’s pair wise comparisons of the criteria. 

The higher the weight, the more important the corresponding criterion. Next, for a fixed criterion, the 

AHP assigns a score to each option according to the decision maker’s pair wise comparisons of the 

options based on that criterion. The higher the score, the better the performance of the option with 

respect to the considered criterion. Finally, the AHP combines the criteria weights and the options 

scores, thus determining a global score for each option, and a consequent ranking. The global score 

for a given option is a weighted sum of the scores it obtained with respect to all the criteria.  

 

3.3 Features 0f the AHP: 

The AHP is a very flexible and powerful tool because the scores, and therefore the final ranking, are 

obtained on the basis of the pair wise relative evaluations of both the criteria and the options provided 

by the user. The computations made by the AHP are always guided by the decision maker’s 

experience, and the AHP can thus be considered as a tool that is able to translate the evaluations (both 

qualitative and quantitative) made by the decision maker into a multi criteria ranking. In addition, the 

AHP is simple because there is no need of building a complex expert system with the decision 

maker’s knowledge embedded in it. On the other hand, the AHP may require a large number of 

evaluations by the user, especially for problems with many criteria and options. Although every 

single evaluation is very simple, since it only requires the decision maker to express how two options 



or criteria compare to each other, the load of the evaluation task may become unreasonable. In fact 

the number of pair wise comparisons grows quadratic ally with the number of criteria and options. 

For instance, when comparing 10 alternatives on 4 criteria, 4·3/2=6 comparisons are requested to 

build the weight vector, and 4·(10·9/2)=180 pair wise comparisons are needed to build the score 

matrix. However, in order to reduce the decision maker’s workload the AHP can be completely or 

partially automated by specifying suitable thresholds for automatically deciding some pairwise 

comparisons.  

 

3.4 AHP Methods Uses In Many Applications: 

 
1. Evaluate product features  

2. Select from strategic alternatives  

3. Select KPIS( key performance indicators)  

4. Make consolidated decisions with multiple input from different stakeholder  

 

3.5 AHP Procedure: 

  

 

 

 



Figure 1:Steps in AHP 

                     On the basis of dealing with MADM problems, the analytic hierarchy process (AHP) 

was proposed by Saaty to derive the relative weights according to the appropriate hierarchical system. 

The AHP should be the most popular method used in dealing with multi criteria decision making 

(MCDM) problems in the field of operations research/management science (OR/MS), according to 

the published journal papers. Many methods have been proposed to revise or modify the limitations 

and defects of the AHP as to extend the capability of the AHP for dealing with more sophisticated 

problems. The AHP is used to derive the weights of criteria when they are independent and outer 

dependent by the upper-level criteria. However, there are other effects, such as inner-dependence and 

feedback, which should be considered to present the relationship between criteria. 

 

3.6 METHODOLOGY: 

 
                       The study is done in three phases for supplier selection. Before proceeding to various 

phases the various factors for supplier selection is considered in the phase one the inter relationship 

among factors is considered. In the second phase the weights among the factors considered. In the 

third phase linear physical programming is considered.  

3.6.1 Mathematical model  

                   The supplier selection is followed by a process depicted in as per the flow diagram 

mentioned below. Analytic hierarchy process was proposed by Saaty based on multiple attributes in a 

hierarchical system. It should be highlighted that all decision problems are considered as a 

hierarchical structure in the AHP. The top most level indicates the goal. In the second level, the goal 

is decomposed of several criteria and the lower levels divide into other sub criteria. Therefore, the 

general form of AHP can be depicted as shown in figure 

 

Figure 2: AHP Diagram 

 

 



3.6.2 AHP Mathematical Procedure : 
 
• Devise the hierarchical system by decomposing the problem and Compare the comparative weight 

between the attributes of the decision elements using satty score  

• The relative weight. Estimation and determine the best alternatives/strategies after aggregation  

If we wish to compare a set of 𝑛 attributes pair wise according to their relative weights (importance), 

where the weights (Wij) ratio of pair wise compared value value between i and j are  

W = [wij]n×n ,  --------------------- [8] 

Where Wij = wij
-1, wij= wikwkj ,and wij= wi/wj. 
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Or(w-nI)w = 0  

The approximate weights we can find by calculating the Eigen vector w with respect to which 

satisfies  

Aw = w   

Where is the largest eigen value of the matrix A. in addition, calculate the consistency indexes (C.I.) 

to check if the consistency condition is almost satisfied for A:  

                                                        C.I = 
1

max n

n

 

   

 Random Consistency Index ( ) 
 

n  1  2  3  4  5  6  7  8  9  10  

RI  0  0  0.58  0.9  1.12  1.24  1.32  1.41  1.45  1.49  

 

Where n=Number of comparisons 

=Column sum (weight)+Column sum (weight)+..................... 

Random Consistency Index (RI)  

n  1  2  3  4  5  6  7  8  9  10  

RI  0  0  0.58  0.9  1.12  1.24  1.32  1.41  1.45  1.49  

 



Consistency Ratio, which is a comparison between Consistency Index and Random Consistency 

Index, or in formula 

CR=
CI

RI
 

If the value of Consistency Ratio is smaller or equal to 10%, the inconsistency is acceptable. If the 

Consistency Ratio is greater than 10%, we need to revise the subjective judgment. 

3.7 Model  

A study was conducted to identify the key selection criteria in a manufacturing industry in order to 

place orders on each manufacturer called as supplier. here each manufacturer performs multiple 

operation. Firstly constructed a decision hierarchy consisting of hierarchical levels of selection 

criteria, identified the factors whether they influence each other to find the correlation matrix between 

the criteria. Normalized weights of factors are found considering the correlation by multi objective 

programming. the scores among the suppliers using correlated AHP are found. Finally the quantity to 

be ordered on each supplier using linear physical programming taking into consideration of target 

levels are obtained. 

3.7.1 Phase 1  

The selection of criteria scores are obtained as per guide lines by a questionnaire circulated among 6 

experts.  

AHP weight calculation:  

Supplier factors, terminology and calculation is illustrated here. 

Operating efficiency(B1) C1. Operating Speed 

 C2. Operating readiness 

 C3. Operation Accuracy 

 C4. Transportation cost 

Cost(B2) C5. Storage cost 

 C6. Order Processing cost  

 C7. Information Technology 

Technology level satisfaction(B3) C8.Storage Technology 

 C9 Transportation technology 

 C10. Customer Satisfaction 

Service Quality C11. Compatibility 

 C12. Financial easiness 

Table 1:Factors Considered For The Project 

 



 

 

Figure 3:Model Diagram for The Problem 

•  Operation Speed: It indicates generally which supplier will deliver fast because of the 

process capacity and capability of firm.  

• Operating Readiness: preparation of stores/stocks in such a way they can be used 

straightaway without having a bit of damage  

• Operation Accuracy: It includes many aspects like adherence to transportation time, on-time 

delivery, frequency and cost of damages etc.  

• Order Processing: Order processing starts from picking, packaging and packed items delivery 

to transporter.  

• Operating Cost: Operating costs are the expenses for conducting thebusiness or facility.  

• Storage Cost &Transportation Cost: Transportation and Storage Costs is a moving expense 

related to the costs of goods. Transportation and storage costs include the cost of moving and storing 

possessions.  

• Information Technology: Information technology (IT) is the application of computers and 

data acquisition and data management for conduct of business or other manufacturing and allied 

activities.  

• Storage Technology: the cost incurred for proper storing  

• Transportation technology: the cost incurred for transport of the item  

• Customer Satisfaction: It is a measure of how goods and services supplied by a company 

satisfies customer expectation. 

 

• Compatibility: it is the ability of the manufacturer, its vendors and their customers work in 

collaboration. They work in harmony.  

• Financial Easiness: Ensures continuity in services, better cash flow, sound balance sheet are 

indicators for service provider worth. 

 



Relation between various factors (first level): 

 B1 B2 B3 B4 

B1 1 2 3 2 

B2 1/2 1 2    1         

B3 1/3 ½ 1 ½ 

B4 1/2 1 2 1 

Table-2 

 

Phase 2:  

Here operating efficiency, cost, technology level and service quality are represented by B1, B2, B3 

and B4 respectively. Here we considered the relation between all the internal factors hypothetically. If 

we consider the relation between operating efficiency and cost, operating efficiency has the more 

importance than cost likewise the preferences are mentioned in the above table  

Step 1: column summation 

Column sum of the various factors 

 B1 B2 B3 B4 

B1 1 2 3 2 

B2 ½ 1 2 1 

B3 1/3 ½ 1 ½ 

B4 ½ 1 2 1 

SUM 2.3333 4.5 8 4.5 

Table-3 

 

After considering the relations between different aspects we do the column 

Sum or the normalization purpose 

 

Sum 1 = B11+B21+B31+B41 = 1+0.5+0.333+0.5 = 2.3333 

Sum 2 = B12+B22+B32+B42 = 2+1+0.5+1 = 4.5 

Sum 3 = B13+B23+B33+B43 = 3+2+1+2 = 8 

Sum 4 = B14+B24+B34+B44=2+1+0.5+1 = 4.5 

 

 

 



 

Step2: column normalization  

Column normalization of the factors: 

 

 B1 B2 B3 B4 

B1 0.4285 0.4444 0.375 0.4444 

B2 0.2142 0.2222 0.25 0.2222 

B3 0.1428 0.1111 0.1250 0.11111 

B4 0.2142 0.2222 0.25 0.2222 

Table-4 

 

B11= 1/2.3333=0.4285 

B12=2/4.5=0.4444 

B13=3/8=0.375 

B14=2/4.5=0.4444 … the remaining all calculated  

For column normalization each digit is to be divided by the sum of that column, in the above table it 

is clearly shown the outcome results of the column normalization. 

Step3: Row sum  

Row sum of the various factors 

 B

1 

B

2 

B

3 

B

4 

Su

m 

B1 0

.

4

2

8

5 

0

.

4

4

4

4 

0

.

3

7

5 

0

.

4

4

4

4 

169

23 

B2 0

.

2

1

4

2 

0

.

2

2

2

2 

0

.

2

5 

0

.

2

2

2

2 

0.9

086 



B3 0

.

1

4

2

8 

0

.

1

1

1

1 

0

.

1

2

5 

0

.

1

1

1

1 

0.4

9 

B4 0

.

2

1

4

2 

0

.

2

2

2

2 

0

.

2

5 

0

.

2

2

2

2 

0.9

086 

Total(S)                                                 3.9995 

  

Table 5 

In the above table row sum has been done to do the sum normalization  

Sum1 = (0.4285+0.4444+0.375+0.4444) = 1.6923 

Sum 2 = (0.2142+0.2222+0.25+0.2222) = 0.9086 

Sum 3 = (0.1428+0.1111+0.125+0.1111) = 0.49 

Sum 4 = (0.2142+0.2222+0.25+0.2222) = 0.9086 

And the total sum is (1.6923+0.9086+0.49+0.9086) = S =3.9995 

 

Step4: Row normalization  

Row normalization of the factors 

 

 B1 B2 B3 B4 Weights 

B1 0.4285 0.4444 0.375 0.4444 0.4231 

B2 0.2142 0.2222 0.25 0.2222 0.2271 

B3 0.1428 0.1111 0.125 0.1111 0.1225 

B4 0.2142 0.2222 0.25 0.2222 0.2271 

Table 6 

 



The individual sums are divided by the total sum to get the individual weights.  

W1 = S1/S = 1.6923/3.9995 = 0.4231 

W2 = S2/S = 0.9086/3.9995 = 0.2271 

W3 = S3/S = 0.49/3.9995 = 0.1225 

W4 = S4/S = 0.9086/3.9995 = 0.2271 

Step 5: Consistency index:  

Definition: The consistency index (CI) measures the consistency set of data. 

C.I = 
1

max n

n

 

  

=Column sum (weight)+Column sum (weight)+..................... 

λmax=(2.33)(0.4231)+4.5(0.2271)4.8(0.1225)+4.5(0.2271) 

         =4.01 

n=4 

C.I=(4.01-4)/(4-1)   =0.003 

C.R=C.I/R.I 

C.I=Consistency Index 

R.I=Random Consistency Index 

                     C.R=C.I/R.I 

                           =0.003/0.9 

                           =0.4%<10% 

As consistency index is less than 10% the value that are taken are consistent 

 

Relation between internal factors of B1:                                                 

B1 C1 C2 C3  

C1 1 3 2  

C2 1/3 1 1  

C3 ½ 1 1  

 1.833 5 4  

 

 

 

 

 

 

Table 7 

 

 

 

 

 

 



   Row summation : 

 

 

 

 

 

 

 

Table 8 

    Row Normalising: 

 

 

 

 

 

 

 

                                                                            

                             

Table 8 

                    λmax=1.833(0.545)+5(0.21)+4(0.21) 

                                =3.0  n=3 

                    C.I=(3.01-3)/2=0.007 

                    C.R=0.007/0.58=1.2%<10% 

    As the consistency ratio is found in order C.R = 1.2% which is less than 10% 

Hence the values taken are  acceptable.  

Relation between internal factors of B2: 

B2 C4 C5 C6 

C4 1 2 3 

C5 ½ 1 1 

C6 1/3 1 1 

 1.833 4 5 

Table 9 

 

 

B1 C1 C2 C3  

C1  0.545  0.6  0.5 1.645 

C2  0.191  0.2  0.25 0.631 

C3  0.272  0.2  0.25  0.722  

                                                                                  2.998  

B1  C1  C2  C3   

C1  0.545  0.6  0.5  0.548  

C2  0.191  0.2  0.23  0.21  

C3  0.272  0.2  0.25  0.24  

λmax=3.01, C.I=0.007,C.R=1.2% 



Row summation : 

B2  C4  C5  C6   

C4  0.545  0.5  0.6  1.64  

C5  0.272  0.25  0.2  0.722  

C6  0.181  0.25  0.2  0.631  

                                                                                  2.993  

Table 10 

Row Normalization: 

B2  C4  C5  C6   

C4  0.545  0.5  0.6  0.547  

C5  0.272  0.25  0.2  0.242  

C6  0.181  0.25  0.2  0.21  

λmax=3.01, C.I=0.001, C.R=1.79% 

Table 11 

                        λmax=1.833(0.547)+4(0.242)+5(0.21) 

                                  =3.01 

                                 n=3 

                        C.I=(3.01-3)/2=0.001 

                        C.R=0.001/0.58=1.79<10% 

 The consistency ratio is found in order  C.R=1.79% which is less than 10%Hence the values taken 

are acceptable. 

Relation between internal factors of B3: 

B3 C7 C8 C9 

C7 1 .25 2 

C8 4 1 4 

C9 0.5 ¼ 1 

 5.5 

 

1.5 7 

Table 12 

 



Row Summation: 

B3  C7  C8  C9   

C7  0.18  0.166  0.285  0.631  

C8  0.727  0.661  0.571  1.964  

C9  0.09  0.166  0.142  0.398  

2.993  

Table 13 

Row Normalization 

B3  C7  C8  C9   

C7  0.18  0.166  0.285  0.21  

C8  0.727  0.661  0.571  0.656  

C9  0.09  0.166  0.142  0.112  

λmax=3.04, C.I=0.02, C.R=3.04% 

Table 14 

λmax=5.5(0.21)+1.5(0.65)+7(0.15) 

                               =3.04 

                      C.I=(3.04-3)/2=0.02 

                      C.R=0.02/0.58=3.04%<10% 

 The consistency ratio is found in order  C.R =3.04% which is less than 10% 

Hence the values taken are acceptable. 

 

Relation between internal factors of B4: 

B4 C10 C11 C12 

C10 1 .2 2 

C11 5 1 3 

C12 

 

 

 

C12 

½ 1/3 1 

 6.5 1.53 6 

Table 15 

 

 



 

Row Summation: 

B4  C10  C11  C12   

C10  0.153  0.13  0.33  0.613  

C11  0.769  0.63  0.52  1.919  

C12  0.076  0.217  0.166  0.459  

2.991  

Table 16 

Row Normalization: 

B4  C10  C11  C12   

C10  0.153  0.13  0.33  0.20  

C11  0.769  0.63  0.52  0.64  

C12  0.076  0.217  0.166  0.15  

λmax=3.08, C.I=0.04, C.R=6.8% 

Table 17 

λmax=6.5(0.2)+1.533(0.64)+6(0.15) 

                               =3.08 

C.I=(3.08-3)/2=0.04 

 C.R=0.04/0.58=6.8%<10% 

 The consistency ratio found in order CR=6.8% which is less than 10% 

Hence the values taken are acceptable 

3.8 Correlated AHP: 

In this section, we will propose a way to extend the AHP toconsider the correlation between criteria. 

In order to avoid the confusion between the proposed model and AHP/ANP, we first introduce the 

following four effects which could 

happen between criteria as follows. 

(1) Outer-Dependence: a criterion influencing another criterion is called outer-dependence. 

(2) Inner-Dependence Loop : a criterion has an inner dependence loop if its elements are to depend 

on each other. 

(3) Feed Back : two criteria depending on each other are called feedback. 

 



(4) Correlation : a criterion correlated to another criterion is called correlation. It should be 

highlighted that correlation does not imply causation between 

criteria. 

We should highlight that the AHP can account for the outer-dependence effect from upper criteria but 

claims each sub criterion is independent of the other. Although the ANP can account for the effects of 

outer-dependence,  

Inner dependence loop, and feedback, it cannot deal with the correlation between criteria. 

Correlation Matrix: By considering individual operation speed and corresponding Order 

processing cost rate are in correlation with each other (table 14).The correlation is calculated as 

mentioned below. The correlation coefficient is 

r =  
𝑆𝑆𝑥𝑦

√(𝑆𝑆𝑥𝑥)(𝑆𝑆𝑦𝑦)
 

 

 

 

 

 

 

 

 

 

Figure 4 

As shown in Figure 3, it can be seen that Criteria 1 and 2 are considered to affect the decision of the 

problem.In order to consider the correlation effect in the AHP, we should first quantify the correlation 

matrix between criteria. Ex correlation matrix R𝑗𝑖 = correlation between i and j In addition, it should 

be highlighted that R𝑗𝑖== R𝑖𝑗, ∀𝑖, 𝑗 

R =  |

𝑟11

𝑟21

𝑟12 𝑟13 𝑟14

𝑟22 𝑟23 𝑟24
𝑟31

𝑟41

𝑟32 𝑟33 𝑟34

𝑟42 𝑟43 𝑟44

| 

 

𝑅11 =  |
𝑟11 𝑟12

𝑟21 𝑟22
|    ,𝑅12 = |

𝑟13 𝑟14

𝑟23 𝑟24
|  ,𝑅21 = |

𝑟31 𝑟32

𝑟41 𝑟42
|  ,𝑅11 = |

𝑟33 𝑟34

𝑟43 𝑟44
| 

 

because the correlation effect is symmetric. Then, we assume that if Criterion 𝑖 is highly correlated to 

Criterion 𝑗, they have similar weights or influence to the problem. Hence, if we obtain the correlation 

matrix between criteria, we can objective to maximize the correlation, that is, Rw.if there is no 

correlation it will be 0.  

Relation between criteria 

Criteria-1 Criteria-2 

Sub Criteria-1 
 

Sub Criteria-3 
 

Sub Criteria-2 
 

Sub Criteria-4 
 



Biobjective  problem( as per Hsiang-Hsi Liu,[22]) 

 

   Max w Rw ,                                      

1min i
ij ij

j jp p

ww
a a

w w
    

        s.t.∑ wi = 1L
i=1  

 

Where 𝑎𝐼𝐽denotes the given estimated weight ratio of the upper-level Criteria 𝐼 and 𝐽, 𝑤𝐼denotes the 

true weight of the upper-level 𝐼th criterion, In the upper-level 𝐼th criterion can be divided into 𝑘𝑖lower-

level criteria 

Correlation Data For C1 And C6: 

 C1 C6 

Serial 

No 

Operation  Speeds 

(Days) 

Order 

Processing Cost(Rs) 

1 3 4 

2 4 5 

3 5 6 

4 4 7 

5 5.5 10 

6 3 9 

7 4 11 

8 3.5 8 

9 4.5 9 

10 3 4 

11 4 5 

12 5 7 

13 4 8 

14 5 9 

15 3 11 

16 4 10 

17 3 7 

18 4.5 8 

Table 18 

 



Solvation of correlation table: 

C1(xi) C6(yi)    

(xi-

𝒙)̅̅ ̅ 

   (yi-

�̅�) 

(xi-

�̅�)(yi-

�̅�) 

(xi-

�̅� )2 

(yi-�̅�)2 

3 4 -1 -3.66 3.66 1 1.34 

4 5 0 -2.66 0 0 7.07 

5 6 1 -1.66 -1.66 1 2.75 

4 7 0 -0.66 0 0 0.45 

5.5 10 1.5 2.34 3.51 2.25 5.47 

3 9 -1 1.34 -1.34 1 1.79 

4 11 0 3.34 0 0 11.15 

3.5 8 -0.5 0.34 -0.17 0.25 0.11 

4.5 9 0.5 1.34 0.67 0.25 1.79 

3 4 -1 -3.66 3.66 1 13.3 

4 5 0 -2.66 0 0 7.07 

5 7 1 -0.66 -0.66 1 0.43 

4 8 0 0.34 0 0 0.115 

5 9 1 1.34 1.34 1 1.79 

3 11 -1 3.34 -3.34 1 11.15 

4 10 0 2.34 0 0 5.47 

3 7 -1 -0.66 0.66 1 0.43 

4.5 8 0.5 0.34 0.17 0.25 0.11 

�̅�=4 �̅�=7.66 =0 =0.12 =6.5 11 83.825 

Table 19 

The sum of squares for variable x is: 

                    

                             =11 

The sum of squares for variable y is: 

 

         =83.825 

Finally, the sum of the product of mean deviations (SSXY) is: 

 

          =6.5 

 



The correlation coefficient  r  is        

                                                         r=
6.5

√(11∗83.828)
 

                                                            =0.2 

Correlation table: 

 C4 C5 C6 

C1 .2 .3 .2 

C2 .4 .5 .3 

C3 .2 .4 .3 

Table 20 

Multi objective programming:  Multi Objectives function is performed to find out correlation 

weights 

Min n= -((.2 * w11 * w21) +(.3 * w11 * w22 ) +(.2 *w11 *w23 ) +( .4 *w12 * w21) +(.5 *w12 * 

w22) + (.3 * w12 * w23) + (.2 *w13 * w21) +(.4 *w13 *w22 ) + (.3 *w13 *w23)); 

Min  m = -‖(1 −
W1

W1
) + (2 −

W1

W2
) + (3 −

W1

W3
) + (2 −

W1

W4
) + (0.5 −

W2

W1
) + (1 −

W2

W2
) +

(2 −
W2

W3
) + (1 −

W2

W4
) + (0.33 −

W3

W1
) + (0.5 −

W3

W2
) + (1 −

W3

W3
) + (0.5 −

W3

W4
) + (0.5 −

W4

W1
) +

(1 −
W4

W2
) + (2 −

W4

W3
) + (1 −

W4

W4
)‖+‖(1 −

W11

W11
) + (3 −

W11

W12
) + (2 −

W11

W13
) + (0.33 −

W12

W11
) +

(1 −
W12

W12
) + (1 −

W12

W13
) + (0.5 −

W13

W11
) + (1 −

W13

W12
) + (1 −

W13

W13
) +‖+‖(1 −

W21

W21
) + (2 −

W21

W22
) +

(3 −
W21

W23
) + (0.5 −

W22

W21
) + (1 −

W22

W22
) + (1 −

W22

W23
) + (0.33 −

W23

W21
) + (1 −

W23

W22
) + (1 −

W23

W23
)‖+‖(1 −

W31

W31
) + (0.25 −

W31

W32
) + (2 −

W31

W33
) + (4 −

W32

W31
) + (1 −

W32

W32
) + (4 −

W32

W33
) +

(0.5 −
W33

W31
) + (0.44 −

W33

W32
) + (1 −

W33

W33
)‖+‖(1 −

W41

W41
) + (0.2 −

W41

W42
) + (2 −

W41

W43
) +

(5 −
W42

W41
) + (1 −

W42

W42
) + (3 −

W42

W43
) + (0.5 −

W43

W41
) + (0.33 −

W43

W42
) + (1 −

W43

W43
)‖ 

 

 W1+W2+W3+W4=1;   

W1 =W11 + W12 + W13;  

W2 =W21 +W22 +W23; 

 W3 =W31 +W32 +W33; 

W4 =W41+W42 +W43;  

 

W1 ≥0; W2 ≥0; W3 ≥0; W4 ≥0;W11 ≥0; W12 ≥0; W13 ≥0;W21 ≥0;  

W22 ≥0; W23 ≥0; W31 ≥0; W32 ≥0; W33 ≥0;W41 ≥0; W42 ≥0; 



 W43≥ 0; 

 Where W1,W2,W3,W4 are weights of B1,B2.B3,B4 respectively. 

and W11,W12,W13 W21,W22,W23,W31,W32,W33,W41,W42,W43are  

 weights of C1,C2,C3,C4,C5,C6,C7,C8,C9,C10,C11,C12,C23 respectively.  

 The results of correlated weights:  

Top 

level 

Fact

ors 

Wei

ghts 

Seco

nd 

Level 

Weig

hts 

Seco

nd 

Lev

el 

Weig

hts 

Seco

nd 

Lev

el 

W

ei

g

ht

s 

B1 0.11

4267 

C1 0.062

93 

C5 0.047

32 

C9 0.

02

97

5 

B2 0.14

2102 

C2 0.023

20 

C6 0.071

05 

C10 0.

18

66 

B3 0.18

1430 

C3 0.027

67 

C7 0.060

23 

C11 0.

28

11 

B4 0.56

2199 

C4 0.023

73 

C8 0.090

71 

C12 0.

09

22

0 

Table 21 

The table  clearly demonstrates the correlated AHP values are different from normal AHP values. 

First normal AHP is performed to check the consistency. 

 

 

 

 

 

 

 

 



supplier wise ranks are calculated : 

Each supplier is given weight with respect to each factor. On a scale of 1 ---10.Supplier weights are 

calculated 

 S
u
p
p
l

ie
r 

1
 

W
ei

g

h
ts

 

 P
ro

d
u

ct
 

 S
u
p
p
l

ie
r 

2
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h
ts
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ro

d
u

ct
 

 S
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p
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P
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S
u
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p
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g

h
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P
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d
u
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s 

Opera

ting 

Effici

ency 

8 0

.

1

1 

0

.

9

1 

5 0

.

1

1 

0

.

5

7 

7 0

.

1

1 

0

.

7

9 

6 0

.

1

1 

0

.

6

8 

Order 

Proce

ssing 

cost 

5 0

.

1

4 

0

.

7

1 

8 0

.

1

4 

1

.

1

3 

6 0

.

1

4 

0

.

8

5 

8 0

.

1

4 

1

.

1

3 

Techn

ology 

level 

Satisf

action 

7 0

.

1

8 

1

.

2

7 

6 0

.

1

8 

1

.

0

8 

6 0

.

1

8 

1

.

0

8 

8 0

.

1

8 

1

.

4

5 

Servic

e 

Qualit

y 

7 0

.

5

6 

3

.

9

3 

7 0

.

5

6 

3

.

9

3 

5 0

.

5

6 

2

.

8

1 

6 0

.

5

6 

3

.

3

7 

total   6

.

8

3 

  6

.

7

3 

  5

.

5

5 

  6

.

6

4 

Norm

alized 

Weig

hts 

  0

.

2

7 

  0

.

2

6 

  0

.

2

1 

  0

.

2

5 

Table 22 

 

 

From the above table Supplier 1 is selected 

 

 

 

 

 

 



 

 
 S

u
p
p
l

ie
r1

 

W
ei

g

h
ts

 

P
ro

d
u

ct
 

S
u
p
p
l

ie
r 

2
 

W
ei

g

h
ts

 

P
ro

d
u

ct
 

S
u
p
p
l

ie
r 

3
 

W
ei

g

h
ts

 

P
ro

d
u

ct
s 

S
u
p
p
l

ie
r 

4
 

W
ei

g

h
ts

 

P
ro

d
u

ct
s 

Op

erat

ion 

acc

ura

cy 

8 0

.
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5 0

.
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.

1
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7 0

.
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0

.

1
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6 0
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0

.
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pro
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5 0

.
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0

.
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.
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.
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.
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.
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.

0
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.
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6 
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7 0

.

0
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0

.
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0 

6 0

.

0

7 

0

.

4

2 

6 0

.

0
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0

.

1
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8 0

.

0
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.

2

3 
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anc
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ss 

7 0

.

0

9 

0

.

6
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7 0

.

0

9 
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.

6

4 
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.

0

9 
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.

4
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.
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9 

0

.

5

5 

Table 23 

 

 

 

 

 

 

 

 



Ranking suppliers based on sub criteria wise 

 

 S
u
p
p
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6 0

.
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0

.
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5 0

.

0
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0

.

3
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6 0

.

0
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0

.

3
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6 0

.
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.

1

3 

8 0

.
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0

.

1
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8 0

.

0

2 

0

.

1
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8 0

.

0

2 

0

.

1
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Opera
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7 0

.

0
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0

.

1
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7 0

.

0
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0

.

1

9 

9 0

.

0

2 

0

.

2

4 

7 0

.

0

2 

0

.

1

9 

Total   0

.

6

4 

  0

.

7

5 

  0

.

7

4 

  0

.

5

7 

Norm

alized 

Weig

hts 

  0

.
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3 

  0

.

2

7 

  0
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8 

  0

.

2

0 

Table 24 

 

 

From the above table Supplier 3 is selected 
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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Table 25 

From the above table Supplier 2 is selected. 
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.
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.
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.
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.
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Table 26 

 

From the above table Supplier 4 is selected. 
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.
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.
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.
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.
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Table 27 

 

 

From the above table Supplier 2 is selected 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 



CHAPTER 4 

METHODOLOGY 2 

 
4.1 Order allocation methodology: 

4.1.1 Linear Physical Programming: 

Linear Physical Programming (LPP), as a multi objective optimization method, Developed by Messac 

et al. [24], LPP simplifies physical programming procedure by defining preference functions as piece-

wise linear functions [10]. LPP has been successfully applied to different multi-objective problems 

ma etc[25].LPP has the ability to avoid the weight assignment by Providing a preference function. 

Formulation of LP problems:. 

Step 1 Identify the unknown variables to be determined (decision variables) and represent them in 

terms of algebraic symbols. 

 Step 2 Identify all the restrictions or constraints in the problem and express them as linear equations 

or inequalities of the decision variables. 

Step 3 Identify the objective or criterion and represent it as a linear function of the decision variables, 

which is to be maximized or minimized. 

4.2 MODEL: 

 

Data of product for order allocation : 
 

Supplie

rs 

C

os

t 
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u

p

ee

s) 

Operating 

efficiency 

fraction 

Technology 

satisfaction 

fraction 

service 

quality 

(fraction

) 

Capaci

ty in 

numbe

rs 

Supplie

r 1 

1

1

0 

.78 .84 .7 800 

Supplie

r2  

1

5

0 

.81 .82 .7 500 

Supplie

r 3 

1

4

5 

.80 .82 .5 700 

Supplie

r 4 

1

2

0 

.81 .85 .6 600 

Table 28 

 

 



 

Formulation of Equation  
Subject  to  Total quantity to be procured  x1 + x2 + x3 +  x4= 1500 ;               

the maximum limit that can be procured from supplier 

x1 <800 , x2 <500 , x3 <700 , x4 <600 ;   

x1 ≥0 , x2 ≥0; , x3 ≥0 , x4 ≥0 

 x1 , x2, x3,  x4  are the quantities to be ordered on suppliers1,2,3 and 4 
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Table 29 

The AHP total score of supplier and sub factor scores  shall be greater than boundary limits.  

X1 * . 0.2651 + x2 *0.26134+x3 *0.21553+x4 *00.25804>300; 

X1 * 0.2214+ x2 *0.13838+x3 *0.19373+x4 *0.166054>250; 

X1 * 0.35526+ x2 *0.56841+x3 *0.42631+x4 *0.568408>785; 

X1 * 0.20829 + x2 *0.42631+x3 *0.17853+x4 *0.23804>430; 

X1 * 0.64541+ x2 *0.64541+x3 *0.46101+x4 *0.553206>865; 

Total quantity to be ordered  is  1500 units;   ie  x1 + x2 + x3 +  x4= 1500 

the limitation of production capacity x1 <800 , x2 <500 , x3 <700 , x4 <600 ; x1 ≥0 , x2 ≥0; , x3 ≥0 , x4 

≥0 ; 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



 

CHAPTER 5 

RESULTS 

 
The quantities to be ordered against each supplier and goal values achieved are mentioned                           

x1 x2 x3 x4 

143 500 257 600 

 

CONCLUSION 
The problem is solved using software lingo 11 Multi objective technique is used to find out the 

correlated weights of criteria in supplier selection. Implementation of linear physical programming 

technique which has the capability to represent decision maker preference by using a utility function 

and to manage problem in multi criteria environment for order allocation is presented. 

 

SCOPE of FUTURE WORK: 
 Sensitive analysis has to be conducted to establish the changes in order selection by a change in 

correlation coefficient. statically tests  have to be conducted.. 

 The model can be further extended accommodating  more variables such   as  power requirements 

,infrastructure requirements, product recycling etc.  

 This can be extended to new areas with fuzziness in consideration. 

 Fuzzy ANP  and other outranking techniques can be applied. 
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ABSTRACT 
 

Project mainly concentrates on offering an easy, safety, reliable solution to the 
common problem of inefficient garbage disposal. The world today faces major garbage crisis 
the product of rapid economic growth, overcrowding, poor urban planning, corrosive 
corruption and political dysfunction. The present tried and tested methods of garbage 
collection have so far been proven ineffective. And the world today is looking at smarter 
ways of overcoming the garbage collection problem. Main users of our product would be 
corporate workers, footpath sweepers, home servants etc.  presents the Semi-automatic waste 
collector machine for foot paths. The machine is built on a metallic base which is powered by 
battery. The machine movement is controlled by remote or by mechanically (push or pull). 
The machine is designed to collect Garbage at foot path, public places (parks, schools and 
colleges), mostly cemented paths and beaches. 

 
The project is about replacing the manual work in floor trash cleaning by automated system . 
Now a days automation plays a vital role in all industrial applications. In order to over come 
the problems in manual trash cleaning , we are implementing “FABRICATION OF 

FLOOR TRASH COLLECTING  MACHINE” 
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CHAPTER-1 

INTRODUCTION 

 

 

Waste management (or waste disposal) are the activities and actions required to 
manage waste from its inception to its final disposal. This includes the collection, transport, 
treatment and disposal of waste, together with monitoring and regulation of the waste 
management process. Waste can be solid, liquid, or gaseous and each type has different 
methods of disposal and management. Waste management deals with all types of waste, 
including industrial, biological and household. In some cases waste can pose a threat to 
human health. Waste is produced by human activity, for example the extraction and 
processing of raw materials. Waste management is intended to reduce adverse effects of 
waste on human health, the environment or aesthetics. Waste management practices are not 
uniform among countries (developed and developing nations); regions (urban and rural 
areas), and residential and industrial sectors can all take different approaches 

 Currently in india, roads required cleaning by brooms and other hand-held devices. 
This is inefficient due to the amount of time it takes and the health effects such as dust 
inhalation and dehydration of the operators. Recently, the Indian government has launched an 
initiative known as the “Clean India Mission.” Due to this mission, there is a need for a more 

efficient and healthy way to pick up the trash in the form of a device attached to a human 
pedal-powered tricycle. This device will allow the operator to pick up the trash and place it 
into a temporary storage unit without actually touching the trash. In order to navigate the 
sometimes rough terrain on the roadways in India, the device must be durable and stable. 
This manual powered street-cleaner will allow much more efficient and sanitary means of 
cleaning the streets of India. To begin effectively accomplishing this goal, the team met with 
a project representative to discuss the project scope, problem definition, design specifications, 
and design parameters. It is critical that all of these are defined properly so that the device 
being made will effectively accomplish the goal of the project, which is ultimately to remove 
trash from the streets of India. With this, numerous factors had to be taken into consideration 
to ensure that the device is fully functional and operates safely. For example: verifying how 
the device functions, seeing what the terrain conditions are like, who will be using it, and if it 
will need to be reproduced by people in similar areas across the world. By understanding 
these factors, the team is able to better plan for and design the device. Below, the parameters 
have been separated into different categories with additional details. The team has ranked this 
in matter of importance to create a clear focus of what key design factors we will be 
considering when starting the creativity phase of the design process. 
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CHAPTER-2 

LITERATURE REVIEW 

 
Dr. D V Patil Vidyapeeth, Rajesh Panchal Design of Rocker Bogie mechanism: 

The motive of rocker bogie mechanism was to understand mechanical design and its 
advantages over the efficiency and maintenance related expenses of conventional suspension 
system.   

 Rocker bogie mechanism which was currently NASA’s approved design (Mars Exploration 

Project) because it has studied /resilient capacities to deal with obstrucles and it uniformly 
distribute the load over its 6 wheels all the time. The important factor in manufacturing 
rocker bogie mechanism is to determine the dimension of rocker bogielinkages and angle 
between them, (length and angle between the mechanisms can be changed as per the 
requirements).  

 The design of rocker bogie increases reliability, stability and efficiency. It has become a 
proven mobility application known for its vehicle stability and obstacles climbing and also 
moves through any terrain areas like sandy or hard surfaces. The disadvantage is the rotation 
is possible by providing individual motors to individual wheels which arises in cost and 
complicated design and programming.    

S A Karande, S W Thakare, S P Wankhede Automatic Garbage Collector Machine: 

In this project review the proposal concept is to reduce the human effort in garbage cleaning 
in sea ways by automated system. The machine is placed in the drain, so that the solid waste 
like bottle, clothes which floats on water gets lifted by teeth connected to the chain. The 
waste materials are stored in the collector.   

This system is powered by hydraulic turbines which generate electricity for the running of 
motor attached to the chain. The chain is connected with wire mesh filters for easy flow 
liquid (waster) this helps in separation of solid and liquids.    

M Ranjit Kumar and N Kapilan Conventional floor cleaning machines: 

The conventional floor cleaning machines is most widely used in airport platforms, railway 
platforms, hospitals, bus stands, and malls and in many other commercial places. These 
devices need an electrical energy for its operation and not user friendly. In India, especially in 
summer, there is power crisis and most of the floor cleaning machine is not used effectively 
due to this problem, particularly in bus stands. In this work, modeling and analysis of the 
floor cleaning machine was done using suitable commercially available software. From the 
finite element analysis, we observe that the stress level in the manually operated floor 
cleaning machine is within the safe limit. 
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CHAPTER-3 

METHODOLOGY 
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CHAPTER-4 

DESIGNING 

 
 
 
A Design process 

 

Fig 2. Designing Process  

 

The notion of useful work is basic to machines functioning, as there is always some 
energy transfer involved . The mention of forces and motion is critical to our concern as in 
converting energy from one form to another , machine creates motion and develop forces . it 
is engineers task to define and calculate those motion , forces and changes in the energy in 

order to determine the size shape and material needed for each of the interrelated parts of the 
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machine. The goal in machine design is to size and shape the parts(machine elements) and 
choose the appropriate material for manufacturing process so that machine is expected to 
perform its intended function without failure  

. 

In this design project there is negligible acceleration so static force analysis will 
besuffice . Static force analysis deals with structure which are to be designed against failure 
to external loading. The process of design is essentially an exercise in applied 
creativity. Various design process have been defined to help organize to attack upon un-
constructed problem definition is vague for which many solution exist .some of this design 

process as shown below consist of 10 steps.  

 Identification of need 
 Background research 
 Goal statement 
 Task specification 
 Synthesis 
 Analysis 
 Selection 
  Detailed design 
 Prototyping and testing 

 

 ProductionTheinitialstepisIdentificationofneed, usuallyconsist ofanilldefinedandvaguepr

oblemstatement.The development of the Back ground Research is necessary to fully define 

and understand the problemafter which it is possible to re state the goal in a more reasonable 
and realistic way than the originalproblem statement. Step (4) calls for the creation 
of detailed set of task specification which bound theproblem and limit the scope . 

 

The synthesis step (5) is the one in which as many alternative possibledesign approaches 
are sought , usually without regards of quality and value .We can also state this stepas 
ideation and invention step in which largest number of creative solution are 
generated.Instep(6)thesolutionofthepreviousstepsareanalyzedandtheyareaccepted, 
rejectedandmodified. the most promising solution is selected at step 7 once the acceptable 
design are filtered and once the way is finalized then the Detailed design is done where all the 

loose ends are tied up completeengineering drawing is made , vendors are identified and 

manufacturing specification is defined . 

 

 Theactual construction of the working design is first done as a proto type in step 

(9)anfinally in quantity inproduction at step (10) 



FABRICATION OF FLOOR TRASH COLLECTING  MACHINE 
 
 

GUDLAVALLERU ENGINEERING COLLEGE                                                                       Page 13 
  

This is the design of  floor trash collecting machine mechanism which was designed in the 
software named CATIA 

 

 

 

Fig:3  Design 
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CHAPTER-5 

SELECTION OF MATERIALS 

The various factors determining the choice of materials are discussed below 
 

5.1. Properties: 

The materials selected must possess the necessary properties for the proposed 
application. The various requirements to  
be  satisfied  can  be  weight, surface  finish,  rigidity,  ability  to  withstand  environmental  
attacks  from  chemicals,  service  life,  
reliability etc.  
 
The following four types of principle properties of materials decisively affect their selection:  
a.Physical  
b.Mechanical  
c.From Manufacturing Point Of View  
d.Chemical  
 
The various physical properties concerned are melting point, thermal conductivity, specific 
heat, coefficient of thermal  
expansion, specific gravity, electrical conductivity, magnetic purposes etc.  
The various mechanical properties concerned are strength in tensile compressive shear, 
bending, tensional and buckling  
load, fatigue resistance, impact resistance, elastic limit, endurance limit, and modulus of 
elasticity, hardness, wear resistance and  
sliding properties.  
The various properties concerned from the manufacturing point of view are,  
a.Cast Ability  
b.Weld Ability  
c.Forge Ability  
d.Surface Properties  
e.Shrinkage  
f.Deep Drawing  
 

5.2. Manufacturing Case: 

Sometimes  the  demand  for  lowest  possible  manufacturing  cost  or  surface  qualities  
obtainable  by  the  available  
application of to manufacture the desired component may not yield the best result and we are 
forced for other options.  
 

5.3. Quality Required: 

This generally affects the manufacturing process and ultimately the material. For example, it 
would never be desirable to  
go casting of a less number of components which  can be fabricated much more economically 
by welding or hand forging the steel. 
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5.4. Availability of Materials: 

Some materials may be scarce or in short supply. It then becomes obligatory for the designer 
to use some other material  
which though may not be a perfect substitute for the material designed. The delivery of 
materials and the delivery date of product  
should also be kept in mind.  
4.5. Space Consideration:  
Sometimes high strength materials have to be  selected because the forces involved are high 
and space limitations are  
there.  

5.6. Cost: 

As in any other problem, in selection of materials, the cost of material plays an important part 
and should not be ignored 
 
Sometimes  factors like  scrap  utilization, appearance,  and non-maintenance  of the designed  
part are  involved  in the  
selection of proper materials.  
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CHAPTER-6 

DESIGN AND SPECIFICATIONS 
 
 
 

6.1  DEEP GROOVE BALL BEARING: 

A ball bearing is a type of rolling-element bearing that uses balls to maintain the 
separation between the bearing races. The purpose of a ball bearing is to reduce rotational 
friction and support radial and axial loads. 

 
 

Fig 4:Deep Groove Ball Bearing 
Specifications: 

 

Material Stainless Steel 

Outside diameter 35 mm 
 

Inside diameter 15 mm 
 

Width 10 mm 

 

 
Basic load rating 

Dynamic Loading 9.95 KN 

Static Loading 
4.75 KN 

 

Limiting Speed 19000 rpm 

Total number of bearing 2 nos. 
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6.2  SPROCKETS 

 
A sprocket  is a profiled wheel with teeth, or cogs,that mesh with a chain, track or other 

perforated or indented material. The name 'sprocket' applies generally to any wheel upon which radial 
projections engage a chain passing over it. It is distinguished from a gear in that sprockets are never 
meshed together directly, and differs from a pulley in that sprockets have teeth and pulleys are 
smooth. 

 
 

 
Fig 5:Sprocket 

Specifications: 

 

Pitch diameter 12.7mm 

Number of teeth 
14 

 

Material Alloy Steel 

Weight 300-500 gm 

Hardness 45-50 HRC 

  

6.3 D C MOTOR 

 
   Fig 6:DC Motor 

 
A DC motor is a rotary electrical machine that converts direct current electrical 

energy into mechanical energy. They works from the forces that produced by magnetic fields. 
All types of DC motors have some internal mechanism, either electromechanical or 
electronic; to periodically change the direction of current flow in part of the motor. For the 
waste collecting machine we use 2 motors. The motor is used for the rotating the shaft and 
lifting the waste by chain drives.   

https://en.wikipedia.org/wiki/Wheel
https://en.wikipedia.org/wiki/Roller_chain
https://en.wikipedia.org/wiki/Caterpillar_track
https://en.wikipedia.org/wiki/Gear
https://en.wikipedia.org/wiki/Pulley
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Specifications:  
   Voltage  = 12 V 
   Current  = 10 A 
  Number of motors   = 2 
  Speed of each mtor= 200 rpm 
  Type of motor          = Gear type 
 
 
calculations 
 
High speed motor: 

 

 Power  = V x I = 12 x 10 = 120W  
 

 Generated Torque=
60∗power

2𝜋𝑛
 

 

=
60 ∗ 120

2𝜋 ∗ 200
 

 
 Generated torque=5.729 N-m 
 Required Torque=I*α 

 I= mass moment of inertia 
 α= Angular acceleration 
 

 I   =
m∗r∗r

2
=

2.5∗9.81∗0.009∗0.009

2
 

  
 I=9.932*10-4Kg-m2    

 

 α  =
ω

t
rad/sec2=20.94

60
 = 0.174 rad/sec2 

 
 ω  =

2πN

60
 

 

 ω  =
2π∗200

60
   =20.94 rad 

 
 Required Torque T=9.932*10-4*0.174=3.46 N-m 
 
 

 

 

 

 

 



FABRICATION OF FLOOR TRASH COLLECTING  MACHINE 
 
 

GUDLAVALLERU ENGINEERING COLLEGE                                                                       Page 19 
  

Performance Analysis: 

 

Maximum weight of the vehicle which can be 
move 

10 kg 

Maximum load can carry 1 kg 

Velocity of the vehicle (off load) 6m/min 
 

Velocity of the vehicle (on load) 2m/min 

Velocity ratio=
Driven

Driver
 

1

1
 =1:1 or 1 

 
Maximum weight a chains can lift 400 grams 

 

6.4 CHAIN DRIVES 
  
Chain drive is a way of transmitting mechanical power from one place to another. It is often used to 
convey power to the wheels of a vehicle, particularly bicycles and motorcycles. It is also used in a 
wide variety of machines besides vehicles.Most often, the power is conveyed by a roller chain, known 
as the drive chain or transmission chain,passing over a sprocket gear, with the teeth of the gear 
meshing with the holes in the links of the chain.  
 

 
Fig7: Chain 

Length  of the chain 132cm 

Type of material Stainless steel 

Roller Diameter 3.30mm 

 
 

https://en.wikipedia.org/wiki/Transmission_(mechanics)
https://en.wikipedia.org/wiki/Bicycle
https://en.wikipedia.org/wiki/Motorcycle
https://en.wikipedia.org/wiki/Roller_chain
https://en.wikipedia.org/wiki/Sprocket
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6.5 CHASSIS 

It is the back bone of the system. All the systems and parts are attached to it. The 
main part for the waste collector is the structural base. It is made up of mild steel L angler. 
The major purpose for using this mild steel bar is because it is widely available at low cost 
and provides much strength to carry the weight of the whole system. The L angler is used for 
avoiding buckling of the bar at heavy weight. The L angler is much stronger than usual mild 
steel bars. Carbon fiber is much suitable for the construction of this structure but it is very 
costly because molding is needed. It is less weight than mild steel.   
 
Specifications: 

Total length of chassis 1250 mm 

Total width of chassis 500 mm 

Total height of chassis 640 mm 

Material used Mild Steel 
 

 

6.6 COLLECTING TANK 

Collecting tank is used for collecting the solid waste which is passed from the 
conveyor belts. It is made o aluminium sheets, because it is corrosive resistant, less weight, 
and good strength. In some cases high quality plastics like PET (Polyethylene Terephthalate), 
HDPE (HighDensity Polyethylene), can also be used according to the production cost, and 
the load to be carried. PET, HDPE plastics have an advantage of good strength, long lasting 
and also it can be recycled easily. 
 

 
Fig 8:Collecting Tank 

 

6.7 WHEELS 

A wheel is a circular block of a hard and durable material at whose centre has been 
bored a circular hole through which is placed an axle bearing about which the wheel rotates 
when a moment is applied by gravity or torque to the wheel about its axis, thereby making 
together one of the six simple machines.  
 
 For the prototype on the waste collecting machine there are 4 wheels which support and 
transfer the load to the ground. For the future production, using of rocker bogie needs 6 
wheels, these 6 wheels need separate motors and speed controllers which is expensive.   



FABRICATION OF FLOOR TRASH COLLECTING  MACHINE 
 
 

GUDLAVALLERU ENGINEERING COLLEGE                                                                       Page 21 
  

 
Fig9:Wheels 

 

Specifications:    

Wheel diameter 
 10 cm 

Wheel width 2 cm 

   

6.8 SHAFT 
A shaft is a rotating machine element, usually circular in cross section, which is used 
to transmit power from one part to another, or from a machine which produces power to a 
machine which absorbs power. 

 
 

Fig10:Shaft 
 
 
 
Specifications: 
 

Material type Mild steel 

Length of the shaft 50cm 

Diameter of shaft 18mm 

 
 
 

https://en.wikipedia.org/wiki/Rotating
https://en.wikipedia.org/wiki/Machine_element
https://en.wikipedia.org/wiki/Transmit
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6.9 Battery 

A battery is a device consisting of one or more electrochemical cells with external 
connections for powering electrical devices such as flashlights, mobile phones, and electric 
cars. When a battery is supplying electric power, its positive terminal is the cathode and its 
negative terminal is the anode. The terminal marked negative is the source of electrons that 
will flow through an external electric circuit to the positive terminal. When a battery is 
connected to an external electric load, a redox reaction converts high-energy reactants to 
lower-energy products, and the free-energy difference is delivered to the external circuit as 
electrical energy. Historically the term "battery" specifically referred to a device composed of 
multiple cells, however the usage has evolved to include devices composed of a single cell. 

 
fig .11 Battery 

Specifications :  

 
Power supplied Type of Battery 

12v & 10 amps  
 

Dry charged battery  
 

 
 

6.10 switches 

In electrical engineering, a switch is an electrical component that can disconnect or 
connect the conducting path in an electrical circuit, interrupting the electric current or 
diverting it from one conductor to another. 
 

 
fig.12: Switches 

 

Specifications :  
 
Double pole Double Throw switch  

https://en.wikipedia.org/wiki/Electrochemical_cell
https://en.wikipedia.org/wiki/Flashlight
https://en.wikipedia.org/wiki/Mobile_phone
https://en.wikipedia.org/wiki/Electric_car
https://en.wikipedia.org/wiki/Electric_car
https://en.wikipedia.org/wiki/Electric_power
https://en.wikipedia.org/wiki/Cathode
https://en.wikipedia.org/wiki/Anode
https://en.wikipedia.org/wiki/Redox
https://en.wikipedia.org/wiki/Gibbs_free_energy
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CHAPTER-7 

DESIGN AND WORKING 

The figure shows the basic 3-D representation of the semi automatic waste collector. 
It has a shaft  attached to a high speed motor in front of the chassis. It runs at a high speed 
rpm which helps in the efficiency of collecting the solid waste from the ground to inside the 
chain drives. The chain consists of many teeth attached to the axis and many iron rods. The 
advantage of the teeth is it improves the efficiency of pushing the waste inside the chain 
drives. And also it will not get beaked since it has high elasticity. This takes the solid waste is 
there is an irregular surface. 
 
 The device is placed across the floor so that only waste flows through lower grids,waste like 
bottles,Etc.Floating in waste is lifted by teeth which is connected to chain.This chain is 
attached by gear driven by motor.When motor runs the chain starts to circulate making teeth 
to lift up.The waste materials are lifted by teeth and are stored in waste storage tank. 
 

7.1 MECHANISM INVOLVED 

 
       CHAIN MECHANISM 
 
                                             A chain mechanism is nothing but a mechanical systems or 
component, especially a device that operates automatically under predetermined conditions. 
 
 

 
 

Fig:13 Working Diagram 
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Fig:14 3D Structure of floor trash collecting machine 
 
 
 

 
 

 
 

Fig:15 Final Prototype 
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CHAPTER-8 

PROCESS INVOLVED 
 
 
 

 If we turn on motor switch or if we supply current to the motor the motor starts to 
rotate. 

 
 The rotary motion of the shaft is connected to the top shaft by chain and sprockets 

which is placed on tapper bars. 
 

 From the top shaft that motion is transferred to the bottom shaft by using sprockets 
and chains. 
 

 The teeth which is used for lifting waste from floor is placed or attached between two 
chains which are on top and bottom shafts. 
 

 The dust bin which is used for collecting all the waste is attached to vertical bars 
behind the chains 
 

 There will be mesh between the chains and dust bin which is acts as abarrier for 
stopping the waste with out floating. 
 

 When we switch on the motor the two shafts starts to rotate. Thus the teeth also starts 
to rotate. 
 

 While rotating the wheels the teeth enters into the floor and they collect the waste 
present in the floor and moves up along with it. 
 
 

 It carries the wasted along with it and finally dumps that waste in dust bin during 
rotation 
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CHAPTER 9 

SCOPE OF WORK 

 We gathered information and equipment required for the FLOOR TRASH 
COLLECTING MECHANISM 

 
 Studied the construction and principle of Floor trash collecting mechanism. 

 
 

 To Fabricate the Floortrash collecting mechanism and to test its working.We hope 
that this will be among the most versatile and interchangeable in cleaning system 
 

 In modern society where luxury has become a necessity in the urban and rular 
hub,there lies a section of the population who still lives on meager just enough to 
satisfy its hand to mouth needs. Sanitations is one of the very basic amenities required 
for  the basic living of  a man and  providing with such a  technological and 
economical instrument which can change the pathetic sewerage condition of the town 
and cities of mediocre India.  
 

 with such a potential instrument of employment generation in the society through 
industry co-operation these products land you in the win situation 
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CHAPTER 10 

APPLICATIONS AND ADVANTAGES 
 
 
Advantages: 

 

 It is used for removing the waste automatically with less man power. 
 

 It controls the  pollution and echo friendly. 
 

 Waste collector is used to collect recyclable plastics easily. 
 

 Easy maintainable and repair . 
 

 Quick response in time and reduce time wastage. 
 
  Applications: 

 

 It is used  in garbage collectors.. 
 

 This mechanism is also used in echo friendly collecting systems. 
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CHAPTER 11 

COST ANALYSIS 
 

 

 

S.no Item Quantity Cost Price 

1 DC motor 6(2 testing failure) 2500 

2 Battery 1 1500 

3 Wheels 4 400 

4 Bearings 4 250 

5 Shafts 2 600 

6 Chassis 

constructions 

1 1000 

7 Mesh 1 450 

8 Switches and wires 2 300 

  Total cost 7000 

 

Table: Cost Analysis 
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CHAPTER-12 

CONCLUSION 
 
 
This project work has provided us an excellent opportunity and experience, to use our limited 
knowledge. We gained a lot of practical knowledge regarding, planning, purchasing, 
assembling and machining while doing this project work. We feel that the project work is a 
good solutionto bridge the gates between the institution and the industries. 
The use of innovative technology not only reduces cost significantly but also reduces the 
human effort while increasing the effectiveness of the semi automatic waste collector. 
Reduced human effort means more frequent cleaning which results in increase in overall 
cleanliness and supports healthy well-being. Small steps in technological advancement like 
this will have higher impact in long run in future, making India a better country.  
 
After studying the various research papers we have concluded that there are certain 
limitations in cleaning machines which can be worked upon. Our cleaning machine is safe, 
easy, efficient and cheaper than the work done by the workers. The cost of production can 
again be reduced if there is a bulk production. The weight and strength can also be made 
while using carbon- fibres. 
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ABSTRACT

The present project work attempts to numerically investigate the thermal transport for

two-dimensional solid complex geometries with two discrete heat sources at the bottom wall.

The computational grid has been developed in meshing software and then linked to the inhouse

code which is based on collocated grid based Finite Volume Method (FVM). To study the

influence of geometry and material on energy transport, five different domains namely, square,

trapezoidal, skewed, S-curve and H-curve have been considered and the thermal conductivity has

been varied from 0.25 to 10 W/m K. A novel concept of Bejan’s heatline visualization has been

considered for the analysis of heat transport. The numerical results are presented in terms of

isotherms, heatlines and local temperature distribution of the geometries. The heatlines along

with isotherms are observed to provide a better insight for the understanding of thermal

transport in considered complex geometries.
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CHAPTER - 1

INTRODUCTION

1.1 BACKGROUND

The understanding of thermal transport in complex geometries with discrete heat sources

is of major importance. Some of the applications such as heat exchangers, solar thermal systems,

electronic circuits, food processing industries, etc. involve intricate geometries which are

isotropic and anisotropic in nature. For the efficient design of these systems a through

understanding of thermal transport required. Visualization of thermal transport in terms of

heatlines was observed to provide better insight. Some of the applications in various equipments

are provided in Fig. 1.1.

A thorough insight of heat transport in complex geometries with discreate heat source at

the bottom wall is very much needed for the optimum performance of the equipment. Natarajan

et al. (2007) studied two-dimensional heat function within a trapezoidal cavity which is

differentially heated in the vertical direction. By using the Penalty finite element method

isotherms, streamlines and heatlines were obtained . It was observed that when Ra=103 the heat

transfer was uniform from hot wall to the cold wall. But for Ra =106 the lower left and upper

right portion of the cavity were observed with higher heat transfer rates. Deng (2008) studied

laminar natural convection due to discrete heat source-sink pairs in a two dimensional cavity.

The study was focused on the size and arrangement effects of the sources and sinks and their

influence on fluid flow and heat transfer characteristics. Banerjee et al. (2008) carried out steady

state simulation for natural convection with a bi-heater configuration for the analysis of passive

electronic cooling.
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Heat exchangers

https://www.researchgate.net/figure/a-
Heat-exchanger-designs-with-extremely-

intricate-inner-geometry-13-b-
miniature_fig4_334268842

solar thermal systems

https://www.indiamart.com/renewal-
ecopower-india-private-limited/solar-

thermal-system.html

Printed Circuit Board (PCB)

https://www.allaboutcircuits.com/technical-
articles/pcb-thermal-management-techniques/

Food Processing Industries

https://www.temperaturemonitoringuae.
com/products/food-processing-haccp/

Fig 1.1. Some of the applications in various equipments
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Basak and Roy (2008) demonstrated natural convection in a square enclosure with hot

bottom wall and cold side walls in the presence of insulated top walls. It was found that heatline

concept is very much needed for optimal thermal management and also helps in the

understanding of the energy distribution for the food processing application to store food for a

long time. Basak et al. (2009) studied heatline concept for a trapezoidal enclosure by varying

Rayleigh number (103 ≤ Ra ≤ 105), Prandtl number (0.026 ≤ Pr ≤ 1000) and tilted angles (Φ =

450, 300 and 00). It was observed that the heatlines were perpendicular to the isotherms during

conduction dominant region. Mobedi et al. (2010) employed heatfunction equation for the

visualization of convection and diffusion in a square cavity. Kaluri and Basak (2010)

demonstrated natural convection in square cavity with multiple distributed heat sources. It was

found that distributed energy-efficient method is useful for the visualization of heatline is useful

for the material processing applications for the utilization of thermal resources. By using finite

element method, Basak et al. (2011) studied natural convection in trapezoidal enclosures by

varying boundary conditions. Results were presented in terms of isotherms, streamlines,

heatlines, local and average Nusselt numbers for enclosures. Heatline patterns for enclosures

with Dirichlet heat function boundary conditions was reported by Biswal and Basak (2015). The

understanding of thermohydraulics in non – orthogonal geometries is necessary due to its

practical significance. Ahmed et al.(2016) studied inclined square enclosure which was filled

with porous medium by using finite volume method. Results were presented interms of heat

transfer charecteristics, influence of thermal conductivity ratio, local and average nusselt number

of the enclosure. Gong et al.(2016) numerically studied microchannel cooling for different types

of heat sinks such as smooth, wavy, wavy with dimples etc. It was observed that wavy with

dimples, improve the thermal performance of a microchannel heat sink. Das and Basak (2016)
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investigated discrete solar heating involving natural convection for different types of domains

such as square, triangular, inverted triangular etc. Results were presented interms of isotherms,

heatlines, streamlines, local and average Nusselt number for different positions of the heater

within enclosure. Alsabery et al. (2016) studied natural convection in a square cavity filled with

nanofluid with sinusoidal heating at the horizontal walls. Results were presented in terms of

streamlines, heatlines, isotherms, and the overall heat transfer for the geometry. It was found that

the enhancement of heat transfer rate depended on the increment of solid wall thickness.

The understanding of heat transport in complex domains is very much necessary for the efficient

design of the equipment. Roychowdhury et al. (1999) solved incompressible N – S equations

using, non – orthogonal collocated grid based finite volume method. Krishna et al. (2008)

studied lid driven flow in a skewed geometry which is filled with fluid-saturated porous medium

using semi-staggered grid based finite volume method. Suri and Krishna (2015) developed non-

orthogonal collocated grid based FVM code for the analysis of thermal transport in complex

solid geometries. Suri and Krishna (2016) analyzed the energy transfer process in complex solid

domains. Results were presented interms of isotherms and heatlines based on Bejan’s heatline

visualization for better understanding of thermal transport.

Based on the above literature, it may be noted that for the better insight of heat transport

in complex geometries, several numerical methodologies were adopted and validated. In these

studies grid was generated for a specific domain and later numerical analysis was performed. But

in the present study a generalized code is developed to read mesh data for complex domains

generated in GAMBIT and an inhouse code which is based on a collocated grid based Finite

Volume Method (FVM) has been employed for the analysis of thermal transport in these

geometries.
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1.2 GAMBIT SOFTWARE

GAMBIT is geometry and mesh generation software, usually used with FLUENT.

GAMBIT's single interface for geometry creation and meshing brings together most of

FLUENT's preprocessing technologies in one environment. GAMBIT’s combination of CAD

interoperability, geometry cleanup, decomposition and meshing tools results in one of the easiest,

fastest, and most straightforward preprocessing paths from CAD to quality CFD mesh. Complex

models can be built directly within GAMBIT’s solid geometry modeler or imported from any

CAD modeler. Using a virtual geometry overlay and advanced cleanup tools, imported

geometries are quickly converted into suitable flow domains. A comprehensive set of highly-

automated and size function driven meshing tools ensures that the best mesh can be generated,

whether structured, multiblock, unstructured or hybrid.

Fig 1.2. The GAMBIT graphical user interface (GUI)
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1.3 PROCEDURE TO CREATE THE GEOMETRY

Step 1: Run the software GAMBIT to create the geometry and to mesh it.

Now Gambit is launched. Click on Solver menu at the top of the Gambit window and

choose FLUENT 5/6.

Fig. 1. 3. The solver change to FLUENT 5/6

Step 2: Create a vertices

In order to create the geometry, first put the coordinate system on the geometry and

label it. Create Vertex-From Coordinates. In Create Real Vertex-Global, enter 0, 0, and 0 for x,

y, and z coordinates respectively. Type an appropriate label for this vertex, e.g., “A”, and Apply.

A vertex is created.
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Step 3: Create an edges

Join vertex A and B by straight lines to form the "edge" and name as “AB”. Click left

mouse on Geometry Command Button and Edge Command Button.

Step 4: Create a face

Create a "face" corresponding to the area enclosed by the edges.

Fig. 1.4. Mesh generation for square domain with uniform Grid (11×11)

Step 5: Generate the mesh on the face:

Select the face by shift clicking on one of its edges. Elements should be Quad by default.

Change to interval count in spacing option and put the value 11.

Generate the mesh by Apply. If all goes well, a structured mesh should appear.
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CHAPTER - 2

PROBLEM DEFINITION AND MATHEMATICAL FORMULATION

The computational solid domains and boundary conditions considered in the present study

are shown in Figs. 2.1(a)–(e).

Fig 2.1. Schematic diagram of the computational solid domains with boundary

conditions

It consists of two-dimensional geometries of dimensions L×H. The side walls (H) is

maintained at constant temperature 300K (Tc) and serve as a heat sink, two discrete heat sources

are located at the bottom wall (L/4) and are maintained at constant heat flux 100 W/m2 (q1
(׀׀ and
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200 W/m2 (q2
(׀׀ (Routa et al., 2012) which serve as heat sources. Other boundaries of the

geometries are thermally insulated.

Fig 2.2. Grid generation for various computational solid domains

The integral form of governing equation employed for the heat transport in complex solid

domains can be given as

0
V V

dx dy dx dy
x x y y

 

 

     
     

      
  (1)

The integral form of governing Eq.(1) over a control volume is shown in Fig 2.3.

It may be noted that E, N, W, S, NE, NW, SE, SW represents neighbouring nodes of the

control volume. e, n, w, s indicates the faces of the control volume; ne, nw, se, sw indicates

corners of the control volume. 1'-2'-3'-4’ indicates the auxiliary cell of control volume and is

centred at face ‘e’.
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Fig. 2.3. Typical control volume

The expression for diffusive flux through the east face can be obtained in terms of the

projected areas and the neighbouring node values of  can be evaluated as:

         
11

1 2 1 2e eye ex
ex E P ex ne se ey E P ey ne seDe

e e

A A A A
V V

AAJ        
  
                  

   

 (2)

Simplification of above Eqn. (2),

   
1 2

De E P ne see e
J d d       (3)

Where 1 1 1 1 1. .e
ex ex ey eye

e

A A A A
Vd


   
2 1 2 1 2. .e

ex ex ey eye
e

A A A A
Vd


   

Similarly, JDw, JDn and JDs can be obtained.

The net diffusive flux contribution for all the four sides can be shown to be of the form

    1 1 1 1 1 1 1 1

D E W N S P noe w n s e w n s
J bd d d d d d d d              (4)

Where

       2 2 2 2 2 2 2 2

no ne nw se swe w w n e s w s
b d d d d d d d d          
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The term bno arises due to non-orthogonality of the grid and it vanishes whenever the grid

becomes orthogonal. The corner values are approximated using the four surrounding nodal

values. For instance, the north-east corner value is obtained as

 
1

4
ne N E P NE        (5)

Similarly, nw , se and sw can be obtained.

Steady two dimensionless heat function equation can be represented by:

2 2

2 2
0

X Y

   
 

 
(6)

Satisfies the heatfunction Eqn. (6) such that

X Y

 
  
 

,
Y X

 
 

 
(7)

The boundary conditions for heatlines are obtained by integrating Eq. (7) along the

boundaries at various junction points:

A reference point,  =0 at the top adiabatic surface

Top (adiabatic) at Y = 1; 0 < X < 1

 
1

,1 0
Y

X
y






  


(8)

Left (cold) at X = 0; 1 > Y > 0;  
00

0, ( ,1)
Y

X

Y X dY
X






    

 (9)

Right (cold) at X = 1; 1 > Y > 0;  
10

1, ( ,1)
Y

X

Y X dY
X






    

 (10)

Bottom ( right adiabatic) at Y = 0; L > Xe > 7L/8;

 
7 /8

0

, 0 (1, )
L

e

YL

X Y dX
Y






    

 (11)
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Bottom (right heater) at Y = 0; 7L/8 > Xd > 5L/8;
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Bottom ( center adiabatic) at Y = 0; 5L/8 > Xc > 3L/8;

 
3 / 8
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(13)

Bottom (left adiabatic) at Y = 0; 0 < Xa < L/8;

 
/8

00

, 0 (0, )
L

a

Y

X Y dX
Y






    

 (14)

Bottom (left heater) at Y = 0; L/8 < Xb < 3L/8;

 
3 /8

0/8

, 0 ( , 0)
L

b a

YL

X X dX
Y






    

 (15)

where X and Y are the distances measured along the x and y coordinates, respectively;

 is the heat function;  is the primitive variable (temperature);  is the diffusion coefficient;

1

ed and 2

ed represents orthogonal and non-orthogonal part of diffusive flux for east face of the

control volume; 1

exA and 2

exA represents orthogonal and non-orthogonal area in x direction for the

east face of the control volume.
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CHAPTER – 3

METHOD OF SOLUTION

The governing equations (1-7) are discretized for non- orthogonal domains by the finite-

volume method. Arbitrary quadrilateral meshes are chosen and numerical work has been carried

out for complex domains. Temperature values are defined at the same set of grid points which

are located at the centres of the cells known as a collocated grid arrangement. Collocated grid

arrangement is chosen because the terms in the governing equations are essentially identical

between the different balance equations and hence, the number of coefficients that must be

computed and stored is minimized and programming is simplified. In this study the

computational domain and its grid is generated in GAMBIT a meshing software and the data is

exported in neutral file format. A code in C++ has been developed to read the mesh from

GAMBIT. This code acts as the link between the present in-house finite volume numerical code

and meshing software. The set of governing equations (Eqs. 1 and 6) obtained are solved using

Gauss- Seidel iterative solver and a convergence criterion of 10-6 is imposed to terminate the

iterations. Contour plots are used for the visualization of isotherms and heatlines for the

considered geometries.

The steps considered in the present numerical methodology is provided as a flow chart and is

shown in Fig. 3.1 and can be summarised as follows:

 Modelling, meshing, selection of boundary conditions and fluid/solid domain using

GAMBIT.

 Exporting of mesh data in the neutral file format.

 Reading the mesh data from GAMBIT by inhouse developed C++ code.

 Assigning temperature and heat function conditions at boundary nodes
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Fig. 3.1: Flow chart for numerical methodology

 Initialization of temperature and heat function values for internal nodes.

 Solving the integral form of governing equations (Eqs. (1 and 6)) based on collocated

grid based finite volume method.

 The obtained algebraic equations are solved using Gauss-Seidel iterative solver.

 Check for the convergence criterion (10-6).

 Obtained results are exported to post processing software in which contours have

been plotted.
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CHAPTER – 4

GRID INDEPENDENCE AND VALIDATION

Grid generation is a crucial part of numerical solution. Numerical code has been

developed to read the mesh from GAMBIT and linked to the inhouse code for the visualization

of thermal transport. The constraint of the developed code is limited to quadrilateral grid. Grid

independence has been carried out by considering mid plane temperature of the cavity. It is

observed that maximum percentage variation for temperature values between grid sizes 80×80

and 120×120 is less than 1%. Therefore, a grid sizes of 80 × 80 has been considered for present

study. The computational domain consists of 80 × 80 cells with 20 grid points each, on two

discrete heat sources. The thermal conductivity (k) of the computational solid domains are varied

between 0.25 W/m K and 10 W/m K as reported by Suri et al. (2014). The left hand side of the

Fig. 4.1 (a) gives isotherms from commercial CFD code Ansys-Fluent and the right hand side

gives isotherms from the present study. Fig.4.1 (b) provides the qualitative comparison with

Ansys-Fluent by plotting mid plane temperature profile.

Fig. 4.1: (a) Comparison of isotherms for Ansys Fluent (left) and present study (right) and
(b) mid plane temperature profile with commercial CFD code Ansys Fluent
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Based on Fig 4.1 it can be observed that the present numerical methodology is very well

agreement with commercial code Ansys-Fluent. Fig. 4.2 shows the contours for isotherms and

heatlines for the computational domain Fig. 2.1(d). Basak et al. (2009) reported that in

conduction dominant regime the isotherms and heatlines are normal to each other which can be

observed from Fig. 4.2.

Fig. 4.2. Contours of isotherms ( __ ) and heatlines (- - -)for S curve geometry

Based on Figs. 4.1 and 4.2 the validity of the present numerical methodology is justified and is

in agreement with the literature.
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CHAPTER – 5

RESULTS AND DISCUSSION

The isotherms(left), and heatlines (right) are presented in Figs. 5.1 (a)–(e) subjected to

two distinct heat sources at the bottom wall in the presence of cold side walls and insulated at

the top wall. The thermal conductivity considered for the solid domains shown in Fig. 5.1 is 0.25

W/m K. Based on the isotherms it may be noted that the magnitude of the isotherms is high at the

right bottom portion of the geometries due to higher heat flux i.e. 200 W/m2 (q2
(׀׀ and observed

to decrease as they move towards the cold side walls i.e 300 K. Based on the isotherms shown in

Fig. 5.2 (left) it may also be observed that they are slightly compressed towards the right bottom

corner wall, when compared to the left bottom portion of the cavity. This phenomena can be

explained due to the position of heat flux (200 W/m2) with higher magnitude which is also

allocated towards the right bottom position of the cavity. This 200 W/m2 magnitude heat flux

lead to the formation of hot spot with an isotherm with highest value when compared to rest of

the cavity. The heat from the discrete heat source has to be dissipated towards the right cold wall

which is maintained at 300 K. As the temperature gradient is more between the right portion of

heat source and cold wall, the isotherm can be observed to be compressed towards right bottom

portion. The heatlines are plotted by assuming the reference point,  =0 at the top adiabatic

surface for the geometries shown in Figure 1. Based on the heatlines shown in Fig. 5.2 (right) the

heatlines move from discrete heat sources to the cold walls.As the heatlines provide the direction

of heat flow, the behaviour of heatlines shown in Fig. 5.1 (a-e) indicate the heat transport from

discrete heat sources to cold walls.

Also, as the heat cannot dissipate through the adiabatic walls, the heatlines may be noted

to be parallel to the adiabatic surfaces. In the present study the sign of convention is based on
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Fig. 5.1. Isotherms (left) and heatlines (right) for different complex domains at k= 0.25 W/m K
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Fig. 5.2. Isotherms (left) and heatlines (right) for S curve geometry with the variation of

thermal conductivity (k) (a) 0.5 W/m K (b)1 W/m K and (c)10 W/m K

direction of heat flow ’ ’ from the hot to cold walls. The positive sign of ’ ’ denotes clock

wise heat flow and the anti clock wise heat flow is represented by negative sign of ’ ’. It can

be noted that the magnitude of heatlines at right wall signifies higher heat transfer rates when

compared to rest of the domain. Also, the magnitude of heat function decreases from bottom

heat flux portion to the central vertical axis signifying less heat transfer at that zone. Fig. 5.2 (a-c)
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illustrates isotherms and heatlines for S curve geometry with the variation of thermal

conductivity (k = 0.5, 1 and 10 W/mK) at a constant heat flux condition of 100 W/m2 (q1
(׀׀ and

200 W/m2 (q2
.(׀׀ Fig. 5.1(d) represents S curve geometry with a thermal conductivity of 0.25

W/mK. It can be noted that the magnitude of isotherms decrese with the increase in thermal

conductivity. This can be inferred due the increase in thermal conductivity which inturn leads to

the increase in heat transfer. The increase in heat transfer rate tends to the decrease in the

magnitude of isotherms. This can be inferred due the increase in thermal conductivity which

inturn leads to the increase in heat transfer. The increase in heat transfer rate tends to the

decrease in the magnitude of isotherms. In line to the decrease in magnitude of temperature, the

magnitude of the heatlines are also observed to decrease due to the decrease in temperature

gradient. Fig. 5.3 (a–e) shows the local temperature distribution along the axial direction at mid-

plane drawn with the variation of thermal conductivity (k = 0.25, 0.5, 0.75, 1, 5 and 10 W/m K).

Based on Fig. 5.3 (a) and(c) at a thermal conductivity of k = 0.25 W/m K, it is observed that the

magnitude of midplane temperature is more when compared to rest of the domains which is due

to the variation in size of the cavity. Also, with the thermal conductivity of k = 5 and 10 W/m K

the magnitude of constant temperature lines are almost same for the considered geometries. For

a thermal conductivity of 0.25 W/mK the effective heat transport through the domain is less

when compared to higher values of thermal conductivity. When the size of the domain increases

for a material whose thermal conductivity is low the heat cannot propagate and leads to higher

magnitude for isotherms. With the increase in thermal conductivity the heat transfer rate is

observed to increase. The increase in heat transfer rate leads to the decrease in the magnitude of

the mid plane temperature.



21

Fig. 5.3. Variation of local temperature distribution vs axial direction along the board with
different complex domains
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CHAPTER – 6

CONCLUSIONS AND SUGGESTIONS FOR FUTUREWORK

6.1 CONCLUSIONS

A numerical code has been developed to read the mesh from GAMBIT and linked to the

collocated grid based Finite volume solver for the visualization of thermal transport. Results are

presented in terms of isotherms and heatlines for the considered geometries. The results thus

obtained are rigorously validated with commercial CFD code Ansys-Fluent. Contours for

isotherms are plotted to visualize the temperature distribution and heatlines are plotted to assess

the energy transport. The study could reveal that for a domain with lower thermal conductivity

the magnitude of temperature increases with the increase in size. Based on the study it can be

concluded that the visualization of heatlines can play a prominent role for the better insight of

thermal transport in complex geometries with discrete heat sources. The study can provide an

insight on the thermal management of electronic components on complex shaped circuit boards.

6.2 SUGGESTIONS FOR FUTUREWORK

The study can be extended to hydrodynamic studies via heatline visualization for non

orthogonal geometries

 It would be interesting to analyze the thermal transport for buoyancy induced flows

with heat generating anisotropic porous media.
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ABSTRACT

Thereisagrowingdemandforelectricbikesinindiaastherewillbelessair

pollution,lowermaintenancecostand reducingnoiseusingelectricalbikeThe

primaryobjectiveoftheprojectistodesignafeasibleyethighlyadaptablemini

electricbikeIntoday’smodernizedworldtravellingisveryessentialforhumanbeings

inordertoprotractinthisworld.Andtodosohistravellingshouldbedonein

minimum possiblewayandinjiffy.ThispaperdetailsabouttheElectricBikewhich

runsonthebatterytherebyprovidingvoltagetothemotorfabricationofElectricBike

whichmakesuseofElectricenergyastheprimarysourceandsolarenergyifpossible

byattachingsolarpanels.Italsohighlightsonthedesignaspectsofthebike.Thereis

aprovisionforachargingthebatterybyejectingitfrom themainsystem.The

electricalpowergeneratedwhichisusedtorunthebikecangivebetterfueleconomy

comparedtoconventionalvehicle,betterperformanceandalsocauseslesspollution.

Energycrisisisoneofthemajorconcernsintoday’sworldduetofastdepleting

resourcesofpetrol,dieselandnaturalgas.Incombinationwiththis,environmental

decayisanadditionalfactorwhichiscontributingtothedepletionofresourceswhich

isanalarmingnotification.Ourpaperproposesthesolutionforthisaboveperilous

problems.Thesystem whichweinnovatedistheElectricBike.Thisprojecthasvarious

benefitsbothtothemembersoftheteam andalsoexternalbenefitstherebymaking

awarenessofusingalternativemodesoftransport.TheElectricBikewhichworkson

thebatterythatispoweredbythemotoristhegeneralmodeoftransportforalocal

trip.Thesolarpanelscanbealternativesourceforthisbyaddingittothesystem.The

Electricbikewhichwillberunningonbattery,thepowerissuppliedbythemotor,

therebysupplyingthispowertodrivetheothergearcomponents.Themainpurpose

ofusingthisE-bikeisthatitisuserfriendly,economicalandrelativelycheap.The

efficiencyofthissystem undeniablecomparedtoconventionalmodesoftransport.

Thefollowingtableshowsthespecification ofvariouselectricbikesused in few

countries



INDEX

CHAPTER:-1

INTRODUCTION

1.1MOTIVATION

1.2PROPOSEDTECHNOLOGY

1.2.1.WORKINGPRINCIPLE

1.2.2.METHODOLOGY

CHAPTER:-2

LITERATUREREVIEW

CHAPTER:-3

DESIGNOFCOMPONENTS

3.1 WHEELS

3.2 HUBMOTORS

` 3.3 CONTROLLER

3.4 SPEEDCONTROLLER

3.5 BRAKELEVER

3.6 BATTERIES



3.7 SUSPENSIONS

3.8 BEARINGS

3.9 WIRINGKIT

3.10 LIGHTS

3.11 DISCBRAKE

3.12 FORKS

CHAPTER:-4

FABRICATIONOFMINIELECRTICBIKE

CHAPTER:-5

RESULTS&DISSCUSSIONS

CHAPTER:-6

CONCLUSION&FUTURESCOPE



CHAPTER1

INTRODUCTION

Elctricbikes(e-bikes)providecheap,convenient,andrelativelyenergy-efficient

transportation to an estimated 40 million to 50 million peoplein thePeople’s

RepublicofChina(PRC)asof2007.Theyarequicklybecomingoneofthedominant

travelmodesinthePRC.Ase-bikeusegrows,however,concernsarerisingaboutlead

pollution from theirbatteriesand emissionsfrom theiruse ofgrid electricity,

primarilygeneratedbycoalpowerplants.Thisreportexaminestheenvironmental

performanceofe-bikesrelativetoothercompetingmodes,theirmarketpotential,

andtheviabilityofalternativebatterytechnologies.Theanalysisisdividedintofive

sections.Section1describestheenvironmentalimpactofe-bikesinthePRC.Section2

analyzesthe environmentalimpactofalternative modesand comparese-bike

emissionswiththoseofalternativemodes.Section3discussesmarketpotentialand

identifiesfactorsthatinfluencee-bikeadoption.Section4presentsprospectsfor

batterytechnologyimprovementsinthenearandlongterm.Finally,section5frames

theroleofe-bikesinthePRC’stransportationsystem andrecommendspoliciesfor

thecentralgovernmentandthecitiesofthe.

1.1 MOTIVATION

Generalmodeoftransportforlocaltrips.

Drivingmakeseasywhencomparedtomotorvehicle.

Theyarenotcheapbutcansavethemoney.



Reducepollution.

Batterycharginginfrastructure.

E-bikingisatrendintourism andeverydaylife,especiallyinthealpinecontext.

Itprovidesa broaderfield ofactivitiesand constitutesa mobilityfeature for

subsequentactivities.The trend raisesthe question whethertouristsutilize e-

mountain bikesforotherreasonsorhaveothermotivationalbackgroundsthan

commonmountainbikers,especiallyinavacationsetting.Thus,themainobjectiveof

theresearchletterwastoexploretourists’motivesforparticipatinginmountainbike

activities.Therefore,thesportmotivationscalewasappliedwithparticularregardto

possibledifferencesbetween thementioned groups.Theresultsshowed thate-

mountainbiketouristsandcommonmountainbiketouristsdonotdifferintheir

motivationalpatters,buthavedifferentsociodemographicbackgrounds;thismight

indicatedifferentvacationpatternsandthusallow interestingimplicationsforthe

tourism industryanddestinationmanagementorganizations.

1.2PROPOSEDTECHNOLOGY

 Themaininnovativesolutionsforthepedelecprototypearedescribedin the

electricmotorposition;thenewmechanicaltransmission;thelowcostmeasurement

system ofthedrivingtorque;thespecialtestrig.Differentlyfrom acommonapproach,

inwhichtheelectricmotorislocatedononeofthethreehubsofthebicycle,theidea

ofthepedelecprototypeconsistsofanelectricalmotorinthecentralpositionthat,by

meansofabevelgear,transmitsthetorqueonthecentralhub.Theotherinnovative

solutionisrepresentedbythemotiontransmissionfrom themotortothepedalshaft,

achievedbytwodifferentgearboxes:thefirstoneisaplanetarygearboxandthe

secondoneisasimplebevelgear.Thepedelecprototypecontainsalsoanewlowcost

measurementsystem ofthedrivingtorquebasedonastraingaugeloadcelllocated

on onesideoftherearwheel,between thehub and theframe.Moreover,a

commercialcyclingsimulatorhasbeensuitablymodifiedinordertoproperlyinstall

thedifferentsensorsforthemeasurementoftheperformanceofthepedelec.Thetest

rigisabletoreproduceanaforethoughtrouteorpathsacquiredduringroadtests,to

measuretheperformanceofthee-bikeintermsofinstantaneouspowerandspeed.

Theexperimentaltestrigcansimulatetheresistanttorqueofapredeterminedtrack

anditaimstotestandtooptimizethecontrolstrategyavailableontheelectronic

controlunit.Theauthorshavealsoconductedanenvironmentalanalysisofthe



developedpedelec,inparticularcomparingthee-bikewithathermalmoped,in

termsofenvironmentalimpact.

1.2.1WORKINGPRINCIPLE

Motorsisadevicethatconvertselectricalenergyintomechanicalenergy.The

principleofelectricbikesmotoristogeneratetherotatingmagneticfieldbyusingthe

electrifiedcoil(thatis,thestatorwinding)andactontherotorsquirrel-cageclosed

aluminum frametoform themagnetoelectricrotatingtorque.

 

ThemotorisdividedintoDCmotorandACmotoraccordingtothepower

supply.Mostofthemotorsinthepowersystem areACmotors.Canbesynchronous

motororasynchronousmotor(motorstatormagneticspeed and rotorrotation

speeddonotmaintainsynchronousspeed.

 

Themotorismainlycomposedofthestatorandtherotor.Thedirectionofthe

forcemotionoftheelectricwireinthemagneticfieldisrelatedtothedirectionofthe

currentandthedirectionofthemagneticsense(thedirectionofthemagneticfield).

Theworkingprincipleofthemotoristheeffectofmagneticfieldonthecurrentforce,

whichmakesthemotorrotate.

.

1.2.2METHODOLOGY

Thefollowingmethodologiesaretobeused.Asimplecontrolstrategyhasto

be developed forIndian citydriving conditionswith lessfuelconsumption for

reducingemissions. Aconventionaltwo-wheelerwillbeconvertedintoaplug-in

hybrid electric two-wheeler by retrofitting a hub motor in the frontwheel.

Experimentswillbecarriedoutonengineandelectrichubmotortoestimatethe

power and torque requirements for various operating conditions.A detailed

investigation willbe carried outto estimate the battery energy and power

requirementsforvariousconditions.Acostbenefitanalysiswillbecarriedoutto

estimatethebatterypackcostand itspaybackperiod.An assessmentofannual

petroleum savingand greenhousegasemission reduction from thetwo-wheeler

segmentinIndiainthenextdecadewillbecarried.



CHAPTER2

LITERATUREREVIEW

Themainaim ofthisreview paperistopresenttheideaofharnessingthe

variousenergyand useitin today’sexistenceofhuman life.Forhuman being

travellinghasbecomevital.Inordertosustaininthisfastforwardworldhemust

travelfrom placetoplace.Itisveryimportantthattimetakingfortravellingshouldbe

less,also itshould beeconomicaland easilyavailable.With thefastdepleting

resourcesofpetrolanddiesel,thereisneedtofindintermittentchoice.Takingallthis

into account,a shiftawayfrom conventionalbased fuelsto usinga renewable

sourcesofenergyisamust.Electricbikewhichwillbedrivenwiththehelpofbattery

andthusproviderequiredvoltagetothemotor.Thefocusofthisreportistoperform

powercalculationsandsystem designofthisElectricBike.Thisbikecanbedriven

with thehelp ofelectricityoralso with thehelp ofsolarenergy.Thereforethe

manufacturingofsuchbikeisindispensableTheGermanNaturalisticCyclingStudy–

Comparingcyclingspeedofridersofdifferentebikesandconventionalbicycles[1]

Objectiveofthispapertowastoexploretheaccelerationandspeedoforthodoxand

electricallypoweredbicyclesundertruthfulstatuses.Authorsdistinguishedbetween

electricbicycleswhichdeliverprovisionupto45km/h(asknownasS-pedelecs)and

25km/h(speedofpedelecs).Additionally,asspeedlimitsof30km/hmightinfluence



especiallyontheexecutionofspeediercyclists(e.g.Spedelecrider),thepotentialmean

speed mightbe even advanced undervarious situations.Authors also found

noteworthyvariancesinnumerousmeasuresbetweenpedelecsandorthodoxbicycles,

although less noticeable.This might interpreted as a symptom that,when

acceleratingfrom standstill,theassistanceprovidedfrom motorusedbythepedelec

ridersto reach theirpreferred speed easier,notearlier.Authorsalso given the

varianceintheuserpopulation,itisnotirrationaltoadmitthatatpresent,e-bikesdo

notcauseanyrevolutionincyclingmeanspeedatall.Thegrowthofe-bikesin

youngercyclistsisstillthere.Ithasevenbeenembracedthatthee-bicycleisgoing

from beinga''recoveryvehicle"toastylishfrill.Bythisauthorsgavethevisionthat

thiswillchangetwowheeledactivityandstreetsecurityinthecenterandlongstretch.

B.UrbanElectricBike[2]Inthispaper,authorsconsideredimportanceofeasyvehicle

mobilityandcompactness.Inwhichtheyrevealedthatfoldingisthestrategicfeature

oftheebikewhichwouldnothavebeenprobabledevoidofthefoldingarms.Forthe

easeofslidingofthearmsaboltisprovided.Inordertoproviderigiditytothebikea

guidehasbeenprovidedonthemainframe.Aboutothercomponents,boththe

platesareweldedonfrontarm ofthebikeandaconstraintisestablishedontheback

arm toconfinetheanglebetweenthetwoarmsto50°.Furthermore,inpaperthe

specificationsandfunctionalitiesregardingcomponentsofe-bikewerediscussed.At

initially,fundamentaldrivingcomponentaboutHub MotorthatRegularelectric

motorsutilizeamechanicalgadgetcalledacommutatorandtwocontactsnamed

carbon brushesto switch theelectriccurrentperiodicallyand affirm thepivot

continueshandingoverthecomparativebearing.Hubmotorsarecharacteristically

brushlessmotors(Seefig.4)which replacesthecommutatorand brusheswith

planetarygearsandanelectroniccircuit.TheHallEffectSensorshelptolocatethe

positionofthepermanentmagnetsandwhichcoilstoactivatetokeepthemotor

spinning.Thenabouttheacceleratororsaythrottle,authordiscussedbelowworking.

WorkingofaTwistthrottleisbasedontheprincipleofpotentiometerwhichisalso

calledvariableresistor.Itisusedtofluctuatethevoltagepassingthroughthethrottle.

Inordertopassmorethroughthethrottle,themoretwistshouldbeprovidedasa

resultlessistheresistance.ThereforetwistthrottleoffersthesignaltotheBLDChub

motorcontrollertoincreaseordecreasethecurrentpassedtothemotor.C.Campus

MobilityForTheFuture:TheElectricBicycle[3]Thispaperpresentsthevarious

outcomesandresultsofthestudycontainingvisionsintothescheme.Electricbikes,of



muchsorthavebeensurveyedbyandbyinasemi-opencontractconspireonthe

NanyangTechnologicalUniversitycampusinSingapore.Accordingtothiscampus,it

isafamousandhelpfuladministration,withafew modelsofelectricbikebeing

exceptionallyverymuchutilized.Riderscontemplatethepremieroftheelectricbikes

tobebothagreeableandengagingwhileatthesametimeutilizingit,andextremely

suitableforcampustravel.Understudiesandgeneralsocietyalikeview theplan

unhesitatingly,andcreatorshaveseenalesseninginthequantityofmilesdrivenvia

autoinsidethegroundsforthedominantpartofclientswhoareadditionallydrivers.

Inthispaper,authorshavesensiblyinspectedtheutilizationofbikesoncampus,

displayingandinvestigatingreview resultsthatendeavortoclarifyblockstobigger

acknowledgmentofthebike.Authorslikewisebolsterthegeneralpublicbygiving

arrangementthatifthisinformationiscoordinateswithaportionofthequalitiesof

thecampusencompassing,itisconceivabletosuggestspecialized,arrangingand

reasonable arrangements that together should help the more prominent

acknowledgmentofbiketransport.Thisistheconcentrationoftherestofthepaper.

D.Design And Fabrication OfDualChargeableBicycle[4]In thispaper,authors

discussedaboutthecrucialcomponentsanditsexperimentsofe-bike,alternator

andbatteries.First,alternatorwhichisanelectromechanicaldevicethattransforms

mechanicalenergytoelectricalenergyintheform ofalternatingcurrent.Thebrushes

ofaDCgeneratorcarriesasmallfractionofthecurrent,whichcarrythegenerator's

wholeoutput.Asetofrectifiers(diodebridge)isessentialtoalterACtoDC.Toprovide

directcurrentwithlow ripple,authorsusedathree-phasewindingandthepole

piecesoftherotorareshaped(claw-pole)toproduceawaveform similartoasquare

waveasanalternativeofasinusoid.AuthorusedalternatorofYamahabikewhich

workingsaredoneathighRPM sinceauthors’electricbicycleisrestrictedtolowRPM

sotheychangedthewindingsofalternatorandupsurgeethedriveratio.Hence,it

canfunctionatlowRPM.Anotherimportantpartisdiscussedisregardingbatteries

ElectricbicyclesindustrializedinSwitzerlandinthelate1980sfortheTourdeSol

solarvehicleraceaccompaniedsunlightbasedchargingstationsyetthesewerelater

settledonrooftopsandassociatedinordertonourishintotheelectricmains.The

bikeswere then charged from the mains,asisnormalatthispoint.Battery

frameworksbeingusedincorporatelead-corrosive,NiCd,NiMHandLi-ionbatteries.

Rangeisakeythoughtwithelectricbicycles,andisinfluencedbyelements,for

example,engine productivity,batterylimit,effectivenessofthe driving gadgets,



optimaldesign,slopesandweightofthebicycleandrider.Thescopeofanelectric

bicycleistypicallyexpressedassomewherecloseto7km (toughonelectricpower

only)to70km (minimum assistance)andisprofoundlysubjecttoregardlessof

whetherthebicycleistriedonlevelstreetsorslopes.Thevitalityexpensesofworking

electricbikesarelittle,howevertherecanbenoteworthybatterysubstitutioncosts.In

lotsofavailablepreferencesauthorsselected2leadacidbatteriesof12volt5amp

becauseofitseasyavailabilityandlowcostandconnectedinseriestogetanoutput

of24volt.Overallexperimentedresultsofthispaperare:Speedof10-15km/hris

achievedwhenbatteryisfullycharged.Whencomingdownthehillthechargingcan

beachievedin1hr.Drivenmechanism wheelwearrapidlyduetofriction.AnImproved

&EfficientElectricBicycleSystem WithThePowerOfReal-timeInformationSharing[5]

FirstlytheyareusingthesunbasedboardasahotspotforE-bicycle.Inthatthey

utilizedthe20KW sunlightbasedboardanditisassociatedwiththe12vbattery.So

thesunpoweredboardisutilizedtochargethebattery.Herebasicconceptthey

appliedthatthesolarenergyisconvertedintoelectricenergybyusingphotovoltaic

effect.Theyconnectedthesolarpanelisintheseriesanditcreatedtheadditional

voltage,whichisusedtochargebattery

CHAPTER3

COMPONENT’SDESCRIPTION

:

Forthefabricationofminielectricbikethefallowingcomponentsarerequired

 WHEELS

 HUBMOTOR

 CONTROLLER

 SPEEDCONTROLLER

 BRAKELEVER

 BATTERIES

 SUSPENSIONS

 BEARINGS



 WIRINGKIT

 LIGHTS

 DISCBRAKE

 FORKS

3.1WHEELS:

Inourprojectrubbertyresareusedbecausesyntheticrubberisanartificial

elastomer.

Styrenebutadieneco-polymerisasyntheticrubberthatisoftensubstitutedin

partfornaturalrubberbasedonthecomparativerawmaterialcost

Polubutadieneisusedincombinationwithotherrubbersbecauseofitslow

heatbuilduppropertiesCarbonblack,formsahighpercentageofrubbercompound

thisgivesreinforcementandabrasionresistance

Fig.SyntheticRubber

3.2HUBMOTOR

fig:-Hubmotor

DriveModeAccording to the differentinstallationlocationsofdrivemotorinelectricvehicles,therearesingle-motorcentralizeddrive and multi-motor distributeddrivemodes.Distributeddriveisfurtherdividedintowheelsidemotordriveandwheelhubmotordrive.2.1CentralizeddriveCentralized drive is close to theconventionalvehiclestructure,inwhichthe internal combustion engine isreplacedbyamotor,and the motor torque istransmittedtothedrivewheelthroughthepowertraintodrivethevehicle.Itcanbeachievedbymakingaslightchangebased on the conventional vehiclestructure,whichhasmature,safeandreliableoperationtechnology,buthastheshDriveModeAccording to the differentinstallationlocationsofdrivemotorinelectricvehicles,therearesingle-motorcentralizeddrive and multi-motor distributeddrivemodes.Distributeddriveisfurtherdividedintowheelsidemotordriveandwheelhubmotordrive.2.1CentralizeddriveCentralized drive is close to theconventionalvehiclestructure,inwhichthe internal combustion engine isreplacedbyamotor,and the motor torque istransmittedtothedrivewheelthroughthepowertraintodrivethevehicle.Itcanbeachievedbymakingaslightchangebased on the conventional vehiclestructure,whichhasmature,safeandreliableoperationtechnology,buthasthesh



Asthecorecomponentofanelectricvehicle,thequalityofdrivingmotorhasa

greatinfluenceonthepower,economicalefficiencyandsafetyoftheelectricvehicle.

However,differentfrom otherindustrialmotors,themotordrivesystem ofvehicle

drivemotorisnotonlyaffectedbythesizeofvehiclestructure,butshallalsomeetthe

operating conditions under complex conditions.Therefore,in addition to the

requirementsofhigh efficiency,low mass,high powerdensity,smallsize,good

reliabilityandlow costofthedrivemotor,itshallalsoadapttothefrequentstart,

stop,climbing,accelerationanddecelerationconditionsofvehicles,whichrequirea

widerangeofspeedandhighoverloadfactorofautomotivedrivemotorinorderto

meettheperformancerequirementsofhightorqueunderlowspeedorclimbingor

lowtorqueunderhighspeed.

DriveModeAccordingtothedifferentinstallationlocationsofdrivemotorin

electricvehicles,therearesingle-motorcentralizeddriveandmulti-motordistributed

drivemodes.Distributeddriveisfurtherdividedintowheelsidemotordriveand

wheelhub motordrive.2 Centralized driveCentralized driveiscloseto the

conventionalvehiclestructure,inwhichtheinternalcombustionengineisreplacedby

amotor,andthemotortorqueistransmittedtothedrivewheelthroughthepower

traintodrivethevehicle.Itcanbeachievedbymakingaslightchangebasedonthe

conventionalvehicle structure,which has mature,safe and reliable operation

technology,buthasthe shortcomingsofsmallinteriorsize,heavy mass,low

transmissionefficiencyandcomplexcontrol.

DriveModeAccording to the differentinstallationlocationsofdrivemotorinelectricvehicles,therearesingle-motorcentralizeddrive and multi-motor distributeddrivemodes.Distributeddriveisfurtherdividedintowheelsidemotordriveandwheelhubmotordrive.2.1CentralizeddriveCentralized drive is close to theconventionalvehiclestructure,inwhichthe internal combustion engine isreplacedbyamotor,and the motor torque istransmittedtothedrivewheelthroughthepowertraintodrivethevehicle.Itcanbeachievedbymakingaslightchangebased on the conventional vehiclestructure,whichhasmature,safeandreliableoperationtechnology,buthasthesh
3.3CONTROLLERS:



fig:Controllers

Thee-bikecontrolleristhebrainofthee-bikes.Itisconnectedtoalltheother

electronicpartssuchasthebattery,motorandthethrottleifexist.Ittakesallthe

inputsfrom alltheothercomponentsanddeterminewhatshouldbesignaledto

them inreturn.Thecontrollerhastobefittedtotheotherparts.Youcan'tjustbuy

oneandconnectittoanymotororbatteryoutthere.Atbest,ifyoudothis,the

system wouldn'tworkbutthereisalsoagoodchangethatyouwillburnandruinthe

otherparts.



3.4SPEEDCONTROLLERS:-

fig:-Speedcontrollers

Themechanism ofanelectricspeedcontrollervariesdependingonwhether

youownanadaptiveorpurpose-buildelectricbike.Anadaptivebikeincludesan

electricdrivesystem installedonanordinarybicycle.Apurpose-builtbike,more

expensivethan an adaptivebike,provideseasieracceleration and affordsmore

features.Themechanism ofelectricbikespeedcontrollervariesinthesetwotypes

SPEED CONTROLBASCICSThespeed controllerofan electricbikeisan

electroniccircuitthatnotonlycontrolsthespeedofanelectricmotorbutalsoserves

asadynamicbrake.Thiscontrollerunitusespowerfrom thebatterypackanddrives

ittothehubmotor.Differenttypesofcontrollersareusedforbrushedandbrushless

motors.Foradaptivee-bikes,aconversionkitisusedandthecontrolleristhemain

componentofthatkit.

FUNCTIONTheelectricbikespeedcontrollersendssignalstothebike'smotor

hubinvariousvoltages.Thesesignalsdetectthedirectionofarotorrelativetothe

startercoil.Theproperfunctionofaspeedcontroldependsontheemploymentof

variousmechanisms.Inapurpose-builtelectricbike,Halleffectsensorshelpdetect

theorientationoftherotor.Ifyourspeedcontrollerdoesnotincludesuchsensors--

andthespeedcontrolleronanadaptivebikemaynot--theelectromotiveforceofthe

undrivencoiliscalculatedtogettherotororientation.



3.5BRAKELEVER:-

Becauseoftheirpositiononthehandlebarsbrakeleverscansometimesbe

pronetodamage,especiallyduringacrash,soifyouneedtoreplaceoneorbothof

them itisimportanttoknowwhattypetolookfor.Thetypeofbrakeleveryouneed

willprimarilydependonyourbiketype–BMX,MTBorroadbike,followedbyyour

braketype(cable-actuated rim brakeorhydraulicdiscbrake)and finallyother

factorsincludinghandlebardiameterorgroupsetmanufacturer.Withcablebrakes,

whichwe’llbemostlydiscussinghere,therearetwomaintypesoflevers,basedon

thelength ofbrakecablepulled fora given amountoflevermovement.These

are shortpull (or‘standardpull’)and longpull.

• Standardpull:Thesearedesignedtoworkwithcaliperbrakes(asfoundona

BMXorroadbike)orwithtraditionalcentre-pullcantileverbrakes(asfoundonCyclo-

Xbikes).

• Longpull:Theseworkwithdirect-pullcantileverbrakessuchasthev-brakes

foundonmanyMTBbikes,aswellasMTBcablediscbrakes.

fig:Brakelever



3.6BATTERIES

Wehaveusedsingle48Vbatteriesaswellas4x12Vlead-acidcarbatteries

connected“inseries.”Eithercansupplywithenoughpower.Weuseasingle48V20Ah

LiFeHBatterymostoftenbecauseitissmall,light,inexpensiveandeasytomovein

andoutofthevehicleforcharging.LiFeH(Lithium IronHYDROGEN)isalsoamore

chemicallyandthermallystablechemistrythanLithium Ion,orLithium Polymer,

which representsadvantagesforlong-term shortAdditionalnotes:The energy

capacityofabatteryisdescribedwiththeunitAmp-hours[Ah].Wehavefoundthat

10Ahisenoughforatypicaldayofshooting.Morefrequentarm moveswillrequire

largercapacity(oradditionalbackup)batteries.Batterieswith20,30,oreven50Ah

capacitiesarecompletelysuitableforuse,andsimplyprovideadditionalcapacityfor

longershoots/run times.Ifyouusemultiplebatteriesin series,each individual

batteryshould havethesameAh capacity.Anybatteryused mustbeableto

dischargeatleast40Aforoptimum performance.Thisisespeciallyimportantwhen

usingathighspeeds.

fig:-Batteries



3.7SUSPENSIONS:-

fig:-Susupensions

The suspension system ofa vehicle refersto the group ofmechanical

componentsthatconnectthewheelstotheframeorbody.Agreatdealofengineering

efforthasgoneintothedesignofsuspensionsystemsbecauseofanunendingeffort

toimprovevehiclerideandhandlingalongwithpassengersafetyandcomfort.Inthe

horseand buggydays,thesuspension system consisted merelyofabeam that

extendedacrossthewidthofthevehicle.Inthefront,thewheelsweremountedtothe

axleendsandtheaxlewasrotatedatthecentertoprovidesteering.Theearly

automobilesusedtheone‐pieceaxledesignbutinsteadofbeingrotatedatthecenter,

itwasfix‐mountedtothevehiclethroughspringstoprovidethecushioningofshock

loadsfrom roadinaccuracies.Thewheelswererotationally‐mountedattheaxleends

toprovidesteering.Thefirstspringsconsistedofthinlayersofnarrowpiecesofstrip

steelstackedtogetherinanellipticalshapeandwerecalledleafsprings.Inlater

installations,leafspringswerereplacedbycoilsprings.Infront‐enginerear‐drive

vehicles,thefrontbeam axlewasreplaced byindependentlymounted steerable

wheels.Thewheelsweresupportedbyshortupperandlowerhingedarmsholding

them perpendiculartotheroadasdidthepreviousaxlebeam designs.Acoilspring

wasusedtosupporteithertheupperorthelowerarm toprovidedampening.Shock

absorbersbegantobeusedtodampenshockloadsandalsotoprovideresistanceto

springoscillations.Lateritwaslearned byshorteningtheupperarm;wheeltilt

(camber)couldbecontrolledtopreventedgeloadingtireswhilecornering.Thepower



transmitting drive axle in the rearserved as the beam‐type suspension with

dampeningprovidedbyeitherleaforcoilspringsaswellasshockabsorbers.  When

front‐enginefront‐drivepassengercarswereintroduced,

theupperarm wasrotatedupandreplacedbyamembercalleda“strut”

whichcontainedtheconcentricallymountedspringandshock.  Thisarrangement

providedadditionalspacefortransversemountedengine/transmissionmodulesand

thefrontdriveshaft.Thissametypeofsuspensionwasalsousedintherearofmany

cars.Truckscontinuetobefront‐engine,rear‐drivevehiclesmanyofwhichareusing

beam‐typeaxlesuspensionsystemsinboththefrontandrear.

3.8BEARINGS:-

fig:-Bearings

Bearingsaremachineelementsthatallowcomponentstomovewithrespectto

eachother.Bearingsareusedtosupportlargeskyscraperstoallow them tomove

duringearthquakes,andbearingsenablethefinestofwatchestotickawayhappily.

Withoutbearings,everythingwouldgrindtoahalt,includingpeople,whosejointsare

comprisedofslidingcontactbearings!Therearetwotypesofbearings,contactand

noncontact.Contact-typebearingshavemechanicalcontactbetweenelements,and

theyincludesliding,rolling,andflexuralbearings.Mechanicalcontactmeansthat

stiffnessnormaltothedirectionofmotioncanbeveryhigh,butwearorfatiguecan

limittheirlife.Non-contactbearingsincludeexternallypressurizedandhydrodynamic

fluid-film (liquid,air,mixedphase)andmagneticbearings.Thelackofmechanical



contactmeansthatstaticfrictioncanbeeliminated,althoughviscousdragoccurs

whenfluidsarepresent;however,lifecanbevirtuallyinfiniteiftheexternalpower

unitsrequiredtooperatethem donotfail.Eachtypeofbearinghasitsownniche

applicationarea,andthusdesignengineersmustbefamiliar.

3.9WIRINGKIT:-

Commonlyused in automobiles,aswellasconstruction machinery,cable

harnessesprovideseveraladvantagesoverloosewiresandcables.Forexample,

manyaircraft,automobilesandspacecraftcontain manymassesofwireswhich

wouldstretchoverseveralkilometersiffullyextended.Bybindingthemanywiresand

cablesintoacableharness,thewiresandcablescanbebettersecuredagainstthe

adverseeffectsofvibrations,abrasions,andmoisture.Byconstrictingthewiresintoa

non-flexing bundle,usage ofspace is optimized,and the risk ofa short is

decreased.[3] Sincetheinstallerhasonlyoneharnesstoinstall(asopposedtomultiple

wires), installation time is decreased and the process can be easily

standardized. Bindingthewiresintoa flame-retardant sleevealsolowerstheriskof

electricalfires

3.10LIGHTS:-

Light or visible light is electromagnetic radiation within the portion of

the electromagneticspectrum thatcanbe perceived bythe humaneyeVisiblelightis

usuallydefinedashaving wavelengths intherangeof400–700 nanometers (nm),or

4.00×10−7 to7.00×10−7 m,betweenthe infrared (withlongerwavelengths)and

the ultraviolet (withshorterwavelengths). Thiswavelengthmeansa frequency range

ofroughly430–750 terahertz (THz)



3.11DISCBRAKE:-

A discbrake isatypeof brake thatusesthe calipers tosqueezepairs

of pads againstadiscorrotor tocreate friction. Thisactionslowstherotationofa

shaft,such asa vehicle axle,eitherto reduceitsrotationalspeed orto hold it

stationary.The energy ofmotion is converted into waste heat which mustbe

dispersed.Hydraulically actuated discbrakesarethemostcommonlyusedform of

brakeformotorvehicles,buttheprinciplesofadiscbrakeareapplicabletoalmost

anyrotatingshaft.

3.12FORKS:-

A motorcycle fork connects a motorcycle's frontwheeland axle to

its frame,typicallyviaayoke,alsoknownasatripleclamp,whichconsistsofan

upperyokejoinedtoaloweryokeviaasteeringstem,ashaftthatrunsthroughthe

steering head, creating the steering axis. Most forks incorporate the

front suspension andfrontbrake,andallow thefrontwheeltorotateaboutthe

steeringaxissothatthebikemaybesteered.Most handlebars attachtothetop

clampinvariousways,whileclip-onhandlebarsclamptotheforktubes,eitherjust

aboveorjustbelowtheuppertripleclamp.

The fork and itsattachmentpointson the frame establish the critical

geometricparametersof rakeandtrail,whichplayamajorroleindefininghow a

motorcyclehandlesand dives during braking. Whilethestandard telescopicfork

arrangementis found with few major differences among mainstream street

motorcyclessincethe1970s,historicallytherehavebeenmanyvariations,including

trailingorleadinglink,springer,Earles,girder,and others,aswellasnon-fork

steeringsuchas hub-centersteering.



CHAPTER4

FABRICATIONOFMINIELECTRICBIKE

DESIGNING OFSHAFTBENDING:Theforcewhich developsacrossa

specificcrosssectionoftheshaft,itgeneratesstressatthatpointofcrosssectionthat

aresubjectedtomaximum loading.Thisinternalorresistingmomentgivesrisetothe

stresscalledasbendingstresses.Torsion:Whentheshaftwhichistwistedbythe

couplesuchthattheaxisofthatshaftandtheaxisofthecoupleharmonize,that

shaftissubjectedtopuretorsionandthestressesgeneratedatthepointofcross

sectionistorsionorshearstresses.CombinedBendingandTorsion:Inactualpractice

theshaftissubjectedtocombinationoftheabovetwotypesofstressesi.e.bending

andtorsion.Thebendingstressesmayoccurdueanyoneofthefollowingreasons:

1.Weightofbelt

2.Pullofbelts

3.EccentricMountingofshafts/gears

4.Misalignmentofshafts/gears

Oncontrary,thetorsionalmovementoccursduetodirectorindirecttwisting

oftheshaft.Henceatanygivenpointoncross-sectionoftheshaft,theshaftis

subjected to both bending and torsional stresses simultaneously.

Designingtheshaft:

DesignofSprocketandChainforElectricBikeWeknow,

TRANSMISSIONRATIO=Z2/Z1

Fortheabovetransmissionrationumberofteethonpinionandthenumber

ofteethsprocketisintherangeof21to10,sowehavetoselectnumberofteethon

pinionsprocketas11teeth.



So,Z1=11teethSELECTIONOFPITCHOFSPROCKETThepitchisdecidedon

thebasisofRPMofsprocket.RPMofpinionsprocketisvariableinnormalconditionit

is=750rpm

APPLICATIONS:-

MILITARY

MEDICINAL

Generalmodeoftransportforlocaltrips.

Drivingmakeseasywhencomparedtomotorvehicle.

.Batterycharginginfrastructure.

Inhealingfacilitiesthewheelchairsandstretchersareutilizedforversatility

purposes,howevertheseportabilitydevicescan'tclimbthemeansoranystature

whichisbiggerthanitswheelwidth,theE-bikecanconquertheseissues.

ADVANTAGES:-

Easytocommutewithlowfatigue

Lessmaintenancecost

NormalDrag/Pedalispossiblewhenpowerisnotinuse

Deployablebatteries–canbetakeninsidehouse.

Costoftheunitisverylow.

.



CHAPTER5

RESULTS&DISCUSSION

We,succeededindoingthisprojectthatthisminielectricbikecanmovefast

whencomparedtoordinarymotorvehiclesandforlocaltripsandlessairpollutant



CHAPTER6

CONCLUSION&FUTURESCOPE

Conclusion:

Withtheincreasingconsumptionofnaturalresourcesofpetrol,dieselitis

necessarytoshiftourwaytowardsalternateresourcesliketheElectricbikeand

othersbecauseitisnecessarytoidentifynewwayoftransport.Electricbikeisa

modificationoftheexistingcyclebyusingelectricenergyandalsosolarenergyifsolar

panelsareprovided,thatwouldsum uptoincreaseinenergyproduction.Sinceitis

energyefficient,electricbikeischeaperandaffordabletoanyone.Itcanbeusedfor

shorterdistancesbypeopleofanyage.Itcanbecontrivedthroughouttheyear.The

mostvitalfeatureoftheelectricbikeisthatitdoesnotconsumefossilfuelsthereby

savingcroresofforeigncurrencies.Thesecondmostimportantfeatureisitis

pollutionfree,eco–friendlyandnoiselessinoperation.Foroffsettingenvironmental

pollutionusingofon–boardElectricBikeisthemostviablesolution.Itcanbe

chargedwiththehelpofACadapterifthereisanemergency.TheOperatingcost

per/km isverylessandwiththehelpofsolarpanelitcanlessenupmore.Sinceithas

fewercomponentsitcanbeeasilydismantledtosmallcomponents,thusrequiring

lessmaintenance.

FutureScope:

Asinmanyfieldslikeautomotives,military,agriculture,medical,etc.,which

candevelopanewmentioned,duetoitsadvantagesthefuturescopeoftheminie

bikecouldbeapplicableeraofmotorvehicles.
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ABSTRACT 
 

 

This project presents the concept of dual side shaping machine mainly carried out for 
production-based industries. Industries are basically meant for production of useful goods and 
services are low production cost machinery and low inventory cost. Today in this world every 
task has been made quicker and fast due to technology advancement but this advancement 
also demands huge investment and expenditure, every industry desires to make high 
productivity rate maintaining the quality and standard of the product at low average cost 

 

A shaper is used to machine a single job by using a single point cutting tool and hence 
it cannot be used for high production rate. In our proposed system “DUAL SIDE SHAPING 

MACHINE” a small Scotch yoke mechanism has been thus devised to demonstrate the dual 
side machining time reduction in shaping machines. This shaping machine has an idle stroke 
during its return motion. This project uses the idle stroke as cutting stroke and hence 
increases the production rate. This can be achieved by an addition of scotch yoke mechanism. 
The motor source of power with switch accessories is used to drive the ram on the guide plate 
to obtain the forward and return strokes. By this arrangement the machining time of a work 
piece is reduced by the half the time  
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CHAPTER-1 

INTRODUCTION 
 

In general, the shaper can produce any surface composed of straight line elements. Modern 
shapers can generate contoured surface. The main purpose of shaping machine is to machine 
plain horizontal surface. It is possible to from vertical and angular surfaces also. With proper 
tools and accessories even irregular surfaces can be formed. As per the of motion of the 
shaper they are 

  Crank type 

  Geared type 

  Hydraulic type  

By moving the work piece across the path of the reciprocating tool a flat surfaces is generated 
regardless of the shape of the tool. With the special tools, attachments and devices for 
holding the work, a shaper can also be used to cut external and internal keyways, gears, racks, 
dovetails, T-slots and other miscellaneous shapes. Shaping is essentially an inefficient 
method of metal removal but the simplicity of the process coupled with short set up time and 
cheap tooling makes it extremely useful for the single job 

The most common type of horizontal shapers is the production push cut shaper. This type of 
shaper consists of a frame or column supported on a base, a reciprocating ram and work table. 
The frame houses the drive mechanism of the shaper. The tool slide swivel base is held on the 
circular seat on the ram and is graduated to indicate the angle of swivel. The apron consisting 
of the clapper box the clapper block and the tool post is clamped on the vertical slide by a 
screw. It can be swiveled about the apron swivel in by releasing the clamping screw. The 
clapper blocks which carries the tool post is connected to the clapper box means of a hinged 
pin. The researchers suggested that a shaping machine for dividing a deformable mass, such 
as a meat product, into separately shaped portions comprises a stock container, at least two 
piston-cylinder units for alternately feeding in the mass from the stock container to a shaping 
plate provided with shaped recesses, and also means for removing the shaped portions from 
the shaping plate 

Normally in the manufacturing industry the shaping machine is used to manufacture a 
component, the time consumption is more, if single tool is used to manufacture the 
component. In order to reduce the time taken to produce a component, a new type of shaper 
machine was developed. In this new type of machine two shaping tools are used. Therefore 
two work pieces can be machined at the same time. In dual side shaper machine the 
machining time will be less when to normal shaper. The power consumption is same in both 
the shaper machine, and the speed of the ram will be controlled. 
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CHAPTER-2 

LITERATURE REVIEW 

 
R M Lathe :                  

  

 Investigated that conventional machining process consumes very high time and 
increases the labour cost, to overcome these problems and difficulties, he used automated 
electric pneumatic devices and PLC’s in shaper machine. He developed electro pneumatic 

circuits for performing shaping operations, which makes the operation semi-automatic by 
using a single point cutting tool. Automation of the machines are made with the help of 
pneumatic device, sensors, mechatronics and PLC’s etc. 

 

 

M.V.N Srujan Manohar : 

 

 Studied that pneumatic shaper is used for high production of automatic gear cutting 
with auto indexing work piece. A small ratchet gear understanding the chip formation 
mechanisms, heat generation in cutting zone, tool chip interfacial friction characteristics and 
integrity on the machined surfaces. 

 

 

S. Sundaram : 

 

 Investigated that wear of cutting tool in a machining operation is highly undesirable 
because it severely degrades the quality of machined surfaces and causes undesirable and un 
predictable changes in the work geometry. From a process automation point of view, it is 
therefore necessary that an intelligent sensing system be devised to detect the progress of tool 
wear during cutting operations so that worn tools can be identified and replaced in tune, As a 
‘Non-Destructive’ sensing methodology. 
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CHAPTER-3 

METHODOLOGY 
 
   

    
 

 
   
 
 
 
 
 

   

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                               Fig.1:  Methodology 
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CHAPTER-4 

SELECTION OF MATERIALS 

The various factors determining the choice of materials are discussed below 
 

4.1. Properties:  

The materials selected must possess the necessary properties for the proposed 
application. The various requirements to  
be  satisfied  can  be  weight, surface  finish,  rigidity,  ability  to  withstand  environmental  
attacks  from  chemicals,  service  life,  
reliability etc.  
 
The following four types of principle properties of materials decisively affect their selection:  
a. Physical  
b. Mechanical  
c. From Manufacturing Point Of View  
d. Chemical  
 
The various physical properties concerned are melting point, thermal conductivity, specific 
heat, coefficient of thermal  
expansion, specific gravity, electrical conductivity, magnetic purposes etc.  
The various mechanical properties concerned are strength in tensile compressive shear, 
bending, tensional and buckling  
load, fatigue resistance, impact resistance, elastic limit, endurance limit, and modulus of 
elasticity, hardness, wear resistance and  
sliding properties.  
The various properties concerned from the manufacturing point of view are,  
a. Cast Ability  
b. Weld Ability  
c. Forge Ability  
d. Surface Properties  
e. Shrinkage  
f. Deep Drawing  
  

4.2. Manufacturing Case:  

 Sometimes  the  demand  for  lowest  possible  manufacturing  cost  or  
surface  qualities  obtainable  by  the  available  
application of to manufacture the desired component may not yield the best result and we are 
forced for other options.  
 

4.3. Quality Required:  

 This generally affects the manufacturing process and ultimately the 
material. For example, it would never be desirable to  
go casting of a less number of components which  can be fabricated much more economically 
by welding or hand forging the steel. 
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4.4. Availability of Materials:  

 Some materials may be scarce or in short supply. It then becomes 
obligatory for the designer to use some other material  
which though may not be a perfect substitute for the material designed. The delivery of 
materials and the delivery date of product  
should also be kept in mind.  
4.5. Space Consideration:  
 Sometimes high strength materials have to be  selected because the 
forces involved are high and space limitations are  
there.  

4.6. Cost:  

As in any other problem, in selection of materials, the cost of material plays an important part 
and should not be ignored 
    
Sometimes  factors like  scrap  utilization, appearance,  and non-maintenance  of the designed  
part are  involved  in the selection of proper materials.  
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                                                              CHAPTER-5  

                                      DESIGN AND SPECIFICATIONS 
 
5.1 ANGULAR BARS 
 

Angle bar, also known as “L-bar”, “L-bracket” or “angle iron, is a metal in the form of a right 
angle.Steel angle bar is the most widely used structural steel by the construction industry 
because of its very economical cost. Structural steel angles are manufactured by rolling pre-
heated blooms to form an angle shape. We make sure our angle bars are produced under strict 
quality controls conforming to ASTM A36 specification. We offer equal and unequal angle 
steels according to the depth of legs and depending on the customer’s requirement. Steel 

angle bars are necessary for building power tower,trusses for roofing, communication tower, 
engineering projects, billboards and other steel structure buildings. Steel angle bars could also 
be found in our everyday life like industrial shelves, classical coffee table, chairs, waiting 
sheds and so on, apart from industrial and engineering applications.An angle bar is a steel 
material which is an angle shape with inside radius corners that is ideal for all structural 
applications. An angle bar is also used to turn the web when feeding from the side, or to 
By pass the former folder. Angle bar are also used on ribbon folders      
 

                                                                                                            

                                                           Fig.2 : Angular Bar 
 
 
 

Specifications: 

 

Total length of bars   : 800mm length-4 
Total width of bars   : 400mm length-4 
Total height of bars  : 600 mm  
Material used            : Mild Steel  
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5.2  AC MOTOR : 

                   The motor that converts the alternating current into mechanical power by using 
an electromagnetic induction phenomenon is called an AC motor. This motor is driven by an 
alternating current. The stator and the rotor are the two most important parts of the AC 
motors. The stator is the stationary part of the motor, and the rotor is the rotating part of the 
motor. The AC motor may be single phase or three phase. 

                            

Fig.3: AC motor 
 

Specifications: 

 

   Volatage :230v 

   Horse power :0.25 
   R.P.M  :1440 

  
 

5.3 VICE :  
                  
                   Bench vices, also known as woodworking or engineer's vices, are usually a tool 
made of metal or wood. Their sole purpose is to hold the object underneath, with grip and 
thereby work on the object. Simple examples of such works could be planning, drilling and 
sawing A vice has two parallel jaws which work together to firmly clamp an object and hold 
it in place. A threaded screw, which is connected to the jaws, runs through the body of 
the vice, and its movement is controlled by a handle, which is located on the outer end of a 
vice 

                                                 
                                                              Fig.4 : VICE 
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5.4 V-BELT AND PULLEY : 
 

V belts solved the slippage and alignment problem. It is now the basic belt for power 
transmission. They provide the best combination of traction, speed of movement, load of the 
bearings, and long service life. They are generally endless, and their general cross-section 
shape is roughly trapezoidal.  The "V" shape of the belt tracks in a mating groove in 
the pulley or sheave, with the result that the belt cannot slip off.  

The belt also tends to wedge into the groove as the load increases the greater the load, the 
greater the wedging action improving torque transmission and making the V-belt an effective 
solution, needing less width and tension than flat belts. V-belts trump flat belts with their 
small center distances and high reduction ratios. The preferred center distance is larger than 
the largest pulley diameter, but less than three times the sum of both pulleys.V-belts need 
larger pulleys for their thicker cross-section than flat belts. 

For high-power requirements, two or more V-belts can be joined side-by-side in an 
arrangement called a multi-V, running on matching multi-groove sheaves. 

V-belts may be homogeneously rubber or polymer throughout, or there may be fibers 
embedded in the rubber or polymer for strength and reinforcement. The fibers may be of 
textile materials such as cotton, polyamide such as Nylon or polyester  

 

 

 

                                        
                       

                                                  Fig.5 : V-BELT PULLEY 
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5.5  PLUMBER BLOCK : 
 
The fundamental application of plumber block , which is to mount a bearing safely enabling 
its outer ring to be stationary while allowing rotation of the inner ring. The housing is bolted 
to a foundation through the holes in the base. Bearing housings may be either split type or 
solid type. Split type housings are usually two-piece housings where the cap and base may be 
detached, while others may be single-piece housings. Various sealing arrangements may be 
provided to prevent dust and other contaminants from entering the housing. Thus the housing 
provides a clean environment for the environmentally sensitive bearing to rotate free from 
contaminants while also retaining lubrication, either oil or grease, hence increasing its 
performance and duty cycle. 
 

                                         
 
                                                        Fig.6 :  Plumber Block 
 
 

Specifications 

 
Housing Number  : P204 
Shaft Dia Nominal (d) : 20 mm 
Weight  : 680 grams 
Material : Cast iron housing, chrome steel bearing 

 

5.6  SHAFT : 
 
      A shaft is a rotating machine element, usually circular in cross section, which is used 
to transmit power from one part to another, or from a machine which produces power to a 
machine which absorbs power. 
 
 

                               
                                                        Fig.7 : shaft   

https://en.wikipedia.org/wiki/Rotating
https://en.wikipedia.org/wiki/Machine_element
https://en.wikipedia.org/wiki/Transmit
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5.7  FLAT BARS : 
 
Flat Bars are a long and rectangular-shaped metal bars are used in a wide range of structural 
and architectural applications. Flat bar is available in Aluminum, Stainless Steel, Hot Rolled 
and more. Hot Rolled Flat Bar can used in situations where precise shapes and tolerances are 
not required. 
 
Mild steel flat bar is a cost-effective and remarkably versatile form of steel which is suited to 
a huge range of applications. Although it displays the superb combination of strength, 
versatility and formability of steel, the reduced carbon content of mild steel makes it easier to 
work and therefore great for fabrication and construction purposes. In addition to its 
malleability, mild steel is also highly recyclable and can be reworked once used. Our mild 
steel flat bar is iron grade 43a and can be easily cut, drilled and welded; it is a superb choice 
of material for constructing frames, trailers and many more high strength structures in 
domestic, commercial and industrial environments. 

 Versatile, easily formed yet very strong 
 Widely recycled 
 A popular construction material 
 Available cut to size 

 
Steel flat bar is commonly used for general engineering and fabrication in many industries 
including: 

 Grating industries 
 Component manufacturing 
 Electrical industries 
 Machinary industries 

 

                              
                                              Fig.8 : Flat Bars 

 
 
 

Specifications 
1. 30mm x 5mm – 400mmlength - Mild Steel. 
 2.  40mm x 5mm – 400mmlength – Mild steel  
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5.8  : CRANK DISC : 
 
A crank is an arm attached at a right angle to a rotating shaft by which circular motion is 
imparted to or received from the shaft. When combined with a connecting rod, it can 
be used to convert circular motion into reciprocating motion, or vice versa 

 
Fig.9 : crank disc 

 

 

Specifications:   

  

 Disc diameter    :   140mm 
 
 Disc  width        :   4 mm  
  
5.9 BOLTS AND NUTS : 
 

Bolt, mechanical fastener that is usually used with a nut for connecting two or more 
parts. A bolted joint can be readily disassembled and reassembled; for this reason bolts or 
screw fasteners are used to a greater extent than any other type of mechanical fastener and 
have played an important part in the development of mass-produced articles and steel 
structures.  
The bolt consists of a head and a cylindrical body with screw threads along a portion of its 
length. The nut is the female member of the pair, having internal threads to match those of 
the bolt. Washers are often used to prevent loosening and crushing. 

 
A nut is a type of fastener with a threaded hole. Nuts are almost always used in conjunction 
with a mating bolt to fasten multiple parts together. The two partners are kept together by a 
combination of their threads' friction (with slight elastic deformation), a slight stretching of 
the bolt, and compression of the parts to be held together. 

       Bolts and Nuts 

https://www.britannica.com/technology/fasteners
https://www.britannica.com/technology/nut-fastener
https://www.britannica.com/technology/washer
https://en.wikipedia.org/wiki/Fastener
https://en.wikipedia.org/wiki/Screw_thread
https://en.wikipedia.org/wiki/Bolt_(fastener)
https://en.wikipedia.org/wiki/Friction
https://en.wikipedia.org/wiki/Deformation_(engineering)#Elastic_deformation
https://en.wikipedia.org/wiki/Tension_(physics)
https://en.wikipedia.org/wiki/Compression_(physics)
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In applications where vibration or rotation may work a nut loose, various locking 
mechanisms may be employed: lock washers, jam nuts, specialist adhesive thread-locking 
fluid such as Loctite, safety pins or lock wire in conjunction with castellated nuts, nylon 
inserts , or slightly oval-shaped threads. 
 
Square nuts, as well as bolt heads, were the first shape made and used to be the most common 
largely because they were much easier to manufacture, especially by hand. While rare today 
due to the reasons stated below for the preference of hexagonal nuts, they are occasionally 
used in some situations when a maximum amount of torque and grip is needed for a given 
size: the greater length of each side allows a spanner to be applied with a larger surface area 
and more leverage at the nut  
 
 

 

COMPONENTS SPECIFICATIONS : 
 
 

Components 
 

Specifications 
 

Quantity 
 

  A.C  Motor 
 

230 V,0.25HP,1440 RPM 1 

 
Angular Bars 

 

30mm*30mm 
 

800mm Length 4 

30mm*30mm 
 

400mm Length 4 

 
Flat Bars 

 

30mm width,400mm Length 
 

2 

40mm width,400mm Length 
 

5 

Circular Disc 
 

140mm Diameter,4mm Thickness 
 

1 

Shaft 
 

270mm Length,19mm Diameter 
 

1 

Ball bearings 
 

Bearing no:UCP 204,shaft dia Nominal= 20mm 
 

2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://en.wikipedia.org/wiki/Lock_washer
https://en.wikipedia.org/wiki/Lock_washer
https://en.wikipedia.org/wiki/Thread-locking_fluid
https://en.wikipedia.org/wiki/Thread-locking_fluid
https://en.wikipedia.org/wiki/Loctite
https://en.wikipedia.org/wiki/Lockwire
https://en.wikipedia.org/wiki/Castellated_nut
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                                                               CHAPTER-6 

OPERATIONS PERFORMED 
 
 
In this project the following are the operations to performed in fabrication 
 

7.1 Turning: 

 

It is the most common type of operation in all lathe machine operations. Turning is the 
operation of removing the excess material from the workpiece to produce a cylindrical 
surface to the desired length. 
 

                                 
Fig.1𝟎 : Turning 

 
The job held between the centre or a chuck and rotating at a required speed. The tool moves 
in a longitudinal direction to give the feed towards the headstock with proper depth of cut. 
The surface finish is very good.There are different types of turning 
 
 

1. Straight Turning: 

 

                 The workpiece is held on the chuck and it is made to rotate about the axis, and the 
tool is fedparallel to the lathe axis. The straight turning produces a cylindrical surface by 
removingexcess metal from the workpiece. 
 

2. Rough Turning: 

 

                 It is the process of removal of excess material from the workpiece in minimum 
time byapplying high rate feed and heavy depth of cut. in rough turning the average depth of 
cut2mm to 4mm can be given and feed is from 0.3 to 1.5mm per revolution of the work. 
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7.2 Surface Grinding : 

                 
                  It  is used to produce a smooth finish on flat surfaces. It is a widelyused abrasive 
machining process in which a spinning wheel covered in rough particles cuts chips of 
metallic or nonmetallic substance from a workpiece, making aface of it flat or smooth. 
Surface grinding is the most common of the grinding operations. It is a finishing process that 
uses a rotating abrasive wheel to smooth the flat surface of metallic or nonmetallic materials 
to give them a more refined look by removing the oxide layer and impurities on work piece 
surfaces. This will also attain a desired surface for a functional purpose. 
 
The surface grinder is composed of an abrasive wheel, a workholding device known as 
a chuck, and a reciprocating or rotary table. The chuck holds the material in place while it is 
being worked on. It can do this one of two ways: ferromagnetic pieces are held in place by a 
magnetic chuck, while non-ferromagnetic and nonmetallic pieces are held in place by 
vacuum or mechanical means. A machine vise (made from ferromagnetic steel or cast iron) 
placed on the magnetic chuck can be used to hold non-ferromagnetic workpieces if only a 
magnetic chuck is available. 
 
Factors to consider in surface grinding are the material of the grinding wheel and the material 
of the piece being worked on.Typical workpiece materials include cast iron and mild steel. 
These two materials are to clog the grinding wheel while being processed. Other materials are 
aluminum, stainless steel, brass and some plastics. When grinding at high temperatures, the 
material tends to become weakened and is more inclined to corrode. This can also result in a 
loss of magnetism in materials. 
 
                                                   

                     
 
 
 

                                                         Fig.11 :  Surface grinding 
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7.3 DRILLING: 

 

Drilling is a cutting process that uses a drill bit to cut a hole of circular cross-section in solid 
materials. The drill bit is usually a rotary cutting tool, often multi-point. The bit 
is pressed against the work-piece and rotated at rates from hundreds to thousands 
of revolutions per minute. This forces the cutting edge against the work-piece, cutting 
off chips  from the hole as it is drilled. The radial drilling machine is intended for drilling 
medium to large and heavy workpieces. 
 
The machine consists of a heavy, round, vertical column mounted on a large base. The 
column supports a radial arm which can be raised and lowered to accommodate work pieces 
of different heights. The arm may be swung around to any position over the work bed. The 
drill head containing mechanism for rotating and feeding the drill is mounted in a radial arm 
and can be moved horizontally on the guide-ways and clamped at any desired position. 
These three movements in a radial drilling machine when combined together permit the drill 
to be located at any desired point on a large work piece for drilling the hole. 
 
The drive mechanism used in a drilling machine is Rack and Pinion Mechanism. 
In Rack and Pinion Mechanism, gears are used to convert rotation into linear motion. When 
the hand wheel is rotated, then the Pinion which is attached to the rack also rotates which 
converts rotation into linear motion and hence the drill bit moves towards the workpiece. 
 
 
 
 

                       
 

     

                                                  Fig.12 :  Radial Drilling Machine 
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 7.4  ARC WELDING  : 

       Arc welding is a type of welding that uses a welding power supply to create an electric 
arc between an electrode and the base material to melt the metals at the welding point. They 
can use either direct or alternating current, and consumable or non-consumable electrodes. 
The welding region is usually protected by some type of shielding gas, vapor, or slag. Arc 
welding processes may be manual, semi-automatic, or fully automated. First developed in the 
late part of the 19th century, arc welding became commercially important in shipbuilding 
during the Second World War. Today it remains an important process for the fabrication of 
steel structures and vehicles                                           

 

 
 

Fig.13 : Arc Welding 
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                                                 CHAPTER-7 

                                 WORKING OF MECHANISM   
 

6.1 MECHANISM INVOLVED 
 
  Scotch Yoke Mechanism :  
     
The Scotch yoke  also known as slotted link mechanism is a reciprocating motion 
mechanism, converting the linear motion of a slider into rotational motion or vice versa. The 
piston or other reciprocating part is directly coupled to a sliding yoke with a slot that engages 
a pin on the rotating part. The location of the piston versus time is a sine wave of constant 
amplitude, and constant frequency given a constant rotational speed. This mechanism is 
generally found on shaping machines where single point cutting tool is mounted on the front 
of the slider or ram, in a hinged tool post. The tool cuts on the slow forward stroke and lifts 
over the work piece on the quick return stroke. The slotted link rocks from side to side, 
driven by the sliding block on the bull wheel. The various views of the proposed dual shaper 
machine. 
 
   
 

                              

 
      
 
 

Fig.14 : SCOTCH YOKE MECHANISM 
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DUAL SIDE SHAPER MACHINE 
 
 

 
 

Fig.14 : Final assembly of Dual side shaper machine. 
 

 
 
 
 
 

 
 
 

 
Fig.15 :Different views of Dual side shaper machine. 
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CHAPTER 8 

 

PROCESS INVOLVED 

 

 

 

 In the conceptual model of ‘Dual Side Shaper Machine’, we aregievn supply to the 

main shaft as we can see that the scotch yoke mechanism is directly fabricated to the 
main shaft and have some angular velocity as that of the main shaft. 

 

 

 

 When the A.C motor is started, the rotational power is transmitted through the belt 
drive with the help of pulley to the main shaft. 

 

 

 

 The shaft is connected to the scotch plate (the nob which is present in) pushes the 
yoke to transfer the rotational motion into the linear motion for shaping the two work 
pieces at the same time. 

 

 

 

 The shaping tools fixed to the both ends of the rams shaped the two work pieces 
mounted on the two small bench vices fixed to the frame. 

 

 

 

 As the two rams slides in both forward and backward directions, the shaping tools 
cuts the work pieces simultaneously. 
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                                                    CHAPTER 9 

CALCULATION 

Large pulley diameter, D=280mm  
Small pulley diameter, d=30mm  
Speed of motor, N=1440 Rpm  
Power ,P=187W  
 

SELECTION OF THE V-BELT :  
From data book for 187W, A(cross section symbol) section belt is chosen.  
 

CALCULATION OF CENTRE DISTANCE BETWEEN PULLEYS :  
 
Speed Ratio, I = 

𝐷

 𝑑
 =

𝑁

𝑛
 

 
280

30
 = 1440

𝑛
 

 

n = 
(1440 × 30) 

280
 

 
n =154.28 rpm  
 

i = 
280

30
 = 9.3  

 
Recommended 

 𝐶

𝑑
  ratio = 0.85 (from data book)  

 
Centre distance ,C in mm  
 
Cmin  =  0.55(D+d)+T 
          
        = 178.5mm 
 
Cmax = 2(D+d) 
 
         = 620mm 
 
C = 485mm 
 
CALCULATION OF PITCH LENGTH : 

 

Nominal pitch length of the belt, L = 2C + 
𝜋

2
(𝐷 + 𝑑) +

(𝐷−𝑑)2

4𝑐
 

 
 
                                                             = 1489.16mm 
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Standard pitch length of the belt, L = 1560mm (from data book for a A section belt) 
 
V = 𝜋𝑑𝑛

60
 

 
   =  2.26m/s 
 
CALCULATION OF ARC OF CONTACT  

 

       α = 180 - (𝐷−𝑑

𝐶
) × 60 

 
             = 149.07 
 
CALCULATION OF ACTUAL LENGTH : 

 

Standard length, L = 1560mm 
 

         A    =    
𝐿

4
−  𝜋 (

𝐷−𝑑

8
) 

 
 
                =  

1560

4
−  𝜋 (

280+30

8
) 

 
 
         A     =  268.2mm 
 

         B       =      (𝐷−𝑑)2

8
 

 
                = (230−30)2

8
 

 
         B       = 7812.5mm 
 
        C    =   A+√(𝐴2 − 𝐵) 
 
               =   268.26+√(268.262 − 7812.5) 
 
               =   521.54 mm 
 
MACHINING TIME CALCULATION : 

 

Length of the calculation stroke   =  60 mm 
 
Time required by cutting stroke    = 2 sec 
 
Cutting speed                                = 30 mm/sec 
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                                                            CHAPTER 10 
 
 
 
APPLICATIONS : 
 

 It is used in making double hack saw.  
 Reciprocating pump (the rotational motion converted into reciprocating motion) 
 It is used in beam engine when the rotational motion converted into linear sliding 

motion.  
 By using this mechanism to make toys and more. 

 

 

ADVANTAGES : 

 
 Simple in construction 
 Maintenance is easy.  
 Easy to operate. 
 Reduces time and high production rate 
 Components used for fabrication are easily available  

 
DISADVANTAGES : 

 

 Only small components can be machined.  
 Loading and unloading of work piece done manually. 
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                                               PROJECT COST 
 
 

S.No Components Quantity Material Amount 

1 A.C motor 1 Copper winding 1450 

2 Angular  bars 
 

Flat  bars 

12 
 

7 

 
Mild steel 

1100 

3 Big pulley 1 Mild steel 230 

4 Small pulley 1 Mild steel 25 

5 Belt 1 Rubber 150 

6 Vices 2 Cast iron 600 

7 Plumber block 2 Cast iron housing 
Chrome  steel bearing 

850 

8 Crank disc 1 Cast iron 200 

9 Nuts and bolts 50 Stainless steel 450 

10 Shaft 1 Mild steel 200 

   
                                                                                                                                                  
                                                                                                                       Total amount    =    5255  
 
 
Other expenses of project  =  250 
 
 
Total cost for facrication of this project   = total amount  +  other expenses 
                      
                                                                  =           5255    +     250  
                                                                 
                                                            =          Rs.5505 /-
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                                                 CHAPTER-11 

                                                 CONCLUSION 
 
 
                   This project work has provided us an excellent opportunity and experience, to use 
our limited knowledge. We gained a lot of practical knowledge regarding, planning, 
purchasing, assembling and machining while doing this project work. We feel that the project 
work is a good solution to bridge the gates between the institution and the industries. 
 
                  The use of innovative technology not only reduces cost significantly but also 
reduces the human effort while dual side shaper is used. This dual side shaper machine is 
used to manufacture components similar to a standard shaper machine. However, the 
machining time required for this dual shaper is less as compared to the normal shaper 
   
                   After studying the various research papers we have concluded that. the 
production rate is increased in the dual side shaper machine when compared to the normal 
shaper. The designed dual shaper has been used for only trial production. In the future it 
would be used for commercial production in industries 
. 
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ABSTRACT 

 

To analyse the efficiency of Dye-sensitized solar cell (DSSC) by replacing current DSSC 

materials, by simple preparation methodology, low toxicity and ease of production. Still, there 

is lot of scope for the replacement of current DSSC materials due to their high cost, less 

abundance, and long-term stability. The efficiency of existing DSSCs reaches up to 12%, using  

dyes by optimizing material and structural properties which is still less than the efficiency 

offered by first- and second generation solar cells. 
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1. Introduction 

Nowadays the demand for energy increased rapidly which resulted in the depletion of fossil 

fuels. It is estimated that the existing fuel becomes unavailable. Due to this the industries are 

focusing on the renewable energy resources for energy production. Among the renewable 

sources sun is the most important source of energy. Among all the renewable energy 

technologies, photovoltaic technology is widely used. However, these silicon based solar cells 

are restricted to terrestrial TV market due to their high production cost. (Li B  et al2006)) 

 

To overcome this problem dye sensitized solar cells (dssc’s) are developed. Comparing to the 

silicon solar cells dssc is well known as a cost effective photo voltaic device because of 

inexpensive material and simple fabrication process. The similar work on dssc was initiated in 

1991 by O’ Regan and Gradzel. The research has been developed to improve the device 

efficiency 7.1% in 1991 to 13% in 2014. Dssc are composed of titanium oxide semiconductor 

and dye sensitizer that can be extracted from natural resources with minimum cost. The 

platinum catalyst can be replaced with carbonaceous material which reduces the material cost. 

Dssc are easy to fabricate because of their insensitiveness to the environment contaminants and 

are process able at ambient temperature. These unique features are favored in low cost 

manufacturing method to print dssc and flexible substrates. Dssc work better under dawn and 

in cloudy weather conditions. These capability makes dssc an excellent choice for indoor 

applications like windows and sunroof. (O’regan et al 1991) 
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1.1Working Principle 
 

The working principle of DSSC involves four basic steps: light absorption, electron injection, 

transportation of carrier, and collection of current. The following steps are involved in the 

conversion of photons into current  

1. Firstly, the incident light (photon) is absorbed by a photosensitizer, and thus, due to the 

photon absorption, electrons get promoted from the ground state (S+/S) to the excited state 

(S+/S*) of the dye, where the absorption for most of the dye in the range of 700 nm which 

corresponds to the photon energy almost about 1.72 eV. 

2. Now, the excited electrons with a lifetime nanosecond range are injected into the conduction 

band of Nano porous TiO2 electrode which lies below the excited state of the dye, where the 

TiO2absorbs a small fraction of the solar photons from the UV region. As a result, the dye gets 

oxidized. 

 

3. These injected electrons are transported betweenTiO2 nanoparticles and diffuse towards 

the back contact (transparent conducting oxide [TCO]).Through the external circuit, electrons 

reach at the counter electrode. 

4. The electrons at the counter electrode reduce I−3to I−; thus, dye regeneration or the 

regeneration of the ground state of the dye takes place due to the acceptance of electrons from 

I− ion redox mediator, and I− gets oxidized to I−3 (oxidized state). 
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5. Again, the oxidized mediator (I−3) diffuses towards the counter electrode and reduces to I 

ion. (Kusama H et al 2008)  
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1.2 Construction and Working 

The working of dssc is as follows: 

1. The photons of the sunlight incident on the dye and excites on the dye. 

2. Electrons are excited from the dye and enters the conduction band of semiconductor 

material. 

3. Then the electrons flow through the porous TiO2 (semi conducting material) thin film 

to the transparent conducting oxide. 

4. The electron flow depends on the incident intensity and trapping effect. 

5. When the dye receives electrons from a redox mediator the oxidized dye molecules are 

regenerated. 

6. These mediators are oxidized in the process and further diffused to the counter electrode 

where they are regenerated by reduction due to the electrons reaching the counter 

electrode through an external circuit. (Tripathi Brijesh, et al 2014) 

 

 Parts used 

Working electrode: TiO2, ZnO 

Sensitizer: Pomegranate juice 

Electrolyte: Potassium Iodide 

Counter electrode: Graphite powder 

Transparent and Conductive substrate: Fluorine doped tin oxide glass (FTO)  
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2. Literature review 

2.1 Review of improvements on photo anode: 
 

A photo anode supports dye molecules and helps in the electron transfer in a DSSC. In order 

to achieve high efficiency the electron hole recombination rate should be low. The photon 

energy from the sun falls on the dye and gets excited which in turn injects electron into TiO2 

conduction band as well as the hole. These electrons diffuse TiO2 particle and flow through an 

external circuit through the load. The TiO2 Nano particles based photo anode has some 

limitations such as large no of grain boundaries which lead to electron recombination process. 

Research have been carried out on improving the TiO2 basic photo anodes. 

 

2.2 Improvements in Nano structure of photo anode: 
 

If the photo active layer of DSSC is thick the incident energy can be absorbed in max amount, 

for thick layer may cause hindrance in electron transport and causes the fall of efficiency. 

  

Fan et al. fabricated DSSC using double layers of Nano structure TiO2 films as photo anodes 

using composite photo anodes in the form of Tio2 Nano particles / Nano particles / TiO2 Nano 

particles / Nano belts and TiO2 Nano belts / Nano belts with the same film thickness the 

efficiency are as 4.81%, 3.55% and 0.36% respectively. 

 

Priyadarshini used Nano particles as the light harvesting agents to improve the efficiency of 

solar cell. Satapathi fabricated DSSC using photo anodes made from graphene / TiO2 Nano 

composition. The smaller graphene sheet improved the dye absorption leading to higher 

efficiency.(FanJ,  et al 2014). 
 

 

 

 

 

 

 

2.3 Experiment with semi-conductor materials: 

 

When a narrow band semi-conductor added to TiO2 electrode the light absorption capacity, 

therefore the efficiency of DSSC increases. Some of the metal chalcogenide semi-conductor 

like cadmium sulphide are used to fabricate quantum dot sensitized solar cells. 

 

Ghanbari niaki introduced a new strategy for increasing the efficiency of DSSC by design of a 

new double layer film doped with Zn ion. The low band gap contributes to higher light 

absorption and scattering. Transparent under layer are named as ZT0, ZT2, ZT5, ZT7. With 

different compositions of anatase and rutile similarly the light scattering over layer are named 

as N0, N5, NM0, and NM5. (Lin et al 2007). 
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2.4 Review of Improvements in sensitizers: 

 
The sensitizer is also known as dye which is adhered on photo anodes harvesting the light 

energy from the sun. To obtain more efficiency a dye should strongly adhere to the photo 

catalyst surface for efficient electron injection in to the conduction band of TiO2. Light 

harvesting ability of the dye in both visible and near IR regions should be considered to enhance 

the efficiency of the absorption process. (TachibanaY, et al 2000). 
 

2.5 Development of novel dyes: 

 

Many research have been made to synthesis novel dyes which can improve the overall 

efficiency of DSSC.  

 

Liu reported preparation of 4 artificial fluorine type sensitizers. Fluorine has high absorption 

properties which improves the overall photo voltaic performance of DSSC. (Liu Xiujun, et al  

2013). 
 

 

Wang synthesized 2 new D-A-pi-A Idoline dye with different additional donors. The bulky di 

propyl fluorine unit introduced in the donor part significantly increased the light energy 

absorption ability. (WangLina,et al 2014). 

 

Zhang synthesized 3 dyes 1e3 with different electron donors like carbazole, indoline, poumarin. 

The work highlighted two factors. That is charge recombination dynamites and TiO2 

conduction band energy shift. (Zhang Ji,Li Hai-Bin et al 2013). 

 

Mao derived 3 organic dyes from P219 with different electron donors. The introduction of 

double D-A branches and addition of thiophene as the conjugated bridge increased the 

efficiency of DSSC. The dyes were names as UY1, UY2, and UY3.(MaoMao,et al 2014). 

 

Li reported two new cyclometalated ruthenium sensitizer NC102 and NC103. The charge 

transfer resistance was high in these dyes.(Li Chung-Yen, et al 2014). 

 

Zhu reported 2 new sensitizers based on triphenylaminu-dicy-anovinyleme and used for p- type 

DSSC. The two dyes were coded as P3 and P4.  (Zhu Linna, et al 2014). 

 

 

 

Reddy synthesized 4 organic dyes CSORG6, CSORG7, CSORG8, and CSORG9. The light 

harvesting ability of the dyes could be improved by alkyl substituted thiophene units.(Reddy 

Marri Anil, et al 2014). 
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2.6 Review of improvements in electrolyte: 

 
The electrolyte used in DSSC is in liquid state which has more drawbacks like poor long term 

stability, flammability of liquids, and decomposition of dye. Solution to this drawbacks is to 

use polymer based gel type electrolyte. Compared to liquid electrolytes polymer electrolytes 

gives poor efficiency. (Yi-Hsuan Lai,et al  2009). 

 

Arof performed experiments and suggested that mixed iodide salt system with two dissimilar 

cations that can be used to increase the efficiency of DSSC made with polyvinylidene chloride. 
(Arof AK,et al 2014). 
 

Amalina conducted research and demonstrated the effect of solution concentration of copper 

iodides on the photo voltaic performance. CuI thin film deposited on the glass substrates 

showed that the film properties sturdily hinge on its fore runner concentration, gives possibility 

for mist atomization technique. To substitute the existing deposition of core transport material. 
(Amalina MN, et al 2013). 

 

 

 
 

 

 

2.7 Review of improvements in counter electrode: 

 
In the beginning days counter electrode is a TCO substrate quoted with Pt, due to their high 

cost DSSC becomes expensive.  

 

Ahmad proposed that graphene Nano particles are multi-wall carbon Nano tubes which can be 

used as counter electrodes.(Ahmad Iftikhar,et al 2014). 

 

Bu proposed carbon Nano onions as carbon electrodes. The deposition was done by carbon 

flame synthesis on Cu coated substrates.(Bu IanYY.et al 2014). 

 

Dong attempted to improve the efficiency of DSSC, a Nano structure based Pt counter electrode 

was fabricated by assembly of silver Nano particles on glass substrate. (Dong Hua,et al 2014). 

 

 

 

 

 

 

2.8 Other improvements: 

 
Kuo reported that high speed dye solution droplet bombardment reduces the dye absorption 

time of TiO2 from hours to minutes. (Kuo Hsiu-Po, et al 2014). 
 

Abdullah introduced anti reflective TiO2 compact layer with a gradient refractive index which 

shifted the transmittance and decreased the loss of charge carriers.(AbdullahMH,et al 2013). 
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3. Methodology 
Materials and Methods 

 

3.1Working Electrode (WE) 
 

The working electrodes (WE) are prepared by depositing a thin layer of oxide semiconducting 

materials such as TiO2, Nb2O5, ZnO, SnO2 (n-type), and NiO (p-type) on a transparent 

conducting glass plate made of FTO or ITO. These oxides have a wide energy band gap of 3–

3.2 eV. Among these semi conducting materials TiO2 is widely used in dsscs because of its 

higher energy band gap of 3.2ev although alternative ZnO and Nb2O5 has given same results 

as of TiO2. Due to its non-toxicity, less expensiveness and ease of availability, TiO2 is mostly 

used as a semiconducting layer. These semiconducting layers absorb only a small fraction of 

light in the UV region. These working electrodes are immersed in a mixture of a photosensitive 

molecular sensitizer and a solvent. After soaking the film in the dye solution, the dye gets 

covalently bonded to the TiO2 surface. Due to the highly porous structure and the large surface 

area of the electrode, a high number of dye molecules get attached on the nanocrystalline TiO2 

surface, resulting in  light absorption at the semiconductor surface increases.(Grant FA  et al 

1959), (Bickley RI et al 1978) 

 

 

 

 

 

 

 

3.2Photosensitizer or Dye 

 
Dye is the component of DSSC responsible for the maximum absorption of the incident light. 

Any material being dye should have the following photo physical and electrochemical 

properties: 

1. Firstly, the dye should be luminescent. 

2. Secondly, the absorption spectra of the dye should cover ultraviolet-visible (UV-vis) and 

near-infrared region (NIR) regions. 

3. The highest occupied molecular orbital (HOMO) should be located far from the surface of 

the conduction band of TiO2 and the lowest unoccupied molecular orbital (LUMO) should be 

placed as close to the surface of the TiO2, and subsequently should be higher with respect to 

theTiO2 conduction band potential. 

4. HOMO should lie lower than that of redox electrolytes. 
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5. The periphery of the dye should be hydrophobic to enhance the long-term stability of cells, 

as it results in minimized direct contact between electrolyte and anode; otherwise, water-

induced distortion of the dye from the TiO2 surface can appear which may reduce the stability 

of cells. 

6. To avoid the aggregation of the dye over the TiO2 surface, co-absorbents like 

chenodeoxycholic acid 

(CDCA) and anchoring groups like alkoxy-silyl, phosphoric acid, and carboxylic acid group 

were inserted between the dye and TiO2.This results in the prevention of dye aggregation and 

thus limits the recombination reaction between redox electrolyte and electrons in theTiO2 Nano 

layer as well as results in the formation of stable linkage. (Fung AKM,et al 2003), (Zaban A, et al  

1998)  

 

 

 

 

 

 

 

 

 

3.3Electrolyte 
 

 

An electrolyte has five main components i.e., redox couple, solvent, additives, ionic liquids, 

and cations. The following properties should be present in an electrolyte: 

1. Redox couple should be able to regenerate the oxidized dye efficiently. 

2. Should have long-term chemical, thermal, and electrochemical stability. 

3. Should be non-corrosive with DSSC components. 

4. Should be able to permit fast diffusion of charge carriers, enhance conductivity, and create 

effective contact between the working and counter electrodes. 

5. Absorption spectra of an electrolyte should not overlap with the absorption spectra of a 

dye.(Ferrere S, Zaban A,et al 1997) , (Oskam G,et al  2001). 

 

 

 

 

 

 



16 
 

 

 

 

 

 

 

3.4Transparent and Conductive Substrate 
 

 

DSSCs construction involves two sheets of conductive transparent materials, which help a 

substrate for the deposition of the semiconductor and catalyst, acting also as current collectors. 

There are two main characteristics of a substrate in a DSSC: Firstly, more than 80% of 

transparency is required by the substrate to permit the passage of optimum sunlight to the 

effective area of the cell. Secondly, for the efficient charge transfer and reduced energy loss in 

DSSCs, it should have a high electrical conductivity. The ITO films have a transmittance > 

80% and 18 Ω/cm2 of sheet resistance, while FTO films show a lower transmittance of ~ 75% 

in the visible region and sheet resistance of 8.5 Ω/cm2 .(Mehmood U et al 2014), (Andualem A, 

et al 2018) 

 

 

 

 

 

 

3.5 Counter Electrode (CE) 
 

CE in DSSCs are mostly prepared by using platinum (Pt) or carbon (C). Both working and 

counter electrodes are sealed together, and subsequently, an electrolyte is filled with a help of 

a syringe. Counter electrode catalyses the reduction of I−/I− 3 liquid electrolyte and collects 

holes from the hole transport materials (HTMs). Pt is used mostly as a counter electrode as it 

demonstrates higher efficiencies, but the replacement of Pt was much needed due to its higher 

cost and less abundance. Thus, several alternatives have developed to replace Pt in DSSCs, 

such as carbon, carbonylsulfide (CoS), Au/GNP, alloy CEs like FeSe and CoNi0.25.(Wang H-

J,et al  2014),(Gratzel M  et al 2005)  
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3.6 Experimental procedure 

 

1. Select an FTO coated conductive glass  

2. Apply TiO2/ZnO paste on the conductive side of the glass 

3. Apply dye on the paste, dry it and wash it with water 

4. Select another FTO glass and apply graphite powder on conductive side 

5. Place the glasses together and pour redox electrolyte in between the two glasses  

6. Connect the multimeter to the dye-sensitized solar cell 

7. Note down the voltage and current readings and calculate the efficiency 
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 3.7 Cost Analysis: 

 
S.no  Item Quantity Cost 

1 FTO glasses 4 2700/- 

2 TiO2 powder 500g 500/- 

3 ZnO powder 500g 750/- 

4 Glass rod 1 25/- 

5 Beaker 1 90/- 

6 Multimeter 2 550/- 

7 Alligator clips 4 150/- 

8 Pomegranate 4 100/- 

Total 4865/- 
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4. Results and Discussions 

4.1 Results 

Result 1: 

   Dye: Pomegranate 

    Working electrode:  TiO2 Paste 

    Counter electrode: Graphite powder 

    Electrolyte : Potassium Iodide 

     

    Observations : 

    Voc = 15mV 

    Isc = 7mA 

    Maximum power output (Pmax) = 15×7=105mW 

   Area of the cell (Ac) = 4.5×2 = 9sq.cm 

   Incident radiation of flux (E) = 100mW/sq.cm 

   Efficiency = (Pmax ÷ (E × Ac)) ×100 

                    = (105÷ (100×9))×100 

                    = 11.6% 
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Result 2: 

  Dye: Pomegranate 

  Working electrode: ZnO Paste 

  Counter electrode: Graphite powder 

  Electrolyte : Potassium Iodide 

 

Observations : 

  Voc = 18mV 

  Isc = 5mA 

  Maximum power output (Pmax) = Voc × Isc = 18×5 = 90mW 

  Incident radiation of flux (E)        = 100mW/sq.cm 

  Area of the cell (Ac) = 4.5×2 = 9sq.cm 

  Efficiency = (Pmax ÷ (E ×Ac))×100 

                    = (90÷(100×9)×100 

                 = 10% 
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 4.2 Discussions: 

 Issues affecting the efficiency of DSSCs 

Light scattering capability: 

The working principle of dssc technology is based on the concept of photosynthesis and to 

absorb most of the energy from incident photons. Due to various small size TiO2 particles, they 

demonstrate high transparency in solar spectrum and most of the incident photons are 

transmitted from the device without any work done. So it is important to improve the light 

absorption and scattering capability of photo anode as the sensitizers can absorb light energy 

efficiently. Since 1997 research efforts were done to improve the light scattering capability of 

dssc. Later another layer of relatively large particles over the nano particle layer of TiO2 has 

been introduced. This method of over layering increased the light scattering and improved the 

absorption/ scattering ability of photo anode. We can improve the light scattering ability by 

employing multifunctional scattering layers such as using thermos electric materials should be 

preferred rather than using single function scattering layer. (Bakhshayesh A,et al 2012). 

 

Charge recombination: 

The key energy conversion process in dssc is a photo induced charge separation at the metal 

oxide/ dye/ electrolyte interphase. It is important that the electron should move through 

semiconductor to the transparent conducting oxide layer before dye relaxation. The electron 

pickup by the electrolyte failing to do electrolyte movement. It will help to take place 

recombination reactions resulting in the low efficiency of the device. This charge 

recombination reaction occurs over micro / milli seconds time scale. (Anderson NA,et al 2004). 

 

Inter facial contact: 

Another research pathway to improve the performance of dssc is the contact optimization. The 

interface of conducting substrate layer is important in transporting electrons in the external 

circuit. To avoid the back reactions of electrons it is important to maintain a good contact 

between conducting substrate and semiconductor layer. Another important interface is 

semiconductor layer/ electrolyte interface. The use of co absorbents and additives in electrolyte 

can also increase the interface. (Zhang S,et al 2014), (Shakeel Ahmad et al 2017) 
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Dye pickup: 

Die pickup is one of the most important parameter which improves efficiency and also defines 

the amount of electron production. If the dye molecule pickup increases, the no of excited 

electron also increases which in turn increases the current density.(Hara K,et al 2004). 

 

 

 

 

Cost effective production of photo anode: 

Besides other performance parameters the dssc synthesis techniques play major role in 

development and commercialization of the technology. The selection of manufacturing method 

is the trade-off between the cost of production and performance efficiency. The film forming 

methods and techniques depends on various parameters such as temperature, deposition rate, 

pressure etc. It is important to select environment friendly and easy to operate fabrication 

method. 

 

 Dye/Electrolyte sealing: 

Another problem to manufacture a solar device is the leakage of liquid dye and electrolyte. 

This decreases the life time of dssc. The best solution to this problem is the use of semi solid/ 

quasi solids polymeric electrolyte. Quasi solid electrolytes not only solved the sealing problem 

but also increased the conversion efficiency from 1.2% - 4.5%. (Xia J et al 2006). 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

 

 

     4.3 Applications: 

 

1. Due to the physical nature of dssc’s, inexpensive, environment friendly materials, 

processing, and realisation of various colours, power window and shingles are 

prospective applications in building integrated photo voltaic. 

2. The availability of light weight flexible dye sensitized cells or modules are attractive 

for applications in room or outdoor light powered calculators, gadgets and mobiles. 

3. Flexible dye sensitized solar modules opens opportunities for integrating them with 

many portable devices, baggage, gears or outfits. 

4. In power generation dye sensitized modules with efficiency of 10% are attractive choice 

to replace the common crystalline Si-based modules. 
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5. Conclusion  

 

By conducting the experiment on DSSC’s and by using different working electrodes the 

following results are observed. 

ZnO as a working electrode and pomegranate as the dye gives an efficiency of 10% whereas 

TiO2 as a working electrode and pomegranate as the dye gives an efficiency of 11.6%. 

 Hence, it can be concluded that TiO2 gives more efficiency (11.6%) than ZnO (10%). 
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Abstract 

 

The fluid flow and heat transfer characteristics of a turbulent multiple (three) circular jets 

impinging normally on a heated flat plate is studied numerically by using commercial CFD 

code ANSYS Fluent. The H/D ratio is varied from 0.5 to 4.0 and its effect on the energy transfer 

is analyzed for a given Reynold’s number and heat flux. Results concluded that with increase 

in H/D ratio, away from the stagnation point, Nusselt number, static pressure, and wall shear 

reduces with an increase in the surface temperature. Highest values of static pressure, heat 

transfer and wall shear with highest surface temperature are recorded for the H/D = 0.5 whereas 

the lowest values of static pressure, heat transfer and wall shear with lowest surface temperature 

are recorded for the H/D = 4.0. 
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CHAPTER – I 

INTRODUCTION 

 

1.1 Introduction to jet impingement 

Jet impingement is a widely used cooling technique in various industrial applications 

due to their inherent high heat transfer rate, such as cooling of combustion chamber 

walls, gas turbine blades, drying of textiles, food products, leather and paper, 

annealing of steel, cooling of electronics, etc. In recent years, numerous studies have 

been carried out to increase the rate of heat transfer from impinging jets by adopting 

different flow control and blockage techniques. Over the last five decades, many 

experimental and numerical investigations have been carried out with impinging jets 

and a few researchers have reviewed the state of the art on fluid flow and heat transfer 

behaviour of impinging jets 

  

 

1.2 Flow configurations in jet impingement 

A flow with air jet impingement orthogonally on a flat surface follows some distinct 

regions (Fig. 1). At the nozzle exit, the emerging jet may pass through a region where 

it is sufficiently far-off from the impingement plate so that it acts like a free submerged 

jet or free jet region. In this region, the entrainment of mass, momentum and energy 

occurs due to shear-driven interaction of the surroundings with existing jet. The fluid 

from the surroundings gets entrained in to the jet and hence there is a reduction in the 

jet velocity with an increase in the total mass flow rate. In the process, the jet loses 

kinetic energy and the velocity profile expands in the spatial direction and shrinks down 

in magnitude along the sides of the jet. Thus, a non-uniform radial velocity profile 

develops within the jet. Further the free jet can be sub-divided into three regions, 

namely, the potential core, developing and developed regions. 
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Fig.1. Jet impinging – Representation of Zones and Velocity Profiles 

Potential core region  

The shear-layer or mixing-layer surrounds a core where the nozzle 

centerline fluid velocity (Um) is approximately equal to the jet exit velocity and 

this region is called the potential core. The potential core is the region in which 

the velocity of the jet remains largely unaffected by the spreading of the jet due 

to entrainment. The end of a core region may be defined as the point where Um 

= 0.95Uexit.  

After the potential core, the axial velocity profile decays due to large 

shear stresses at the boundary of the jet and this region is characterized as the 

developing zone. After the developing zone, a fully developed velocity profile 

is obtained and it is designated as the developed region. The length of the 

potential core significantly depends on the jet exit flow conditions and geometry 

of the nozzle. 

In the confined case, the fluid heated by the target plate can, in some 

instances, get re-circulated and be entrained back into the impinging jet. In this 

region the velocity of the jet is maximum.  

Stagnation region  

Stagnation point is the point of jet striking the target surface. At this 

point the velocity is zero, where the flow on the wall is accelerated by a stream 

wise stabilizing pressure gradient (the boundary layer thickness tends to keep 

constant); the wall region, where the pressure gradient effect no longer holds 



Computational Analysis of fluid flow and heat transfer characteristics of multiple circular jets 
impinging on a heated flat surface 

 

  

GUDLAVALLERU ENGINEERING COLLEGE 3 

 

and an even steep rise of turbulence can occur. In this region, the axial velocity 

quickly diminishes with a consequent rise in the static pressure. 

 

 

Wall jet region   

After striking the surface, the jet flows along the target surface in 

different directions, with velocity increasing from zero at the stagnation point 

to the maximum and then decreasing to lower value at leaving end.  

  

1.3 Applications of jet impingement 

Impinging jets have received considerable attention over the past few decades. They 

are used in a wide variety of industrial applications due to their inherent high heat 

transfer rate, including tempering of glass plate, annealing of metal sheets, drying of 

textile and paper products, and cooling of heated components in gas turbine engines 

and electronic instruments, which are also employed in mass transfer applications, such 

as mine ventilation, tunneling operations, paint spraying and cavitation drilling. 

Furthermore, they are relevant to vertical/short-takeoff-and-landing (V/STOL) aircrafts 

that take off or land with little or no forward momentum. Impinging jets also present 

an important test case for the development and validation of mathematical models of 

turbulent flow from a turbulence modeling perspective. 

 

1.4 Parameters studied in the Jet Impingement 

a. Velocity distribution: From the velocity distribution, we can study the direction 

of fluid flow, vortex formation, interaction between the jets in potential core 

region as well as wall shear region. 

b. Static pressure and Temperature distribution 

c. Wall shear distribution: Wall shear represents the resistance to the fluid flow 

after striking the plate. If wall shear is known to us, we can calculate the friction 

coefficient. 

d. Nusselt number: It is the ratio of convective heat transfer to conduction heat 

transfer at the solid boundary when a fluid is flowing over it. 

hL
Nu

k
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1.5 Statement of the Problem 

This study deals with the numerical investigation of heat transfer from a hot rectangular 

plate supplied with continuous heat flux to the air impinging through three circular 

nozzles with inline arrangement. It comprises of simulation studies to investigate the 

effect of H/D ratio on the temperature distribution, velocity distribution, static pressure 

and wall shear distribution, Nusselt number and surface heat transfer coefficient in wall 

jet region. The problem is solved using the CFD tool ANSYS Fluent 15.0. 

1.6 Objectives of Research 

The main objective of the present research is to determine the distribution of parameters 

like velocity, static pressure, wall shear, wall heat transfer coefficient and Nusselt 

number in the impingement of three circular inline jets on a heated flat plate, for a given 

Reynold’s number and varying nozzle to plate distance (H/d ratio).  

 

1.7 Organization of the Documentation 

The thesis is organized into five chapters. The brief description of each chapter is given 

below: 

Chapter-1 introduces the concept and applications of jet impingement, description of 

problem statement and objectives of the study. 

Chapter-2 is devoted to the thorough literature review in the relevant area of research. 

Chapter-3 presents the introduction to ANSYS Fluent and the detailed procedure 

followed to solve the problem. 

Chapter-4 presents the results obtained from this study with valid comments. 

Chapter-5 presents the conclusions and scope for future work. 
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CHAPTER – II 

LITERATURE REVIEW 

 

More research has been done and in progress studying the effect of various parameters 

like shape of the nozzle geometry, number of jets and their arrangement, flow 

parameters, various impinging fluids, boundary conditions etc., numerically and 

experimentally. The following review is related to the impinging of multiple circular 

jets: 

Jung Yan sang et. al [1] studied the effect of jet interference, cross flow and jet 

interaction on heat transfer characteristics by impinging 5 circular jets arranged in 

equilateral staggered array, by varying s/d ratio 2 to 8, H/d ratio 0.5 to 3 keeping the Re 

constant at 20,000. They reported that the interaction of jets is becoming weak on the 

surface and jet interference is increasing with increase of H/d and s/d ratios, 

experimentally. At lower s/d and H/d ratios, jet interference is observed before     

reaching the impinging surface and this phenomenon increased with increase in those 

ratios resulting in larger heat transfer from the surface. 

Makatar et. al [2] investigated the effects of jet arrangements on flow and heat 

transfer characteristics both experimentally and numerically in the impinging of an 

array of circular impinging jets. Both the inline and staggered arrangement of 6 x 4 

array of jets is considered for Re = 5000, 7500 and 13400 for the fixed H/d ratio 2 and 

s/d ratio 3. The results reveal that the effect of cross flow on the impinging jets for the 

staggered arrangement is stronger than that in the case of in-line arrangement leading 

to average Nusselt number of the in-line arrangement greater than that of the staggered 

arrangement by approx. 13-20%. 

Lingling Chen et. al [3] conducted experiments on the impingement of multiple 

circular array (7x7, 9x9) of jets to study the effect of jet-to-jet spacing, Re, H/d ratio 

and measurement methods. It has been observed that increase in the jet-to-jet spacing 

results in lower heat transfer rates over a large area in wall jet region. In addition, 

Smaller cross flow associated with smaller jet spacing produced better heat transfer 

whereas with larger jet spacing resulted in smaller pressure drop. 
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Simulation Work: 

Author 
Considerations Jet in 

work 
Nature of work Highlights 

G. Arvind Rao,  

Myra Kitron Belinkov, 

Yeshayahou Levy [4] 

Re <1000,  
Steady Multiple jets 

Capabilities of three variants of k-ω 

(standard, BSL, SST) turbulent model 
are analyzed using commercial CFD 

solver STAR CMM+ 

 SST k-ω model predicts the heat transfer well in 
agreement with experimental results for multiple jets. 

 Interaction between the cross flow and impinging jet 

has a strong effect on the heat transfer in wall jet 

region. 

Herbert Martin 

Hofmann, Rafael 

Kaiser, Matthias Kind, 

Holger Martin [5] 

Re=34000, 12400 
H/d = 2.5, 10 Steady, 

Pulsating single jets 

Effectiveness of 13 existing turbulent 

models excluding LES and DNS 

models are using commercial CFD 

software Fluent 6.0.  

 SST k-ω model predicts the results mapping well with 
experimental values in studying the transition from 

laminar to turbulent, for both steady and pulsating jets. 

 All the turbulent models are able to predict the heat 

transfer in wall jet region and unable to predict the jet 

behavior at stagnation region with good agreement. 

B.Sagot, G.Antonini, 

A.Christgen,  

F. Burona [6] 

Re=10,000-30,000 

2<H/d<6  
Single steady hot circular 

jet 

Average Nu is calculated for the 

impingement of hot air jet on the 

circular plate using RNG k-ε, 
Realizable k-ε, k-ω and SST k-ω 

turbulent models for constant heat flux 

conditions. 

 Boundary layer phenomenon was studied by 

performing the Numerical simulations using different 

turbulent models, out of which SST k-ω model proved 
to have good agreement with experimental results, for 

Re - 23000. 

G. Arvind Rao, Myra 
Kitron Belinkov, 

Vladimir Krapp, 

Yeshayahou Levy [7] 

Re = 3500 – 40000 
H/d = 2.5, 5, 7.5 

D = 0.2, 0.4, 0.6, 0.8 mm 

Steady Multiple jets 

Experimental and numerical analysis are 

performed to study the impingement of a 

large square array of circular jets on to a 

heated plate under low Re regime. 

 SST k-ω turbulent model was able to predict the heat 

transfer in the multiple jet impingement under low Re 
regimes within reasonable accuracy. 

 Results also conclude that the jet velocity varied 

linearly from the centre jet to the last jet in stream wise 

direction due to increase in pressure difference. 
 In the array of jets, it has been observed that lower the 

jet diameter, larger will be the heat transfer coefficient 

(gas turbine engine application). 
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Anuj K. Shukla and Anupam Dewan [8] reported a review on the literature existing in 

the study of impinging of jets, which includes research conclusions from various 

experimental and numerical works, with an application of impinging of jets to industrial 

needs. 

 Literature reveals that out of various turbulent and hybrid-models proposed by 

various researchers, SST k-ω model has good mapping with experimental 

results.  

 Inline arrangements of multiple jets gave higher heat transfer coefficients. 

 Hence in this work, k-ω turbulent model is used to study the impingement of 

inline arrangements of three circular jets on a heated flat plate.
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CHAPTER – III 

INTRODUCTION TO ANSYS FLUENT 15.0 

 

3.1 Introduction to ANSYS FLUENT 

ANSYS Fluent is a state-of-the-art computer program for modeling fluid flow, 

heat transfer, and chemical reactions in complex geometries. It uses a client/server 

architecture, which enables it to run as separate simultaneous processes on client 

desktop workstations and powerful computer servers. This architecture allows for 

efficient execution, interactive control, and complete flexibility between different types 

of machines or operating systems. 

ANSYS Fluent provides complete mesh flexibility, including the ability to solve 

flow problems using unstructured meshes that can be generated about complex 

geometries with relative ease. Supported mesh types include 2-D 

triangular/quadrilateral, 3-D tetrahedral/ hexahedral /pyramid/wedge/polyhedral, and 

mixed (hybrid) meshes. ANSYS Fluent also enables us to refine or coarsen the mesh 

based on the flow solution. 

ANSYS Fluent provides the flexibility of importing 3-D geometries and our 

own mesh using the meshing mode of Fluent or importing the mesh generated using 

other commercial packages. All remaining operations are performed within the solution 

mode of Fluent, including setting boundary conditions, defining fluid properties, 

executing the solution, refining the mesh, and post-processing and viewing the results. 

Solvers used in ANSYS Fluent:  

 The ANSYS Fluent serial solver manages file input and output, data storage, 

and flow field calculations using a single solver process on a single computer. 

ANSYS Fluent also uses a utility called cortex that manages ANSYS Fluent’s 

user interface and basic graphical functions.  

 ANSYS Fluent’s parallel solver enables you to compute a solution using 

multiple processes that may be executing on the same computer, or on different 

computers in a network. Parallel processing in ANSYS Fluent involves an 

interaction between ANSYS Fluent, a host process, and a set of compute-node 

processes. ANSYS Fluent interacts with the host process and the collection of 

compute nodes using the cortex user interface utility. 



Computational Analysis of fluid flow and heat transfer characteristics of multiple circular jets 
impinging on a heated flat surface 

 

  

GUDLAVALLERU ENGINEERING COLLEGE 9 

 

 

3.2 Capabilities of ANSYS Fluent: 

In the solution mode, Fluent allows us to simulate the following: 

 2-D planar, 2-D axi-symmetric, 2-D axi-symmetric with swirl (rotationally 

symmetric), and 3D flows 

 Flows on quadrilateral, triangular, hexahedral (brick), tetrahedral, wedge, 

pyramid, polyhedral, and mixed element meshes 

 Steady-state or transient flows 

 Incompressible or compressible flows, including all speed regimes (low 

subsonic, transonic, supersonic, and hypersonic flows) 

 Inviscid, laminar, and turbulent flows 

 Newtonian or non-Newtonian flows 

 Ideal or real gases 

 Heat transfer, including forced, natural, and mixed convection, conjugate 

(solid/fluid) heat transfer, and radiation 

 Chemical species mixing and reaction, including homogeneous and 

heterogeneous combustion models and surface deposition/reaction models 

 Free surface and multiphase models for gas-liquid, gas-solid, and liquid-solid 

flows 

 Lagrangian trajectory calculations for dispersed phase (particles/ droplets/ 

bubbles), including coupling with continuous phase and spray modeling 

 Cavitation model simulations 

 Melting/solidification applications using the phase change model 

 Porous media with non-isotropic permeability, inertial resistance, solid heat 

conduction, and porous-face pressure jump conditions 

 Lumped parameter models for fans, pumps, radiators, and heat exchangers 

 Acoustic models for predicting flow-induced noise 

 Inertial (stationary) or non-inertial (rotating or accelerating) reference frames 

 Multiple moving frames using multiple reference frame (MRF) and sliding 

mesh options 

 Mixing-plane model simulations of rotor-stator interactions, torque converters, 

and similar Turbo-machinery. 

3.3 Design Considerations 
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In this work, the effect of H/D ratio (Height / Diameter) affects the value of heat 

transfer coefficient. Thus, by varying the height to diameter ratio from 0.5 to 4, analysis 

will be performed over the region containing steel plate and air inlet nozzles 

Where the dimensions are as followed: 

 Steel plate    : 210mm 

 Diameter of nozzles   : 6mm 

 Height of the impinging plates : 3, 6, 12, 18, 24 mm 

 Distance between the nozzles  : 24 mm 

Here 1000 iterations are taken for analysis. 

 

Fig. 2 Geometry at H/D ratio- 0.5 

 

 

 Fig. 3 Geometry at H/D ratio- 1 
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Fig. 4 Geometry at H/D ratio- 2 

 

 

Fig.5 Geometry at H/D ratio- 3 

 

Fig. 6 Geometry at H/D ratio- 4 
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3.4 Grid Independent Test 

For the better accuracy of the required solution, the size of the mesh should be 

optimized. To achieve this, the analysis is repeated for the same inlet and outlet 

conditions, but with varying mesh size. Beyond one particular value of the number of 

elements, the output parameter will not change. Once this is finalized, the size of the 

element will be finalized and the analysis can be continued further. 

In this work, grid independent study is performed to finalize the grid size and 

number of elements. 

Grid independence study
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Fig. 7 Grid Independence Study 

From this graph, we have observed that with increase in the no. of elements 

beyond, the static pressure is observed to be decreasing. Hence the element size 

corresponding to this no. of elements is chosen to be optimum. 

 

3.5 Procedure to Solve in ANSYS Fluent: 

Solving of a problem in Fluent should undergo the following procedure: 

1. Model the required geometry of the physical model in ANSYS design modeler 

or import from any CAD packages. 

2. In the MESH, perform the following steps: 

 Specify the element size for the solids – 5 mm 

 In this work, number of layers for inflation is defined as 25 at the top wall 

and 40 for the target surface. 
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 Names selections are defined i.e. inlets, outlets, walls, interior of the solids, 

interior of the fluid, heat input region and insulated walls (in general the 

flowing fluid) at the required locations. 

 The mesh is generated as shown in the fig. 

 

Fig. 8 Mesh at H/D ratio- 4 

3. Solve the problem: 

 Set the Solver Settings: 

o Choose the problem dimensionality – 3-D. 

o Select the solver type - Pressure Based or Density Based 

o Choose the type of Analysis - Steady or Unsteady. 

 Choose the model of problem:  

 Since the heat is supplied and the temperature changes, energy equation 

is – ON. 

 Since the flow is turbulent, choose Viscous - Laminar – In that select 

Standard k-ω model. 

 Select the material properties:  

In this work, Air is taken as the fluid. Hence air properties are given. 

 Density  : Incompressible ideal gas (1.225 kg/m3) 

 Viscosity  : 1.789e-05 kg/m-s 

 Specific heat  : 1006.3 J/kg-K 

 Thermal Conductivity : 0.0242 W/m-K 

Steel is taken as the solid. Hence the properties of steel are given. 

 Density              :           8030 kg/m3 

 Specific heat               :           502.48 J/kg-K 

 Thermal Conductivity:           16.27 W/m-K   

 Set the boundary conditions: 

 At inlet, select the velocity at inlet. Enter the value = 49.12 m/s 
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 At outlet, select the Pressure at outlet. Enter the value = 0 N/m2. (gauge 

pressure) 

 At heat input region, select heat flux. Enter the value = 700 W/m². 

(Thermal) 

 At wall, select the insulated wall condition with heat flux zero an. (This 

indicates the wall is insulated and makes the flow adiabatic as well as 

irreversible). 

 Set the convergence criteria: 

 In the Solution monitors, change the tolerance of residuals to 1e-06. 

 Residuals include continuity, x-velocity, y-velocity, energy and 

turbulent kinetic energy and dissipation (for turbulent flow). 

 Initialize the solution. 

 Choose the proper method to initialize the solution.  

 For standard initialization, start compute from inlet. 

 Check all the inlet values and click on initialize. 

 Run the calculations: 

 Enter the number of iterations and click on RUN. 

 Wait till the convergence of the solution is achieved. 

Results obtained in this study are discussed in detail in chapter-5. 
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CHAPTER – IV 

RESULTS AND DISCUSSION 

 

Simulations are conducted to study the impingement of three circular in-line arrays of 

jets on a heated flat surface using ANSYS Fluent, under constant heat flux boundary 

condition. Results are presented by taking two section planes and a section line, as: 

 Vertical section plane in the plane of jet normal to the target surface, passing 

through the stagnation point (x-y plane). 

 Horizontal section plane parallel to and on the target surface (x-z plane). 

 Section line taken along the stagnation point, parallel to x-axis. 

The results obtained from the analysis are presented below. 

4.1 Velocity contours: 

 

Fig. 9 For H/D ratio = 0.5; Turbulent flow 

 

Fig.10 For H/D ratio = 1; Turbulent flow 



Computational Analysis of fluid flow and heat transfer characteristics of multiple circular jets 
impinging on a heated flat surface 

 

  

GUDLAVALLERU ENGINEERING COLLEGE 16 

 

 

Fig. 11 For H/D ratio = 2; Turbulent flow 

 

Fig. 12 For H/D ratio = 3; Turbulent flow 

 

Fig. 13 For H/D ratio = 4; Turbulent flow 
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The velocity contours give the following information: 

i. Along the axis of the jet, the velocity of jet decreases away from the nozzle exit 

due to the transfer of momentum to the surrounding fluid (entrainment). After 

striking the plate surface, the air gains the heat and moves in transverse direction 

along wall jet region.  

ii. In between the adjacent jets, there occurs a mixing of jets in wall jet region 

resulting in the upward flow called as upwash flow. This mixing inhibits 

turbulence leading to the increase of pressure as well as heat transfer. This 

upwash flow is most prominent and effective in the submerged jet i.e. H/d = 0.5. 

The upwash flow reduces with increase in the H/d ratio. 

iii. The upwash flow produced the recirculation of the flow creating an obstruction 

to the actual jet exiting from the nozzle. This makes the flow rotational resulting 

in the formation of vortices around the free jet. At the outer jets due to the 

formed vortices, pressure reduces leading to more entrainment of air form 

surroundings. This effect is very much less observed at the center free jet. 

 

4.2 Pressure contours in the Plane of Jet: 

 

 

 

Fig. 14 For H/D ratio = 0.5; Turbulent flow 
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Fig. 15 For H/D ratio = 1; Turbulent flow 

 

 

 

 

 

Fig. 16 For H/D ratio = 2; Turbulent flow 

 

 



Computational Analysis of fluid flow and heat transfer characteristics of multiple circular jets 
impinging on a heated flat surface 

 

  

GUDLAVALLERU ENGINEERING COLLEGE 19 

 

 

Fig. 17 For H/D ratio = 3; Turbulent flow 

 

Fig. 18 For H/D ratio = 4; Turbulent flow 

4.3 Pressure on Target plate: 

 

 

Fig. 19 For H/D ratio = 0.5; Turbulent flow 
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Fig. 20 For H/D ratio = 1; Turbulent flow 

 

 

 

 

 

 

Fig. 21 For H/D ratio = 2; Turbulent flow 
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Fig. 22 For H/D ratio = 3; Turbulent flow 

 

 Fig. 23 For H/D ratio = 4; Turbulent flow  
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pressure distribution at stagnation line
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Fig. 24 For H/D ratio = 0.5; Turbulent flow  Fig. 25 For H/D ratio = 1; Turbulentflow 
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Fig. 26 For H/D ratio = 2; Turbulent flow 
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    Fig. 27 For H/D ratio = 3; Turbulent flow 
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Fig. 28 For H/D ratio = 4; Turbulent flow 

The pressure contours give the following information: 

i. Peak static pressure is observed at the stagnation point. As the jet moves in the 

wall jet region, mixing of adjacent streams results in increase of pressure in 

between the jets. This is represented by the secondary peak in the pressure 

distribution curve. 

ii. The mixing of streams on the target plate is clearly visible in the figures 

presented in section 5.3. 

iii. The low pressure created in between the jets leading to the recirculation is 

visible from the figures presented in section 5.2. 

iv. The peak static pressure obtained is less than the stagnation pressure. 

4.4 Wall shear: 

 

 

 

Fig. 29 For H/D ratio = 0.5; Turbulent flow 
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Fig. 30 For H/D ratio = 1; Turbulent flow 

 

Fig. 31 For H/D ratio = 2; Turbulent flow 

 

 

Fig. 32 For H/D ratio = 3; Turbulent flow 
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Fig. 33 For H/D ratio = 4; Turbulent flow 

 

4.5 Temperature Distribution: 

 

 

Fig. 34 For H/D ratio = 0.5; Turbulent flow 
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Fig. 35 For H/D ratio = 1; Turbulent flow 

 

 

Fig. 36 For H/D ratio = 2; Turbulent flow 

 

 

 

Fig. 37 For H/D ratio = 3; Turbulent flow 
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Fig. 38 For H/D ratio = 4; Turbulent flow 

  

 

 From the temperature plots it has been observed that maximum heat transfer is 

observed at stagnation point resulting in lower surface temperature. Also due to 

interaction between the jets, the level of turbulence increased in between the jets 

thereby increasing the heat transfer from the surface to the air. So, temperature is less 

in the region between the spread of first and last jets. As we move away from the 

stagnation point, the temperature of air is increasing thus decreasing the temperature 

difference. This reduces the heat transfer, thus increasing the surface temperature of the 

plate. This trend is observed for all the cases outside the extreme jets impinging on the 

surface. 

 Lowest surface temperature is recorded for H/D = 0.5 i.e. in the submerged jet 

where the velocity of jet is high having more contact between the jet and the plate 

surface. In this case the upwash flow is observed, where the jet strikes the confinement 

plate and strikes the target plate again. Thus fluid can have more contact with the target 

surface resulting in more heat transfer. With increase in the H/D ratio, the fluid spreads 

laterally parallel to the plate surface with reducing axial velocity. This reduces the effect 

of upwash flow. The highest surface temperature is recorded for H/D = 4. 
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4.6 Nusselt Number plot: 

Nusselt Number plot along stagnation line
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Fig. 39 For H/D ratio = 0.5; Turbulent flow 

 

Nusselt Number plot along stagnation line

Distance(m)

0.00 0.05 0.10 0.15 0.20 0.25

N
u
s
s
e

lt 
N

u
m

b
e

r

0

500

1000

1500

2000

2500

3000

3500

Distance VS Nusselt number

 

Fig. 40 For H/D ratio = 1; Turbulent flow 
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Nusselt Number plot along stagnation line
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Fig. 41 For H/D ratio = 2; Turbulent flow 

 

 

Nusselt Number plot along stagnation line
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Fig. 42 For H/D ratio = 3; Turbulent flow 
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Nusselt Number plot along stagnation line
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Fig. 43 For H/D ratio = 4; Turbulent flow 

At the stagnation point, heat transfer is high. Hence Nusselt number is 

maximum at stagnation points and decreases away from the Nusselt number. At the 

point of interaction of adjacent jets, heat transfer is increasing due to increase in 

turbulence. Hence a secondary maximum is observed in between the center and the 

adjacent outer jets. This secondary maximum is observed for all the H/D ratios. 

Nusselt number is observed to be maximum for the H/D = 0.5 and lowest for 

the H/D = 4. 

 

 

  



Computational Analysis of fluid flow and heat transfer characteristics of multiple circular jets 
impinging on a heated flat surface 

 

  

GUDLAVALLERU ENGINEERING COLLEGE 31 

 

CHAPTER – V 

Conclusion and Scope for Future Work 

5.1 Conclusion 

Following conclusions are drawn from the numerical analysis of impingement of three 

inline arranged circular jets, under constant heat flux boundary condition. 

1. Peak static pressure is observed at the static point where the jet strikes the plate. 

2. Due to the mixing of the adjacent jets in wall jet region after impingement, there 

occurred a secondary peak in the pressure distribution producing turbulence. 

3. From the central jet to the outer jets, there occurs an increase in heat transfer due 

to the mixing of the spreading inner jet and entrained air from surroundings with 

the outer jets. Hence the heat transfer coefficient is higher for the outer jets than 

at the central jet. 

4. Because of spread of air jet transverse to the jet axis, the velocity in the potential 

core reduces.  

5. With increase in the H/d ratio, it has been observed that 

a. Peak static pressure reduces with maximum occurring for submerged jet i.e. 

at H/d = 0.5. 

b. Peak Nusselt number reduces with maximum occurring for submerged jet 

i.e. at H/d = 0.5. 

c. Wall shear stress reduces with maximum occurring for submerged jet i.e. 

at H/d = 0.5.  

d. Temperature at the stagnation region is increasing, due to reduction in heat 

transfer from the heated plate. 

 

5.2 Scope for future work 

1. Effect of Reynold’s number can be studied. 

2. Impingement of jet on a roughened surface can be studied. 

3. Impingement of jet on smooth and roughened surfaces can be studied under 

transient conditions. 

4. Implementing the jet impingement for any engineering application can be 

studied in detail, for better design. 
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ABSTRACT

The present project work attempts to numerically investigate the thermal

transport for two-dimensional solid complex geometries with two discrete heat

sources at the bottom wall. The computational grid has been developed in meshing

software and then linked to the inhouse code which is based on collocated grid based

Finite Volume Method (FVM). To study the influence of geometry and material on

energy transport, five different domains namely, square, trapezoidal, skewed, S-curve

and H-curve have been considered and the thermal conductivity has been varied from

0.25 to 10 W/m K. A novel concept of Bejan’s heatline visualization has been

considered for the analysis of heat transport. The numerical results are presented in

terms of isotherms, heatlines and local temperature distribution of the geometries. The

heatlines along with isotherms are observed to provide a better insight for the

understanding of thermal transport in considered complex geometries.
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NOMENCLATURE

A projected area, m2 Tc temperature of cold wall, K

bno non orthogonality of the grid Xa distance between left adiabatic,

m

d1 orthogonal part of diffusive

flux

Xb distance between left heater, m

d2 non orthogonal part of

diffusive flux

Xc distance between center

adiabatic, m

E,N,W,S east, north, west, south nodes Xd distance between right heater, m

e,n,w,s east, north, west, south

faces

Xe distance between right adiabatic,

m

H height in vertical direction, m X distance along x coordinate, m

JD diffusive flux x, y coordinate axis

k thermal conductivity W/m K Y distance along y coordinate, m

L length in horizontal direction,

m

Greek symbols

NE north east node  diffusion coefficient

NW north west node  heat function

q1׀׀ left heater flux strength, W/m2  primitive variable (temperature)

q2׀׀ right heater flux strength,

W/m2

 P unknown primitive variable

(temperature)

SE south east node ΔV volume difference, m3

SW south west node Superscripts

se south east corner 1 orthogonal terms

sw south west corner 2 non orthogonal terms

T temperature, K
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CHATPTER-1

INTRODUCTION

1.1 BACKGROUND

The understanding of thermal transport in complex geometries with discrete

heat sources is of major importance. Some of the applications such as heat exchangers,

solar thermal systems, electronic circuits, food processing industries, etc. involve

intricate geometries which are isotropic and anisotropic in nature. For the efficient

design of these systems a through understanding of thermal transport required.

Visualization of thermal transport in terms of heatlines was observed to provide better

insight. Some of the applications in various equipments are provided in Fig. 1.1.

A thorough insight of heat transport in complex geometries with discreate heat

source at the bottom wall is very much needed for the optimum performance of the

equipment. Natarajan et al. (2007) studied two-dimensional heat function within a

trapezoidal cavity which is differentially heated in the vertical direction. By using the

Penalty finite element method isotherms, streamlines and heatlines were obtained . It

was observed that when Ra=103 the heat transfer was uniform from hot wall to the

cold wall. But for Ra =106 the lower left and upper right portion of the cavity were

observed with higher heat transfer rates. Deng (2008) studied laminar natural

convection due to discrete heat source-sink pairs in a two dimensional cavity. The

study was focused on the size and arrangement effects of the sources and sinks and

their influence on fluid flow and heat transfer characteristics. Banerjee et al. (2008)

carried out steady state simulation for natural convection with a bi-heater

configuration for the analysis of passive electronic cooling.

Basak and Roy (2008) demonstrated natural convection in a square enclosure

with hot bottom wall and cold side walls in the presence of insulated top walls. It was

found that heatline concept is very much needed for optimal thermal management

and also helps in the understanding of the energy distribution for the food processing

application to store food for a long time. Basak et al. (2009) studied heatline concept

for a trapezoidal enclosure by varying Rayleigh number (103 ≤ Ra ≤ 105), Prandtl

number (0.026 ≤ Pr ≤ 1000) and tilted angles (Φ = 450, 300 and 00). It was
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observed that the heatlines were perpendicular to the isotherms during conduction

dominant region. Mobedi et al. (2010) employed heatfunction equation for the

Heat exchangers

https://www.researchgate.net/figure/a-Hea
t-exchanger-designs-with-extremely-intricate-inn
er-geometry-13-b-miniature_fig4_334268842

solar thermal systems

https://www.indiamart.com/renewal-eco
power-india-private-limited/solar-thermal-sys

tem.html

Printed Circuit Board (PCB)

https://www.allaboutcircuits.com/technical-
articles/pcb-thermal-management-techniques/

Food Processing Industries

https://www.temperaturemonitoringuae.
com/products/food-processing-haccp/

Fig 1.1. Some of the applications in various equipments

visualization of convection and diffusion in a square cavity. Kaluri and Basak (2010)

demonstrated natural convection in square cavity with multiple distributed heat

sources. It was found that distributed energy-efficient method is useful for the

visualization of heatline is useful for the material processing applications for the

utilization of thermal resources. By using finite element method, Basak et al. (2011)
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studied natural convection in trapezoidal enclosures by varying boundary conditions.

Results were presented in terms of isotherms, streamlines, heatlines, local and average

Nusselt numbers for enclosures. Heatline patterns for enclosures with Dirichlet heat

function boundary conditions was reported by Biswal and Basak (2015). The

understanding of thermohydraulics in non – orthogonal geometries is necessary due to

its practical significance. Ahmed et al.(2016) studied inclined square enclosure

which was filled with porous medium by using finite volume method. Results were

presented interms of heat transfer charecteristics, influence of thermal conductivity

ratio, local and average nusselt number of the enclosure. Gong et al.(2016)

numerically studied microchannel cooling for different types of heat sinks such as

smooth, wavy, wavy with dimples etc. It was observed that wavy with dimples,

improve the thermal performance of a microchannel heat sink. Das and Basak (2016)

investigated discrete solar heating involving natural convection for different types of

domains such as square, triangular, inverted triangular etc. Results were presented

interms of isotherms, heatlines, streamlines, local and average Nusselt number for

different positions of the heater within enclosure. Alsabery et al. (2016) studied

natural convection in a square cavity filled with nanofluid with sinusoidal heating

at the horizontal walls. Results were presented in terms of streamlines, heatlines,

isotherms, and the overall heat transfer for the geometry. It was found that the

enhancement of heat transfer rate depended on the increment of solid wall thickness.

The understanding of heat transport in complex domains is very much necessary for

the efficient design of the equipment. Roychowdhury et al. (1999) solved

incompressible N – S equations using, non – orthogonal collocated grid based finite

volume method. Krishna et al. (2008) studied lid driven flow in a skewed geometry

which is filled with fluid-saturated porous medium using semi-staggered grid based

finite volume method. Suri and Krishna (2015) developed non-orthogonal

collocated grid based FVM code for the analysis of thermal transport in complex solid

geometries. Suri and Krishna (2016) analyzed the energy transfer process in complex

solid domains. Results were presented interms of isotherms and heatlines based on

Bejan’s heatline visualization for better understanding of thermal transport.

Based on the above literature, it may be noted that for the better insight of heat

transport in complex geometries, several numerical methodologies were adopted and

validated. In these studies grid was generated for a specific domain and later

numerical analysis was performed. But in the present study a generalized code is
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developed to read mesh data for complex domains generated in GAMBIT and an

inhouse code which is based on a collocated grid based Finite Volume Method (FVM)

has been employed for the analysis of thermal transport in these geometries

1.2 GAMBIT SOFTWARE:

GAMBIT is geometry and mesh generation software, usually used with FLUENT.

GAMBIT's single interface for geometry creation and meshing brings together most

of FLUENT's preprocessing technologies in one environment. GAMBIT’s

combination of CAD interoperability, geometry cleanup, decomposition and meshing

tools results in one of the easiest, fastest, and most straightforward preprocessing

paths from CAD to quality CFD mesh. Complex models can be built directly within

GAMBIT’s solid geometry modeler or imported from any CAD modeler. Using a

virtual geometry overlay and advanced cleanup tools, imported geometries are

quickly converted into suitable flow domains. A comprehensive set of

highly-automated and size function driven meshing tools ensures that the best mesh

can be generated, whether structured, multiblock, unstructured or hybrid.

Fig 1.2. The GAMBIT graphical user interface (GUI)

1.3 PROCEDURE TO CREATE THE GEOMETRY

Step 1: Run the software GAMBIT to create the geometry and to mesh it.

Now Gambit is launched. Click on Solver menu at the top of the Gambit window and

choose FLUENT 5/6.
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Fig. 1. 3 The solver change to FLUENT 5/6

Step 2: Create a vertices

In order to create the geometry, first put the coordinate system on the geometry and

label it. Create Vertex-From Coordinates. In Create Real Vertex-Global, enter 0, 0,

and 0 for x, y, and z coordinates respectively. Type an appropriate label for this

vertex, e.g., “A”, and Apply. A vertex is created.

Fig. 1.4 Mesh generation for square domain with uniform Grid (11×11)
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Step 3: Create an edges

Join vertex A and B by straight lines to form the "edge" and name as “AB”. Click

left mouse on Geometry Command Button and Edge Command Button.

Step 4: Create a face

Create a "face" corresponding to the area enclosed by the edges.

Step 5: Generate the mesh on the face:

Select the face by shift clicking on one of its edges. Elements should be Quad by

default. Change to interval count in spacing option and put the value 11.

Generate the mesh by Apply. If all goes well, a structured mesh should appear.
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CHAPTER-2

PROBLEM DEFINITION AND MATHEMATICAL FORMULATION

The computational solid domains and boundary conditions considered in the present

study are shown in Figs.2.1 (a)–(d)..

Fig. 2.1. Schematic diagram of the computational solid domains with boundary

conditions

It consists of two-dimensional solid domains of dimensions L×H. The right side wall

is maintained at constant temperature 300K (Tc) and serve as a heat sink. Two discrete

heat sources are located at the bottom and left center portion of the wall which are

maintained at constant heat flux 200 W/m2 (qb׀׀) and 100 W/m2 (ql׀׀) condition and

remaining portion of the geometries are thermally insulated.
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Fig 2.2. Schematic diagram of the computational solid domains with Grids

The integral form of governing equation employed for the heat transport in complex

solid domains can be given as

0
V V

dx dy dx dy
x x y y
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The expression for diffusive flux through the east face can be obtained in terms of the
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Simplification of above Eqn. (2),
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Similarly, JDw, JDn and JDs can be obtained.

Fig. 2.1. Schematic diagram of the computational domains with boundary conditions

The net diffusive flux contribution for all the four sides can be shown to be of the

form

   

1 1 1 1

1 1 1 1
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Where
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b d d d d d d d d          

The term bno arises due to non-orthogonality of the grid and it vanishes whenever the

grid becomes orthogonal. The corner values are approximated using the four

surrounding nodal values. For instance, the north-east corner value is obtained as
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Similarly, nw , se and sw can be obtained.

Steady two dimensionless heat function equation can be represented by:
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Fig. 2.3. Typical control volume
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The boundary conditions are obtained by integrating Eq. (7) along the boundaries at

various junction points:

A reference value of H=0 is assumed for the top surface

Top (adiabatic) at Y = 1; 0 < X < 1

 
1

,1 0
Y

H X
y






 


(8)

Right (cold) at X = 1; 1 > Y > 0
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Left (cold) at X = 0; H > Yc > 3H/4
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Left (Heat flux) at X = 0;3H /4> Yb > H/4
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Left (Adiabatic) at X = 0;H /4> Ya > 0
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Bottom (adiabatic) at Y = 0; 0 < Xa < L/4
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where X and Y are the distances measured along the x and y coordinates, respectively;

H is the heat function;  is the primitive variable (Temperature);  is the

diffusion coefficient; 1

ed and 2

ed represents orthogonal and non-orthogonal part of

diffusive flux for east face of the control volume; 1

exA and 2
eyA represents orthogonal

and non-orthogonal area in x and y directions for the east face of the control volume.
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CHAPTER-3

METHOD OF SOLUTION

The governing equations (1-7) are discretized for non- orthogonal domains by the

finite-volume method. Arbitrary quadrilateral meshes are chosen and numerical work

has been carried out for complex domains. Temperature values are defined at the

same set of grid points which are located at the centres of the cells known as a

collocated grid arrangement. Collocated grid arrangement is chosen because the terms

Fig 3.1: Flow chart for numerical methodology

in the governing equations are essentially identical between the different balance

equations and hence, the number of coefficients that must be computed and stored is

minimized and programming is simplified. In this study the computational domain

and its grid is generated in GAMBIT a meshing software and the data is exported in

neutral file format. A code in C++ has been developed to read the mesh from GAMBIT.

This code acts as the link between the present in-house finite volume numerical code

and meshing software. The set of governing equations (Eqs. 1 and 6) obtained are

solved using Gauss- Seidel iterative solver and a convergence criterion of 10-6 is
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imposed to terminate the iterations. Contour plots are used for the visualization of

isotherms and heatlines for the considered geometries.

The steps considered in the present numerical methodology is provided as a flow

chart and is shown in Fig. 3.1 and can be summarised as follows

 Modelling, meshing, selection of boundary conditions and fluid/solid

domain using GAMBIT.

 Exporting of mesh data in the neutral file format.

 Reading the mesh data from GAMBIT by inhouse developed C++ code.

 Assigning temperature and heat function conditions at boundary nodes

 Initialization of temperature and heat function values for internal nodes.

 Solving the integral form of governing equations (Eqs. (1 and 6)) based on

collocated grid based finite volume method.

 The obtained algebraic equations are solved using Gauss-Seidel iterative

solver.

 Check for the convergence criterion (10-6).

 Obtained results are exported to post processing software in which

contours have been plotted.
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CHAPTER-4

GRID INDEPENDENCE AND VALIDATION

Grid generation is a crucial part of numerical solution. Numerical code has been

developed to read the mesh from GAMBIT and linked to the inhouse code for the

visualization of thermal transport. The constraint of the developed code is limited to

quadrilateral grid. Grid independence has been carried out by considering mid plane

temperature of the cavity. It is observed that maximum percentage variation for

temperature values between grid sizes 80×80 and 120×120 is less than 1%. Therefore,

a grid sizes of 80 × 80 has been considered for present study. The computational

domain consists of 80 × 80 cells with 20 grid points each, on two discrete heat

sources. The thermal conductivity (k) of the computational solid domains are varied

between 0.25 W/m K and 10 W/m K as reported by Suri et al. (2014). The left hand

side of the Fig. 4.1 (a) gives isotherms from commercial CFD code Ansys-Fluent and

the right hand side gives isotherms from the present study. Fig. 4.1(b) provides the

qualitative comparison with Ansys-Fluent by plotting mid plane temperature profile.

Fig. 4.1 a) Comparison of isotherms for present study (left), Ansys Fluent (right) and b)

mid plane temperature profile with commercial CFD code

Fig. 4.2 Comparison of isotherms ( __ ) and heatlines (- - -)
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CHAPTER-5
RESULTS AND DISCUSSION

The validity of the present numerical methodology is carried out by comparing with

commercial CFD code Ansys fluent as shown in Fig. 4.1. The left hand side of the

Fig.4.1(a) gives isotherms from the present study and the right hand side gives

isotherms from commercial CFD code Ansys fluent as shown in the Fig. 4.1(b)

provides the qualitative comparison with Ansys fluent by plotting mid plane

temperature profile. Based on above two comparisons it may be noted that the present

numerical methodology is very well agreement with commercial code Ansys fluent.

Fig. 4.2 shows the contours for isotherms and heatlines for the computational domain

shown in Fig. 2.1 (d). Basak et al. [6] reported that in conduction dominant regime the

isotherms and heatlines are normal to each other. Based on the details provided in, it

may be noted that the validity of the present numerical methodology is justified.

Grid generation is a crucial part of numerical solution. Numerical code has been

developed to read the mesh from GAMBIT and linked to the code developed for the

visualization of thermal transport. The constraint of the developed code is limited to

quadrilateral grid. A grid size of 80×80 has been considered for the complex domains

shown in Fig. 2.2

Fig. 5.1 indicates isotherms (left) and heatlines (right) at thermal conductivity

(k=0.25 W/m K) for the complex domains. As the heatlines provide the direction of

heat flow, the visualization for heat transport has been analyzed by plotting heatlines

along with the isotherms. The left column of Fig. 5.1 shows the isotherms. Based on

the isotherms it may be noted that the maximum temperature can be observed at the

center of bottom wall due to its higher heat flux of 200 W/m2. It may be noted that

due to presence of discrete heat source which is of higher magnitude when compared

to left wall of 100 W/m2, large temperature gradients may be noted at the bottom wall.

As shown in Figs. 5.1 (a) and (c) the magnitude of constant temperature lines at the

bottom portion is high when compared to Figs. 5.1(b) and (d). This difference can be

attributed due to the variation in size at the bottom wall of the cavity. Due to the lower

magnitude of thermal conductivity the heat transport is hindered with the increase in

length of the bottom wall. This phenomenon can be supported based on the higher

magnitude of heatlines from bottom wall to right wall. The magnitude of constant
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temperature lines is observed to be maximum at the bottom and left walls and noted to

decrease as it is moved towards the right cold wall. Based on heatlines it can be noted

that the heat transport takes place from discrete heat sources of bottom and left walls

to the right cold wall. From Figs. 5.1(a) and (c) dense heatlines can be noted towards

middle portion of the right cold wall whereas for Figs. 5.1 (b) and (d) it is observed at

the lower portion. This behavior can be inferred with the size of the discrete heat

source, as the length of the heat source increases the amount of heat to dissipate also

increases.

Fig 5.1. Isotherms (left) and heatlines (right) for different complex domains at

k= 0.25 W/m K
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CHAPTER-6

CONCLUSIONS AND SUGGESTIONS FOR FUTUREWORK

6.1 CONCLUSIONS

A numerical code has been developed to read the mesh from GAMBIT and

linked to the collocated grid based Finite volume solver for the visualization of

thermal transport. Results are presented in terms of isotherms and heatlines for the

considered geometries. The results thus obtained are rigorously validated with

commercial CFD code Ansys-Fluent. Contours for isotherms are plotted to visualize

the temperature distribution and heatlines are plotted to assess the energy transport.

The study could reveal that for a domain with lower thermal conductivity the

magnitude of temperature increases with the increase in size. Based on the study it

can be concluded that the visualization of heatlines can play a prominent role for the

better insight of thermal transport in complex geometries with discrete heat sources.

The study can provide an insight on the thermal management of electronic

components on complex shaped circuit boards.

6.2 SUGGESTIONS FOR FUTUREWORK

The study can be extended to hydrodynamic studies via heatline

visualization for non orthogonal geometries

 It would be interesting to analyze the thermal transport for buoyancy induced

flows with heat generating anisotropic porous media.
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ABSTRACT 

 

Automation technologies are widely accepted to have the potential to significantly reduce energy 
consumption and energy-related costs in industries. 

 Supervisory control and data acquisition (SCADA) is a software process control system that 
enables a site operator to monitor and control processes that are distributed among various 
different sites. SCADA system is often referred to as telemetry importance. Traditionally 
SCADA systems have made use of the Public Switched Network (PSN) for monitoring purposes 
to save time. Today many systems monitored using the infrastructure of the corporate Local Area 
Network (LAN)/ Wide Area Network (WAN) and Industrial networking. The Industrial SCADA 
system falls into a Human Machine Interface (HMI) category which displays process variables to 
the operator and allowing control of the plant. A SCADA system has two basic functions, the 
first of which is to display information about the current operating conditions of a plant in an 
informative and graphical interface and the second is to allow supervisory control of the plant by 
personnel/data acquisition. 

In this project we developed a logical screen for labeling of a product using SCADA to enable 
supervisory control over each and every element in the process along with machine vision 
control. The software which we used provides wide range of design tools which enabled us to 
design the screen in an effective way that allows the end user to have a visual interpretation of 
the ongoing process in a plant. Without actually encountering the live process one can able to 
monitor and modify the issues which are occurring throughout the process. With the use of 
SCADA it is possible to improve the working conditions and safety within the production 
process or plant. It enables the firm to become more competitive in the market with increased 
productivity and reduced human errors. Furthermore it also allows many industrial applications 
which require low-cost solutions for improving the productivity and quantity of products. 
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CHAPTER-1 

INTRODUCTION 

1.1 Labelling machines 

Labelling machines use a wide range of label materials, including paper and 
synthetic polymer (plastic) materials. Several types of print mechanisms are also used, 
including laser and impact, but thermal printer mechanisms are probably the most common. 
There are two common types of thermal printer. Direct printers use heat sensitive paper (similar 
to thermal fax paper). Direct thermal labels tend to fade over time (typically 6 to 12 months); if 
exposed to heat, direct sunlight or chemical vapours, the life is shortened. Therefore, direct 
thermal labels are primarily used for short duration applications, such as shipping labels. 
On the other hand, thermal transfer printers use heat to transfer ink from ribbon onto the label for 
a permanent print. Some thermal transfer printers are also capable of direct thermal printing. 
Using a PVC vinyl can increase the longevity of the label life as seen in pipe markers and 
industrial safety labels found in much of the market place today. 
There are three grades of ribbon for use with thermal transfer printers. Wax is the most popular 
with some smudge resistance, and is suitable for matte and semi-gloss paper labels. Wax/resin is 
smudge resistant, suitable for semi-gloss paper and some synthetic labels. Resin alone is scratch 
and chemical resistant, suitable for coated synthetic labels. When printing on continuous label 
stock, there is a tendency for the print location to shift slightly from label to label. To ensure 
registration of the print area with the target media, many label printers use a sensor that detects a 
gap, notch, line or perforation between labels. This allows the printer to adjust the intake of label 
stock so that the print aligns correctly with the media. 

 

Figure 1.1 Automatic labeling machine 

 

 

 

https://en.wikipedia.org/wiki/Polymer
https://en.wikipedia.org/wiki/Laser_printer
https://en.wikipedia.org/wiki/Thermal_printer
https://en.wikipedia.org/wiki/Fax
https://en.wikipedia.org/wiki/Thermal_transfer_printing
https://en.wikipedia.org/wiki/PVC
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1.2 Screen development by using SCADA 

The operator interfaces which enable monitoring and the issuing of process commands, like 
controller set point changes, are handled through the SCADA computer system. The 
subordinated operations, e.g. the real-time control logic or controller calculations, are performed 
by networked modules connected to the field sensors and actuators. 
The SCADA concept was developed to be a universal means of remote-access to a variety of 
local control modules, which could be from different manufacturers and allowing access through 
standard automation protocols. In practice, large SCADA systems have grown to become very 
similar to distributed control systems in function, while using multiple means of interfacing with 
the plant. They can control large-scale processes that can include multiple sites, and work over 
large distances as well as small distance. It is one of the most commonly-used types of industrial 
control systems. 

1.3 Advantages of screen development by using SCADA 

 

Obtain information leading to better process traceability, this application stores a history of the 
kilns’ different operational configurations, so that when there’s a case of optimal performance 

one can extract all data relating to how that was achieved and replicate those conditions, such as: 

• Frequency inverter configuration 
• Burner output 
• Motor speed 
• Temperatures and cycles 
• Oxygen levels in the kiln 
• Pressure settings 
• Fan status 

➢ Storage of performance data in order to correct quality problems having a historical record of 
readings will allow for the timely correction of faults that adversely affect production quality. 
Here are a couple of examples: When producing sanitary ware this can result in an opaque 
finish than normal. The SCADA system will help pinpoint the cause: a fluctuation in oxygen 
levels, a wrong change in the burner configuration, etc. 
If an operative starts their shift 10 minutes late, information is provided on how this holds up 
production and what the cost implications of this are to the company. 
 

➢ Creating a smart maintenance regime and decreasing downtime With a SCADA system it’s 

possible to come up with an intelligent maintenance procedure thanks to the implementation 
of solutions that avoid future problems from cropping up and that execute corrective actions 
at the most appropriate time. 
 

https://en.wikipedia.org/wiki/Sensor
https://en.wikipedia.org/wiki/Actuators
https://en.wikipedia.org/wiki/List_of_automation_protocols
https://en.wikipedia.org/wiki/Distributed_control_system
https://en.wikipedia.org/wiki/Industrial_control_system
https://en.wikipedia.org/wiki/Industrial_control_system
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➢ Making operatives jobs easier by having graphical statistics presented in real time, this 
application provides the most important operational information from all sections of the kiln, 
with detailed readings displayed in real time, these being some of the most critical: 

• Temperature in each control zone of the kiln 
• Gas consumption 
• Fan output status 

➢ Achieve a more connected operation and take the next step towards Industry 4.0with the new 
digital revolution, companies and their operations are fully automated, thus enabling them to 
benefit from real time readings and performance or future needs predictions. 

• Log-in access to reports on your operation, direct from your laptop, smartphone or tablet. 
• Make adjustments and implement solutions from absolutely anywhere. 
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CHAPTER-2 

SUPERVISORY CONTROL AND DATA ACQUISITION (SCADA) 

 
The Supervisory Control and Data Acquisition (SCADA) is one of the solutions available for 
data acquisition, monitor and control systems covering large geographical areas. It refers to data 
acquisition and telemetry. SCADA systems are mainly used for the implementation of 
monitoring and control system of an equipment or a plant in several industries like power plants, 
oil and gas refining, water and waste control, telecommunications, etc. 
 
 
 

 
Figure 2.1 Simple SCADA system with single computer 

 
SCADA 

 

Supervisory control and data acquisition (SCADA) is a system for remote monitoring and 
control that operates with coded signals over communication channels (using typically one 
communication channel per remote station).  
SCADA is an industrial automation control system at the core of many modern industries, 
including energy. 
 
• SCADA is purely a 100% software which is nothing but application development of the real-

time industry with animation representation. 
• Addresses in SCADA is represented as “tag names”. 
• Evaluating a process seconds by seconds can be done. 
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2.1 SCADA INTRODUCTION 

 

SCADA is an acronym for Supervisory Control and Data Acquisition. SCADA systems are used 
to monitor and control a plant or equipment in industries such as telecommunications, water and 
waste control, energy, oil and gas refining and transportation. These systems encompass the 
transfer of data between a SCADA central host computer and a number of Remote Terminal 
Units (RTUs) and/or Programmable Logic Controllers (PLCs), and the central host and the 
operator terminals. A SCADA system gathers information (such as where a leak on a pipeline 
has occurred),transfers the information back to a central site, then alerts the home station that a 
leak has occurred, carrying out necessary analysis and control, such as determining if the leak is 
critical, and displaying the information in a logical and organized fashion. These systems can be 
relatively simple, such as one that monitors environmental conditions of a small office building, 
or very complex, such as a system that monitors all the activity in a nuclear power plant or the 
activity of municipal water system. Traditionally, SCADA systems have made use of the Public 
Switched Network (PSN) for monitoring purposes. Today many systems are monitored using the 
infrastructure of the corporate Local Area Network (LAN)/Wide Area Network (WAN). 
Wireless technologies are now being widely deployed for purposes of monitoring. 

SCADA system consists of: 
 

➢ One or more field data interface devices, usually RTUs, or PLCs, which interface to field 
sensing devices and local control switchboxes and valve actuators. 

➢ A communications system used to transfer data between field data interface devices and 
control units and the computers in the SCADA central host. The system can be radio, 
telephone, cable, satellite, etc., or any combination of these. 

➢ A central host computer server or servers sometimes called a SCADA center, Master station, 
or Master Terminal Unit (MTU). 

➢ A collection of standard and/or custom software [sometimes called Human Machine 
Interface (HMI) software or Man Machine Interface (MMI) software] systems used to 
provide the SCADA central host and operator terminal application, support the 
communications system, and monitor and control remotely located field data interface 
devices. 
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Figure 3.1 Typical SCADA system 

2.1.1 Filed Data Interface Devices 

 

Field data interface devices form the "eyes and ears" of a SCADA system. Devices such as 
reservoir level meters, water flow meters, valve position transmitters, temperature transmitters, 
power consumption meters, and pressure meters all provide information that can tell an 
experienced operator how well a water distribution system is performing. In addition, equipment 
such as electric valve actuators, motor control switchboards, and electronic chemical dosing 
facilities can be used to form the "hands" of the SCADA system and assist in automating the 
process of distributing water.  
 
A PLC is a device used to automate monitoring and control of industrial facilities. It can be used 
as a stand-alone or in conjunction with a SCADA or other system. PLCs connect directly to field 
data interface devices and incorporate programmed intelligence in the form of logical procedures 
that will be executed in the event of certain field conditions.  
 
As PLCs were used more often to replace relay switching logic control systems, telemetry was 
used more and more with PLCs at the remote sites. It became desirable to influence the program 
within the PLC through the use of a remote signal. This is in effect the "Supervisory Control" 
part of the acronym SCADA. Where only a simple local control program was required, it became 
possible to store this program within the RTU and perform the control within that device. At the 
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same time, traditional PLCs included communications modules that would allow PLCs to report 
the state of the control program to a computer plugged into the PLC or to a remote computer via 
a telephone line. 
 

2.1.2 Communication Network 

 

The communications network is intended to provide the means by which data can be transferred 
between the central host computer servers and the field based RTUs. The Communication 
Network refers to the equipment needed to transfer data to and from different sites. The medium 
used can either be cable, telephone or radio. 

Historically, SCADA networks have been dedicated networks; however, with the increased 
deployment of office LANs and WANs as a solution for interoffice computer networking, there 
exists the possibility to integrate SCADA LANs into everyday office computer networks. 

 
Now a days the data from the field interface devices and PLC can be transferred through 
Profibus, Modbus, and field bus networks. This network is the heart of the industries. 
 

2.1.3 Central Host Computer 

The central host computer or master station is most often a single computer or a network of 
computer servers that provide a man-machine operator interface to the SCADA system. The 
computers process the information received from and sent to the RTU sites and present it to 
human operators in a form that the operators can work with. Operator terminals are connected to 
the central host computer by a LAN/WAN so that the viewing screens and associated data can be 
displayed for the operators. Recent SCADA systems are able to offer high resolution computer 
graphics to display a graphical user interface or mimic screen of the site. 
 
Software products typically used within a SCADA system are as follows: 
➢ Central host computer operating system: Software used to control the central host computer 

hardware. The software can be based on UNIX or other popular operating systems. 
➢ Operator terminal operating system: Software used to control the central host computer 

hardware. The software is usually the same as the central host computer, usually contributes 
to the networking of the central host and the operating terminals. 

➢ Central host computer application: Software that handles the transmittal and reception of data 
to and from the RTUs and the central host. The software also provides the graphical user 
interface which offers site mimic screens, alarm pages, trend pages, and control functions. 

➢ Operator terminal application: Application that enables users to access information available 
on the central host computer application. It is usually a subset of the software used on the 
central host computers. 

➢ Communications protocol drivers: Software that is usually based within the central host and 
the RTUs, and is required to control the translation and interpretation of the data between 
ends of the communications links in the system. The protocol drivers prepare the data for use 
either at the field devices or the central host end of the system. 
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➢ Communications network management software: Software required to control the 
communications network and to allow the communications networks themselves to be 
monitored for performance and failures. 

➢ RTU automation software: Software that allows engineering staff to configure and maintain 
the application housed within the RTUs (or PLCs). Most often this includes the local 
automation application and any data processing tasks that are performed within the RTU. 

 
The preceding software products provide the building blocks for the application specific 
software, which must be defined, designed, written, tested, and deployed for each SCADA 
system. 
 

2.2 SCADA ARCHITECTURES 

 

SCADA systems have evolved in parallel with the growth and sophistication of modern 
computing technology. The following sections will provide a description of the following four 
generations of SCADA systems: 

➢ First  Generation- Monolithic 
➢ Second Generation- Distributed 
➢ Third Generation- Networked  
➢ Fourth Generation- Internet Of Things 

 

2.2.1 First Generation: "Monolithic" 

 

Early SCADA system computing was done by large minicomputers. Common network services 
did not exist at the time SCADA was developed. Thus SCADA systems were independent 
systems with no connectivity to other systems. The communication protocols used were strictly 
proprietary at that time. The first generation SCADA system redundancy was achieved using a 
back-up mainframe system connected to all the Remote Terminal Unit sites and was used in the 
event of failure of the primary mainframe system. Some first generation SCADA systems were 
developed as "turnkey" operations that ran on minicomputers such as the PDP-11 series made by 
the Digital Equipment Corporation. 
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Figure 4.1 Monolithic SCADA 

2.2.2 Second Generation: "Distributed" 

 
SCADA information and command processing was distributed across multiple stations which 
were connected through a LAN. Information was shared in near real time. Each station was 
responsible for a particular task, which reduced the cost as compared to First Generation 
SCADA. The network protocols used were still not standardized. Since these protocols were 
proprietary, very few people beyond the developers knew enough to determine how secure a 
SCADA installation was. Security of the SCADA installation was usually overlooked. 
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Figure 5.1 Distributed SCADA 

2.2.3 Third Generation: "Networked" 

 

Similar to a distributed architecture, any complex SCADA can be reduced to simplest 
components and connected through communication protocols. In the case of a networked design, 
the system may be spread across more than one LAN network called a process control network 
(PCN) and separated geographically. Several distributed architecture SCADAs running in 
parallel, with a single supervisor and historian, could be considered a network architecture. This 
allows for a more cost effective solution in very large scale systems. 
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Figure 6.1 Networked SCADA 

 

2.2.4 Fourth Generation: "Internet of Things" 

 

With the commercial availability of cloud computing, SCADA systems have increasingly 
adopted Internet of Things technology to significantly reduce infrastructure costs and increase 
ease of maintenance and integration. As a result, SCADA systems can now report state in near 
real-time and use the horizontal scale available in cloud environments to implement more 
complex control algorithms than are practically feasible to implement on traditional 
programmable logic controllers.[14] Further, the use of open network protocols such as TLS 
inherent in the Internet of Things technology, provides a more readily comprehensible and 
manageable security boundary than the heterogeneous mix of proprietary network protocols 
typical of many decentralized SCADA implementations. One such example of this technology is 
an innovative approach to rainwater harvesting through the implementation of real time controls 
(RTC). 
 
This decentralization of data also requires a different approach to SCADA than traditional PLC 
based programs. When a SCADA system is used locally, the preferred methodology involves 
binding the graphics on the user interface to the data stored in specific PLC memory addresses. 
However, when the data comes from a disparate mix of sensors, controllers and databases (which 
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may be local or at varied connected locations), the typical 1 to 1 mapping becomes problematic. 
A solution to this is Data Modeling, a concept derived from object oriented programming. 
 
In a Data Model, a virtual representation of each device is constructed in the SCADA software. 
These virtual representations (“Models”) can contain not just the address mapping of the device 
represented, but also any other pertinent information (web based info, database entries, media 
files, etc.) that may be used by other facets of the SCADA/Iota implementation. As the increased 
complexity of the Internet of Things renders traditional SCADA increasingly “house-bound”, 

and as communication protocols evolve to favor platform independent, service oriented 
architecture (such as OPC UA), it is likely that more SCADA software developers will 
implement some form of data modeling. 
 
 

 
Figure 7.1 IoT SCADA 
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CHAPTER-3 

WONDERWARE INTOUCH PLATFORM 

Wonderware InTouch is award winning HMI visualization software that empowers customers to 
achieve their quest for operational excellence. InTouch goes beyond simplistic graphics to enable 
application builders to focus on creating meaningful content that will drive enterprise-wide 
operations productivity and cost savings. InTouch empowers operators to optimize their routine 
human interactions with automation systems. 

Used in more than one third of the world’s industrial facilities and mostly accounts for the 

successful operations in large to medium scale industries in virtually every country. InTouch 
SCADA software continues to deliver business value in engineering simplicity, operational 
agility and real time performance mastery. 

WONDERWARE INTOUCH 

MAKE -  SCHNEIDER (INVENSYS SYSTEM, Inc.) 

NAME -  WONDERWARE INTOUCH 

VERSION -  INTOUCH 10 

3.1 Wonderware InTouch Architecture 

In Wonderware InTouch the program has to be done in the Window Maker and the working 
scripts also written in the windows script of the Window Maker. This Window Maker is called as 
development screen. And the simulation was seen in the runtime screen. 

 

 
Figure 8.1 InTouch Architecture 
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THREE WINDOWS OF WONDERWARE INTOUCH 

Application manager -  Place where the file screen saves 

Window maker -   Place where the design saves 

Windows viewer -   Place where runtime visualization is done 

 

3.2 TO CREATE A PROJECT IN WONDERWARE: 

Open the wonderware InTouch screen. 

 

 
 
 

• Give the new name for the screen click next button and a new page will be opened. 
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• Make a design in the window viewer in development page and go to runtime to execute it. 

 

 

DEVELOPMENT PAGE 
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RUNTIME PAGE 
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CHAPTER-4 

WORKING WITH WONDERWARE InTOUCH 

4.1. CREATING APPLICATIONS 

You create and build Modern InTouch applications using the familiar workflow of stand-alone 
InTouch applications. 

 

 

All configuration steps to use Graphics are completed from InTouch WindowMaker. You do not 
need to use the IDE to create a Modern application containing ArchestrA or Situational 
Awareness Library symbols.  

You create a Modern InTouch application from InTouch Application Manager.  

4.1.1. To create a Modern application  

1. Click Start on your Windows desktop and click InTouch to start Application Manager. 
2. Select New by one of the following methods: 
a. Select New from the File menu. 
b. Right-click within Application Manager and select New from the shortcut menu. 
c. Select the New icon from the menu bar. 
d. Press the Ctrl + N keys. 

The Create New Application wizard appears with options to create a Modern application, 
Modern application from template, or legacy application. 
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3. Select Modern InTouch Application. 
OR 
Select Modern InTouch Application and the Use application template option to create a 
Modern application from an application template.  
The Application Template Browser will appear. 

 

Select your application template and click OK. 

4. Click Next.  
The Create New Application wizard updates to show a field to enter a base directory path to 
save InTouch applications.  

5. Click Browse and select a directory path.  
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6. Click Next.  
The Create New Application wizard updates to show a field to enter the name of the folder 
for the new Modern application being created. It also updates with fields to select the 
application target resolution.  

7. Type the name of the folder and specify a target resolution if different than the default screen 
resolution.  
Options for the target resolution are as follows:  
Click the Select target resolution dropdown menu to view a list of predefined target 
resolutions.  
Click the Select target resolution dropdown menu and select Custom. 

8. Click Next.  
The Create New Application wizard updates to show fields to enter a name and a 
description of a new Modern application.  

9. Type “ABC” as the name of the Modern application in the Name field.  
10. If you want, enter an optional description of the application in the Description field. 

 The description appears in the Description column of Application Manager’s list of 

applications. 
11. Click Finish. 

A horizontal bar shows the progress of creating a new Modern application. After a Modern 
application is created, it appears in Application Manager’s list of applications. The Application 

Type column identifies the application as Modern. 

4.2. EDITING APPLICATIONS 

You can open a Modern application from the InTouch Application Manager and edit it in 
WindowMaker. This section demonstrates the basic steps to edit a Modern application. 

4.2.1. To edit a modern application 

1. Open InTouch Application Manager. 
2. Double-click on the ABC application to edit it. The first time you open an InTouch 

application in WindowMaker no windows have been created. 
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3. Right-click on Windows in the Windows & Scripts area of WindowMaker and select New 

Window from the shortcut menu. 
4. Assign “Mixing Station” as the name of the window in the Name field of the Window 

Properties dialog box. 
 

 
 

5. Set the width and height of the window by entering values in the Window Width and 
Window Height fields. 

6. Change the default background of the window to a lighter color by clicking Window Color 
and selecting a color from the Standard Palette. 

7. Click OK. 
The window you created appears in WindowMaker. Continue with the next procedure to add 
symbols to the window. 
 

4.3. Adding Symbols to a Window 

Modern applications use a drag and drop method to add symbols from the Wizard Graphic 
Toolbox to a window. This procedure explains how to add the following symbols to the window 
you created earlier: 
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4.3.1. To add symbols to a Modern Application 

1. If necessary, open the Mixing Station window you created in WindowMaker. 
2. Expand the Situational Awareness Library folder in the wizard Graphic Toolbox to show the 

list of folders. 
3. Open the symbol factory and select the switch symbol to add the switch. 

 

 

4. Keeping your left mouse key pressed, drag the symbol to the open window and release the 
key at the approximate location where you want to place the symbol. 

5. Select the symbol and place it precisely where you want it to appear in the window. 
6. Repeat steps 3-5 and add the remaining library symbols available by clicking the drop down 

menu. The list of symbols in the drop down menu includes the folders in the wizard Graphic 
Toolbox where the symbols are located. 

7. Click the Wizards icon from the WindowMaker menu bar and select the required tools and 
machine elements from the ActiveX Controls group. 

8. Click OK and place the respective element at a desired position the working window. 
9. Select the drawing tools available on the right side of the development window from the 

WindowMaker graphic tool bar. 
10. Draw the symbol which represents the shape of a desired element and assign the properties to 

the element to make it as a characteristic symbol. 
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4.4. Creating InTouch Tags 

Like a traditional stand-alone InTouch application, a Modern application represents an industrial 
process using data associated with InTouch tags. This procedure explains how to create the 
following tags for a mixing station Modern application. 

 
 

4.4.1. To create InTouch tags 

1. On the Special menu, click Tag name Dictionary. 
2. Click New. The Tag name field clears. 
3. Type Tank_Level in the Tag name field. 
4. Click Type to show the various types of InTouch tags. 
5. Select Memory Integer as the type of tag. 
6. Click Alarms near the top of the Tag name Dictionary to expand the dialog box to show 

fields to set alarm conditions. 
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7. Select High and set 1400 in the Alarm Value field. 
8. Click Save.  
9. Repeat steps 2-4 to create the three valve tags. 
a. Enter the name of the valve tag in the Tag name field. 
b. Set the tag type to Memory Discrete for all three valve tags. 
c. click Save to save each valve tag. 
 
4.5. Creating a Window Script 

A window script is sets the operating conditions of the application while it is running on the 
windows viewer, according to the manner in which they are written. 
To create a window script 
1. Right-click on a blank area of the Mixing Station window to show a shortcut menu. 
2. Select Window Scripts from the shortcut menu. 
3. Type or copy the following windows script into the Scripts dialog box. 
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4. Set the Condition Type field to While Showing. 
5. Set the Every field to a value between 500-700 milliseconds. The window script will run 

periodically at the interval you set in the every field. 
6. Click Validate to see if there are any errors in the script. 
7. Correct any script errors and click OK. 
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CHAPTER-5 

INDUSTRIAL SCADA SCREENS 

 

5.1. BOTTLE FILLING SCREEN: 

The model screen is designed in such a way that it enables the user to view and alter the 
properties of the components through which the process of bottle filling is accomplished. 

 

 

 

 

CREATING A NEW SCREEN:  

 

To create a new window  

Click on FILE> NEW> Enter ‘NAME’> Click OK, a new development page appears as shown 
below 
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The new application window represents your entire production environment, including all 
computers and components that run your application. The window is a collection of graphics, 
objects, engines, templates, and attributes you define as a set of component parts of an InTouch 
HMI application. The development page is the working area where the screen is established by 
importing symbols, editing the symbols, creating cells, assigning properties to the cells, and also 
performing various other tasks etc. 

5.1.1. IMPORTING SYMBOLS/COMPONENTS: 

The symbols are imported from the wizard library using drag and drop method and can be moved 
in a 2D geometry along the working window. The symbols can also be varied in size by clicking 
on the symbol and dragging it diagonally across the working window. Also the working window 
can be varied in size according to the layout of the process which needs to be developed. The 
process of adding symbols are explained in the previous chapter-4 in detail.  

Various symbols used are: 

1. FIXTURE SWITCH 
2. SOURCE TANK 
3. BACK DOOR 
4. CONVEYOR  
5. FILLING UNIT 
6. BOTTLE 
7. SENSOR 
8. CAPPING UNIT 
9. WINDOW SWITCH 
10. PACKAGING UNIT 
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5.1.2. ASSIGNMENT OF CHARACTERISTICS: 

A tag name attached to a symbol acts as a variable which stores the solid state information which 
can be used for establishing the relationship between all the existing symbols to perform a 
certain task. This tag name or variable is initially scripted with Boolean expression which can be 
interpreted with flow of information between all the remaining variables. 

In order to assign properties 

1. Double click on the symbol for which the variable properties needs to be assigned.  
. 

 
2. A dialog box appears which consists of various options which are used for data interpretation 

in the window scripting menu. 
3. For assignment of movement to the given symbol select the location option and assign a 

variable to the required horizontal or vertical movement. 
4. One can also arrest the movement either vertical/horizontal while carrying out any of the 

individual movements by ticking the box to the left of the desired movement. 
5. Similarly the percent fill and the object size can be varied accordingly by assigning desired 

variables to the symbols and also holding the simultaneous movements. 
6. The visibility option is used to hide or reveal the object/symbol to a desired time interval or 

can even pretend to be a enlarging or a diminishing factor when combined with the object 
size having the same variable in common 

7. After assigning the specified variables to the symbol then click OK. 
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5.1.3. SEQUENCE OF OPERATIONS FOR BOTTLE FILLING: 

The sequence of operations precisely denotes the procedure of work flow which is required in 
order to fill bottle with the desired liquid and also facilitating the bottle to process for further 
stages. 
The filling process involves: 
 
1. Arrival of bottle from back door to the filling section. 
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2. Filling of bottle. 
 

 
 
 

 
3. Movement of bottle towards capping section. 
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4. Cap fitting. 
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5. Movement of bottle towards packaging unit. 
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5.1.4. LOGICAL SCRIPT: 

FIRST WINDOW: 

***************************************************************************** 

Add below code in window script →ON SHOW 

***************************************************************************** 

        

S1=0; 

B1=0; 

H1=0; 

T1=0; 

F1=0; 

V1=0; 

V2=0; 

H2=0; 

V3=0; 

M1=0; 

V4=0; 

M2=0; 

V5=0; 

H3=0; 

B2=0; 

V6=0; 

C2=0; 

Z1=0; 

L1=0; 

*************************************************************************** 

Add below code in window script → WHILE SHOWING 

*************************************************************************** 

IF S1==1  

THEN Z1=1; V1=0; V2=0; V3=0; V4=1; V5=0; V6=1; L1=0; B1=B1+3; 
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ENDIF; 

IF S1==1 AND B1>=100 THEN H1=H1+2; ENDIF; 

IF S1==1 AND H1>=100 THEN T1=T1+2; ENDIF; 

IF S1==1 AND H1>=100 THEN F1=F1+2; ENDIF; 

IF S1==1 AND F1>=100 THEN V1=1; V2=1; ENDIF; 

IF S1==1 AND F1>=100 THEN H2=H2+2; ENDIF; 

IF S1==1 AND H2>=80 

THEN L1=1; 

ENDIF; 

IF S1==1 AND H2>=100 THEN L1=0; M1=M1+3; ENDIF; 

IF S1==1 AND M1>=100 THEN V2=0; V3=1; V4=0; V5=1; ENDIF; 

IF S1==1 AND M1>=100 THEN M2=M2+5; ENDIF; 

IF S1==1 AND M2>=100 THEN H3=H3+3; ENDIF; 

IF S1==1 

THEN C2=1; 

ENDIF; 

************************************************************************* 

5.2. LABELING MACHINE SCREEN: 
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5.2.1. SEQUENCE OF OPERATIONS: 

The labeling screen is the second part of the entire process where the packed boxes from the last 
stage moves to the labeling section where the intended label is processed onto the boxes and is 
moved to the storage unit via forklift trucks. 

We can switch between the current and previous windows for simultaneous observation of both 
the processes by using “NEXT” and “PREVIOUS” buttons on the screen. 

The mode of operation is as follows: 

1. Movement of packed box towards labeling machine. 

 
 
2. Processing of label onto the boxes. 
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3. Movement of labeled boxes towards forklift truck. 
 

 
 

 
4. Transfer of boxes to the storage unit. 
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5.2.2. LOGICAL SCRIPT: 

SECOND WINDOW 

************************************************************************** 

Add below code in window script → ON SHOW 

************************************************************************** 

Q1=0; 

B1=0; 

B2=0; 

V1=0; 

V2=0; 

F=0; 

DD=0; 

B3=0; 

V3=0; 

V4=0; 

V5=0; 

FLT=0; 

V6=0; 

V7=0; 

FLT1=0; 

V8=0; 

P1=0; 

V9=0; 

Z2=0; 

*************************************************************************** 

Add below code in window script → WHILE SHOWING 

*************************************************************************** 

IF Q1==1 THEN V1=1; 

DD=DD+1; 
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ENDIF; 

IF Q1==1 THEN V2=0; V3=0; V4=0; V5=0; V6=0; V7=0; V8=0; V9=0; Z2=1;  

ENDIF; 

IF Q1==1 THEN V2=0; B1=B1+1; ENDIF; 

IF Q1==1 AND B1>=100 THEN V1=0; ENDIF; 

IF Q1==1 AND B1>=100 THEN F=F+1; ENDIF; 

IF Q1==1 AND B1>=100 THEN V2=1; ENDIF; 

IF Q1==1 AND B1>=100 THEN B2=B2+2; ENDIF; 

IF Q1==1 AND B2>=30 

THEN F=0; 

ENDIF; 

IF Q1==1 AND B2>=100 THEN V2=0; V3=1; ENDIF; 

IF Q1==1 AND B2>=100 THEN B3=B3+2; V4=1; ENDIF; 

IF Q1==1 AND B3>=100 THEN V3=0; V4=0; V5=1; V6=1; 

ENDIF; 

IF Q1==1 AND B3>=100 THEN FLT=FLT+1; ENDIF; 

IF Q1==1 AND FLT>=100 THEN V6=0; V7=1; V8=1; FLT1=FLT1+1; ENDIF; 

IF Q1==1 AND FLT1>=100 THEN P1=P1+1; V8=0; V9=1; ENDIF; 

************************************************************************** 
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6.0. OBSERVATIONS AND CONCLUSIONS: 

 

This report has presented an overview of SCADA system, relevant to the automation in 
manufacturing with the support of labeling process. SCADA systems have been used for years in 
the utilities industry with great success. The modeling of an automatic labeling system using 
SCADA has been done so as to add an advantage for industrial automation. The fundamental 
reason for SCADA in automation is utilized to control the entire system and also to monitor the 
process and store data for future improvements. Moreover in the program developed on SCADA, 
troubleshooting of the program and making changes has been very easy due to the simplicity of 
the program. It can be concluded that any changes may be made to the program in between the 
process and then these can be downloaded into load memory of CPU without any inconvenience 
and without putting the CPU in stop mode. It can also be concluded that the cost of establishment 
of designed system would not be cheap but it can effectively keep running for a long stretch of 
time. In long term such automated systems can prove profitable for any industry. Following 
observations and conclusions which can be drawn are as follows: 

• Today’s SCADA systems are able to take advantage of the evolution from mainframe based 

to client/server architectures. These systems use common communications protocols like 
Ethernet and TCP/IP to transmit data from the field to the central master control unit. 
 

• SCADA protocols have also evolved from closed proprietary systems to an open system, 
allowing designers to choose equipment that can help them monitor their unique system 
using equipment from variety of vendors. 

 
 

• SCADA systems are widely used to monitor and control U.S. critical infrastructure utilities 
such as Electrical Power Plants and Water Distribution Centers. 
 

• SCADA systems, like other computer systems, are subject to many common security attacks 
such as viruses, denial of service, and hijacking of the system. 

 
 

• Because SCADA systems use leased telephone lines, twisted pair cable, microwave radio, 
and spread spectrum techniques, they have many of the same security vulnerabilities. 
 

• While SCADA protocols are more open today, there is no clear consensus of which protocol 
is best. IEC 60870-5 series and DNP3 have many similarities but are not 100% compatible.  
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7.0. FUTURE SCOPE: 

 

✓ The Future of PLC and SCADA engineers has very good opportunities because the corporate 
needs only automation support to reduce their employees for many reasons. 

✓ Now industry are being replaced by Automation and robotics.  

✓ All process and work are carried out by machines and robotics process automation. Every 
industrial sector like manufacturing, process industries, chemical, food & beverages, Oil Gas 
, Transport, machine tools everywhere Industrial automation is used. 

✓ SCADA is used for controlling, gathering and analyzing the real time data. The programming 
is in the pictorial form, so again user friendly and this can be interfaced with the PLC or PID 
for the controlling of data. 

✓ India has just stepped in Industrial Automation field , So now over period of time IOT, IIOT 
and Artificial Intelligence this type of technologies will merging with Operational 
Technologies like PLC, SCADA, DCS and that is the reason future will be bright in 
Automation. 

✓ A SCADA system allows equipment across multiple locations to be monitored and controlled 
from a central location. The equipment may be located within a building, a factory, 
throughout a city, country or even across an entire region. 

✓ SCADA provides risk assessment through which there is increased collaboration between 
developers and security professionals. 

✓ The secure architecture provided through SCADA will be useful in detection and prevention 
of threats in the industry. 

✓ When connected with SCADA using device connectivity feature, the project can be 
implemented with various management features, this way there can reduced unnecessary 
actions and work can be performed in various methods. 

✓ This project can be extended to filling of various bottles at the same time containing different 
mixtures then labeling and packing them ‘i.e., a fully automated manufacturing plant. 
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ABSTRACT 
 

In the Present scenario, availability of drinking water is very huge problem in many states. 

Many people have been suffering a lot to bring water in time. Major problems that any water 

corporation systems face are, timing and leakages in the supply pipe lines. So, continuous 

monitoring is required, it is difficult to manually check each and every line so, we have proposed 

a SCADA based water corporation layout for continuous monitoring.  The monitoring of water 

can prevent the occurrence of stealing and leaking of water effectively for the household. The 

SCADA based automatic corporation water distribution system, which helps us to distribute the 

water automatically according to the needs of the particular locality. In traditional system there is 

no proper method followed for the distribution of water. In order to overcome the difficulty in 

the conventional system, the SCADA based automated system using embedded controller is used 

for distributing the water to the people equally according to their utilization.  
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1. INTRODUCTION 
  

A water distribution system is made up of many different operational components, 

including sensors, meters, pumps, and control valves. Components can be monitored or 

controlled onsite or from a central location. In the past these operations were normally 

accomplished through the use of onsite instrument and control panels. These panels typically 

consist of a series of electro mechanical devices such as indicators, push buttons, lights 

switches, relays and analogue control instruments. In recent years many utilities have made the 

transition to computerized Supervisory Control and Data Acquisition (SCADA) systems in 

which commands are entered through a keyboard, mouse, or touch screen instead of through the 

use of switches or push buttons. 
 

A SCADA system is a widely distributed computerized system primarily used to 

remotely control and monitor the condition of field-based assets from a central location. Field-

based assets include wells, pump stations, valves, treatment plants, tanks, and reservoirs.  

Generic uses of SCADA in distribution systems include: 

 Security monitoring 

 Energy management 

 Monitor equipment operations to forecast maintenance, repair, and replacement 

 Sub-metering utility usage 

 Identifying alarm conditions 

For water distribution, the operational and managerial uses of a SCADA system include 

the following: 
 

 Monitor the system 

 Exercise control over the system and ensure that required performance is 

continuously achieved 

 Reduce operational staffing levels through automation or by operating the system 

from a central location 

 Monitor and store data of a system’s behaviour, and use the data to achieve full 

compliance with regulatory reporting requirements 

 Obtain information on the performance of the system and establish effective asset 

management procedures for the system 
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 Establish efficient operation of the system by minimizing the need for routine visits 

to remote sites. 

 Potentially reduce power consumption during pumping operations through 

operational optimization 

 Provide a control system that will enable operating objectives to be set and 

achieved 

 Provide an alarm system that will allow faults to be diagnosed from a central 

location, thus allowing field repair trips to be made by suitably qualified staff to 

correct the given fault condition and to avoid incidents that may be damaging to 

the environment. 

 Monitor system operations to identify excursions of operating equipment from 

normal operating conditions/ranges. 

 Monitor equipment operations to forecast maintenance, repair and replacement. 

 Use SCADA data to verify hydraulic and water quality models. 

 Use SCADA data to identify intrusions, leakages, and other variations from normal 

system, operations. 

 Use of SCADA in support of real-time modeling. 
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2. LITERATURE REVIEW 
 

 

This chapter deals with the review of literature available on Automatic corporation water 

distribution using SCADA. Some experimental and computational investigations are included. 

Finally, the lacunae in the literature give the motivation for the specific objectives leading to the 

present work are presented. 

S. Bharathidasan et al. (2019) examine the control of the corporation water supplying for 

several areas from one control board. Here we have used Arduino board for controlling the 

System. For the communication purpose Radio Frequency (RF) transmitter and receivers are 

used. This will made the system more efficient for signal and information passing. Our project 

proposes an economic, efficient, eco-friendly system for controlling the corporation water 

supply. The advantages by our project are time management, proper drinking water supply with 

defined time, can reduce wastage of water. And concluded that Water distribution, one of the 

major issues in developed and developing cities of our country. The corporation involves people 

appointed to control the flow and distribute the water based on the needs. But conflicts may be 

caused for various reasons. Automation of this water distribution may reduce the problem. 

Hence the proposed system was successfully implemented with Arduino that controls the 

supply of water based on the pre-programmed time setup. This System reduces the man power 

and financial needs given as salary for the distribution people. It also helps in providing uniform 

distribution and also reduces the wastage of water. 

Prof. Mrunalini Bhandarkar et al. (2018) study the Smart Water Management Using PLC 

& SCADA in which they talk about Water is important resource for all the livings in the earth. 

In that some people are not getting the sufficient amount of water because of unequal 

distribution of water. To avoid this unequal distribution of water, we are working with Water 

Supply Department of Pimpri Chinchwad Municipal Corporation. This project is used for 

distributing the water equally. So that everyone will get equal amount of water. It is also used to 

prevent the water theft during the distribution period. In previous method, person in charge will 

go to that place and open the valve for a particular time period. Once the time over again the in 

charge person will go to the same place and close the valve. It is wastage of time. The proposed 

system is fully automated by connecting it to the PLC & SCADA (Supervisory Control & Data 

Acquisition). Here human work and time is reduced. The water wastages such as leakages, 
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mankind laziness and operating error can be avoided. The main aim of this project is to 

rationalize water supply to consumers, understanding losses & taking corrective decisions also 

to build transparent, accountable and efficient water supply system. Thus, we are going to 

develop a system in which we can analyze the different parameters like benchmark of water, 

water pressure and management by comparing them with fixed benchmark. Also depending on 

the density of population, we are going to manage pressure and flow readings. In this way, we 

are controlling & monitoring our system. And concluded that The automation of water 

distribution system eliminates water wastage. Automation system provides continuous water 

flow according to the set point. This project is automatic so it reduces lots of man power. The 

automation implemented in water distribution system ensures to avoid wastage of water and 

reduces time & also we can completely avoid the water theft in the pipelines. So that people 

could get equal share of water. This system is excellent and cost effective to prevent the 

drinking water from the theft. 

 Pratiksha Hattikatti et al. (2015) did PLC Controlled Water Distribution System in which 

they talk about Water is basic need of human being. Water treatment is one of the important 

processes involved in the water distribution process. In PCMC area the water distribution 

infrastructure is widely spreaded effectively. Water management is a matter of high priority in 

India and those responsible for major operations of water distribution need to be educated in 

this endeavour. Automation provides optimized solution to all problems of distribution of water 

system. The entire system has features of SCADA (Supervisory Control and Data Acquisition) 

system to control and monitor the water supply and in case of power failures to maintain 

continuity of power supply. Now-a-days, Water distribution system faces some problems like 

water leakage & improper water supply. This leakage causes drastic reduction in pressure of 

water flowing through supply line. Due to this, consumer gets less amount of water. By, 

considering above scenario we are trying to find solution for the problem. Hence, we are 

working with Water Supply Department of Pimpri Chinchwad Municipal Corporation. The 

main aim of this project is to provide effective water supply to each consumer & to detect the 

leakage sites and malpractices. In this project we are working on the distributed network under 

the area of single water tank. Mainly we are focusing on the pressure transmitters which are 

located at different branches in distribution network to indicate pressure variation at different 

location. Thus, we are going to develop a system in which we can analyze the pressure from 
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different branches of distribution network and compare it with fixed benchmark. In this way, we 

are able to control& monitor the whole system. And concluded that the project discussed here is 

―PLC controlled Water Distribution System. The conventional method used before in older 

times, results into problems like empty running, overflow, leakage. The automation of the 

process thus helped to overcome this problems based on level, pressure, flow parameters and it 

also minimizes human efforts for the same.  The automation thus implanted at the PCMC Water 

Treatment Plant‖ has proved to be effective. In this project we have successfully studied the 

following objectives.  1. Thus we have successfully studied the programming by using ladder 

diagram using online simulators.  2. We have used Nexgine 2000 PLC and programming 

software is CoDeSys.  3. We have also introduced to central monitoring system using SCADA 

and HMI for this application.   

Mr. Patil.D.A et al. (2017) examine the Automated Water Distribution System Using PLC 

And SCADA in which they talk about There is rapid growth in wide urban residential areas, 

therefore it is a need to provide better Water Supply. To fulfil the customer’s requirement as 

well as to avoid faulty conditions there must be a better water supply management. Problem 

arises in the water supply management system due to pressure drop creation in channel or pump 

used to suck the water directly from the channel of their home street. This paper presents a 

prototype for water distribution system comprising a control system, communication means, 

piping, actuators, sensors and valves. This system utilizes a communication bus for controlling 

and monitoring water flow through the piping via control of the actuator and valves. Control 

System is further coupled to Supervisory Control & Data Acquisition (SCADA) unit. This 

paper focuses particularly to a control system for controlling and monitoring components within 

a Water Distribution System. This system includes Man Machine & Electrical Interfaces to PLC 

(Programmable Logic Controller) for transmitting/receiving control and status data over 

communication bus. And concluded that As the system uses PLC and SCADA the system 

becomes more reliable and rugged. It provides better system support to Water Distribution 

Network. SCADA provides a real-time change into the system from operator’s desk. Corrosion 

of a water carrying pipe can be avoided due to the acidic nature of water. Water is saved as it 

detects the excessive flow. The automation of water distribution system eliminates water 

wastage. Automation system provides continuous water flow according to the set point. This 

project is automatic so it reduces lots of man power. The automation implemented in water 
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distribution system ensures to avoid wastage of water and reduces time. And also we can 

completely avoid the water theft in the pipelines. So that people could get equal share of water. 

This system is excellent and cost effective to prevent the drinking water from the theft.  

P. Mukesh Aravind at el. (2013) done a project on PLC Based Automatic Corporation 

Water Distribution System Using Solar Energy and focuses on availability of drinking water is 

very huge problem in many states including Tamilnadu. Many people have been suffering a lot 

to bring water in time. The monitoring of water can prevent the occurrence of stealing and 

leaking of water effectively for the household. This paper portrays about the PLC based 

automatic corporation water distribution system, which helps us to distribute the water 

automatically according to the needs of the particular locality. In traditional system there is no 

proper method followed for the distribution of water. In order to overcome the difficulty in the 

conventional system, the PLC based automated system using embedded controller is used for 

distributing the water to the people equally according to their utilization. The Embedded 

controller is already pre-programmed to do the operations and results are shown in ladder 

diagram using picosoft software. In order to make the system more efficient and pollution free, 

solar energy is used as an alternative source for power supply operation of the PLC unit. And 

concluded that the proposed method of automatic corporation water distribution system can 

reduce the water resources substantially and make the water management more effective and 

convenient to the public. Our research idea specifically designed for distributing the water 

equally according to the utility of the public needs and monitors the water distribution without 

any man power. This method is possible to solve the problems of traditional methods of 

corporation water distribution system. We hope the proposed idea can make a great change in 

the corporation water distribution system and can give the benefit to the government by 

reducing the wastage of water, manpower and time consumption. More over the system uses 

solar energy as an alternate energy for the power supply, which is pollution free, and reduces 

global warming. The results show the simulated and implemented system in the water 

distribution system with improved efficiency and increased accuracy for the public. 

Prof. S.R.Kinge1 at el. (2017) done a project on automatic water distribution system and 

talks about the urban areas the water supply to residence and commercial establishments are 

provided at a fixed flow rate. There are incidents of excess water drawn by certain 

customers/users by connecting motor-pump sets to the waterlines which is considered as water 
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theft. In this project it is proposed to develop an embedded based remote water monitoring and 

theft prevention system by recording the flow rates at the consumer/user end. In order to 

implement the proposed water supply system, each consumer should be provided with an 

embedded based water flow monitoring system consisting of a microcontroller to record the 

flow rate using a flow sensor and to transmit the same to a remote monitoring station using 

wireless transmitter and it is also provided with an electrically operated solenoid valve to supply 

water to the consumers. The valve turns on/off to stop the water supply whenever the flow rate 

exceeds a predefined limit. The solenoid valves are also controlled using real time clock to 

control flow of water accordingly for a fixed duration of time. It is proposed to employ a gsm 

modem for wireless communication so that the information can be passed to particular 

responsible officer’s cell phone for immediate action. One of the world's major problems is the 

scarcity of water, mainly due to the unmeasured consumption and the waste of this vital 

element. This project describes a modular water system, which helps not only in monitoring 

consumption but also in finding water pollution. In the past water resources were very limited & 

nobody can afford its wastage. For managing and providing water so many workers were 

required. Also to switch on valve & distribute water bill by going to home so many workers 

were required. To overcome this problem we have decided to work on automatic water 

management using microcontroller (at mega 328p). Also this project deals with problem of 

distributing water bill in different area by going to every user’s home. We have decided to use 

GSM module for communication. In this project we will make a PYTHON based management 

software which will handle user account details. And concluded that This Integrating Solar, 

Lightning Energy Power Generation System will be highly effective in all places, especially in 

rural areas where the commercial electricity has not reached or undelivered. It causes no effect 

on nature i.e. pollution free, at the same time not proneness any kind of accident due to 

lightning and highly suitable for domestic purposes. By using this system, people can save 

electricity charge and very less maintenance charge to this equipment is required. The designing 

of this equipment is done in such a way that it is very compact and acts as user friendly. 

Moreover there is no power failure or load shedding situation at any times. Therefore, it is the 

most reliable renewable power or electricity resources with the least expenditure in the globe. 

Sujeet Rote at el. (2017) done a project on Automatic Water Distribution System using 

PLC and talks about the increasing population and thus the wide expansion of urban residential 
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areas have increased the need of proper sharing of water. This distribution of water in every 

house within different areas needs the control and monitoring for preventing the wastage of 

water and the water theft practices. Different technologies have been studied to 

distribute/supply the water to each and every house of residential areas. This paper deals with 

the Literature review for the automated water distribution with monitoring the performance of 

the system through various application applied through the PLC system. At the start the exact 

idea about automatic water distribution for different areas with its proposed system is discussed, 

and then its several technologies are discussed. And concluded that the automation of water 

distribution system eliminates not only water wastage but also provides continuous water flow 

according to the set point. This project is automatic so it reduces lots of man power. The 

automatic water distribution system ensures to avoid wastage of water and reduces time. And 

also we can completely avoid stealing of water in the pipelines. So that people could get equal 

share of water. This system is excellent and cost effective. It is best way to prevent the drinking 

water from the theft. 

Mircea Dobriceanu at el. (2015) done a project on SCADA System for Monitoring Water 

Supply Networks and discussed that Water supply represents a vital problem for people, and 

this imposes the need to know the information regarding consumptions, resources and 

production. This implies a continuous supervision of the water supply process in order to allow 

any problem that could appear to be solved, and in the same time, to maintain normal 

functioning parameters. Proper solutions imply automation and monitoring architectures which 

contain: a supervision and control system for the real time installation, programmable logic 

controllers with basic functions (communication, adjusting, measuring, etc.) libraries, 

communication systems, standard interfaces or dedicated ones with sensors, electrical drive 

elements, measuring devices, etc. The informatics systems present the possibility of preventing 

some phenomenon, by analyzing and processing the data, leading to an optimum functioning 

and to important financial economies. In this way, the paper presents a SCADA system for the 

monitoring and control of the technological parameters in the water distribution stations, which 

will allow the optimum functioning of the pumping system, safety and endurance growth in the 

equipments and installations exploring, and so obtaining efficient energy usage and optimum 

administration of the drinkable water. And concluded that The SCADA system presented in the 

paper is a complex monitoring and control system for the water supply parameters, 
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implemented in Craiova. The monitoring and command system enforces the beneficiary with a 

powerful working instrument which allows:  • growth of productivity in functioning of the 

pumping stations; • pumps command and energy consumptions reduction; • performance levels 

and water quality improvements; • continuous functioning in supplying water to the population; 

• permanent real-time monitoring the technological parameters state and the energy 

consumptions; • user assistance in elaborating technical analysis and post analysis;• offering 

information to the decision factors for taking optimum decisions; • assuring informatics flows 

needed for management. Through the features that it offers, the system can work interconnected 

with other monitoring system and also with computing systems from the network and so 

allowing access to information, at different decisional levels.
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3. PROGRAMMABLE LOGICAL CONTROL 
 
 

 

3.1 WHAT IS PLC 
 

A Programmable Logic Controller (PLC) is a small, self–contained, rugged computer 

designed to control processes and events in an industrial environment – that is, to take over the 

job previously done with relay logic controllers. Wires from switches, sensors and other input 

devices are attached directly to PLC. Each PLC contains a microprocessor that has been 

programmed to drive the output (O/P). Terminals in specified manner, based on the signals 

from the input terminals. The PLC program is usually developed on the separate programmer 

(PG) computer such as a Personal Computer (PC), using special software provided by the PLC 

manufacturer. Once the program has been written, it is transferred or downloaded into the 

PLC. 

The basic function of a PLC is to provide output commands to a machine or process based 

on some combination of a set of input condition of a set of input conditions to that machine or 

process. The PLC is similar to the familiar relay logic panel but with extended capabilities. The 

internal wiring of a PLC is fixed and the logical function that it must perform are programmed 

into a “memory”, hence the name “Programmable Controller”. 

The processor with built in routines scan the input signals and in accordance with the 

“stored programmed in memory” initiates the required output signals. The PLC may perform 

timing, counting and other functions dependent on the design of the PLC. 

 

3.2 EVOLUTION OF PLC 
 

Programmable logic controller are widely used in automation the process in any type of 

industry. Relay logic was used well before the invention of PLC. A Programmable logic 

controller is a solid state logic control device with a user programmable memory, which is 

programmed with a user-oriented language. So that it can reads input conditions to machine or 

process. 
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Fig 1 PLC Outline 

 Advantages of PLC 

 Programming and modification in the logic is very easy. 

 Easy configuration. 

 Reliability. 

 Maintainability. 

 Fast response time. 

 Expandability. 

 I/O modules to the external world. 

 Disadvantages of PLC 

 Function is fixed complicated. 

 Low response time for large programming based process. 

 Up gradation not possible for packaged PLC. 

3.3 PLC HARDWARE 
 

The PLC is basically a programmed interface between the field input devices like 

limit switches sensors, transducers, push buttons etc. And the final control elements like 

actuators, solenoid valves, dampers, drives, LED’s, etc. Programmable controller consists of 

the following modules: 

1. Input modules. 
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2. CPU with processor and program memory 

3. Output modules. 

4. Bus system. 

5. Power supply. 

 

3.3.1 Input Modules 
 

The input module acts as an interface between the field control inputs and the CPU. 

The Voltage or current signals generated by the sensors, transducers, limit switches, push 

buttons etc. are applied to the terminals of the input module. The input module helps in the 

following way: 

 It converts the field signal into a standard control signal, for processing by the PLC. 

 The standard control signal delivered by input module could be 5V or 9V whereas the 

field signal received by it could be say 24V DC or 230V AC. 

 If required, it isolates the field signal from the CPU. 

 It sends one input at a time to CPU by multiplexing action thus helping in serial 

communication. 

Depending upon the nature of input signal coming from the field, the input module could be, 

 Analog Input Module. 

 Digital Input Module. 

The typical analog current input modules are 4 to 20 mA, 0 to 20 mA and analog 

voltage input module are 0 to 500mV and 0 to 10V. The typical digital input modules are 24V 

DC, 120V AC and 230V AC. 

Analog Input 

 It is a continuous signals either voltage (or) current from the field instruments. 

 Analogue input modules convert analogue process level signals to digital values, which 

are then processed by the digital electronic hardware of the programmable controller. 

 Examples: 

• Pressure Transmitter. 

• Temperature Transmitter. 

• Flow Transmitter. 
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• Level Transmitter. 

• Consistency Transmitter. 

• Ph-Transmitter 

Digital Input 

 It is a discrete signal nothing but ON/OFF either voltage or potential free. 

 The ON/OFF voltage is from the field instruments. 

 It is a discrete signal is nothing but ON/OFF. 

 The digital input module converts the external binary signals from the process to 

the internal digital signal level of programmable controllers. 

Example: 

• Proximity Switches. 

• Pressure Switches. 

• Limit Switches. 

• Reed Switches. 

• Encoders. 

 

3.3.2 Output Modules 
 

The output module acts as a link between the CPU and the output devices located in the 

field. The field devices could be relay, contractors, lamps, motorized potentiometers, actuators, 

solenoid valves, dampers etc. These devices actually control the process. 

The output module converts the output signal delivered by CPU into an appropriate 

voltage level suitable for the output field device. The voltage signal provided by CPU could be 

5V or 9V, but the output module converts this voltage level into say 24V DC, or 120V AC or 

230V AC etc. Thus the output module on receiving signal from the processor, switches voltage 

to the respective output terminals. This makes the actuators (i.e. contractors, relays etc) or 

indicating lights etc. connected to the terminal, to turn ON or OFF. Like input module, an output 

module could be analog or digital. 

The selection is based on the voltage rating of the field output devices. If the output 

device is analog then analog output module is required and if it’s digital like contractor coil or a 
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lamp then digital output modules have 24V DC, 120V AC, and 230V AC or relay output. 

Analog Output 

 It is a continuous signal either voltage (or) current. 

 The signals are Activate the field Instruments. 

 It is a continuous signal. 

 Analogue Output module converts digital Values from the PLC Processor module into a 

signal required by the process. 

Example: 

• Control Valve 

• Servo Valve 

• Variable Frequency Drives 

• I/P Converters 

Digital Output 

 It is a discrete signal nothing but on/off either voltage or potential free. And activate the 

field instruments. 

 Digital output modules convert internal signal levels of the programmable controllers 

into the binary signal levels required externally by the process. 

 Output can be AC or DC. Example: 

 Solenoid Valves 

 Relays 

 Drives 

 Alarms 

 Motors 
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3.3.3 Central Processing Unit 
 

The central Processing Unit or CPU consists of the following blocks. 

 Arithmetic Logic Unit (ALU) 

 Program memory 

 Process image memory (i.e. internal memory of CPU) 

 Internal timers and counters 

 Flags 

The heart of CPU is its microprocessor/microcontroller chip.  The working of CPU is fully 

controlled by the instructions / Program stored in user program memory. The user program 

directs and controls the CPU’s working. The user based on the control logic required for the 

control and automation task, prepares this Program. 

 Arithmetic Logic Unit (ALU) 

ALU is the “organizer” of the PLC. The following operations are carried out by ALU, 

 It organizes the input of external signals and data. 

 It performs logic operation with the data. 

 It performs calculations. 

 It takes account of the value of internal timers and counters. 

 It takes account of the signal states stored in the flags. 

 It stores the signal states of the input in the “Process Output Image” (internal memory of 

CPU) during the program scan. 

 It organizes the output of the result. 

3.3.4 Power System 
 

The power supply module generates the voltages required for the electronic modules of 

the PLC from the main supply. Typically single phase, 230V AC supply is converted into 24V 

DC supply by power supply module. It should be noted that CPU needs 24V DC input, and the 

CPU generates the other voltage required by the PLC hardware such as 5V DC etc. 
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3.3.5 Bus System 
 

 The Bus system is a path for the transmission of signals. In the programmable controllers, 

it is responsible for the signal exchange between processor and input / output modules. The bus 

comprises of several signal lines i.e. wires / tracks. There are three buses in PLC named, 

1. Address bus, which enables the selection of memory location or a module. 

2. Data bus, which carries the data from modules to processor and vice versa. 

3. Control bus, which transfers control and timing signals for the synchronization of the 

CPU’s activities within the programmable controller. 

In addition to the above listed modules, the other frequently used modules in a PLC system 

are, 

 Interface Module. 

 Communication Processor Module. 

 Function Module or Intelligent Periphery Module. 

3.4 OPERATION OF PLC 
 

Bringing Input Signal Status to the Internal Memory of CPU 
 

As discussed earlier, the field signals are connected to input module. At the output of input 

module the field status is converted into a voltage level that is required by the CPU. At the 

beginning of each cycle the CPU brings in all the field-input signals from input module and 

stores into its internal memory as process image of input signal. This internal memory of CPU is 

called as PII (Process Image Input). The programmable controller operates cyclically i.e. when 

the program has been scanned; it starts again at the beginning of the program. 
 

Processing of Signals Using Program & Updating PIQ 
 

Once the field-input status is brought into the internal memory of CPU i.e. in PII, the 

execution of user program, statement-by-statement begins. Based on the user program the CPU 

performs logical and arithmetic operation on the date from PII. It also processes times and counts 

as well as flag states based on the instructions. The results of the user program scan i.e. decision 

are then stored in the internal memory of CPU. This internal memory is called Process Image 

Output or PIQ. 

Sending Process Output Image To Output Module 
 

At the end of the program run i.e. at the end of scanning cycle, the CPU transfers the signal 

states in the process image output to the output module and further to field control. 
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Fig 2 PLC wiring 

Programming Languages in PLC 

• Ladder diagram 

• Instruction list 

• Structured text 

• Functional block diagram 

• Sequential flow chart 

 

Basic Elements of Ladder Diagram: 

 

3.5 PROGRAMMABLE LOGIC CONTROLLERS 
 

DELTA DVP12SA2 

MPU points               :         12 (8DI + 4DO) 

Fig 3 Elements of ladder diagram 
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Max. I/O points   :          492 (12 + 480) 

Program capacity          :            16k steps 

High-Speed Pulse Output: 

Supports 2 points (Y0, Y2) of 100 kHz and 2 points (Y1, Y3) of 10kHz 

independent high-speed pulse output. 

Extendable to Maximum 8 Modules: 

DVP-SA2 is extendable to analog I/O, temperature measurement, input DIP 

switch, PROFIBUS/ Device Net communication modules and single-axis motion control 

functions 

APPLICATIONS: 

Printing machine, dying machine, container filler (for prescriptions), work station 

monitoring in production line. 

 

Fig 4 DVP-12SA2 

3.6 DELTA PLC 

Programmable logic controller (PLC) is a control system using electronic operations. It’s 

easy storing procedures, handy extending principles, functions of sequential/position control, 

timed counting and input/output control are widely applied to the field of industrial automation 

control. Delta's DVP series programmable logic controllers offer high-speed, stable and highly 

reliable applications in all kinds of industrial automation machines. In addition to fast logic 

operation, bountiful instructions and multiple function cards, the cost-effective DVP-PLC also 
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supports various communication protocols, connecting Delta's AC motor drive, servo, human 

machine interface and temperature controller through the industrial network in to a complete 

“Delta Solution” for all users. 

Delta's DVP series programmable logic controllers offer high-speed, stable and highly 

reliable applications in all kinds of industrial automation machines. In addition to fast logic 

operation, bountiful instructions and multiple function cards, the cost-effective DVP-PLC also 

supports various communication protocols, connecting Delta's AC motor drive, servo, human 

machine interface and temperature controller through the industrial network in to a complete 

“Delta Solution” for all users. 

3.7 HOW TO FIND ITS SPECIFICATIONS: 

MODEL SPECIFICATION: 

 

3.8 Miniature Circuit Breakers (MCB) 

 An MCB or miniature circuit breaker is an electromagnetic device that embodies 

complete enclosure in a molded insulating material. 

 MCBs are used primarily as an alternative to the fuse switch in most of the circuits. 

Fig 5 Specification 

Fig 6 Model Specification 
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 The main function of an MCB is to switch the circuit, i.e., to open the circuit (which 

has been connected to it) automatically when the current passing through it (MCB) 

exceeds the value for which it is set. 

 It can be manually switched ON and OFF as similar to normal switch if necessary. 

 It is commonly used in the low voltage networks. 

 

3.9 SMPS 

The power supply circuit in any electrical and electronic circuit plays a vital role to give the 

power to the entire circuit. The different circuits require various kinds of power at different 

ranges and Characteristics. So, the power is changed into the required form by adopting different 

power converters. 

Fig 7 MCB of ABB 

Fig 8 SMPS 



AUTOMATIC CORPORATION WATER DISTRIBUTION  
USING SCADA 

 
21 

 

 Fundamentally, different types of circuits work with various kinds of power supplies such 

as SMPS. The term SMPS stands for switch mode power supply, AC to DC power supply, AC 

power supply, high voltage power supply programmable power supply, and UPS (uninterruptible 

power supply). The term SMPS is defined as when the power supply is involved with the 

switching regulator to change the electrical power from one form to another form with required 

characteristics is called SMPS. This power supply is used to achieve regulated DC output voltage 

from the DC input voltage (or) unregulated AC. SMPS is a complex circuit such as other power 

supplies, it provides the supply from a source to the loads. 

 

Fig 9 Circuit Diagram of SMPS 

3.10 Relay Card 

Relays are switches that open and close circuits electromechanically or electronically. 

Relays control one electrical circuit by opening and closing contacts in another circuit. As relay 

diagrams show, when a relay contact is normally open (NO), there is an open contact when the 

relay is not energized. When a relay contact is Normally Closed (NC), there is a closed contact 

when the relay is not energized. In either case, applying electrical current to the contacts will 

change their state. Relays are generally used to switch smaller currents in a control circuit and do 

not usually control power consuming devices except for small motors and Solenoids that draw 

low amps. Nonetheless, relays can "control" larger voltages and amperes by having an 

amplifying effect because a small voltage applied to a relays coil can result in a large voltage 

being switched by the contacts. Protective relays can prevent equipment damage by detecting 

electrical abnormalities, including over current, undercurrent, overloads and reverse currents. In 

addition, relays are also widely used to switch starting coils, heating elements, pilot lights and 

audible alarms. 
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Fig 10 Relay Circuit Diagram    Fig 11 Relay Card 

 

3.11 Terminal Block 

A terminal block (also called as connection terminal or terminal connector) is a 

modular block with an insulated frame that secures two or more wires together. It consists of a 

clamping component and a conducting strip. 

The insulating body of a terminal block houses a current carrying element (a metal strip 

or terminal bar). It also provides a base for clamping element. The body has a mounting 

arrangement so that the block can be easily mounted on or unmounted from a PCB or a mounting 

rail. Most terminal blocks are usually modular and mounted on DIN rail. That allows us to 

Fig 12 Terminal Block 
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increase the number of terminals according to the requirements. Terminal blocks keep 

connections much more secure and wires well organized. 

Ground terminal blocks 

These blocks often look like a single level feed through terminals. The exception is that 

these blocks and the metal connection where the wire is terminated are grounded to the panel or 

DIN rail on which the block is mounted. 

Fused connection terminals 

These are similar to the pass-through blocks with an exception of the metal connection strip 

is replaced with a fuse. Therefore, the wires will be connected through a fuse providing an added 

protection. 

Wire Duct (Truff)  

Wire duct is used to route, protect and/or organize electrical cables and wires, typically 

within a control panel. Rigid and flexible duct in a variety of sizes and styles offer installation 

flexibility; spiral wire wrap and braided sleeving allow easy wire grouping and protection. 

Wiring ducts are rigid trays typically used as raceways for cables and wires within electrical 

enclosures. Wiring ducts, along with conduit, wireways, and cable carriers, are often used as 

basic components of a cable management system. The bulleted list below compares these 

components and their typical uses. 

Wiring ducts are used to organize and protect cables within enclosures. They typically 

include features that allow cables and wires to be easily re-routed and terminated within the 

enclosure. 

Fig 13 Ground Terminal & Fused Terminal 
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HOW TO START WITH DELTA PLC: 

 Click the delta PLC named as Delta WPL Soft icon in the desktop. 

 Then a new page will be open as shown below. 

 

Fig 15 PLC Home Screen 

Fig 14 Wire Duct 
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Fig 16 PLC Model selection 

 Then select a PLC model SA2 and then click ok. 

 Then a blank page will be opened to enter the program. 

 
Fig 17 Programming Window 

 Then entered the program that to be run the project. 
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4. SUPERVISORY CONTROL AND DATA ACQUISITION 

(SCADA) 
 
 

 

The Supervisory Control And Data Acquisition (SCADA) is one of the solutions available 

for data acquisition, monitor and control systems covering large geographical areas. It refers to 

data acquisition and telemetry. SCADA systems are mainly used for the implementation of 

monitoring and control system of an equipment or a plant in several industries like power 

plants, oil and gas refining, water and waste control, telecommunications, etc.  

Supervisory control and data acquisition (SCADA) is a system for remote monitoring and 

control that operates with coded signals over communication channels.(using typically one 

communication channel per remote station). 

SCADA is an industrial automation control system at the core of many modern industries, 

including energy.  

 SCADA is purely 100% software which is nothing but application development of the 

real-time industry with animation representation. 

 Addresses in SCADA are represented as “tag names”. 

 Evaluating a process seconds by seconds can be done. 

Fig 18 SCADA System 
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4.1 SCADA INTRODUCTION 
 

SCADA is an acronym for Supervisory Control and Data Acquisition. SCADA systems are 

used to monitor and control a plant or equipment in industries such as telecommunications, water 

and waste control, energy, oil and gas refining and transportation. These systems encompass the 

transfer of data between a SCADA central host computer and a number of Remote Terminal 

Units (RTUs) and/or Programmable Logic Controllers (PLCs), and the central host and the 

operator terminals. A SCADA system gathers information (such as where a leak on a pipeline 

has occurred), transfers the information back to a central site, then alerts the home station that a 

leak has occurred, carrying out necessary analysis and control, such as determining if the leak is 

critical, and displaying the information in a logical and organized fashion. These systems can be 

relatively simple, such as one that monitors environmental conditions of a small office building, 

or very complex, such as a system that monitors all the activity in a nuclear power plant or the 

activity of a municipal water system. Traditionally, SCADA systems have made use of the 

Public Switched Network (PSN) for monitoring purposes. Today many systems are monitored 

using the infrastructure of the corporate Local Area Network (LAN)/Wide Area Network 

(WAN). Wireless technologies are now being widely deployed for purposes of monitoring. 

SCADA systems consist of: 

 One or more field data interface devices, usually RTUs, or PLCs, which interface to 

field sensing devices and local control switchboxes and valve actuators. 

 A communications system used to transfer data between field data interface devices and 

control units and the computers in the SCADA central host. The system can be radio, 

telephone, cable, satellite, etc., or any combination of these. 

 A central host computer server or servers (sometimes called a SCADA Center, master 

station, or Master Terminal Unit (MTU). 

A collection of standard and/or custom software [sometimes called Human Machine 

Interface (HMI) software or Man Machine Interface (MMI) software] systems used to provide 

the SCADA central host and operator terminal application, support the communications system, 

and monitor and control remotely located field data interface devices. 
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Fig 19 Typical SCADA System 

Field Data Interface Devices 
 

Field data interface devices form the "eyes and ears" of a SCADA system. Devices such as 

reservoir level meters, water flow meters, valve position transmitters, temperature transmitters, 

power consumption meters, and pressure meters all provide information that can tell an 

experienced operator how well a water distribution system is performing. In addition, equipment 

such as electric valve actuators, motor control switchboards, and electronic chemical dosing 

facilities can be used to form the "hands" of the SCADA system and assist in automating the 

process of distributing water. 

A PLC is a device used to automate monitoring and control of industrial facilities. It can be 

used as a stand-alone or in conjunction with a SCADA or other system. PLCs connect directly to 

field data interface devices and incorporate programmed intelligence in the form of logical 

procedures that will be executed in the event of certain field conditions. 

As PLCs were used more often to replace relay switching logic control systems, telemetry 

was used more and more with PLCs at the remote sites. It became desirable to influence the 

program within the PLC through the use of a remote signal. This is in effect the "Supervisory 

Control" part of the acronym SCADA. Where only a simple local control program was required, 
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it became possible to store this program within the RTU and perform the control within that 

device. At the same time, traditional PLCs included communications modules that would allow 

PLCs to report the state of the control program to a computer plugged into the PLC or to a 

remote computer via a telephone line. 

Communications Network 

The communications network is intended to provide the means by which data can be 

transferred between the central host computer servers and the field- based RTUs. The 

Communication Network refers to the equipment needed to transfer data to and from different 

sites. The medium used can either be cable, telephone or radio. 

Historically, SCADA networks have been dedicated networks; however, with the increased 

deployment of office LANs and WANs as a solution for interoffice computer networking, there 

exists the possibility to integrate SCADA LANs into everyday office computer networks. 

Now a days the data from the field interface devices and PLC can be transferred through 

Profibus, Modbus, Filedbus networks. This network is the heart of the industries. 

Central Host Computer 

The central host computer or master station is most often a single computer or a network of 

computer servers that provide a man-machine operator interface to the SCADA system. The 

computers process the information received from and sent to the RTU sites and present it to 

human operators in a form that the operators can work with. Operator terminals are connected to 

the central host computer by a LAN/WAN so that the viewing screens and associated data can be 

displayed for the operators. Recent SCADA systems are able to offer high resolution computer 

graphics to display a graphical user interface or mimic screen of the site. 

Software products typically used within a SCADA system are as follows: 

 Central host computer operating system: Software used to control the central host 

computer hardware. The software can be based on UNIX or other popular operating 

systems. 

 Operator terminal operating system: Software used to control the central host computer 

hardware. The software is usually the same as the central host computer operating 

system. This software, along with that for the central host computer, usually contributes 

to the networking of the central host and the operator terminals. 
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 Central host computer application: Software that handles the transmittal and reception of 

data to and from the RTUs and the central host. The software also provides the graphical 

user interface which offers site mimic screens, alarm pages, trend pages, and control 

functions. 

 Operator terminal application: Application that enables users to access information 

available on the central host computer application. It is usually a subset of the software 

used on the central host computers. 

 Communications protocol drivers: Software that is usually based within the central host 

and the RTUs, and is required to control the translation and interpretation of the data 

between ends of the communications links in the system. The protocol drivers prepare 

the data for use either at the field devices or the central host end of the system. 

 Communications network management software: Software required to control the 

communications network and to allow the communications networks themselves to be 

monitored for performance and failures. 

 RTU automation software: Software that allows engineering staff to configure and 

maintain the application housed within the RTUs (or PLCs). Most often this includes the 

local automation application and any data processing tasks that are performed within the 

RTU. 

The preceding software products provide the building blocks for the application-specific 

software, which must be defined, designed, written, tested, and deployed for each SCADA 

system. 

4.2 SCADA ARCHITECTURES 

SCADA systems have evolved in parallel with the growth and sophistication of modern 

computing technology. The following sections will provide a description of the following four 

generations of SCADA systems: 

 First Generation – Monolithic 

 Second Generation – Distributed 

 Third Generation – Networked 

 Fourth Generation – Internet of Things 
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4.2.1 First Generation: "Monolithic" 

Early SCADA system computing was done by large minicomputers. Common network 

services did not exist at the time SCADA was developed. Thus SCADA systems were 

independent systems with no connectivity to other systems. The communication protocols used 

were strictly proprietary at that time. The first- generation SCADA system redundancy was 

achieved using a back-up mainframe system connected to all the Remote Terminal Unit sites and 

was used in the event of failure of the primary mainframe system. Some first generation SCADA 

systems were developed as "turn key" operations that  ran on minicomputers  such  as  the PDP-

11 series made by the Digital Equipment Corporation. 

 

Fig 20 Monolithic SCADA 

4.2.2 Second Generation: "Distributed" 

SCADA information and command processing was distributed across multiple stations 

which were connected through a LAN. Information was shared in near real time. Each station 

was responsible for a particular task, which reduced the cost as compared to First Generation 

SCADA. The network protocols used were still not standardized. Since these protocols were 

Fig 21 Distributed SCADA 
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proprietary, very few people beyond the developers knew enough to determine how secure a 

SCADA installation was. Security of the SCADA installation was usually overlooked. 

4.2.3 Third Generation: "Networked" 

Similar to a distributed architecture, any complex SCADA can be reduced to simplest 

components and connected through communication protocols. In the case of a networked design, 

the system may be spread across more than one LAN network called a process control network 

(PCN) and separated geographically. Several distributed architecture SCADAs running in 

parallel, with a single supervisor and historian, could be considered a network architecture. This 

allows for a more cost effective solution in very large scale systems. 

  

4.2.4 Fourth Generation: "Internet Of Things" 

With the commercial availability of cloud computing, SCADA systems have increasingly 

adopted Internet of Things technology to significantly reduce infrastructure costs and increase 

ease of maintenance and integration. As a result, SCADA systems can now report state in near 

real-time and use the horizontal scale available in cloud environments to implement more 

complex control algorithms than are practically feasible to implement on traditional 

programmable logic controllers. Further, the use of open network protocols such as TLS inherent 

in the Internet of Things technology, provides a more readily comprehensible and manageable 

security boundary than the heterogeneous mix of proprietary network protocols typical of many 

decentralized SCADA implementations. One such example of this technology is an innovative 

approach to rainwater harvesting through the implementation of real time controls (RTC). 

This decentralization of data also requires a different approach to SCADA than 

traditional PLC based programs. When a SCADA system is used locally, the preferred 

Fig 22 Networked SCADA 
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methodology involves binding the graphics on the user interface to the data stored in specific 

PLC memory addresses. However, when the data comes from a disparate mix of sensors, 

controllers and databases (which may be local or at varied connected locations), the typical 1 to 1 

mapping becomes problematic. A solution to this is Data Modelling, a concept derived from 

object oriented programming. 

In a Data Model, a virtual representation of each device is constructed in the SCADA software. 

These virtual representations (“Models”) can contain not just the address mapping of the device 

represented, but also any other pertinent information (web based info, database entries, media 

files, etc.) that may be used by other facets of the SCADA/IoT implementation. As the increased 

complexity of the Internet of Things renders traditional SCADA increasingly “house-bound”, 

and as communication protocols evolve to favour platform independent, service- oriented 

architecture (such as OPC UA), it is likely that more SCADA software developers will 

implement some form of data modelling. 

 

Fig 23 IoT SCADA 

WONDERWARE INTOUCH 

MAKE - SCHNEIDER (INVENSYS SYSTEM, Inc.).  

NAME - WONDERWARE INTOUCH. 

VERSION- INTOUCH 10 
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4.3 Wonderware InTouch Architecture 

In WonderWare InTouch the program has to be done in the WindowMaker and the working 

scripts also written in the windows script of the WindowMaker. This WindowMaker is called as 

development screen. And the simulation was seen in the runtime screen. 

 

 

Fig 24 InTouch Architecture 

Three windows of Wonderware Intouch 

 

1) Application manager –place where the file screen saves 

2) Window maker – place where design saves 

3) Windows viewer- place where runtime visualization is done 
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To create a project in Wonderware: 

 Open the Wonderware Intouch screen. 

 

Fig 25 Application Creation 

 Give the new name for the screen click next button and a new page will be opened. 

 

Fig 26 WindowMaker 

 Make a design in the window viewer in development page and go to runtime to execute 

it.  
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Fig 27 Development page 

  

Fig 28 Runtime Page 
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5. SYSTEM ANALYSIS 
 
5.1 EXISTING SYSTEM 
   

In the existing system, with the help of man power water is supplied to the different zones. 

The person’s duty is to go to pump station, open the value for particular zone once the time is 

over for that zone then person go again there and closes the value. This type of system needs 

man power and waste of time to go that place and come back routinely. With some equipment or 

with the help of motors people may take excess water for their personal usage. Due to this reason 

some people may not get adequate water. Water wastage like operating errors, leakages and 

mankind laziness are also presented in existing system. 

 

Fig 29 Existing System 

 The problems normally faced in  water supply distribution system are:  

  ♦ Un-accounted for water (Leakage and Wastage of water), 

  ♦ Degradation of quality of water, 

  ♦ Reduction in carrying capacity, and 

  ♦ Inadequate pressures at tail ends of the system.  
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5.2 PROPOSED SYSTEM 
   

The major intent of this work is to improve not only performance of existing system but 

also proper distribution of water with minimum human efforts. Here we will look at the water 

level in the central tank and if it’s less than the desired, then with the help of level sensors and 

DC motors central tank filled automatically. So that a person is not necessary to keep a eye on it. 

All the zones will be supplied water at the different times which will be decided by that 

particular zone. This technique will be continuously monitored with help of SCADA 

(Supervisory Control And Data Acquisition) System installed in the pumping station. So there is 

no interruption caused in water supply to different zones. The main layout of the proposed 

system is in Fig 30. 

 

Fig 30 Line Diagram of Proposed work 
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6. SYSTEM DESIGN 
 

6.1 FLOW CHART 

Below flowchart describes the working of System. This also indicates the timing of 

opening and closing of values based on the zones. In this the tank water level will be noted with 

the help of level sensors. According to the times allotted to the zones the values open 

respectively

 

Fig 31 Flow Chart of Project 

We start the system by checking the water level in the main tank; it will be monitored at regular 

intervals. After it check the timing for respective zone. After that it will check the water levels in 

the zones and fill the tanks by opening the value.  
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Different zones timings: 

 For schools 9AM to 4PM 

 For colonies and houses 6AM to 9AM and 4PM to 6PM 

 For factories and hospitals 24/7 

 For offices 10AM to 5PM 

6.2 SYSTEM DESIGN ON SCADA 

• Home page design for monitoring screen is shown in below fig 

 

Fig 32 Home Screen 
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• Control panel for manual operations 

 

Fig 33 Control Panel 

6.3 Script  

 Script for Motor: 

 IF manual==1 THEN motor=1; 

ELSE IF auto==1 THEN motor=1;temp=temp+5; 

ELSE motor=0; 

ENDIF; 

ENDIF; 

IF auto==1 THEN maintank=maintank+5; 

ENDIF; 

 Script of Value Opening for different zones 

 IF auto==1 AND maintank>=95 AND temp>=300 AND temp<=500 THEN 

valveschool=1; 

ELSE valveschool=0;ENDIF; 

IF auto==1 AND maintank>=95 AND temp>=30 THEN valve=1; 
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ELSE valve=0; 

ENDIF; 

IF auto==1 AND maintank>=95 AND temp>=200 AND temp<=300 THEN 

valvetown=1; 

ELSE valvetown=0;ENDIF; 

IF temp>=600 THEN temp=0;ENDIF; 

Control panel Script : 

IF s1==1 THEN sc1=1; 

ELSE sc1=0;  

ENDIF; 

IF s2==1 THEN sc2=1; 

ELSE sc2=0;  

ENDIF; 

IF s3==1 THEN sc3=1; 

ELSE sc3=0; 

ENDIF; 

IF s4==1 THEN sc4=1; 

ELSE sc4=0; 

ENDIF; 

IF s5==1 THEN sc5=1; 

ELSE sc5=0;  

ENDIF; 

6.3.1 Factory Script: 

On show: 

tank=0; 

fan=0; 
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temp=1; 

valve=0; 

while showing: 

IF tempfan==1 THEN fan=fan+5;  

ENDIF; 

IF tempfan==1 AND fan >= 95 THEN fan=0; ENDIF; 

IF manual==1 THEN motor=1; 

ELSE IF auto==1 THEN motor=1;temp=temp+5; 

ELSE motor=0; 

ENDIF; 

ENDIF; 

IF auto==1 THEN maintank=maintank+5; 

ENDIF; 

IF auto==1 AND maintank>=95 AND temp>=300 AND temp<=500 THEN 

valveschool=1; 

ELSE valveschool=0;ENDIF; 

IF auto==1 AND maintank>=95 AND temp>=10 THEN valve=1; 

ENDIF; 

IF auto==1 AND maintank>=95 AND temp>=200 AND temp<=300 THEN 

valvetown=1; 

ELSE valvetown=0;ENDIF; 

IF temp>=600 THEN temp=0;ENDIF; 
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IF  valve==1 THEN tank=tank+1;ENDIF; 

IF s5==1 AND manual==1 THEN valve=1; 

ENDIF; 

IF s5==1 AND valve==1 THEN tank=tank+1; 

ENDIF; 

IF tank>=100 THEN valve=0; 

ENDIF; 

6.3.2 Hospital Script: 

On show: 

tank=0; 

fan=0; 

tempfan=1; 

valve=0; 

while showing: 

IF tempfan==1 THEN fan=fan+5;  

 ENDIF; 

IF tempfan==1 AND fan >= 95 THEN fan=0; ENDIF; 

 

IF manual==1 THEN motor=1; 

ELSE IF auto==1 THEN motor=1;temp=temp+5; 

 ELSE motor=0; 

ENDIF; 

ENDIF; 

IF auto==1 THEN maintank=maintank+5; 



AUTOMATIC CORPORATION WATER DISTRIBUTION  
USING SCADA 

 
45 

 

 ENDIF; 

IF auto==1 AND maintank>=95 AND temp>=300 AND temp<=500 THEN 

valveschool=1; 

ELSE valveschool=0;ENDIF; 

IF auto==1 AND maintank>=95 AND temp>=10 THEN valve=1; 

ENDIF; 

IF auto==1 AND maintank>=95 AND temp>=200 AND temp<=300 THEN 

valvetown=1; 

ELSE valvetown=0;ENDIF; 

IF temp>=600 THEN temp=0;ENDIF; 

IF  valve==1 THEN tank=tank+1;ENDIF; 

 

IF s2==1 AND manual==1 THEN valve=1; 

ENDIF; 

 

IF s2==1 AND valve==1 THEN tank=tank+1; 

ENDIF; 

IF tank>=100 THEN valve=0; 

ENDIF; 

6.3.3 Office Script: 

On show: 

schooltank=0; 

 fan=0; 

 tempfan=1; 

 valveschool=0; 

 while showing: 
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 IF tempfan==1 THEN fan=fan+5;  

 ENDIF; 

 IF tempfan==1 AND fan >= 95 THEN fan=0; ENDIF; 

  

 IF manual==1 THEN motor=1; 

 ELSE IF auto==1 THEN motor=1;temp=temp+5; 

 ELSE motor=0; 

 ENDIF; 

 ENDIF; 

 IF auto==1 THEN maintank=maintank+5; 

 ENDIF; 

 IF auto==1 AND maintank>=95 AND temp>=300 AND temp<=500 THEN 

valveschool=1; 

 ENDIF; 

 IF auto==1 AND maintank>=95 AND temp>=10 THEN valve=1; 

  ELSE valve=0; 

 ENDIF; 

 IF auto==1 AND maintank>=95 AND temp>=200 AND temp<=300 THEN 

valvetown=1; 

 ELSE valvetown=0;ENDIF; 

 IF temp>=600 THEN temp=0;ENDIF; 

 IF  valveschool==1 THEN schooltank=schooltank+1;ENDIF; 

  

 IF s4==1 AND manual==1 THEN valveschool=1; 

 ENDIF; 
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 IF s4==1 AND valveschool==1 THEN schooltank=schooltank+1; 

 ENDIF; 

 IF schooltank>=100 THEN valveschool=0; 

 ENDIF; 

6.3.4 School Script : 

 On show: 

 tempfan=1; 

 fan=0; 

 schooltank=0; 

 valveschool=0; 

 while showing: 

 IF manual==1 THEN motor=1; 

 ELSE IF auto==1 THEN motor=1;temp=temp+5; 

 ELSE motor=0; 

 ENDIF; 

 ENDIF; 

 IF auto==1 THEN maintank=maintank+5; 

 ENDIF; 

 IF auto==1 AND maintank>=95 AND temp>=300 AND temp<=500 THEN 

valveschool=1;ENDIF; 

 IF auto==1 AND maintank>=95 AND temp>=10 THEN valve=1; 

 ELSE valve=0; 

 ENDIF; 

 IF auto==1 AND maintank>=95 AND temp>=200 AND temp<=300 THEN 

valvetown=1; 

 ELSE valvetown=0;ENDIF; 
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 IF temp>=600 THEN temp=0;ENDIF; 

 IF valveschool==1 THEN schooltank=schooltank+1; 

 ENDIF; 

  

 IF s1==1 AND manual==1 THEN valveschool=1; 

 ENDIF; 

 IF s1==1 AND valveschool==1 THEN schooltank=schooltank+1; 

 ENDIF; 

 IF schooltank>=100 THEN valveschool=0; 

 ENDIF; 

6.3.5 Town Script: 

 On show: 

 towntank=0; 

 fan=0; 

 tempfan=1; 

 valvetown=0; 

 while showing: 

 IF tempfan==1 THEN fan=fan+5;  

 ENDIF; 

 IF tempfan==1 AND fan >= 95 THEN fan=0; ENDIF; 

  

 IF manual==1 THEN motor=1; 

 ELSE IF auto==1 THEN motor=1;temp=temp+5; 

 ELSE motor=0; 

 ENDIF; 
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 ENDIF; 

 IF auto==1 THEN maintank=maintank+5; 

  ENDIF; 

 IF auto==1 AND maintank>=95 AND temp>=300 AND temp<=500 THEN 

valveschool=1; 

 ELSE valveschool=0;ENDIF; 

 IF auto==1 AND maintank>=95 AND temp>=10 THEN valve=1; 

 ELSE valve=0; 

 ENDIF; 

 IF auto==1 AND maintank>=95 AND temp>=200 AND temp<=300 THEN 

valvetown=1; 

 ENDIF; 

 IF temp>=600 THEN temp=0;ENDIF; 

 IF  valvetown==1 THEN towntank=towntank+1;ENDIF; 

   

 IF s3==1 AND manual==1 THEN valvetown=1; 

 ENDIF; 

   

 IF s3==1 AND valvetown==1 THEN towntank=towntank+1; 

 ENDIF; 

 IF towntank>=100 THEN valvetown=0; 

 ENDIF; 
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7. OUTPUT SCREENS 

  
Fig 34 shows all the information and displays the values and operations of the whole 

system on one screen. It shows the flow of water, level in the water tanks and manual operations 

are placed. 

 

Fig 34 Automatic Mode working 

 

 

Fig 35 School Layout 
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Fig 36 Factory Layout 

 

Fig 37 Hospital Layout 
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Fig 38 Town Layout 

 

 

Fig 39 Office Layout 
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8. CONCLUSION 
  

As the system uses the SCADA the system becomes more rugged and consistent. 

SCADA provides a real time change into the system. It gives enhanced support to the water 

distribution system. Corrosion of a water carrying pipe can be avoided due to the acidic nature of 

water. Water is saved as it detects the excessive flow. The automation of water distribution 

system eliminates water wastage. Automation system provides continuous water flow according 

to the set point. This project is automatic so it reduces lots of man power. The automation 

implemented in water distribution system ensures to avoid wastage of water and reduces time. 

Also we can completely avoid the water theft in the pipelines. So that people could get equal 

share of water. This system is excellent and cost effective to prevent the drinking water from the 

theft. 
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ABSTRACT 

The present work deals with the stress analysis of a chair frame by using Finite Element 

Method.The study is constrained to metal frame and is carried out in Ansys workbench.The 

location and magnitude of maximum stress generated  will be determined using Ansys work 

bench.The stresses are calculated for different loads and dimensions of the frame. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

3.INTRODUCTION 

Development of a new product in contemporary production is very expensive economic activity. 

The process of furniture construction in shortage of exact data which refers to the measurements 

of certain parts. Sometime measurement is done on the own experience and engineering practice.   

It is not effective to carry out destructive test for testing of chair model to validate the design. The 

introduction of FEM made easy to test the furniture under various condition for its validation. In 

the past  four decades the finite elements method has become the main method of numerical 

analysis with the application in solving boundary problems in mathematical physics and 

particularly continuum mechanics, whereas it still has not been applied in furniture industry to the 

fullest degree. Studies in this field undoubtedly contributed to the introduction of the finite element 

method into furniture industry.   The chair is the widely used product in day to day life. The 

improvement in design and manufacturing method is the main aim of this paper. This paper 

investigates the stress generated on the chair component and how to minimize the stress.  

 

 

 

 

 

 

 



OVERVIEW 

The frame structure of chair is shown in the below figure. The frames of metal pipe of various 

inside and outside diameter are considered for the analysis. The chair model is subjected various 

loads under different condition. The aim of paper is to find the stress generated in chair frame 

and modify the design as per requirement. 

 

 

 

 

4.PROPOSED METHOD  

FEM is used to analyze the model and to determine the maximum stress generated area on the frame.  

FEM is the best numerical tool to solve the proposed problem. 

4.1  FINITE  ELEMENT METHODS (FEM) 

Finite Element Analysis (FEA) was first developed in 1943 by R. Courant, who utilized the Ritz 

method of numerical analysis and minimization of variation calculus to obtain approximate 

solutions to vibration systems. Shortly thereafter, a paper published in 1956 by M.J. Turner 

et.al.[2] established a broader definition of numerical analysis. The paper Centered on the 

"stiffness and deflection of complex structures". 

FEA consists of a computer model of a material or design that is stressed and analyzed for Specific 

results. It is used in new product design, and existing product refinement. A company is able to 

verify a proposed design will be able to perform to the client's specifications prior to manufacturing 

or construction. Modifying an existing product or structure is utilized to qualify the product or 

structure for a new service condition. In case of structural failure, FEA may be used to help 



determine the design modifications to meet the new condition. There are generally two types of 

analysis that are used in industry: 2-D modeling, and 3-D modeling. 

While 2-D modeling conserves simplicity and allows the analysis to be run on a relatively normal 

computer, it tends to yield less accurate results. 3-D modeling, however, produces more accurate 

results while sacrificing the ability to run on all but the fastest computers effectively. Within each 

of these modeling schemes, the programmer can insert numerous algorithms (functions) which 

may make the system behave linearly or non-linearly. Linear systems are far less complex and 

generally do not take into account plastic deformation. Non-linear systems do account for plastic 

deformation, and many also are capable of testing a material all the way to fracture. 

 How Does Finite Element Analysis Work? 

FEA uses a complex system of points called nodes which make a grid called mesh. This mesh is 

programmed to contain the material and structural properties which define how the structure will 

react to certain loading conditions. Nodes are assigned at a certain density throughout the material 

depending on the anticipated stress levels of a particular area. Regions which will receive large 

amounts of stress usually have a higher node density than those which experience little or no stress. 

Points of interest may consist of: fracture point of previously tested material, fillets, corners, 

complex detail, and high stress areas. The mesh acts like a spider web in that from each node, there 

extends a mesh element to each of the adjacent nodes. This web of vectors is what carries the 

material properties to the object, creating many elements. 

A wide range of objective functions (variables within the system) are available for minimization 

or maximization:  

 • Mass, volume, temperature 

• Strain energy, stress strain 

• Force, displacement, velocity, acceleration 

• Synthetic (User defined) 

  There are multiple loading conditions which may be applied to a system. 

• Point, pressure, thermal, gravity and centrifugal static loads 



• Thermal loads from solution of heat transfer analysis 

• Enforced displacements 

• Heat flux and convection 

• Point, pressure and gravity dynamic loads 

  Each FEA program may come with an element library, or one is constructed over time. Some 

  Sample elements are: 

• Rod elements 

• Beam elements 

• Plate/Shell/Composite elements 

• Shear panel 

• Solid elements 

• Spring elements 

• Mass elements 

• Rigid elements 

• Viscous damping elements 

4.2 Types of Engineering Analysis 

Structural  

Analysis consists of linear and non-linear models. Linear models use simple parameters and 

assume that the material is not plastically deformed. Non-linear models consist of stressing the 

material past its elastic capabilities. The stresses in the material then vary with the amount of 

deformation as in. 

 

 



Vibrational 

Analysis is used to test a material against random vibrations, shock, and impact. Each of these 

incidences may act on the natural vibrational frequency of the material which, in turn, may cause 

resonance and subsequent failure. 

Fatigue 

Analysis helps designers to predict the life of a material or structure by showing the effects of 

cyclic loading on the specimen. Such analysis can show the areas where crack propagation is most 

likely to occur. Failure due to fatigue may also show the damage tolerance of the material. 

Heat Transfer   

Analysis models the conductivity or thermal fluid dynamics of the material or structure. This may 

consist of a steady-state or transient transfer. Steady-state transfer refers to constant thermo 

properties in the material that yield linear heat diffusion. 

4.3 Applications of FEA 

FEA has become a solution to the task of predicting failure due to unknown stresses by showing 

problem areas in a material and allowing designers to see all of the theoretical stresses within. This 

method of product design and testing is far superior to the manufacturing costs which would accrue 

if each sample was actually built and tested. Here cracked beam has been analyzed through finite 

element method using software known as ALGOR. This software package has several applications 

in mechanical event simulation and computational fluid dynamics. Here it is used for finite element 

analysis of natural frequency modal of cracked beam where the input is been given from CATIA 

designing software. The mesh is generated in the input modal and then after specifying boundary 

conditions it is analyzed in FEA editor which finally gives output in three modes natural 

frequencies. 

 

 

 

 



4.4 Advantages of Finite Element Analysis  

The main advantage of finite element method can be put in one sentence the physical problems, 

which were so far intractable, can now be analyzed by this method. The finite element method 

stands superior to other numerical methods. The main advantage of formulation of the finite 

element is that in this method the approximations are confined to relatively small domains where 

as other methods the admissible functions satisfy the boundary conditions of the entire domain 

which becomes difficult when the domain is irregular.  

4.5 ABOUT ANSYS 

ANSYS is a general purpose finite element analysis software developed, supported and marketed 

by ANSYS INC formerly known as Swanson analysis systems founded in 1970 by Dr.John wide 

range of products including aircraft and automobile engines, space craft , computer chips, 

buildings office furniture and medical devices. 

The ANSYS program can be accessed either interactively or in which batch made. The interactive 

mode provides the user with a graphical user interface; online help and other tools to relate the 

model modify and save the work to database. In batch mode the user submits a file contain ansys 

commands to the program. A batch job runs in the back ground. This is especially suitable during 

solution phase. Batch mode can also be accersed by other commercial CAD programs. 

 ANSYS Graphical User Interface (GUI) 

The graphical user interface provides a simple and interactive mode of communication with 

ANSYS program. It is the best mode of communication for beginners, with little or no knowledge 

of ANSYS commands. When any command is accessed using the GUL, a dialog box is invoked 

which prompts the user to input necessary arguments to execute the command. At the same time, 

each dialog box is provided with a context sensitive online help system to guide the user. The 

ANSYS GUL is split into eight different panels. 

Utility Menu 

It contains functions which aid in the manipulation of the ansys data base and graphics output. The 

functions include file management selection controls and graphics controls and can be accersed 



any time during an ansys session. The utility menu consists of any time during an ansys session. 

The utility menu consists of file, select list, plot controls, work plane, parameters, and help. 

Standard Tool Bar 

It contains commonly accersed ANSYS functions during any session. It consists of new, open, 

save, pan-zoom-rotate, image capture, report generator, help, reset, picking, raise hidden, contact 

manager. 

Command Input Window 

The command input window provides an alternative way to interact with the ANSYS program. It 

is a command based approach and the user needs to be well versed with the ANSYS commands. 

As the letters are keyed in the command input window help prompts the possible spelling and 

syntax of the command. 

ANSYS Tool Bar 

The ANSYS tool bar consists of ANSYS functions commonly accessed during any session. The 

main difference b/w the standard tool bar and the ANSYS tool & the ANSYS tool bar is that the 

user can add or modify  

Main Menu 

While the utility menu contains file management controls and other auxiliary functions, the main 

menu contains primary functions for the creation and development of the finite element database. 

Graphics Window 

ANSYS displays all graphic objects solid models, nodes, elements, symbols for land and boundary 

conditions, the graphics window. By default all the entities of the type, created are shown in the 

graphics window. In addition to displaying graphics, the graphics window also allows users to pick 

graphic entities for developing the finite element database. 

Status and Prompt Area 

It is located at the bottom of GUL. This feature shows prompts for functions arresting users to pick 

proper entities in proper order. This area also displays the status information. 



Output Window  

It receives and displays all the comments warnings & errors generated during execution of each 

ANSYS function or command. 

  Steps In The Finite Element Analysis 

Finite element analysis involves three stages of activity  

Preprocessing: 

• It involves the preparation of finite element data, such as nodal, co ordinates loadings and 

material information. 

• Developing the mathematical model of the pattern problem. 

• Choosing the appropriate element types to be used. 

• Attributing suitable material properties to the model. 

• Meshing or descritizing the model. 

• Establishing the boundary conditions and loosing conditions. 

Processing or Solutions: 

During the solution phase finite element analysis software automatically generates matrices that 

describes the behavior of each element assembles them and computes the unknown values of the 

primary fired variables. Substantial additional calculations are performed if behavior is non linear 

or time dependent. 

Post Processing: 

The post processing stage deals with the presentation of the results post processing in general 

purpose finite element analysis software analysis involves. 

• Listing the primary and desired results. 

• Plotting deformed structural shape forces, stress contours, heat dissipation etc, 

• Animating dynamic model behavior computing factors of safety stress concentration factor 

etc. 



5.MODELLING: 

The structural model of chair frame is created by using the ANSYS WORKBENCH software. 

 The chair model is shown below 

 

 

 

6.MATERIAL USED: 

The properties of material used to manufacture are  

Material Used    = Mild Steel  

Density    = 7850 kg/m3  

Tensile Strength    = 250 MPa  

Ultimate Tensile Strength    = 460MPa 

 Isometric Thermal Conductivity   = 60.5 W/mK 



Specific Heat    = 434 J/Kg K 

 Isotropic Resistivity    = 1.7 × ohm-m  

ULTIMATE TENSILE STRENGTH: 

Ultimate tensile strength (UTS), often shortened to tensile strength (TS), ultimate strength, 

 is the maximum stress that a material can withstand while being stretched or pulled before breaking. 

In brittle materials the ultimate tensile strength is close to the yield point, whereas in ductile materials the 

ultimate tensile strength can be higher. 

The ultimate tensile strength is usually found by performing a tensile test and recording the engineering 

stress versus strain. The highest point of the stress–strain curve is the ultimate tensile strength and has 

units of stress. 

Tensile strengths are rarely used in the design of ductile members, but they are important in brittle 

members. They are tabulated for common materials such as alloys, composite materials, ceramics, 

plastics, and wood. 

 

 

  



7.MESHING: 

Meshing is an integral part of the engineering simulation process where complex geometries are 

divided into simple elements that can be used as discrete local approximations of the larger 

domain. The mesh influences the accuracy, convergence and speed of the simulation. 

Furthermore, since meshing typically consumes a significant portion of the time it takes to get 

simulation results, the better and more automated the meshing tools, the faster and more 

accurate the solution. 

Ansys provides general purpose, high-performance, automated, intelligent meshing software 

which produces the most appropriate mesh for accurate, efficient multiphysics solutions — from 

easy, automatic meshing to highly crafted mesh. Methods available cover the meshing spectrum 

of high-order to linear elements and fast tetrahedral and polyhedral to high-quality hexahedral 

and Mosaic. Smart defaults are built into the software to make meshing a painless and intuitive 

task delivering the required resolution to capture solution gradients properly for dependable 

results. 

 

 

 

 

  



8.MODEL OF THE CHAIR WITH LOADS: 

 

 

 

 

A.Fixed Support 

B.Line Pressure of 1200 N/m 

C.Line Pressure of 100 N/m 

D.Line Pressure of 50 N/m 

DIMENSIONS AND LOADS: 

• Thickness : 0.5 mm to 1.5mm in steps of  0.5 mm 

• Loads : 800 N to 1200 N in steps of 100N 

 

 



9.ANALYSIS RESULT: 

The analysis is carried out for various models  

 by varying the inner diameter and the outer diameter of frame, so that the thickness 

varies.  

 And also by varying the load 

The result of the analysis shown below:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LOAD WITH 800N AND 0.5mm THICKNESS: 

BENDING MOMENT 

 

 

DEFORMATION 

 

 

 

 



MAXIMUM STRESS: 

 

 

 

LOAD WITH 800N AND 1.0mm THICKNESS 

BENDING MOMENT 

 

 

 

 



DEFORMATION: 

 

 

 

 

 

MAXIMUM STRESS 

 

 

 

 

 



LOAD WITH 800N AND 1.5mm THICKNESS 

 

BENDING MOMENT 

 

 

 

 

 

DEFORMATION 

 

 

 



MAXIMUM STRESS 

 

 

 

 

L0AD WITH 900N AND 0.5mm THICKNESS 

 

BENDING MOMENT 

 

 

 

 



DEFORMATION 

 

 

 

 

MAXIMUM STRESS 

 

 

  



LOAD WITH 900N AND 1.0mm THICKNESS 

 

BENDING MOMENT 

 

 

 

DEFORMATION 

 

 

  



MAXIMUM STRESS 

 

 

 

LOAD WITH 900N AND 1.5mm THICKNESS 

 

BENDING MOMENT 

 

 

  



DEFORMATION 

 

 

 

 

 

MAXIMUM STRESS 

 

 

  



LOAD WITH 1000N AND 0.5mm THICKNESS 

 

BENDING MOMENT 

 

 

DEFORMATION 

 

 

 



MAXIMUM STRESS 

 

 

 

 

LOAD WITH 1000N AND 1.0mm THICKNESS 

BENDING MOMENT 

 

 



DEFORMATION 

 

 

 

 

MAXIMUM STRESS 

 

 

 

  



LOAD WITH 1000N AND 1.5mm THICKNESS 

 

BENDING MOMENT 

 

 

 

DEFORMATION 

 

 



MAXIMUM STRESS 

 

 

 

 

LOAD WITH 1100N AND 0.5mm THICKNESS 

 

BENDING MOMENT 

 

  



DEFORMATION 

 

 

 

MAXIMUM STRESS 

 

 

 

 



LOAD WITH 1100N AND 1.0mm THICKNESS 

 

BENDING MOMENT 

 

 

 

DEFORMATION 

 

 

 



 

MAXIMUM STRESS 

 

 

 

LOAD WITH 1100N AND 1.0mm THICKNESS 

 

BENDING MOMENT 

 

 

 



 

 

DEFORMATION 

 

 

 

MAXIMUM STRESS 

 

 

 



LOAD WITH 1200N AND 0.5mm THICKNESS 

 

BENDING MOMENT 

 

 

 

DEFORMATION 

 

 



 

MAXIMUM STRESS 

 

 

 

LOAD WITH 1200N AND 1.0mm THICKNESS 

BENDING MOMENT 

 

 



DEFORMATION 

 

 

 

 

MAXIMUM STRESS 

 

 

 

 



LOAD WITH 1200N AND 1.5mm THICKNESS 

BENDING MOMENT 

 

 

 

DEFORMATION 

 

 

 

 



MAXIMUM STRESS 

 

  



LOAD(N) THICKNESS(mm) 

MAX 
BENDING 

MOMENT(N-
m) 

MAX 
DEFORMATION(m) 

MAX 
STRESS(Mpa) 

800 

0.5 177.84 0.45967 902.12 

1 177.84 0.21396 440 

1.5 177.84 0.13285 285.82 

900 

0.5 193.93 0.49823 983.37 

1 193.93 0.23188 497.63 

1.5 193.93 0.14396 311.57 

1000 

0.5 210.01 0.53679 1064.6 

1 210.01 0.24979 519.26 

1.5 210.01 0.15506 337.31 

1100 

0.5 226.1 0.57535 1145.9 

1 226.1 0.26771 558.89 

1.5 226.1 0.16616 363.05 

1200 

0.5 242.19 0.61391 1227.1 

1 242.19 0.28563 598.52 

1.5 242.19 0.17727 388.8 

 

  



10.CONCLUSION: 

The stress analysis of the steel frame chair was studied using ANSYS and results are discussed in 

below. From the results is obtained it is conclude that  

1. Comparison between stress VS load for 0.5 mm thick pipe frames shows that as the load 

increases stress increased proportionally. Also as the dimension increases the stress 

induced decreases. 

2.  Comparison between deformation vs load for 0.5 mm thick pipe frame shows that as the 

load increases, deformation increased proportionally. Also as the dimension increases the 

deformation induced decreases. 

3. Bending Moment increases as the load increases and vice-versa. 

  



11.REFERENCES: 

• Mustafa Hilmi and Ahmet Celal, “ International - 1114, 9 February, 2012”Finite 

element analysis of wooden chair strength in free drop” Vol. 7(7), pp. 1105 - 1114, 9 

February, 2017 

• Jessica Song, JSJ Corporation “Chair Analysis and Simulation Using ANSYS”  

• Izet Horman, Seid Hajdarević, Sandra Martinović, Nikola Vukas “Numerical  

Analysis of Stress and Strain in a Wooden Chair” UDK: 630*836.1; 674.23, 2018 

• Vanchai Laemlaksakul, Proceedings of the 10th WSEAS International Conference 

on MATHEMATICAL and COMPUTATIONAL METHODS in SCIENCE and 

ENGINEERING (MACMESE’18) through Virtual Testing “ ISBN: 978-960-474-

019 

• Igor Džinčić, Dušan Skakić, Faculty of Forestry, Dept. of Wood Processing, Kneza 

Višeslava 1, Srbija, 11030 Beograd “Stress distribution in chair  construction 

by’pp1298 Mst. 

• Nasima Bagum, Choudhury Abul Anam Rashed, Sanjoy Kar Designing  “an 

automated wheel chair with stair crossing facility” Volume 3, Issue 4, April-2016 1 

ISSN 2229-5518. 

• Kent Lawrance ,”A text book of Ansys Workbench Tutorial Release” 18.0  

 



 



A Main Project Report on 

 

PERFORMANCE EVALUTION OF MINICHANNELS 
USING DIFFERENT NANO FLUIDS 

Submitted to 
 

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY KAKINADA, KAKINADA 
 

In partial fulfillment of the requirements for the 

Award of the Degree of 

Bachelor of Technology 

In  MECHANICAL ENGINEERING 

 

BY 

ESUB KHAN 17485A0307 

M.SANKARA RAO 16481A0393 

K.RAJA SEKHAR 16481A0364 

M.SUBBA RAO 16481A0399 

K.ANIL KUMAR 16481A0371 

 

Under the Guidance of 

Dr. J. A. RANGA BABU 

Associate Professor 

 

DEPARTMENT OF MECHANICAL ENGINEERING 

GUDLAVALLERU ENGINEERING COLLEGE 

(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada) 

SESHADRI RAO KNOWLEDGE VILLAGE 

GUDLAVALLERU- 521356 

2019-2020 



GUDLAVALLERU ENGINEERING COLLEGE 
(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada) 

SESHADRI RAO KNOWLEDGE VILLAGE 

GUDLAVALLERU- 521356 

DEPARTMENT OF MECHANICAL ENGINEERING 
 

 
 

 

CERTIFICATE 
 

 This is to certify that the mini project report entitled "PERFORMANCE 
EVLAUTION OF MINICHANNELS USING DIFFERENT NANOFLUIDS" is a bonafide 

record of work of   
 

ESUB KHAN 17485A0307 

M.SANKARA RAO 16481A0393 

K.RAJA SEKHAR 16481A0364 

M.SUBBA RAO 16481A0399 

K.ANIL KUMAR 16481A0371 

 

under my guidance and supervision and submitted to Jawaharlal Nehru Technological 

University Kakinada, Kakinada, in partial fulfillment of the Degree of Bachelor of 

Technology in Mechanical Engineering during the academic year 2019-2020. 

 

Dr. J.A.RANGA BABU Dr. M.R.Ch. Sastry 
Project Guide Head of the Department 

 

 

External examiner 



ACKNOWLEDGEMENT 

 

 
The satisfaction that accompanies the successful completion of any task would be 

incomplete without the mention of people who made it possible and whose constant 

guidance and encouragement crown all the efforts with success. 

 
We would  like  to  express  our  deep  sense  of  gratitude  and  sincere  thanks  to, 

Dr. J. A. Ranga Babu, Associate Professor, for his constant guidance, supervision and 

motivation in completing the main project. 

 
We feel happy to extend our floral gratitude to Dr. M. R. Ch. Sastry, Head of the 

Department, Mechanical Engineering, for his encouragement all the way during the analysis 

of main project. His annotations and criticisms are the key behind the successful 

completion of the main project 

 
We would like to take this opportunity to express our profound sense of gratitude to 

our beloved Dr. P. Ravindra babu Principal for providing us all the required facilities 

 

 

        Project Associates 

 

ESUB KHAN  

M.SANKARA RAO 

K.RAJA SEHKAR 

M.SUBBA RAO 

K.ANIL KUMAR 

 

 

 

 

 

 

 

 

 

 

 



ABSTRACT 

 Minichannel heat sink is a unique heat transfer device to transfer the more heat relatively 

from a smaller area. Technological advancements may leads to miniaturization of devices in 

parallel to performance enhancement. It is an inhibited fact that for those devices huge amount of 

heat is dissipated from the considerably small area. Thermal management of such devices a key 

thing and it is inevitable to maintain to sustain the device performance. Mini channels /heat sinks 

are the attachments, which may become a part of electronic devices for future heat removal 

applications. Minichannel heat sink is a unique heat transfer device to transfer the more heat 

relatively from a smaller area. In the current work, influence of various nanoparticles viz metallic 

(gold), non metallic (Cerium Oxide, Single Walled Carbon Nano Tubes) Magnetic (Fe3O4) 

nanoparticles are suspended in water and their influence on the performance enhancement, 

pressure drop, convective heat transfer coefficient at different mass flow rates are analytically 

investigated and presented. 
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1. INTRODUCTION 
 

Mankind is living in the arena of advanced technologies and the past few decades are clear 

evidence for the exponential growth in various fields like electronics, power generation etc., 

where heat transfer is an integral part. The advancement in technology particularly in the domain 

of electronics not only requires the more energy but also generates the more heat. Thermal 

management plays a pivotal role on the performance of such device.  The unprecedented growth 

in technology demands miniaturization, improved operating and storage capacities of the 

devices, which in turn seeks for a new revolution in cooling technologies. 

In this scenario air cooling alone may not able to remove all the heat generated by the high 

power devices. Liquid cooling offers high heat transfer coefficients. Among many cooling 

methods, using of minichannels is a feasible option to effectively remove the heat from the 

system. 

The concept of suspending solids in fluid to improve the thermal conductivity is not new. 

For more than 100 years, many engineers and scientists did great efforts to enhance the thermal 

conductivity of poor liquid, by dispersing solid particles in base fluid, since Maxwell 

developedhis theoretical model for solid particles in liquid [1]. Nanofluids are a new class of 

nanoparticle solid composite materials, which were invented for the first time by Choi and his 

colleagues at Argonne National laboratory [2]. Many different types of nanoparticles have been 

used for nanofluid preparation such as SiC, TiC, Ag, Au, Cu, Al2O3, CuO, TiO2, etc. The most 

common base fluids used throughout the preparation of nanofluids are water, ethylene glycol and 

engine oil, etc. Adding nanoparticles to a base fluid even at very low concentration has 

significant improvements in thermal performance [3]. Choi [2] had found that adding a small 

amount of a nanoparticle, for example, less than 1% of the total volume concentration, enhances 

the thermal conductivity of the nanofluid by twofold. 

 

Figure 1 MiniChannel Heat Sink 
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Conventional minichannel heat sink design has long channels and plate fins throughout the 

length of the heat sink. Hence the temperature of heat transfer fluid gradually increases thus the 

temperature difference between heat transfer fluid and processor surface (ΔT) goes on 

decreasing. This leads to uneven surface cooling due to higher cooling rate at heat transfer fluid  

inlet region and reduced cooling rate at heat transfer fluid outlet region. It is essential to remove 

the heat generated in electronic devices to retain their performance. Cooling of electronic devices 

with minichannel heat sink is a widely used technology for dissipating heat effectively from 

electronic devices. Heat dissipation mainly depends on the heat sink material, minichannel 

design parameters and the heat transfer fluid (HTF). 

 

Figure 2 Schematic of minichannel geometry 
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2. LITERATURE REVIEW 
 

 

This chapter deals with the review of literature available on Minichannel heat sinks. Some 

experimental and computational investigations are included. Finally, the lacunae in the literature 

give the motivation for the specific objectives leading to the present work are presented. 

S. Suresh, “Effect of Al2O3–Cu/water hybrid nanofluid in heat transfer” Heat transfer 

performance in a straight circular tube is amplified by suspension of Al2O3–Cu hybrid 

nanoparticles in comparison with that of pure water. The average increase in Nusselt number for 

Al2O3–Cu/water hybrid nanofluid is 10.94% when compared to pure water. The convective 

heat transfer coefficient increases with increasing Reynolds number. The experimental results 

of hybrid nanofluid for laminar flow showed a maximum enhancement of 13.56% in Nusselt 

number at a Reynolds number of 1730 when compared to pure water.The experimental results 

showed that dilute Al2O3–Cu/ water hybrid nanofluid with 0.1% volume fraction show slightly 

higher friction factor when compared to pure water. The average increase in friction factor of 

0.1% Al2O3–Cu/ water hybrid nanofluids is 16.97% when compared to water. This reveals that 

dilute Al2O3–Cu/water hybrid nanofluids will cause extra penalty in pumping power when 

compared to Al2O3/water nanofluid. 

Y.Raja Shekar “Heat Transfer Enhancement with Al2O3Nanofluids and TwistedTapes in a 

Pipefor Solar Thermal Applications” Heat transfer experiments were conducted in a pipe under 

low Reynolds number range using water and water based nanofluids. Heat transfer coefficient 

and friction factor for nanofluid in the flow path enhanced compared to water. The experimental 

data is compared with the data of literature and are found to be in good agreement. The increase 

in heat transfer coefficient in plain tube with use of nanofluids is greater by 8-12% compared to 

the flow of water in a plain tube. The nanofluid of 0.5% particle concentration is having highest 

friction factor compared to water. The Nusselt number and friction factor increases with 

increase of particle concentration. But, friction factor decreases with increase of Reynolds 

number of flow where as the Nusselt number increases. Using nanofluid with a high heat 

exchange can help in reduce the size of the heat exchanger or without increasing the size of the 

heat exchanger efficiency of the system can be improved. Further, using twisted tapes and 

nanofluids in the pipe flows is advantageous since it is visible from the results that the energy 

gained with heat exchange is more than the energy spent on pumping power. 
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K.P. Drummond “A Hierarchical manifold microchannel heatsink array for high-heat-flux 

two-phase cooling of electronics” The single-phase heat transfer coefficient was found to 

increase with increasing channel mass flux, which was attributed to impingement and 

developing flow effects. In the two-phase regime, heat transfer coefficient strongly depends on 

exit quality and weakly depends on channel depth and mass flux. For all channel depths and 

mass fluxes, heat transfer coefficient increases with increasing exit quality until a maximum is 

reached; after this point, the heat transfer coefficient decreases with exit quality until critical 

heat flux is reached. These trends match the general trends experienced in traditional 

microchannel heat sinks. 

Ahmadi et al. used nanofluid type as Water-Al2O3 configuration of Minichannel with 

cylinder, No fin, wavy fin, flat fin. Main results are Nanofluid concentration increment: thermal 

conductivity improvement. Heat transfer enhancement: 199.6%. Decreasing particles size: HTC 

increases. 

Bahiraei and Heshmatia used nanofluid type as Water-Ag configuration of A liquid block 

heat sink Using nanofluid at ϕ = 1% and Re = 500: temperature reduces by 2.21 ◦C with the 

least entropy of 56.2%. Increasing concentration from 0% to 1% at Re = 1500: convective HTC 

enhancement of 15.2%. 

Bahiraei et al. used nanofluid as Water-CMC/TiO2 configuration of minichannel as C 

shaped minichannel Straight minichannel. Main results are Concentration and Re increment: 

frictional entropy generation increases; thermal entropy generation decreases. 

Liu et al. used nanofluid as Water-Al2O3 and configuration of minichannel as curved duct. 

Results are Al2O3 nanoparticle in a curved duct increase the convective heat transfer. 

Nanoparticle shape affects the convective heat transfer of nanofluid. Nanoplatelets show the 

highest convective heat transfer and pressure drop among all other shapes. 

Lee et al. performed an experimental investigation into enhancing heat transfer by 

employing sectional oblique fins in microchannel heat sink. The results found that heat transfer 

performance of the enhanced microchannel is greatly augmented and when the Reynolds 

number is increased beyond 600, heat transfer enhancement reaches 2.2. Meanwhile, nanofluid 

as the most common product of particle additives also shows great ability to improve the 

thermal performance in micro/minichannel. 
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Ho et al. experimentally investigated the forced convective cooling performance of a 

copper microchannel heat sink with Al2O3-water nanofluid as the coolant. For the largest flow 

rate tested for the nanofluid of 1 vol.%, the average heat transfer coefficient increased by about 

70% compared with that with water. 

Based on above research results, in order to achieve the better heat transfer performance, 

the combined effects of micro fin structure and nanofluids on the heat transfer enhancement in 

the microchannel are worth to be expected. 
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3. METHODOLOGY 
 

 

3.1 Nanofluids 
 

 

 Nanofluids are two phase mixtures engineered by dispersing nanometer sized particles 

with sizes ranging below 100 nm in base fluids (Sarit K. Das et al. 2008). The nanometer sized 

particles which are used for the dispersion in base fluids are nanoparticles, nanofibers, 

nanotubes, nanowires and nanorods. Materials generally used as nanoparticles include metal 

oxides (e.g., alumina, silica, zirconia, titania), oxide ceramics (e.g. Al2O3, CuO), chemically 

stable metals (e.g. gold, copper), carbon in various forms (e.g., diamond, graphite, carbon 

nanotubes, fullerene) metal carbides (e.g. SiC) and functionalized nanoparticles. The base fluid 

types include oils, water, organic liquids such as glycols, refrigerants, polymeric solutions, bio 

fluids, lubricants and other common liquids.  

3.1.1 ADVANTAGES OF NANOFLUIDS  

Particle size is the major physical parameter in nanofluids, since it can be used to attune 

the nanofluid thermal properties as well as the suspension stability of nanoparticles. Hence, 

nanofluids can able to flow freely through mini or micro channels with the dispersion of 

nanoparticles. The nano suspensions show high thermal conductivity which is mainly due to 

enhanced convection between the nanoparticles and base liquid surfaces. Another potential 

benefit is that the nanoparticles have lower dimensions so that the dispersed nanoparticles 

seems to be like a base fluid molecule in suspension.  

The advantages of suspending nanoparticles in base fluids:  

 The surface area and heat capacity of the fluid are increased.  

 The effective thermal conductivity of the fluid is enhanced.  

 The collision and interaction among particles, the surface of flow passage and base 

fluids are intensified. 

 Reduction of particle clogging rather than conventional slurries.  

 

The combination of these factors makes nanofluids highly preferable for designing heat 

transfer fluids.  
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3.1.2 PREPARATION METHODS FOR NANOFLUIDS  

The initial key step in experimental studies with nanofluids and the optimization of 

nanofluid thermal properties requires successful preparation methods for producing stable 

suspensions of nanoparticles in liquids. Some special requirements are essential (i.e.) 

negligible agglomeration of particles, uniform, durable and stable suspension and no chemical 

change of the fluid, etc. There are two main techniques adopted for the preparation of 

nanofluids: single-step method and two-step method.  

3.1.2.1 Single step method  

Single step method simultaneously produces and disperses the nanoparticles directly into 

the base fluid medium which is suitable for metallic nanofluids. The aggregation problem can 

be much reduced with direct evaporation condensation method. This inert-gas technique 

involves the vaporization of source material in a vacuum. In this process of preparation, the 

condensation forms nanoparticles through direct contact between the base fluid and vapor.  

 

Figure 3 Schematic representation of one-step method of nanofluid preparation 

The continuous circulation of base fluids minimizes the agglomeration of nanoparticles. 

The schematic representation of direct evaporation condensation technique is shown in figure 

3. The researchers from Argonne National Laboratory reported yet another interesting 

technique is laser ablation technique, in which the metal nanoparticles in deionized water are 

synthesized by using multi-beam laser ablation in liquids, where the laser parameters controls 

the size and distribution of nanoparticles.  
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1.3.2 Two step method  

Two-step method is the most common method for the preparation of nanofluids and its 

schematic representation is shown in figure 1.2. Nanosized solid particles such as nanorods, 

nanotubes, nanofibers, or other functionalized nanomaterials are used in this method. 

Nanoparticles are initially synthesized in powder form by physical or chemical methods. Then, 

the nanosized powder particles are dispersed in base fluid in the successive processing step 

with the aid of intensive ultrasonication method or by using surfactants. This method is most 

widely used economic method for large scale production of nanofluids, since nanoparticle 

synthesis techniques were scaled up to industrial production levels.  

 

Figure 4 Schematic representation of two-step method of nanofluid preparation 

 

3.2 Nanoparticles and Base Fluids 
 

 

 Nanoparticle materials are different types and are given below 

 Metals –  Cu, Ag, Au 

  Metal Oxides –  Al2O3, CuO, Fe3O4 

  Semi Conductors –  SiO2, TiO2, CeO2 

  Carbide ceramics – SiC, TiC  

  Nitride ceramics – AlN, SiN  

  Nonmetals – Graphite, CNTs 

  Phase Change Materials  (PCM) 

  

Base fluids used for the studies are as follows 

 Water  

 Oils and lubricants  
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  Engine Oil 

  Ethylene glycol  

  Bio-fluids 

  Fuels 

  Other common fluids 

 

3.3 Parameters influencing the properties of Nanofluids 
 

  The main parameters that influence the effective thermal conductivity of any nanofluid 

are shown in fig 5. Factors to be considered when selecting nanomaterials on preparing 

nanofluids for heat transfer applications are (i) chemical stability, (ii) thermophysical properties, 

(iii) toxicity, (iv) availability, (v) compatibility with the basefluid, and (vi) cost. The most 

commonly used nanoparticles for nanofluids formulation are aluminium (Al), copper (Cu), silver 

(Ag), iron (Fe), titanium (Ti), silicon (Si), zinc (Zn), magnesium (Mg), carbon nanotubes 

(CNTs), graphene, graphene oxide, and diamond. Commonly used basefluids for nanofluid 

formulation are water, ethylene glycol (EG), EG – H2O mixtures, and oils.  

Several researchers have reported scale formation, also known as “fouling effect,” on the 

surfaces when using nanofluids in applications at elevated temperature such as the inside of the 

annulus of heat exchangers. This fouling effect acts similarly to surface nanocoating due to its 

nature of formation which is based on nanoparticles and can be effective in reducing the pressure 

losses caused by the high viscosity of nanofluids compared to their basefluid.  

 

 

 
 

  

Figure 5 factors effecting properties of Nanofluids 
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3.4 Thermo-Physical Properties Of A Nanoparticles 
 

 

  Thermophysical properties of nanoparticles and water are shown in table 1. 

                     Property 

Material  

Thermal 

conductivity 

(W/m K) 

Density 

(kg/m
3
) 

Specific heat 

(J/kg K)  

Ferrous Oxide (Fe3O4)  80.4  5180  670  

Cerium Oxide (CeO2)
 
 11.75  7150  352 

Gold (Au)  318  19300  128 

Carbon Nanotubes (CNT)  3500  8960  26920 

Water  0.6  998.2  4182  

 

3.5 Correlations to Estimate Thermophysical Properties of a Nanofluid 
 

  Correlations are described below to estimate the nanofluid thermophysical properties 

Density equation by Pak and Cho                  (1) 

A model proposed by Xuan and Roetzel for  

Specific heat       
                   

   
       (2) 

By using the Hamilton an Crosser model thermal conductivity of nano fluids was 

     
 

 
                      

   

 
   (3) 

Where,           
   

   
 
 

                       
   

   
    (4) 

 

 



11 | P a g e  
 

4. THERMAL ANALYSIS 
 

 

4.1 Thermal Analysis 
 

Mini-channel heat sink considered in the present investigation is made from the aluminium 

plate of 50 mm square with 8 mm thickness. It has 36 mini-channels of 0.7 mm width, 4 mm 

height and 0.6 mm pitch. Fe3O4/water, CeO2/ water, CNT/water and gold/ water based 

nanofluids with 1.0% to 4.0% volume fractions are used as coolant. In this study, nano particle 

concentration is limited to 4% in view of stability of nanofluid, and operating temperature range 

is considered between 20
o
C and 85

o
C, which is closer to real time operating conditions. 

A mathematical model is developed to investigate the thermal transport and rheological 

characteristics of various nanofluids in mini-channel heat sinks with different coolant flow rates 

and volume concentration of nano particles. The thermal and hydraulic performance of mini-

channel heat sinks with different nanofluids is compared for heat inputs of 100 W, 150 W, and 

200 W. The results show that thermal transport properties of nanofluids have considerable 

influence on the performance of mini-channel. A copper mini-channel heat sink was inspected 

in this paper. The dimensions of the minichannel were taken from Saidur et al. [8] which is 

shown in Fig. 6.  

The following assumptions were made in the analysis: 

1- The flow is steady, incompressible and laminar. 

2- The effect of body force is neglected. 

3- The thermophysical properties of both nanofluids are constant, and the viscosity 

dissipation is neglected. 

The hydraulic diameter is defined as the ratio between the cross sectional area of the 

channel to the perimeter, which was calculated. Minichannel heat sink and the proposed test 

model to carry out the analytical solution is presented in Fig. 6 and Fig. 7. A variac cartridge 

heater of the ranging from 100 W to 450 W is located at the bottom of the test section. An 

uniform heat load of 100 W/cm
2
 is supplied.  

While nanofluid flowing through the channel, amount of heat absorbed by the working 

fluid is given by   

Qf=mCp(Tout-Tin)        (5) 
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Figure 6. Minichannel considered for the analysis 

Mean temperature rise of the working fluid is   

Tmean = (Tout-Tin)/2        (6) 

Amount of heat absorbed is depends on the convective heat transfer of the working fluid, 

which can be estimated by  

h= Qf /(Aeff+∆TLMTD)        (7) 

where, effective surface area, Aeff = NLc(Wc+ηfinHc)  

and 

∆TLMTD = [(Tb- Tin)-( Tb- Tout)]/ln[(Tb- Tin)/( Tb- Tout)] 

Here, Tb is base temperature of the channel. 

Nusselt number is the ratio of convection heat transfer to the fluid conduction heat transfer, 

and it is calculated by the using the equation                
  

    
 
   

 (8) 

Convective heat transfer coefficient can be evaluated by 

 using the equation,   
     

  
     (9) 

One can estimate the efficiency of the channel   

by using    
           

     
      (10) 

Where    
  

    
 

The effective surface area available for  

heat transfer,                     (11) 
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Total thermal resistance is given by,      
 

   
 

 

    
 

  

     
  (12) 

Total mass flow rate,                 (13) 

By using the volumetric flow rate in the channel, inlet and outlet temperature the Heat 

generation can be found out,   
      

    
      (14) 

Heat flux,    
 

    
        (15) 

Friction factor is given by, 

   
                                        

  
    (16) 

Pressure drop,      
 

  

   
 

 
       (17) 

Pumping power has been calculated (it is based on pressure drop in between inlet and 

outlet),                     (18) 

Where Dh is hydraulic diameter is defined as the ratio between the cross sectional area of 

the channel to the perimeter, which was calculated by using  

   
       

          
        (19) 

One can evaluate the flow pattern by Reynolds number and it is calculated by using  

Re= (umDh)/ν         (17) 

 

 

    Figure 7 Flow loop considered for the analysis 
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5. RESULTS AND DISCUSSION 
 

 

Variation of thermophysical properties, enhancement of thermal conductivity, Reynolds 

number, heat transfer coefficient, pressure drop and power consumption of four water based 

nanofluids by varying the volume fraction have been studied.  

It is observed from fig 8 and fig 10 that density and thermal conductivity gold particle 

suspended fluid gave higher enhancement while magnetic nanofluids shows the lower 

enhancement it is due to their bulk properties. Thermal conductivity of all nanofluids are more 

effective in removing the heat from the mini-channel than base fluid particularly at lower heat 

inputs. It is clear from fig 9 that specific heat of CNT is substantially more than the other 

nanofluids hence it can absorb more amount of energy than other fluids. It can be depicted from 

fig 11 that the similar trend that of density is noticed for pressure drop for all nanofluids 

because density plays a pivotal role in the pressure drop. 
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Figure 8 Variation of density as a function of nanoparticle concentration 
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Figure 9 Variation of specific heat as a function of nanoparticle concentration 

 
 

 

Figure 10 Variation of thermal conductivity as a function of nanoparticle concentration 
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Figure 11 Variation of pressure drop as a function of nanoparticle concentration 

 

Further, it is found from fig 12 that the rate of heat removal is increasing with increase in 

nanoparticle concentration in all the cases of base fluid. However, water based nanofluid is found 

to be more effective in removing the heat as compared to other base fluids.  

 

Figure 12 Variation of heat transfer coefficient as a function of nanoparticle concentration 
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The rise in temperature of mini-channel base along the length is also studied at different 

heat inputs and is found to be increasing with heat input.  The rise in temperature of mini-

channel base is comparatively more in the case of water based nanofluid. The flow phenomenon 

in a minichannel can be predicted from the Reynolds number. It is portrayed from fig 13 that the 

increased particle concentration leads to raise the Reynolds number hence it may causes for the 

more heat removal rate.  

 

Figure 13 Variation of Reynolds number as a function of nanoparticle concentration 

  

 One can observed from fig. 14 and fig. 15, though there is a considerable heat removal 

rate from the minichannel with nanofluids with the penalty of power consumption, However, this 

consumption would further increased with mass flow rate.  
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Figure 14 Variation of power consumption as a function of nanoparticle concentration at 3 LPM 

flow rate 

 

 
Figure 15 Variation of power consumption as a function of nanoparticle concentration at 9 LPM 

flow rate 
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6. CONCLUSION 
 

 

Minichannel heat sink is one of the effective way to increase the heat transfer rate. In this 

project, the thermal conductivity of nanofluid, heat transfer and pumping power have been 

investigated analytically. Four kinds of nanofluids were studied as working fluids flowing 

through a copper minichannel heat sink. 

The flow is steady and laminar. The following conclusions have been obtained:  

1. Density of nanofluids is increased Thermal conductivity of the base fluid (water) was 

enhanced by dispersing nanoparticles into it.  

2. Thermal conductivity of gold/water is increased by 15.42 %, compared to base fluid  

3. Heat transfer rate is increased by suspending the nanoparticles in water as base fluid 

with the penalty of power consumption.  

.  
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ABSTRACT 

 
 This project gives a brief compilation related to analysis of deformation, equivalent stress, equivalent 

strain of an automobile Wheel rim. The design of wheel rim for car application is completed paying 

extraordinary enthusiasm for the optimization of the weight of the wheel. The lightweight material is 

considered because it enhances the wheels response on braking because of a decrease in rotational 

weight of vehicle. By the lessening in unsprung weight we can accomplish more precise steering and 

increase in fuel efficiency. By using the modeling software CATIAV5 the three dimensional Wheel rim 

model is designed and saved in IGES format. Later for analysis purpose, model is imported to most 

recently utilized software ANSYS Workbench 15. The fundamental thing is to direct a stress analysis of 

automobile rim by considering the loads act on it, The loading conditions are applied and bolt holes are 

constrained in six DOF, to analyze the static analysis of three different materials, namely Aluminium 

alloy, Magnesium alloy, Titanium alloy and their relative performances have been observed 

individually.
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CHAPTER-1  

INTRODUCTION TO ALLOY WHEELS  

1. Introduction  

1.1 The History of Alloy Wheels 

 
If you think of all the inventions that man has ever come up with possibly one of the most 

important was when someone figured out that a reasonably 'circular' wheel was a great idea for 

a mode of transport. The evolution of the 'wheel' has been dramatic. The early examples were 

not even that stable, made of wooden planks tied together and then the rounded edges added. It 

was believed that a solid wheel did not provide the strength and stability required for long 

journeys on rough surfaces. Moving forward the idea of a spoked wheel provided the rigid 

strength needed, and form the basis of the modern wheel we see today. Further evolutions saw 

the addition of an iron rim around the wooden wheel, the introduction of a pressurized tyre and 

then the launch of a variety of components to manufacture the wheel. In particular, these have 

included steel, aluminium and plastic (particularly for coating).Jumping forward to the advent 

of the motor vehicle the essential component of the four wheels forms the crucial connection 

from your car to the ground. This factor means the wheels are one of the most important safety 

and cosmetic aspects of your vehicle. 

 

1.2The rise in popularity of Alloy Wheels 

Although alloy wheels have been around since the early 1920's, the rise to prominence of 

vehicles commonly found on the road came in the 1980's. Marketed as an upgrade from steel 

wheels, this was often seen as the perfect solution to enhance the appearance of your vehicle 

from the standard steel wheel and plastic trim. In 2016 the alloy wheel is almost universally 

included on each modern car. Although aesthetics are important, and this is the main reason 

why many manufacturers use diamond or laser finishes now, the key reason for the inclusion of 

alloys is that they are lighter and stronger than the traditional steel wheel alternative. The cost 

of manufacturing a steel wheel is much lower. However, the need for fuel efficient vehicles has 

seen alloys move from being an expensive upgrade to a universal inclusion. Of course scuffing 

a steel wheel typically meant that you could only buy a new plastic wheel trim for the wheel. 

When you are looking at an alloy wheel, then a cosmetic repair is the typical solution. 

The alloy wheel is the external round design of the metal on which within edge of the tire is mounted 

on vehicles, for example, autos. For instance, in a four wheeler the rim is a loop appended to the 

https://totallossgap.co.uk/quote/3
https://totallossgap.co.uk/quote/3
https://totallossgap.co.uk/what-are-diamond-or-laser-cut-alloy-wheels/821
https://totallossgap.co.uk/alloy-wheel-insurance-inc-diamond-laser-cut/819


external finishes of the spokes-arm of the wheel that holds the tire and tube. Standard car steel alloy 

wheel is produced using a rectangular sheet metal. The metal plate is twisted to deliver a barrel shaped 

sleeve with the two free edges of the sleeve welded together. No less than one tube shaped stream 

turning operation is carried out to acquire a given thickness profile of the sleeve — specifically 

involving in the zone planned to constitute the external seat a point of slant with respect to the hub 

heading. The sleeve is then formed to get the rims on each favor a radially internal round and hollow 

divider in the zone of the external seat and with a radially external frusta-funnel shaped divider 

slanted at a point comparing to the standard slant of the rim seats. The rim is then aligned. To help the 

barrel shaped rim structure, a circle is made by stamping a metal plate. It needs to have suitable gaps 

for the middle center point and fasteners. The spiral external surface of the wheel plate has a round 

and hollow geometry to fit inside the rim. The rim and wheel plate are amassed by fitting together 

under the external seat of the rim and the gathering welded together. Alloy wheels the piece of car 

where it intensely experiences both static loads and additionally exhaustion stacks as alloy wheel 

voyages distinctive street profile 

 

1.3 Nomenclature of Wheel Rim 

 

                                         
                                                      Fig 1: Rim Nomenclature 

 1. Wheel: Wheel is for the most part made out of rim and disc. 

 2. Rim: This is a section where the tire is introduced. 

3. disc: This is a piece of the rim where it is settled to the hub center  

4. Offset: This is a space between wheel mounting surface where it is rushed to center and focus line of 

rim..  

5. Flange: The rib is a piece of rim which holds the two beds of the tire. 

 6. Bead Seat: Bead situates approaches in contact with the dot face and it is a piece of rim which holds 

the tire an outspread way.  

7. Hump: It is a knock what was put on the bed situate for the globule to keep the tire from sliding off 

the rim while the vehicle is moving. 



 8. Well: This is a piece of rim with profundity and width to encourage tire mounting and expulsion 

from the rim. Steel and light compound are the chief materials utilized as a part of an amalgam wheel 

however some composite materials together with glass-fiber are being utilized for unique wheels 

1.4 TYPES OF ALLOY WHEELS 

 a) Wire Spoke Wheel  

Wire talked wheel is a central where the outside edge some bit of the wheel (edge) and the turn 

mounting part are associated by various wires called spokes. The present autos with their high quality 

have made this kind of wheel make old. This sort of wheel is so far used on incredible vehicles. Light 

composite wheels have making starting late, an outline to offer emphasis to this spoke effect to fulfill 

customers frame requirements. 

b) Steel Disc Wheel  

This is a rim which hones the steel-made rim and the wheel into one by joining (welding), and it is 

utilized for the most part for traveler vehicles particularly unique gear tires. 

c) Light Alloy Wheel  

These wheels depend on the utilization of light metals, for example, aluminum and magnesium has 

come to be prevalent in the market. This wheel quickly wind up noticeably standard for the first gear 

vehicle in Europe in 1960's and for the substitution tire in United States in 1970's. The benefits of each 

light combination wheel are clarified as beneath.  

d) Aluminium Alloy Wheel 

Aluminium is a metal with components of phenomenal daintiness, warm conductivity, rust encounter, 

physical characteristics of throwing, low warmth, machine handling and reutilizing, and so on. This 

metals fundamental preferred standpoint is decreased weight, high exactness and design decisions of the 

wheel. This metal is valuable for vitality safeguarding in light of the fact that it is possible to re-cycle 

aluminium effort Lessly. 

 

e) Magnesium alloy wheel  

Magnesium is around 30% lighter than aluminium and furthermore honourable with respect to measure 

steadiness and effect resistance. However, its utilize is for the most part confined to hustling, which 

needs the elements of weightlessness and high quality to the detriment of weathering resistance and 

design decision, and so on contrasted and aluminium. As of late, the innovation for throwing and 

fashioning is enhanced, and the erosion resistance of magnesium is likewise making strides. This 

material is getting uncommon consideration because of the recharged enthusiasm for vitality 

preservation.  

f) Titanium alloy wheel  

Titanium is an excellent metal for erosion resistance and quality (around 2.5 times) contrasted and 

aluminium, however it is sub-par because of machine handling, designing and more cost. It is still in the 

improvement arrange despite the fact that there is some use in the field of hustling. 
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expectancy 
will increase. 

3  K.Srinivasa rao  
M.Rajesh  
G.Sreedhar Babu  

2017  Design 
and 
analysis of 
alloy 
wheels  

Al-A356-T6 
Mg-MgAM60 
Ti-6Al4V  

Ansys  
CREO  

In this a new 
material is 
defined (al-
mg) which is 
more 
promising 
than other 
two.  
al-less 
deformation 
Mg-more life.  

4  G.Venkateswarlu  
D V S R D M S 
Sharma  

2017  Design 
and 
analysis of 
alloy 
wheel 
with 
different 
alloys  

Al alloy 
Ti alloy 
Mg alloy 
Composite 
material  

Catia  
Ansys  

Al alloy is 
widely used 
because it has 
good 
equivalent 
elastic strain 
and 
deformation.  



5  Kalpesh 
R.Salunkhe  
Prof.Shailesh 
S.Pimpale  

2017  Design,FE
M 
analysis of 
alloy 
wheel rim 
of a four 
wheeler  

Al-6061 
ZA 21 
mg  

Ansys  
Catia v5  

Maximum 
total 
deformation 
and stress 
obtained are 
lowest for ZA 
21.  

6  U.Sriraj  
Dr.P.prabhakar 
reddy  

2017  Design 
and 
analysis of  
Al-alloy 
wheel  

Al-alloy 
Structural steel 
Poly ethylene  

Ansys  Al-alloy has 
less weight 
and better 
strength and 
more 
durability and 
it is feasible 
to 
manufacture.  

7  V.S. chowdary  
M.Jayaram  
V. Farooq 
Abdulla 
H.M. akbar  

2016  Design 
and 
analysis of  
Wheel rim 
with mg-
alloy by 
using 
solid 
works and 
FEM  

Mg-alloy(ZK60A) 
Steel-alloy 

Solidworks  
Ansys  

Strees 
developed  
In mg-alloy is 
less than 
stress in steel-
alloy.  

8  A.S. karthi  
S. Praveen 
J. Chandhan 
kumar  
H. Dayanand  

2016  Static 
analysis of 
alloy 
wheel 
using  
FEA  

Al 
Mg 
Ti  

Solidworks  
Ansys  

Ti is 
considered  
As best 
material 
which has 
more life 
span and it is 
more costly.  

9  S.G. jadhav  
Rahul k. jape  

2016  CAD 
modelling 
and FEA 
analysis of 
wheel rim 
for weight 
reduction  

Al-alloy 
A356-2  

Catia  
Ansys  

The weight of 
the wheel is 
reduced from 
7.7kg to 7.5 
kg by using 
FEM.  

10  M. Ravi Chandra 
S. Ramesh 
kumar babu 
A.Salmon  
P. Nagaraju  

2015  Design 
and 
structural 
analysis of 
alloy 
wheel for 
light 
weight 
vehicles  

Al-alloy  
Polymeric 
composite material 

Ansys  PCM is 
lighter and 
more 
economical 
than al-alloy.  



11  E. Chandra 
sekhar  

2015  Modeling 
and 
analysis of 
automotiv
e wheel 
rim using 
FEM  

Al-alloy(A356) 
Mg-alloy(AZ91E) 
Ti-alloy(TI6AL4) 
Carbon epoxy 
composite material  

Ansys  Carbon epoxy 
composite 
material is 
considered as 
more feasible.  

12  Ashish Sinha 
Poonam 
meshram  

2015  Design 
and 
optimizati
on of alloy 
wheel rim 
using 
ansys  

Carbon fibre  
Aluminium  
E-poxy  

Ansys  Carbon fibre 
is subjected 
to maximum 
equivalent 
stress 
compared to 
al and epoxy 
under radial 
load.  

13  V. Dharani 
kumar  
S. Maha lingam 
A. Santhosh 
kumar  

2014  Fatigue 
analysis of 
al-alloy 
wheel 
under 
radial load 
for 
passenger 
car    

A356  Solidworks  
Ansys  

The Wheel 
safety is 
maximum at 
hub portion 
because the 
load is 
maximum 
acting at rim.  

14  Saurav das  2014  Design 
and 
weight 
optimizati
on of al-
alloy 
wheel  

AZ80 mg-alloy 
Al-si alloy  

Ansys  The weight of 
the rim is 
optimized. 
The shape of 
the arms 
cross section 
is made easier 
to distribute 
the stress.  

15  V. Karthi  
N. Ramanan  
J.J.M. Hillary 

2014  Design 
and 
analysis of 
wheel rim 
using catia 
and ansys  

Aluminium  
Forged steel  

Ansys  
Catia  

Forged steel 
id preferred 
as best 
material 
because of 
less stress and 
less 
deformation.  

 
 

 

 
 

 
                                                           
 



                                                                    CHAPTER- 3 
 

INTRODUCTION TO ANSYS  

3.1 Introduction  

ANSYS  software, used to simulate interactions of all disciplines of physics, structural, vibration, 

fluid dynamics, heat transfer and electromagnetic for engineers.  

 

3.2 ANSYS Workbench 

ANSYS Workbench environment is an intuitive up-front finite element analysis tool that is used in 

conjunction with CAD systems and/or Design Modeler. ANSYS Workbench is a software 

environment for performing structural, thermal, and electromagnetic analyses. The class focuses on 

geometry creation and optimization, attaching existing geometry, setting up the finite element 

model, solving, and reviewing results. The class will describe how to use the code as well as basic 

finite element simulation concepts and results interpretation. 

Topics Include:  

• Workbench GUI  

• Design Modeler 

• Overview of FEA  

• Engineering Data  

• Meshing  

• Parametric Modeling  

• Advanced Loads and Boundary Conditions  

• Assemblies  

• Multiple Load Steps  

• Coordinate Systems  

• Post processing  

• Intro to Thermal Analysis  

• Structural Analysis  

  
 

 

                                                   



                                                  CHAPTER- 4 

DESIGNING OF ALLOY WHEEL 

4.1 Introduction To Catia 

CATIA is an absolutely mechanization programming which relates with the mechanical field. It is 

graphical UI which is certainly not hard to learn in addition the thing is highlight based and 

parametric strong showing. We can draw 2D and 3D models of a range and in like way the get-

together of the parts should be possible in it. The shape or geometry of the model or assembling is 

poor upon the qualities which are suggested as objectives. Modules, for instance, sketcher module 

used to design 2D illustrations, part layout module is used to diagram the 3D models of geometry, 

and Assembly work arrangement is used to accumulate the different parts which are pulled in the 

part plot module. Kinematics is used to give the entertainment or development to the part bodies 

which are arranged and amassed to some degree and get together layout modules. 

4.2 Materials Considered 

• Titanium Alloy(Ti6Al4v) 

• Aluminium (AL6061) 

• Magnesium Alloy(AZ91E)  
 
 
4.3 Material properties 

PROPERTY  Titanium Alloy 
(Ti6Al4v)  

Aluminium 

(AL6061)  
Magnesium 

Alloy(AZ91E)  
Density  4400 kg/m^3  2660 kg/m^3  1740 kg/m^3  

Young’s Modulus  110 Gpa  70 Gpa  45 Gpa  

Poisson’s Ratio  0.3  0.3  0.28  

Shear Modulus  44 Gpa  27 Gpa  16 Gpa  

 

 

4.4 Modelling of an Alloy Wheel Using Catia 

For simulation 3D model should be designed. So by using the dimensions the following  model is 

designed in CATIA software.  

 

 

 



Dimensions of an Alloy Wheel (BMW X5) 

 

      
 

Steps followed in designing model  

Alloy Wheel is  designed by using CATIA Software .The following steps is to be involved in  

designing. 

• Select part design option   

• Click on sketcher tool and select the plane to draw the sketch.  

• Draw the two dimensional sketch and extrude into 3D by using pad tool according to 

dimensions.  

• Similarly design the Alloy Wheel according to the dimensions.  

• Now draw the spokes that are required for an Alloy Wheel. 

• By using circular pattern option draw the remaining spokes. 

• At last, save the file “igs” format in order to attach them in ANSYS   

 

  
 

 

                                    

 

       



Modeling of alloy wheel rim is done by using catiav5 software 

          

 

 

Fig : Modeling of alloy wheel rim 
 

   



CHAPTER -5  

SIMULATION IN ANSYS 

5.1 Introduction  

ANSYS  software, used to simulate interactions of all disciplines of physics, structural, vibration, 

fluid dynamics, heat transfer and electromagnetic for engineers.  

5.2 Analysis 

ANSYS Workbench is used for analysis .As the applying load is pressure in an Alloy Wheel the 

static structural is used in workbench. Add the required materials and their properties to engineering 

data in workbench.  

Analysis is carried out for three different materials 

• Aluminum alloy (AL6061) 

• Magnesium alloy(AZ91E) 

• Titanium alloy(Ti6Al4v) 

As project analysis is carried out by ANSYS Software the steps mentioned below has to be followed.  

• Open ANSYS Workbench and select static structural.  

• Now open the engineering data and assign the materials properties  

• Attach geometry which is designed previously and saved in “igs” format. Define part 

behavior by applying materials.  

• Define connections  

• Apply mesh controls  

• Define analysis type  

• Establish analysis setting  

• Define initial condition  

• Apply loads and support  

• Solve  

• Review result  

 

 

                               

 

 



                                          MESHING OF AN ALLOY WHEEL IN ANSYS 

                    

 

                               

                                         FIXED SUPPORT GIVEN IN ANSYS 

 

 

                                             PRESSURE GIVEN IN ANSYS 

 
                                              

                                                   

 



                                               CHAPTER -6 

 

RESULTS AND DISCUSSIONS  

 

Alloy Wheel is modeled in CATIA software. This Alloy Wheel is analyzed in ANSYS for 

deformation and the stresses developed in it.  

Analysis is carried out for three different materials 

• Aluminum alloy (AL6061) 

• Magnesium alloy(AZ91E) 

• Titanium alloy(Ti6Al4v) 
 

All three materials of an Alloy Wheel are analyzed deformations and the stresses are observed. 
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CONCLUSION 

• In present work, an alloy wheel is modeled and static structural analysis is done by using 

CATIA V5 and ANSYS WORKBENCH. In present study, Aluminum alloy, magnesium alloy, 

and titanium alloy are used and compared with each other alloys.  

• The materials are considered in the study. By changing the material of the alloy wheels results 

in varying of the deformation and stresses. 

• Ti alloy has less total deformation when compared to other two materials. 

• Ti alloy has less directional deformation when compared to other two materials. 

• Von mises stress are higher in mg alloy when compared to other two materials. 

• Von mises strain is lower in Ti alloy when compared to other two materials. 

• Maximum principal stress is lower in mg alloy when compared to other two materials. 

• Maximum principal strain is higher in mg alloy when compared to other two materials. 

• Therefore Ti alloy is the best material when compared to other three materials for 

manufacturing of  an alloy wheel. 
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1  AL6061  0.058  0.0012  21.719  0.0003  21.41  0.0002  

2  AZ91E  0.090  0.0019  21.735  0.0005  21.329  0.0004  

3  Ti6Al4v 0.037  0.0008  21.719  0.0002  21.41  0.0001  
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CHAPTER-1 

 

INTRODUCTION 

 
Conventional monolithic materials have limitations in achieving good combination of strength, stiffness, 

toughness and density etc. To overcome these shortcomings and to meet the ever increasing demand of 

modern day technology, composites are most promising materials of recent interest. Metal matrix 

composites (MMCs) possess significantly improved properties including high specific strength; specific 

modulus, damping capacity and good wear resistance compared to unreinforced alloys. There has been 

an increasing interest in composites containing low density and low cost reinforcements. Among various 

discontinuous dispersoids used, fly ash is one of the most inexpensive and low density reinforcement 

available in large quantities as solid waste by-product during combustion of coal in thermal power plants. 

Hence, composites with fly ash as reinforcement are likely to overcome the cost barrier for wide spread 

applications in automotive and small engine applications. 

  

1.1 NEED OF METAL MATRIX COMPOSITES 

Aluminum alloy Metal Matrix Composite (MMC) offer designers many added benefits, as they are 

particularly suited for application requiring good strength, good structural rigidity, dimensional stability 

and lightweight. MMCs provide enhanced properties over monolithic alloy. Composite material is one in 

which the individual components retain their individual characteristics but are incorporated into 

composite so as to exhibit only their advantages and not their shortcomings, in order to obtain an 

improved material. The need for composite materials has become a necessity for modern technology, due 

to the improved physical and mechanical properties.  

The metal matrix composites offer a spectrum of advantages that are important for their selection and use 

as structural materials. A few such advantages include the combination of high strength, high elastic 

modulus, high toughness and impact resistance, low sensitivity to changes in temperature or thermal 

shock, high electrical and thermal conductivity, minimum exposure to the potential problem of moisture 

absorption resulting in environmental degradation, and improved fabric ability with conventional metal 

working equipment. With the exception of wires, which are metals, reinforcements are generally 

ceramics. Typically these ceramics are oxides, carbides and nitrides, which are used because of their 

excellent combinations of specific strength and stiffness at both ambient and at elevated temperatures. 

Metal matrix composites (MMC) have been developed in recent years. Metal Matrix Composites have 

emerged as a class of material capable of advanced structural, aerospace, automotive, electronic, thermal 

management and wear applications. A composite material is a material consisting of two or more 

physically and or chemically distinct phases. The composite generally has superior characteristics than 
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those of each of the individual components. Usually, the reinforcing component is distributed in the 

continuous or matrix component. When the matrix is a metal, the composite is termed a metal-matrix 

composite (MMC). 

 

1.2 APPLICATION OF METAL MATRIX COMPOSITES 

A combination of two or more materials reinforcing element, fillers, and composite matrix binder is 

differing in form or composition on a macro scale. The constituents retain their identities that are they do 

not dissolve or merge completely into one another although they act in concert. Normally the 

components can be physically identified and exhibit an interface between one another. 

Metal matrix composites can be classified depending on the nature and number of reinforcements, type 

of metal matrix and functional behavior of composites. Depending upon the nature of reinforcements 

used, metal matrix composites can be classified as (a) Dispersion strengthened, (b) Discontinuously 

reinforced and (c) Continuous fiber reinforced composites. 

The enhancement of manufacturing sector has somewhere advance to the increase in the use of 

particulate aluminium metal matrix composites (PAMMCs). PAMMCs are attracting considerable 

interest worldwide for automotive, architectural and aerospace sectors because of their superior mechanical 

and tribological properties. PAMMCs possess high specific strength, greater strength to weight ratio at 

elevated temperature, greater wear resistance as compare to matrix phase. Numerous types of reinforcements 

in particulate like SiC, Al2O3, B4C, TiC and ZrSiO4 is used to improve the metallurgical as well as 

mechanical properties as compared to its base matrix. Besides, authors also used industrial and agro waste 

like fly ash, bauxite residue, groundnut shell, rice husk ash and bagasse ash as reinforcement in matrix phase. 

Various fabrication processes like solid state (Powder Metallurgy) and liquid state processes (Stir casting, 

Compo-casting, Squeeze Casting, in situ casting routes) were adopted by authors to fabricate PAMMCs. 

Among these processes stir casting is cheapest and simple route for fabrication of AMMCs.  

Metal composite materials have found application in many areas of daily life for quite some time Metal 

Matrix Composites (MMCs) are increasingly found in the automotive industry These materials are 

produced in situ from the conventional production and processing of metals. Metal matrix composites 

(MMCs) are a class of materials with the ability to blend the properties of ceramics (high strength and 

high modulus) with those of metals or alloys (ductility and toughness) to produce significant 

improvements in the mechanical properties of the composite over those of the monolithic metal or alloys. 

Among the various matrix materials available, aluminium and its alloys are widely used in the fabrication 

of MMCs. 
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Aluminium MMCs exhibit an excellent combination of high specific strength and stiffness, high wear 

resistance, good seizure resistance, improved fatigue and creep strength as compared to the base alloy. 

The MMC finds various applications in different fields as follows  

1) MMCs represent the Next Generation of solutions for today‘s electronic requirements 

2) Prototyping for the Space Shuttle,  

3) Commercial airliners  

4) Bicycles & automobiles  

5) Electronic substrates and Aerospace 

Comparable construction unit characteristics are attainable only with the application of powder 

metallurgical aluminium alloys or when using heavy iron pistons. The reason for the application of 

composite materials is, as already described the improved high temperature properties. Potential 

applications are in the area of undercarriages, e.g. transverse control arms and particle-strengthened 

brake disks, which can be also applied in the area of rail mounted vehicles, e.g. for undergrounds and 

railway. 

 

1.3 MATERIALS AND STRUCTURES 

 

 
                Fig: 1.1 Types of Composite Materials 
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                    Fig: 1.2 Structures of Composites 

 
The difference between a material and a structure is not clearly defined. Many draw the lines between 

what you understand as a homogeneous material when you see it with your bare eyes, and the 

inhomogeneous material structure that you clearly see is made up of a fixed geometry or mixing of 

materials. For instance an alloy is by this definition a material even though it consists of two or more 

components, but a honeycomb core built up of two different components is a structure. Materials are 

often classified into the six broad classes that are shown in figure 1.1; metals, ceramics, glasses, 

elastomers, polymers and composites. But, when we also include material structures, the number is 

bigger, and the classification of the term (materials and structures), even though it is not a conventional 

way of making a classification, may look like the one purposed in figure 1.2 

 

1.4 COMPOSITE MATERIALS 

A typical composite material is a system of materials composing of two or more materials (mixed and 

bonded) on a macroscopic scale. Generally, a composite material is composed of reinforcement (fibers, 

particles, flakes, and/or fillers) embedded in a matrix (polymers, metals, or ceramics). The matrix holds 

the reinforcement to form the desired shape while the reinforcement improves the overall mechanical 

properties of the matrix. When designed properly, the new combined material exhibits better strength 

than would each individual material. Many of common materials (metals, alloys, doped ceramics and 

polymers mixed with additives) also have a small amount of dispersed phases in their structures, however 

they are not considered as composite materials since their properties are similar to those of their base 

constituents. Favorable properties of composites materials are high stiffness and high strength, low 

density, high temperature stability, high electrical and thermal conductivity, adjustable coefficient of 

thermal expansion, corrosion resistance, improved wear resistance etc. Composites are multifunctional 

material systems that provide characteristics not obtainable from any discrete material. They are cohesive 
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structures made by physically combining two or more compatible materials, different in composition and 

characteristics and sometimes in form. 

 

1.5 CHARACTERISTICS OF COMPOSITE MATERIALS 

 
Properties of composites are strongly dependent on the properties of their constituent materials, their 

distribution and the interaction among them. The composite properties may be the volume fraction sum 

of the properties of the constituents or the constituents may interact in a synergistic way resulting in 

improved or better properties. Apart from the nature of the constituent materials, the geometry of the 

reinforcement (shape, size and size distribution) influences the properties of the composite to a great 

extent. The concentration distribution and orientation of the reinforcement also affect the properties. The 

shape of the discontinuous phase(which may by spherical, cylindrical, or rectangular cross-sanctioned 

prisms or platelets), the size and size distribution (which controls the texture of the material) and volume 

fraction determine the interfacial area, which plays an important role in determining the extent of the 

interaction between the reinforcement and the matrix. Composites as engineering materials normally 

refer to the material with the following characteristics: 

1. These are artificially made (thus, excluding natural material such as wood). 

2. These consist of at least two different species with a well-defined interface. 

3. Their properties are influenced by the volume percentage of ingredients. 

4. These have at least one property not possessed by the individual constituents 

Generally, a composite material is composed of reinforcement and matrix. The matrix holds the 

reinforcement to form the desired shape while the reinforcement improves the overall mechanical 

properties of the matrix. When designed properly, the new combined material exhibits better strength 

than would each individual material. 

 

1.5.1 MARIX PHASE: 

The primary phase, having a continuous character, is called matrix. Matrix is usually more ductile and 

less hard phase. It holds the dispersed phase and shares a load with it. Functions of matrix to take the 

load and transfers it to the reinforcement and it binds or holds the reinforcement and protects the same 

from mechanical or chemical damage that might occur by abrasion of their surface. Matrix also separates 

the individual fibers and prevents brittle cracks from completely across the section of the composite  

 

1.5.2 DISPERSED (REINFORCING) PHASE: 

http://www.substech.com/dokuwiki/doku.php?id=tensile_test_and_stress-strain_diagram&amp;DokuWiki=181fe5f7186dddf6a08c039857aa2c6c
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The second phase is imbedded in the matrix in a discontinuous form. This secondary phase is called 

dispersed phase. Dispersed phase is usually stronger than the matrix, therefore it is sometimes called 

reinforcing phase. 

 

1.6 CLASSIFICATION OF COMPOSITES 

Composite materials can be classified in the two different ways: 
 
1. On the basis of Matrix Material 
 
2. On the basis of Material Structure 

 

1.6.1 ON THE BASIS OF MATRIX MATERIAL 

1.6.1.1METAL MATRIX COMPOSITES (MMC) 

Metal matrix composites (MMCs), like all composites consist of at least two chemically and physically 

distinct phases, suitably distributed to provide properties not obtainable with either of the individual 

phases. Generally, there are two phases, e.g. a fibrous or particulate phase in a metallic matrix. A metal 

matrix composite (MMC) combines into a single material a metallic base with a reinforcing constituent, 

which is usually non-metallic and is commonly a ceramic. By definition, MMC‟s are produced by means 

of processes other than conventional metal alloying. Like their polymer matrix counterparts, these 

composites are often produced by combining two pre-existing constituents (e.g. a metal and a ceramic 

fiber). 

Common types of MMC are 

➢ Aluminum Matrix Composites (AMC) 

➢ Magnesium Matrix Composite 

➢ Titanium Matrix Composite 

➢ Copper Matrix Composites 

Aluminum is the most popular matrix for the metal matrix composites (MMCs). The Al alloys are quite 

attractive due to their low density, their capability to be strengthened by precipitation, their good 

corrosion resistance, high thermal and electrical conductivity, and their high damping capacity. 

Aluminum matrix composites (AMCs) have been widely studied since the 1920s and are now used in 

sporting goods, electronic packaging, armors and automotive industries. They offer a large variety of 

mechanical properties depending on the chemical composition of the Al-matrix. They are usually 

reinforced by Al2O3, SiC, and carbon. As proposed by the American Aluminum Association the AMCs 

should be designated by their constituents: accepted designation of the matrix / abbreviation of the 
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reinforcement’s designation / arrangement and volume fraction in % with symbol of type (shape) of 

reinforcement. Aluminum Matrix Composites are manufactured by the following fabrication methods. 

➢ Powder metallurgy 

➢ Stir casting 

➢ Squeeze casting 

1.6.1.2 CERAMIC MATRIX COMPOSITES (CMC) 

Ceramic Matrix Composites are composed of a ceramic matrix and imbedded fibres of other ceramic 

material (dispersed phase). Ceramic Matrix Composites are designed to improve toughness of 

conventional ceramics, the main disadvantage of which is brittleness. Ceramic Matrix Composites are 

reinforced by either continuous (long) fibers or discontinuous (short) fibers. Short-fiber (discontinuous) 

composites are produced by conventional ceramic processes from an oxide (alumina) or non-oxide 

(silicon carbide) ceramic matrix reinforced by whiskers of silicon carbide (SiC), titanium boride (TiB2), 

aluminum nitride (AlN), zirconium oxide (ZrO2) and other ceramic fibers. Most of CMC are reinforced 

by silicon carbide fibers due to their high strength and stiffness. Whiskers incorporated in a short-fiber 

Ceramic Matrix Composite improve its toughness resisting to cracks propagation. However a character 

of failure of short-fiber reinforced materials is catastrophic. 

Long-fiber composites are reinforced either by long monofilament of long multifilament fibers. The best 

strengthening effect is provided by dispersed phase in form of continuous monofilament fibers, which are 

fabricated by chemical vapor deposition (CVD) of silicon carbide on a substrate made of tungsten (W) or 

carbon (C) fibers. Monofilament fibers produce stronger interfacial bonding with the matrix material 

improving its toughness. 

 

1.6.1.3 Polymer Matrix Composites (PMC) 

Polymer Matrix Composite (PMC) is the material consisting of a polymer (resin) matrix combined with a 

fibrous reinforcing dispersed phase. Polymer Matrix Composites are very popular due to their low cost 

and simple fabrication methods. Use of non-reinforced polymers as structure materials is limited by low 

level of their mechanical properties such as tensile strength of one of the strongest polymers - epoxy 

resin is 20000 psi (140 MPa). In addition to relatively low strength, polymer materials possess low 

impact resistance. 

1.6.2 ON THE BASIS OF MATERIAL STRUCTURE 

1.6.2.1 PARTICULATE COMPOSITES 

These are of two types 

➢ Particulate Composites with random orientation of particles. 
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➢ Composites with preferred orientation of particles. Dispersed phase of these materials consists of two-

dimensional flat platelets (flakes), laid parallel to each other. 

Effect of the dispersed particles on the composite properties depends on the particles dimensions. Very 

small particles (less than 0.25 micron in diameter) finely distributed in the matrix impede the movement 

of dislocations and deformation of the material. Such strengthening effect is same to the precipitation 

hardening. 

 

                     Fig: 1.3 Particle Reinforcement                      Fig: 1.4 Flake Reinforcement 

In contrast to the precipitation hardening, which disappears at elevated temperatures when the 

precipitated particles dissolve in the matrix, dispersed phase of particulate composites is usually stable at 

high temperatures, so the strengthening effect is retained. Many of composite materials are designed to 

work in high temperature applications. Large dispersed phase particles have low strengthening effect but 

they are capable to share load applied to the material, resulting in increase of stiffness and decrease of 

ductility. Hard particles dispersed in a softer matrix increase wear and abrasion resistance. Soft dispersed 

particles in a harder matrix improve machinability (lead particles in steel or copper matrix) and reduce co 

efficient of friction. 

 

1.6.2.2 FIBROUS COMPOSITES 

Short fiber reinforced composites. Short fiber reinforced composites consist of a matrix reinforced by a 

dispersed phase in form of discontinuous fibers. 
➢ Composites with random orientation of fibers. 

➢ Composite with preferred orientation of fibers. 

Long-fiber reinforced composites. Long-fiber reinforced composites consist of a matrix reinforced by a 

dispersed phase in form of continuous fibers. 

➢ Unidirectional orientation of fibers. 
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➢ Bidirectional orientation of fibers. 

Fig: 1.5 Fiber Composite 
 

Effect of the strength increase becomes much more significant when the fibers are arranged in a 

particular direction and a stress is applied along the same direction. The strengthening effect is higher in 

long-fiber reinforced composites than in short-fiber reinforced composites. Short- fiber reinforced 

composites, consisting of a matrix reinforced with a dispersed phase in form discontinuous fibers have a 

limited ability to share load. Load applied to a long-fiber reinforced composite, is carried mostly by the 

dispersed phase - fibers. Matrix in such materials serves only as a binder of the fibers keeping them in a 

desired shape and protecting them from mechanical or chemical damages. 

 

1.6.2.3 LAMINATE COMPOSITES 

When a fiber reinforced composite consists of several layers with different fiber orientations, it is called 

multilayer composite. Laminate composites provide increased mechanical strength intwo directions and 

only in one direction, perpendicular to the preferred orientations of the fibers or sheet, mechanical 

properties of the material are low. Laminar composite is composed of two-dimensional sheets or panels 

that have a preferred high strength direction such as found in wood and continuous and aligned fiber-

reinforced plastics. 
 

Fig: 1.6 Laminated Composite 
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The layers are stacked and subsequently cemented together such that the orientation of the high strength 

direction varies with each successive layer. 

 

1.7 PROCESSING OF COMPOSITES 

Metal matrix composite materials can be produced by many different techniques. The focus of the 

selection of suitable process engineering is the desired kind, quantity and distribution of the 

reinforcement components (particles and fibers), the matrix alloy and the application [12]. By altering the 

manufacturing method, the processing and the finishing, as well as by the form of the reinforcement 

components it is possible to obtain different characteristic profiles, although the same composition and 

amounts of the components are involved. Metal matrix composites can be made by liquid or solid state 

processes. 

 

1.7.1 LIQUID STATE FABRICATION OF METAL MATRIX COMPOSITES: 

Liquid state fabrication of Metal Matrix Composites involves incorporation of dispersed phase into a 

molten matrix metal, followed by its Solidification. In order to provide high level of mechanical 

properties of the composite, good interfacial bonding (wetting) between the dispersed phase and the 

liquid matrix should be obtained. Wetting improvement may beachieved by coating the dispersed phase 

particles (fibers). Proper coating not only reduces interfacial energy, but also prevents chemical 

interaction between the dispersed phase and the matrix. 

The methods of liquid state fabrication of Metal Matrix Composites are: 

a. Stir Casting 

b. Infiltration 

c. Gas Pressure Infiltration 

d. Squeeze Casting Infiltration 

e. Pressure Die Infiltration 

 

1.7.1.1 STIR CASTING: 

Stir Casting is a liquid state method of composite materials fabrication, in which a dispersed phase 

(ceramic particles, short fibers) is mixed with a molten matrix metal by means of mechanical stirring [fig. 

1.5]. Stir Casting is the simplest and the most cost effective method of liquid state fabrication. The liquid 

composite material is then cast by conventional casting methods and may also be processed by 

conventional Metal forming technologies. In this process particles are often tend to form agglomerates, 

which can be only dissolved by intense stirring. However, here gas access into the melt must be 

absolutely avoided, since this could lead to unwanted porosities or reactions. Careful attention must be 
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paid to the dispersion of the reinforcement components, so that the reactivity of the components used is 

coordinated with the temperature of the melt and the duration of stirring, since reactions with the melt 

can lead to the dissolution of the reinforcement components. Because of the lower surface to volume 

ratio of spherical particles, reactivity is usually less critical with stirred particle reinforcement than with 

fibers. 

 

 
                                                      Fig: 1.7 Stir Casting 

Stir Casting is characterized by the following features: 

i. Content of dispersed phase is limited (usually not more than 30% by volume). 

ii. Distribution of dispersed phase throughout the matrix is not perfectly homogeneous: 

1. There are local clouds (clusters) of the dispersed particles (fibers) 

2. There may be gravity segregation of the dispersed phase due to a difference in the densities of the 

dispersed and matrix phase. 

iii. The technology is relatively simple and low cost. 

 

Distribution of dispersed phase may be improved if the matrix is in semi-solid condition. The method 

using stirring metal composite materials in semi-solid state is called Rheocasting. High viscosity of the 

semi-solid matrix material enables better mixing of the dispersed phase. 

 

1.7.1.2 INFILTRATION: 

Infiltration is a liquid state method of composite materials fabrication, in which a preformed dispersed 

phase (ceramic particles, fibers, woven) is soaked in a molten matrix metal, which fills the space between 

the dispersed phase inclusions. The motive force of an infiltration process0 may be either capillary force 

of the dispersed phase (spontaneous infiltration) or anexternal pressure (gaseous, mechanical, 
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electromagnetic, centrifugal or ultrasonic) applied to the liquid matrix phase (forced infiltration). 

Infiltration is one of the methods of preparation of tungsten-copper composites. 

The principal steps of the technology are as follows: 

i. Tungsten Powder preparation with average particle size of about 1-5microns. 

ii. Optional step: Coating the powder with nickel. Total nickel content is about 0.04%. 

iii. Mixing the tungsten powder with a polymer binder. 

iv. Compacting the powder by a molding method (Metal injection molding, die pressing, isostatic 

pressing). Compaction should provide the predetermined porosity level (apparent density) of the tungsten 

structure. 

v. Solvent depending 

vi. Sintering the green compact at 2200-2400F (1204-1315 ºC) in Hydrogen atmosphere for 2 hours. 

Placing the sintered part on a copper plate (powder) in the infiltration/sintering furnace. 

vii. Infiltration of the sintered tungsten skeleton porous structure with copper at 2100-2300F (110-

1260 ºC) in either hydrogen atmosphere or vacuum for 1 hour. 

 

1.7.1.3 Gas Pressure Infiltration: 

Gas Pressure Infiltration is a forced infiltration method of liquid phase fabrication of Metal Matrix 

Composites. It is using a pressurized gas for applying pressure on the molten metal and forcing it to 

penetrate into a preformed dispersed phase [fig. 1.8]. In gas pressure infiltration the melt infiltrates the 

perform with a gas applied from the outside. A gas that is inert with respect to the matrix is used. The 

melting of the matrix and the infiltration take place in a suitable pressure vessel. 

 
Fig: 1.8 Gas Pressure Infiltration 

Gas Pressure Infiltration method is used for manufacturing large composite parts. The method allows 

using non-coated fibers due to short contact time of the fibers with the hot metal. In contrast to the 

methods using mechanical force, Gas Pressure Infiltration results in low damage of the fibers. 
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1.7.1.4 Squeeze Casting Infiltration: 

Squeeze Casting Infiltration is a forced infiltration method of liquid phase fabrication of Metal Matrix 

Composites, using a movable mold part (ram) for applying pressure on the molten metal and forcing it to 

penetrate into a performed dispersed phase, placed into the lower fixed mold part [ fig1.9]. Squeeze 

Casting Infiltration method is similar to the Squeeze casting technique used for metal alloys casting. 

Squeeze casting or pressure casting are the most common manufacturing variants for metal matrix 

composite. After a slow mold filling the melt solidifies under very high pressure, which leads to a fine-

grained structure. In comparison with die-casted parts the squeeze-casted parts do not contain gas 

inclusions, which permit thermal treatment of the produced parts. 

 

 

 

Fig: 1.9 Squeeze Casting Infiltration 

 

Squeeze Casting Infiltration process has the following steps: 

1. A perform of dispersed phase (particles, fibers) is placed into the lower fixed mold half. 

2. A molten metal in a predetermined amount is poured into the lower mold half. 

3. The upper movable mold half (ram) moves downwards and forces the liquid metal to infiltrate the   

perform. 

4. The infiltrated material solidifies under the pressure 

5. The part is removed from the mold by means of the ejector pin. 

The method is used for manufacturing simple small parts (automotive engine pistons from aluminium 

alloy reinforced by alumina short fibers). 

 

1.7.1.5 PRESSURE DIE INFILTRATION: 
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Pressure Die Infiltration is a forced infiltration method of liquid phase fabrication of Metal Matrix 

Composites, using a die casting technology, when a preformed dispersed phase (particles, fibers) is 

placed into a die (mold) which is then filled with a molten metal entering the die through a sprue and 

penetrating into the preform under the pressure of a movable piston (plunger) [fig. 1.10]. 

 
Fig: 1.10 Pressure Die Infiltration 

 

1.7.2 SOLID STATE FABRICATION OF METAL MATRIX COMPOSITES: 

Solid state fabrication of Metal Matrix Composites is the process, in which Metal Matrix Composites are 

formed as a result of bonding matrix metal and dispersed phase due to mutual diffusion occurring 

between them in solid states at elevated temperature and under pressure. Low temperature of solid state 

fabrication process (as compared to Liquid state fabrication of Metal Matrix Composites) depresses 

undesirable reactions on the boundary between the matrix and dispersed (reinforcing) phases. 

Metal Matrix Composites may be deformed also after sintering operation by rolling, forging, pressing, 

Drawing or Extrusion. The deformation operation may be either cold (below the recrystallization 

temperature) or hot (above the recrystallization temperature). Deformation of sintered composite 

materials with dispersed phase in form of short fibers results in a preferred orientation of the fibers and 

anisotropy of the material properties (enhanced strength along the fibers orientation). 

There are two principal groups of solid state fabrication of Metal Matrix Composites: 

a. Diffusion bonding 

b. Sintering 

 

1.7.2.1 DIFFUSION BONDING 

Diffusion Bonding is a solid state fabrication method, in which a matrix in form of foils and a dispersed 

phase in form of long fibers are stacked in a particular order and then pressed at elevated temperature 
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.The finished laminate composite material has a multilayer structure. Diffusion Bonding is used for 

fabrication of simple shape parts (plates, tubes). 

 
Fig: 1.11 Diffusion Bonding 

Variants of diffusion bonding are roll bonding and wire/fiber winding. Roll Bonding is a process of 

combined rolling (hot or cold) strips of two different metals (e.g. steel and aluminum alloy) resulted in 

formation of a laminated composite material with a metallurgical bonding between the two layers. 

Wire/fiber Winding is a process of combined winding continuous ceramic fibers and metallic wires 

followed by pressing at elevated temperature. 

 

1.7.2.2 SINTERING 

Sintering fabrication of metal matrix composites is a process, in which a powder of a matrix metal is 

mixed with a powder of dispersed phase in form of particles or short fibers for subsequent compacting 

and sintering in solid state (sometimes with some presence of liquid). Sintering is the method involving 

consolidation of powder grains by heating the “green” compact part to a high temperature below the 

melting point, when the material of the separate particles diffuse to the neighboring powder particles. In 

contrast to the liquid state fabrication of Metal Matrix Composites, sintering method allows obtaining 

materials containing up to 50% of dispersed phase. When sintering is combined with a deformation 

operation, the fabrication methods are called: 

i. Hot Pressing Fabrication of Metal Matrix Composites 

ii. Hot Isostatic Pressing Fabrication of Metal Matrix Composites 

iii. Hot Powder Extrusion Fabrication of Metal Matrix Composites 

 

i. Hot Pressing Fabrication of Metal Matrix Composites: 

In this fabrication process sintering under a unidirectional pressure applied by a hot press. The 

fabrication stages of hot pressing process is done in three stages. 
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                                        Fig: 1.12 Die Fill Stage              Fig: 1.13 Hot Pressing  

In the die fill stage [fig. 1.10], powder is put into the die and in second stage. There is hot pressing is to 

be done to pressed part in the die [fig. 1.13]. 

 

 
 

Fig: 1.14 Part Ejection 

In the last stage [fig 1.10], part is ejected, for this upper punch moves up to eject the part from the die. 

ii. Hot Isostatic Pressing Fabrication of Metal Matrix Composites: 

In this process of fabrication sintering under a pressure applied from multiple directions through a liquid 

or gaseous medium surrounding the compacted part and at elevated temperature [fig. 1.15]. 
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                                      Fig: 1.15 Hot Isostatic Pressing 

iii. Hot Powder Extrusion Fabrication of Metal Matrix Composites: 

 In this process sintering is under a pressure applied by an extruder at elevated temperature. It is of two 

type, forward extrusion and backward extrusion [fig. 1.16]. 

 
Fig: 1.16 Extrusion 

 

1.8  ENGINEERING PROPERTIES OF MMC’S 

1.8.1 STIFFNESS ENHANCEMENT 

Stiffness is nothing but the avoidance of excessive elastic deflection in survive. Accordingly to the 

increase of reinforcement volume fraction. The stiffness increases due to the increase in young modules. 

 

 

1.8.2 STRENGTH ENHANCEMENT 

The enhancement of strength by addition of reinforcement experienced in terms of yield stress or failure 

stress can be quite strength also increases 

 

1.8.3 INCREASED CREEP RESISTANCE 

When fibers particularly long fibers are used as also reinforcement, creep resistance of MMC’s would 

raise and give a high beneficial increase in stiffness 

 

1.8.4 INCREASED WEAR RESISTANCE 



21 
 

While different wear applications require difference reinforcements types to achieve optional wear rate 

redirection. Furthermore, it is often advantages to control the distribution of high wear resistance is 

selected surface areas, while other regions are suitably tough, strong, thermal conducting. 

 

1.8.5 DENSITY REDUCTION 

A relatively low density is an attractive feature of many MMC materials. In many cases of interest, 

addition of the reinforcement raises the density slightly, but the increase of strength, stiffness etc. 

 

1.8.6 THERMAL EXPANSION CONTROL 

Thermal expansion control is as good as in MMCs. When the coefficient of thermal expansion will be 

decreased, then MMCs are withstanding at high temperature. 

 

1.9 APPLICATIONS: 

➢ Visible Architectural applications. 
➢ Extrusions. 
➢ Window frames. 
➢ Doors. 
➢ Shop fittings. 
➢ Irrigation tubing 
➢ Roof sealing's 
➢ Sign boards 

 

 

 

 

 

1.8 OBJECTIVE OF THE RESEARCH 

 
The objectives of this research are 
 

• Improve the properties of Al6063 by reinforcements like Ground nut shell ash, and silicon 

carbide. 

• Evolving the mechanical, metallurgical and tribological properties of the metal matrix composite 

at different percentage of reinforcement. 

• To create a composition of special alloy grade to meet the multiple choice of advantages in 

various industries  
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• To prepare the specimens of the same composite with various % compositions 

• To subject the specimens for various tests 

• To compare the results with the existing composite 

 

 

Fig: 1.17 Objective Tree 
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CHAPTER-2 

 
LITERATURE REVIEW 

 

 
“Synthesis and characterization of Al6063-Fly Ashp-SiCp composites by stir casting and 

compocasting methods” carried by David Raja Selvam. J*, Robinson Smart. D.S. Dinaharan. I. In 

this study the work focuses on the fabrication of AMCs reinforced with various weight 

percentages of SiC particulates and a constant weight percentage of Fly Ash by modified stir 

casting route. The wettability of SiC and Fly ash particles in the matrix was improved by adding 

magnesium into the melt. The microstructure and mechanical properties of the fabricated AMCs 

were analyzed. The optical and scanning electron micrographs revealed a homogeneous 

dispersion of both SiC and Fly ash particles in the aluminum matrix. The SEM micrographs 

revealed that the addition of Fly Ash helped to prevent SiCp dissolution and the formation of 

Al4C3. The mechanical properties like hardness and tensile strength were improved with the 

increase in weight percentage of SiC particulates with constant weight percentage of Fly Ash in 

the aluminum matrix.  

 

“Influence of quarry dust-silicon carbide weight percentage on the mechanical properties and 

tribological behavior of stir cast ZA-27 alloy based hybrid composites” carried by Davies 

Oladayo Folorunso a, Seun Samuel Owoeye. In this study the density of the composites 

decreases for both 8 wt% and 10 wt% reinforcement as quarry dust increases while there are 

no significant rises in porosity. The hardness and tensile strength of the hybrid ZA-27 

composites improves generally with similar trend over the unreinforced alloy with no 

significant variation when compared with solely reinforced SiCp composite.  There is general 

decrease in % Elongation in the compositeswhen compared with the unreinforced alloy. The 

fracture toughness of the composites increases with increase in the percent weight of stone 

dust for both 8 wt% and 10 wt% reinforcement. Hybrid composites containing 50% and 75% 

quarry dust for both 8 wt% and 10 wt% reinforcement showed better wear behavior.  

 

“Tribological behaviour of al-6063-groundnut shell ash (GSA) composite at elevated 

temperature” carried by R. Siva Sankara Rajua, M.K. Panigrahib, R.I. Gangulyb, G. Srinivasa 

Rao In this work the composites such as Al-5%GSA, Al-10%GSA and Al-15%GSA is 

prepared, using stir casting technique. The specific strength of Al-15%GSA alloy composite 

is enhanced by 70% over Al-6063 base alloy. Regression analysis has enabled to quantify 
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slopes of all the materials. While the pressure exceeds the critical value, abrasion increases 

rapidly, resulting in adhesive wear. When, the temperature increases, the coefficient of 

friction initially increases up to 6 N/mm2 and then decreases due to the presence of oxides in 

debris, which are liberated from tribosurfaces. XRD and EDAX analyses have revealed 

presence of oxide phases in the debris. SEM micrographs have confirmed abrasive nature of 

wear.  

 

“Characterization of mechanical and wear properties of aluminium based composites 

reinforced with quarry dust and silicon carbide” carried by Kenneth Kanayo Alaneme, Bethel 

Jeremiah Bamike In this study the mechanical behaviour and wear characteristics of the Al- 

Mg-Si alloy matrix composites containing 8 wt% of QD and SiC reinforcements in varied 

weight ratios was investigated. In general, it was observed that the QD addition decreased the 

density of the composites produced while roughly maintaining the same mechanical and wear 

properties in comparison with the composite grade reinforced with only SiC. The ductility 

and fracture toughness of the composites were markedly improved with the addition of QD 

reflecting enhanced fracture resistance. 

 

“Microstructure and mechanical properties of aluminium metal matrix composites with 

addition of bamboo leaf ash by stir casting method” carried by B. Praveen Kumar, Anil 

Kumar Birru In this workAl−4.5%Cu alloy was used as a matrix at 2%, 4% and 6% of 

bamboo leaf ash (BLA) which was extruded from agro waste and was used as reinforcement. 

The composite which was fabricated by stir casting method possessed superior properties due 

to an effective bonding between matrix and reinforcement particles. The fabricated composite 

specimens were subjected to various tests to determine the mechanical properties such as 

density, porosity, hardness and tensile strength. The results were compared with basic matrix 

alloy. Furthermore, the OM, SEM with EDAX and XRD . It was also found that the density 

decreased with increase in mass fraction of BLA particles and porosity increased with 

increase in mass fraction of BLA particles. The hardness and tensile strength were increased 

up to 4% of BLA in the composite, with a further increase in BLA content the hardness and 

tensile strength decreased. 

 

“Microstructural characteristics, mechanical and wear behaviour of aluminium matrix hybrid 

composites reinforced with alumina, rice husk ash and graphite” carried by Kenneth Kanayo 

Alaneme, Kazeem Oladiti Sanusi. In this work Alumina, RHA and graphite mixed in varied 
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weight ratios were utilized to prepare 10 wt% hybrid reinforced Al-Mg-Si alloy based 

composites using two-step stir casting. Hardness, tensile properties, scanning electron 

microscopy, and wear tests were used to characterize the composites produced. The results 

show that Hardness decreases with increase in the weight ratio of RHA and graphite in the 

composites. The tensile strength for the composites containing o.5wt% graphite and up to 

50% RHAwas observed to be higher than that of the composites without graphite. The 

toughness values for the composites containing 0.5wt% graphite were in all cases higher than 

that of the composites without graphite. The % Elongation for all composites produced was 

within the range of 10e13% and the values were invariant to the RHA and graphite content. 

However the wear resistance decreased with increase in the graphite content from 0.5 to 1.5 

wt%. 

  

“Wear Behavior of Aluminum Based Composite Reinforced With groundnutShell Ash” 

Biswajit Panda, Amit Kumar Mahato, ChallarapuVarun& Siva SankaraRajuR,“,Imperial 

Journal of Interdisciplinary Research (IJIR) Vol-2, Issue-5, 2016 ISSN: 2454-1362. 

The Hardness and Tensile strength increase with the increase in GSA content of 
reinforcement are 5 and 10% of Vol. The wear decreases with increase in the percentage of 
GSA in the aluminum matrix i.e. wear resistance of the composite increases with increase in 
GSA content. The wear rate is inversely proportional to the hardness values. With an increase 
in GSA composition, there was an increase in the coefficient of friction amount of abrasive 
wear on the surface due to more rubbing activity by the GSA particles.  
 
“Mechanical And Tribological Beheaviour Of Aluminium Al6063-Ground nut Shell Ash 
Composite Using Stir Casting Pellet Method" , P. Lakshmikanthan, Dr. B. Prabu, 4008  
Journal of the Balkan Tribological Association Vol. 22, No 4-I, 4008–4018 (2016). 
It is observed that 6% GSA reinforced composite has the maximum tensile strength, 
maximum hardness and minimum wear. The reasons for the initial increase in tensile strength 
and hardness and initial decrease in wear at lower % of GSA (up to 6%) in composites may 
be due to the fact that GSA particles act as barriers to the dislocations when load is applied 
and also the presence of ceramic particles and metal oxides in the reinforcement. The co-
efficient of friction and friction force of the composites increases gradually with the increase 
in amount of reinforcement The SEM image shows that this stir casting- pellet method 
ensures even distribution of the fine reinforcement particles in the matrix. 
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CHAPTER-3 

 

EXPERIMENTAL PROCEDURE: 

 

 

3.0 Flow Chart of the Experimental Procedure 

 
This chapter describes the details of processing of the composites and the experimental 

procedures followed for their mechanical characterization. 

3.1 SELECTION OF MATERIALS: 

1) Base Material     - Aluminium-6063 

 2) Reinforcement    -Ground nutShell ash and silicon carbide 

A. SELECTION OF BASE MATERIAL ALUMINIUM-6063:- 

3.1.1 ALUMINIUM-6063: 

• Selection of Materials
• Weighing the materials for

compositions
1

• Selection of  Die2

• Preheating3

• Preparation of Specimens
• Measure the dimensions4 

• Tests to be Conducted5
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Aluminium-6063 is used as matrix material as shown in fig 3.1.it is one of the most abundant 

metallic element on the earth and most economic as well. The chemical composition of 

Aluminium-6063material is as shown in table 3.1 

 

Table: 3.1 Chemical Composition Aluminium-6063 

 

Mg Si Fe Cu Ti Cr Zn Mn Others 

0.45-0.9 0.2-0.6 Max.0.35 Max 0.1 Max 0.1 Max 0.1 Max. 
0.10 

Max. 0.10 0.05 

 

KEY PROPERTIES: 

Typical Properties of Aluminium alloy 6063 include: 

• Medium to high strength 

• Good Toughness 

• Good Surface Finish 

• Excellent corrosion resistance to atmospheric conditions 

• Good corrosion resistance to sea water\ 

• Can be anodized 

• Good weldability and brazability 

APPLICATIONS: 

Typical Applications of Al 6063 alloy 

• Architectural  applications 

• Extrusions 

• Window frames 

• Doors  

• Shop fittings 

• Irrigation tubing 

• Aircraft and Aerospace components 

• Marine Fittings  

• Transport 

• Bicycle Frames 

• Camera Lens 

• Drive shafts 
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• Valves 

• Couplings 

 

 

PHYSICAL PROPERTIES: 

• Density   : 2.69 g/cm3 

• Melting Point   : 6150C 

• Modulus of Elasticity  : 70 GPa 

• Poisson’s Ratio  : 0.3 

THERMAL PROPERTIES: 

• Co-Efficient of Thermal Expansion (20-1000C)       : 23.5 x 10-6 m/m.0C 

• Thermal Conductivity     : 201-218 W/m.K 

ELECTRICAL PROPERTIES: 

• Electrical Resistivity   : (3.7 – 4.0) x 10-6 ohm-cm 

 

Fig: 3.1 Aluminium 6063 (Ingots) 

 

B. SELECTION OF REINFORCEMENT MATERIAL: 

3.1.2 GROUND NUT SHELL ASH: Ground nut shell is an agricultural waste and is 

available in huge quantities throughout India free of cost. The ground nut shells collected 

from tiruvuru in crop fields,and then after cleaning those shells with out ground nuts and 

dust. After compltely drining.and then burn the shells with open atmospheric air at dry 

conditions.After  burninig of  ground nut shells collected the refined ash then after  sieve 

below 75µm.Then after the sieved shell is decorbonised at the temparature  up to 500°c. 
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Ground nut shell 

  
 



30 
 

            

                                      Fig: Preparation of ground nut shell 

 

Fig: Preheated ground nut shell 

3.1.3 SILICON CARBIDE POWDER (SIC) 
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SiC as shown in fig 3.4 is one of the most cost effective and widely used material in the 

family of engineering ceramics. The raw materials from which this high performance 

technical grade ceramic is made are readily available and reasonably priced, resulting in good 

value for the cost in fabricated alumina shapes. With an excellent combination of properties 

and an attractive price, it is no surprise that fine grain technical grade alumina has a very 

wide range of applications. Due to its high bonding nature it give hardness and compression 

as well as elongation. 

 

 
 

Fig: 3.6 Silicon Carbide 

  

     Table: 3.2 Mechanical Properties of Silicon Carbide powder  

 

Properties Units of Measure SI/Metric 

Density gm/cc 3.89 

Elastic Modulus GPa 375 

Shear Modulus GPa 152 

Poisson’s Ratio - 0.22 

Hardness Kg/mm2 1440 

Max. Use Temp. 0C 1750 

 

 

 

KEY PROPERTIES: 
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➢ Hard, wear-resistant, elongation 

➢ Excellent dielectric properties from DC to GHz frequencies  

➢ Excellent dielectric properties from DC to GHz frequencies  

➢ Good thermal conductivity  

➢ Excellent size and shape capability  

➢ High strength and stiffness 

PHYSICAL PROPERTIES: 

Agricultural waste material, in this case, Ground nut Shells, which is an environmental 

waste, are collected and burnt in the open air (uncontrolled combustion) at dry conditions for 

four continuously hours to produce Ground nut Shell Ash (GSA),then after decarbonizing. 

KEY PROPERTIES: 

 

• High Carbon content and relatively harder 

• High Wear and Tear Resistance 

3.2  STIR CASTING EQUIPMENT 

3.2.1 STIR CASTING: 

Stir Casting is a liquid state method of composite materials fabrication, in which a dispersed 

phase (ceramic particles, short fibers) is mixed with a molten metal matrix by means of 

mechanical stirring. Stir Casting is the simplest and the most cost effective method of liquid 

state fabrication. A typical equipment of stir casting machine is shown in fig 3.7. 

The liquid composite material is then cast by conventional methods and may also be 

processed by conventional metal forming technologies. Stir casting is characterized by the 

following features: 
Content of dispersed phase is limited (usually not more than 30 vol. %). 

Distribution of dispersed phase throughout the matrix is not perfectly homogeneous. 

 

1. There are local clouds (clusters) of the dispersed particles (fibers). 

2. There may be gravity segregation of the dispersed phase due to a difference in the densities 

of the dispersed and matrix phase. 



33 
 

 
           Fig: 3.7 Stir Casting Methodology                  Fig: 3.8 Stir Casting Machine 
 

3.2.2 PROCESS PARAMETERS FOR STIR CASTING 

Parameters Units Values 
Spindle rotation Rpm 600 
Stirring set time Sec 480 

Stirring temperature of the melt ºC 750 
Preheating temperature of 
Ground nut shell ash- SiC  ºC 250 

Preheating time of the 
reinforcements Minutes 60 

Preheat temperature of die ºC 450 
Powder pouring rate g/s 1.4 

 
3.2.3 SELECTION OF  DIE: 

A Die of two circular rods and a flat plate is as shown in fig 3.9 is fabricated for casting 

process. The dimensions of circular rods are 300 mm x 20 mm.The dimensions of flat plate 

were 15 mm x 50 mm x 100 mm. 
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Fig: 3.9 Casting Die  

 

3.2.4 PRE-HEATING                                             3.2.5 HEATREATMENT 

Preheating of die was done in an oven which           Preheating of reinforcement was done can 

heat upto a maximum of 4000C.                                which can heat upto 2000C. 

 

                                                                 
              

         Fig: 3.10 Electric furnace                                          Fig: 3.11  Muffle Furnace 
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3.2.6 COMPOSITION USED FOR METAL AND REINFORCEMENT: 

 

 

 

3.2.7 DESIGNATIONS FOR COMPOSITE :  

 

3.2.8 COMPOSITIONS USED FOR MMC : 

CASTING AL 6063 
Gm (%)  

REINFORCEMENT (Silicon 

Carbide powder +  Ground nut 

Shell Ash)                                                           
1    800gm (100%)  0gm (0%)  

2  792gm (99%)  8gm  (1% ) 
3    784gm (98%) 16gm (2%)  
4    776gm (97%) 24gm (3%)  

SAMPLE DESIGNATION % Wt. (GSA: SiCp) 

0% 0 

1% 75:25 

2% 75:25 

3% 75:25 

Ca

sti

ng 

Al 

6063 

(gm) 

(a) 

Al 

6063 

(%) 

(p) 

Reinforcement (Silicon Carbide powder + ground nutShell 

Ash) 

Total     

  Weight 

(gm) 

(a + b + c) 

Total 

percentage 

(%) 

(p + q + r) 

SiC 
Ground nut 

Shell Ash Total 

Weight 

(gm) 

(b + c) 

Reinfor 

cement 

(%) 

(q+r) 

(gm) 

(b) 

(%) 

(q) 

(gm) 

(c) 

(%) 

(r) 

1 800 100 0 0 0 0 0 0 800 100 

2 792 99 2 0.25 6 0.75 8 1 800 100 

3 784 98 4 0.5 12 1.5 16 2 800 100 

 

4 776 97 6 0.75 18 2.25 24 3 800 100 
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3.2.9 EXPERIMENTAL PROCEDURE: 

➢ A bottom pouring type totally sensorised stir casting machine is used to produce the 

AMMCs material.  

➢ Initially the matrix material Al6063 alloy cut bits placed into the 2 kg capacity 

furnace.  

➢ The furnace temperature maintained was around 800 degrees centigrade. 

➢ The matrix material Al6063 at above 750 degrees centigrade temperature material 

becomes at most liquid state.  

➢ Then magnesium of 10 grams added to the molten metal for wetting agent.  

➢ And maintain organ environment with help of pure organ gas (oxygen free).  

➢ Before stirring the reinforcement is preheated up to 200◦𝑐 at 1 hour.  

➢ The stirring was done by using mechanical stirrer and the stirrer speed was 

maintained 750 rpm and stirring time at 10 min.  

➢ And its stirrer is dipped 3/4 height of molten metal in the furnace.  

➢ During this stirring operation both matrix material Al6063 and reinforcement material 

are mostly mixed.  

➢ The die was preheated at most 450◦c at 60 min for complete solidification without 

cracks and blow holes.  

➢ Finally the melted aluminium hybrid metal matrix composites was transferred into the 

die. 

➢ After Machining of composite as per ASTM standards for testing. 

➢ Study the mechanical and metallurgical properties of composite specimens.  

➢ Finally evaluate the Result analysis. 
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Fig: 3.12 Casted Specimens Obtained 
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CHAPTER-4 

TESTING EQUIPMENT AND RESULTS 

4.1 TESTING EQUIPMENT REQUIRED: 

The casted specimens are to be tested with the aid of different following equipment for 

characterization.  They are represented shown n below. 

 

Name of the equipment Material property 

Density Tester Density 

 Hardness Testing Machine Brinells Hardness(BHN) 

Pin On Disc Tester Tribological behaviour (Wear) 

Universal Testing Machine Compression Strength 

Computerized Inverted Metallurgical 

Microscope 
Micro Structure 

 
4.1.1 DETERMINATION OF DENSITY: 

 

The density of the Al-6063 alloy based hybrid composite measurements was conveyed to the 

estimate the measure the porosity of the produced hybrid composites and in order to 

investigate the effect of the wt% portions of the quarry gravel powder –fly ash-silicon carbide 

of the densities of the produced hybrid composites. This was attained by differentiation the 

experimental results to theoretical results of the densities of each composition of hybrid 

composite samples proportion weight percent of quarry gravel powder –abrasive silicon 

carbide reinforced hybrid composites using accepted procedures. The experimental density 

(𝞺EXT) were evaluated by dividing the measured weight of the hybrid composite sample by 

its measured volume. The theoretical density (𝞺T) was obtained by using the method of rule 

of mixtures. 

The percentage of porosity was evaluated by utilize the relations: 

 

% Porosity = ρT−ρEXT

ρT
∗100 
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Fig: 4.1 Density Tester  

The basic method of determining the density of a specimen by measuring the mass and 

volume of the specimen was used. The density of the specimen was then estimated from the 

formula given below: 

Density(g/cm3) = Mass

Volume
 

       
Fig: 4.2 Density Specimens 

 

4.1.2 HARDNESS TESTING:   

Mechanical properties such as hardness of the developed hybrid composites were evaluated 

using Brinell hardness tester with scale of BHN. The sample preparation and testing 

procedure for the hardness evaluation was carried out in accordance with ASTM E-8 standard 

in which the samples were exposed to a direct load of 187.5 kgf grams for 10s; multiple 

hardness tests were conducted on each sample and the average value was taken as the 

hardness of the samples. In Brinnel’s hardness test, ball indentation is used to determine the 
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hardness, where as in Rockwell diamond indenter is used for the test. Rockwell test 

determines the hardness by the measurement of the depth of penetration of an indenter under 

load more than compared to the penetration made by a preload. There are different scales, 

denoted by a single letter, that use different loads or indenters. The result is a dimensionless 

number noted as HRA, HRB, HRC, etc., where the last letter is the respective Rockwell 

scale. When testing metals, indentation hardness correlates linearly with tensile strength. 

 
Fig: 4.3 Hardness Testing Machine with Specifications 

 

                
 

 
 

Fig: 4.4 Hardness Specimens 

https://en.wikipedia.org/wiki/Tensile_strength
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4.1.3 COMPRESSION TESTING: 

Compressive Strength is the capacity of a material or structure to withstand loads tending to 

reduce size, as opposed to tensile strength which withstands loads tending to elongate. In 

other words, compressive strength resists compression (being pushed together), whereas 

tensile strength resists tension (being pulled apart). In the study of strength of materials, 

tensile strength, compressive strength, and shear strength can be analyzed independently. 

Compression strength is often measured on a universal testing machine these range from 

very small table- top system to 53 MN capacity. Measurements of compression strength are 

affected by the specific test method and conditions of measurement. Compression strengths 

are usually reported in relationship to a specific technical standards. Compression strength is 

measured on materials, components and structures.  

        

Fig: 4.7 Universal Testing Machine with Specifications 

 

Uniaxial compression test trails was conducted on the universal testing machine equipped 

with all accessories. The sample specimens are prepared by compression test in the 

cylindrical type of dimensions of 13mm diameter and 26mm length was prepared from the 

machining with the help of lathe machine. The samples such as compression axis are similar 

to the height of the specimen direction. Compression tests were conducted to 45% of 

engineering strain. The distortion samples for metallographic evaluation were conducted by 

utilizing inverted metallurgical microscope. In that each composition is prepared by three 
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samples, the test was conducted by three trails by three specimens. The average of three trails 

is taken as the ultimate load.   

 

                       

                             (A)                                                                           (C) 
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                              (B)                                                                           (D) 

Fig. 4.8 Compression Specimens: (A) Pure, (B) 1%, (C) 2%, (D) 3%Reinforement 

Composition 

4.1.4 COMPUTERIZED INVERTED METALLURGICAL MICROSCOPE: 

The examination of microstructure is one of the principal means of evaluating alloys products 

and composites to determine the effects of various fabrication and thermal treatments, effects 

of new procedure, and analyze the cause of failures.   A computerized inverted metallurgical 

microscope with all accessories for analyzing the microstructure images was utilized to 

evaluate the microstructure of the metal matrix hybrid composites. Traditional enhance 

polishing of the routines following by the etching with solutions of10ml hydrochloric acids, 

10ml methanol and 5ml of hydrofluoric acid was utilized to preparation of the samples before 

microscopic evaluation. 
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Fig: 4.9 Computerized Inverted Metallurgical Microscope 

 

 

Fig: 4.10 Microscope Specimens 

4.2 RESULTS 

The cast specimens are tested to determine the mechanical properties like hardness and, wear 

properties; microstructure and wear test graphs are tabulated in table and the percentage of 

variation of reinforcements. 

4.2.1 DENSITY: 
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The particle density of GSA determined was 2.05g/cm3 while the density of the A6063 alloy 

was 2.69g/cm3.Since GSA has lower density than A6063 alloy, its addition to the composite 

will make the density of the composite to be less than that of the alloy. At the same volume, 

A6063+GSA+SIC composite will weigh less than aluminium alloy and its respective 

composites were given in table 4.2. It was observed that the addition of GSA into the A6063 

alloy matrix significantly decreased the density of the resultant composites in compare to the 

base alloy. 

Table: 4.1 Metal Matrix Composition vs Density Values 

S. No Composition Density (g/cc) 

1 Al 6063 2.69 

2 Al 6063 + [GSA+SIC] (1%) 2.58 

3 Al 6063 + [GSA+SIC] (2%) 2.555 

4                  Al 6063 + [GSA+SIC] (3%) 2.482 

 

 

Fig: 4.11 Density Graph of Al 6063/ (GSA: SICp) Hybrid Composite 

 
 
Table: 4.2 Comparison of Theoretical & Measured Density 

2.35

2.4

2.45

2.5

2.55

2.6

2.65

2.7

2.75

Al 6063 Al 6063 + (CSA+SIC) 1% Al 6063 + (CSA+SIC) 2% AL 6063 + (CSA+SIC) 3%

D
en

si
ty

Compositions

Density Vs Various Composites

Density
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4.2.2 MICRO HARDNESS TEST: 

The hardness of the Al6063 alloy and composites was determined with brinells Hardness 

Tester. The dimension of each specimen for hardness testing was 10x15mm and each 

specimen was grinded and polished to obtain a flat smooth surface. During the testing, a load 

of 187.5 kgf was applied for 10s on the specimen through square based diamond indenter and 

the hardness readings taken in a standard manner. 

The readings were taken in three different points at the surface of the hardness specimen and 

the average computed as the hardness of the specimen. 

Table: 4.3 Metal Matrix Composition vs. Hardness Values 

S. No Composition 
Brinells Hardness 

Number(BHN) 

1 
Al 6063 

29.55 

2 
Al 6063 + [GSA+SIC] (1%) 

36.37 

3 Al 6063 + [GSA+SIC] (2%) 47.712 

4                  Al 6063 + [GSA+SIC] (3%) 57.09 

 

S. No Sample Theoretic

al 

Density(g

/cc) 

Measured 

Density(g/cc) 

%Porosity 

1 
Al 6063 2.72 2.69 1.10 

2 
Al 6063 + [GSA+SIC] (1%) 2.61 2.58 1.14 

3 
Al 6063 + [GSA+SIC] (2%) 2.59 2.555   1.35 

4 
Al 6063 + [GSA+SIC] (3%) 2.52 2.482 1.5 
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Fig: 4.12 Hardness Graph of Al 6063/ (GSA: SICp) Hybrid Composite 

 

4.2.3 COMPRESSION STRENGTH:  

The specimens of the metal matrix composites are tested with universel testng machine  to 

find the Ultimate Compression Strength (MPa) with the following conditions. 

Table 4.7 Metal Matrix Composition vs. Ultimate Compression Strength (Mpa) 

S. No Composition 
Ultimate Compression 

Strength (MPa) 

1 
Al 6063 

 
480.15 

2 
Al 6063 + [GSA+SIC] (1%) 

 
 489.781 

3 
Al 6063 + [GSA+SIC] (2%) 

 
             491.87 

4 
                 Al 6063 + [GSA+SIC] (3%) 

 
470.20 
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Fig: 4.19 Ultimate Compression Strength Graph Of Al 6063/ (GSA: SICp) Hybrid 

Composite 

 

 

4.2.4 MICROSTRUCTURE  : 

 

A computerized inverted metallurgical microscope with all accessories for analyzing the 

microstructure images was utilized to evaluate the microstructure of the metal matrix hybrid 

composites. The micro structure of various metal matrix composites are as shown in fig. as 

shown in fig.  

 

 

 

 

 

 

 

 

 

Fig: 4.20 Micro Structure Of Al-6063 
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Fig: 4.21 Micro Structure Of Al 6063 + [GSA+SIC] (1%) 

 

 

 

 

 

 

 

 

Fig: 4.22 Micro Structure Of Al 6063 + [GSA+SIC] (2%) 

 

 

 

 

 

 

 

 

Fig: 4.23 Micro Structure Of Al 6063 + [GSA+SIC] (3%) 
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CONCLUSION 

Investigating the Influence of Ground nut Shell Ash- SIC Weight Percentage on the 

Mechanical and Tribological Behaviour of Aluminium Alloy Based Hybrid Composite 

containing with various proportions of 0 %, 1%, 2%, and 3% are tested to find mechanical 

and metallurgical properties such as Micro Hardness, density, wear behaviour, compression 

strengths and micro structure of metal matrix composites.  

We can conclude that by reinforcing with Ground nut Shell Ash and silicon carbide. We have 

the following results:- 

➢ The density of the hybrid composite gradually reduces for all 1 wt%, 2 wt% and 3 

wt% reinforcement as Ground nut Shell Ash- SIC increases while there are light 

significant changes in porosity.  

➢ Improvement of hardness in the AL6063 alloy by reinforcing of Ground nut Shell 

Ash- SIC gradually. 

➢ Hybrid composite containing 0.75% GSA +0.25% SIC and 1.50% GSA +0.50% SIC for 

both 1 wt% and 2 wt% reinforcement for better wear behaviour. 
➢ Compressive strength of the composite increasing with increasing in percent weight 

of Ground nut Shell Ash- SIC for both 1 wt% and 2 wt% reinforcement.  

➢ Observations from microstructure: 

Uniform mixing of 1% reinforcement (0.75% Ground nut Shell Ash +0.25% Silicon 

Carbide). Uniform mixing of 2% reinforcement (1.50% Ground nut Shell Ash +0.50% 

Silicon Carbide). Uniform mixing of 3% reinforcement (2.25% Ground nut Shell Ash 

+0.75% Silicon Carbide). Hence we can conclude that 

The optimum percentage of reinforcement in Al 6063 are 1% reinforcement such as 0.75% 

Ground nut Shell Ash and 0.25% Silicon Carbide and 2% % reinforcement such as 1.50% 

Ground nut Shell Ash and 0.50% Silicon Carbide are better mechanical and metallurgical 

properties. 
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ABSTRACT                                                                                                                             

                 The efficiency of the most of the thermal devices can be
improved by increasing the heat transfer. Some process industries like
power  plant,  automobile  demand  the  heat  transfer  augmentation  in
either  heating  or  cooling  or  evaporation  on  the  devices  like  air
conditioning,  radiators,  refrigerators,  condensers  etc.  The  available
methods can be classified in to two category namely passive and active
techniques. The objective of the research to improve the heat transfer
in  double  pipe  heat  exchanger  by  passive  techniques.  The  fluid
mediums  like  water,   copper  oxide  nanofluid  are  considered  for
analysis with the aim of increasing the thermal conductivity of fluid
medium. The Spiral Spring insert used for offering the flow resistance
and  spread  the  fluid  to  surface  to  enhance  the  heat  transfer.  The
numerical study is investigating the thermal and flow fields utilizing
copper oxide nanofluid with Spiral Spring insert  in the double pipe
heat exchanger.
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                      UNIT 1.INTRODUCTION

1.1 HEAT EXCHANGER:-

    A heat exchanger is a device used to transfer heat between a solid
object and a fluid, or between two or more fluids. The fluids may be
separated by a solid wall to prevent mixing or they may be in direct
contact.  They  are  widely  used  in  space  heating,  refrigeration,  air
conditioning,  power  stations,  chemical  plants,  petrochemical  plants,
petroleum  refineries,  natural-gas  processing,  and  sewage  treatment.
The  classic  example  of  a  heat  exchanger  is  found  in  an  internal
combustion  engine  in  which  a  circulating  fluid  known  as  engine
coolant flows through radiator coils and air flows past the coils, which
cools the coolant and heats the incoming air. Another example is the
heat  sink,  which is  a  passive heat  exchanger  that  transfers  the heat
generated by an electronic or a mechanical device to a fluid medium,
often air or a liquid coolant.

1.2 TYPES OF HEAT EXCHANGERS:-

     For better efficiency the heat exchangers are defines to maximize
the surface area of contact between two fluids and minimize the flow
resistance.  From above three cases  counter  flow heat  exchangers is
most efficient among all these because it can transfer high amount of
heat and it has higher temperature difference along its unit length.
The  different  types  of  heat  exchangers  are  classified  in  three  main
categories.

 Direct Transfer type Heat Exchanger 
 Direct Contact type Heat Exchanger 
 Regenerative or Storage type of Heat Exchanger 

.   Direct Transfer type Heat Exchanger:-  

These are also known as recuperators heat exchangers. In which the
fluids are separated by a wall i.e. both hot and cold fluid do not come
into contact with each other. The wall can be a simple wall or tube or
some complex structure like fins and baffles. Surface heat exchangers
are more commonly used name of these heat exchangers they can be
constructed  with  large  heat  transfer  surfaces  in  a  relatively  small
volume  and  are  suitable  for  heating,  cooling,  evaporating  and
condensing applications. The heat exchangers come in these categories
are:-

1. Surface Condenser 
2. Economizer                         8



3. Shell and Tube Heat Exchanger 
4. Plate Heat Exchanger 
5. Plate and Shell Heat Exchanger 
6. Plate Fin Heat Exchanger 
7. Dynamic Scraped Surface Heat Exchanger 

     8.Pillow plate heat exchanger 

1.2.1    Surface Condenser:-  Surface condenser is a type of heat exchanger
mostly  used  in  thermal  power  stations.  These  are  water  cooled
condensers and installed at the exit of the steam from steam turbine. It
converts  steam from its  vapor form to its  liquid state  at  a  pressure
lower than atmosphere pressure. Where cooling tower can’t install we
prefer  surface  condenser  on  that  place.  Sometime  air  also  use  as
cooling  fluid  when  water  supply  is  not  sufficient,  but  air  cooled
condenser  are  not  so  efficient  because  they  cannot  achieve  desired
steam  pressure  and  temperature  at  outlet.  Surface  condensers  have
various applications in different industries also where single fluid is
recirculates again and again by condensing and heating it

1  2.2 Shell and Tube Heat Exchanger:-Shell and Tube heat exchanger is
used  for  high  pressure  applications.  It  works  normally  at  30  bar

pressure and temperature greater than 260oC. It has durable structure
to sustain the high load and at high pressure. It consists of number of
tubes  which  are  arranged  longitudinally  in  the  shell.  One  fluid  is
passing  through  these  tubes  and  the  other  fluid  passing  over  them
through shell opening. All the tubes are connected to one inlet and one
outlet through which first fluid is pass, this can be hot or cold. The
second is passing over these tubes, baffles are provided inside the shell
to maximize the contact of second fluid (which flows inside the shell)
with tubes. The shell and tube have various shapes and design but the
basic function of all types are           9
 



common.  The  tube  diameter  should  be  within  proper  limit  not  too
small  not  too large, because small  diameter  tubes have difficulty in
cleaning of fouling but small tubes make heat exchanger economical
and compact. The baffles used in shell direct the fluid flow across the
tubes. They also prevent the tubes from vibrating. Different designs of
baffles are used as per requirements. Baffles provide turbulence in the
fluid  flow  inside  the  shell  which  results  in  higher  heat  transfer
coefficient for the outer tubes surface.

1.2.3 Plate Heat Exchanger   :-  

   This is the type of heat exchanger. This consists of thin plates having
equal cross-sectional area. These plates are separated by a very small
distance. The surface area of these plates is quite large because large
surface area dominates large heat transfer through these tubes. These
plates are manufactured by using gasket and brazing and made up of
stainless steel. Due to large surface area of plates this heat exchanger is
more effective as compare to shell and tube heat exchanger and it is
mostly  used  in  the  refrigeration  applications.  Gasket  directs  the
streams  between  alternate  plates  and  prevents  external  leakage.
Gaskets are arranged for each stream to slow between alternate plates.
The corners of all the plates have an opening for the passing of fluid,
for extraction of heat from the plates when fluid flows through it. This
is done generally in periodic manner as per   requirement
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4.Plate
Fin Heat Exchanger     
 This heat exchanger consists of a pack of fines which are arranged in
straight, offset and in wavy form to increase the effectiveness of the
device.  The  flow  can  be  cross  flow  or  counter  flow  as  per  our
requirements. For better heat transfer the plate and fin heat exchanger
is made up of aluminum alloys. Aluminum alloys reduce the weight of
whole unit. It is used in low temperature application like natural gas,
helium, oxygen and transport  industries such as motors and aircraft
engines.  It  has  high  heat  transfer  efficiency  due  to  the  large  heat
transfer area of fines and easily withstand at high pressure. Sometimes
clogging occurs because the pathway is very narrow and cleaning of
this clogging is quite difficult.
   1.3. Direct Contact type Heat Exchanger     
In  direct  contact  type  heat  exchanger  both  hot  fluid  and cold  fluid
physically mix up with each other and exchange heat between them i.e.
both the fluids comes in contact with each other for heat exchange.
Following are the types of direct contact type heat exchanger.

1. Cooling tower 
2. Jet condenser 
3. Fluid heat exchangers 

1.3.1 Cooling tower   :-  Cooling tower is a type of heat exchanger in
which hot fluid is cooled by the water spray. In this both hot and cold
fluid  comes in  contact  and mixed up to  exchange heat.  Cooling to
weirs  type  of  heat  rejection  device  that  rejects  the  heat  to  the
atmosphere though the cooling of water stream to a lower temperature
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Cooling tower use evaporation process to remove heat from the hot
fluid (water) and cool it at wet bulb temperature or some time Air is
used for cooling of water at dry bulb temperature. The cooling tower
may have natural draft  or induced draft depends upon the operating
conditions. Cooling tower is used cool the large amount of water so it
recalculate again for cyclic operation. Cooling towers are used in many
industries like Thermal power station, chemical industries,  refineries
etc

  

 

1.3.2.Jet Condenser:-Jet condenser is a type of direct contact
of  fluid.  In  which  both  hot  and  cold  fluid  mix  together  to
exchange heat. In jet condenser the cooling water is sprayed on
the  exhaust  steam though a  jet  which is  comes  out  from the
turbine due to this a direct contact of steam and cooling water is
happen and both mixed up. Then steam start  condensing,  this
condensation speed is very fast. The condensate then cannot be
reused  as  feed  water  to  the  boilers.  The  temperature  of  the
condensate  is  same  as  that  of  the  cooling  water  leaving  the
condenser.                             12  



 Due to more intimate mixing of steam and cooling water jet
condenser  requires  less  quantity  of  cooling  water  for  the
condensation of steam. Generally the jet condensers require less
floor area due to this they are cheaper than any other type of
condensing method. Despite these advantages jet condensers are
not usual in thermal power plants especially due to the loss of
condensate.

1.3.3.Fluid heat exchanger

            This is a type of heat exchanger in which gas is passing
upwards  through  a  shower  of  fluid,  and  the  fluid  is  then  taken
elsewhere before being cooled. In this both fluid and water get mix to
exchange heat and comes in direct contact. Water is used mostly as
fluid. This is commonly used for cooling of gases and as well as it also
removing certain impurities. So it does two works at a same time and
solves two problems at once. It is widely used in espresso machines as
an energy-saving method of cooling super-heated water to use in the
extraction of espresso.
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  1.4.     REGENERATIVE  OR  STORAGE  TYPE  HEAT  
EXCHANGER:-

         When flow of fluid is periodic then it is known as regenerative
type heat exchangers. In this type the same space is occupied by the
hot  and  cold  fluid  between  which  heat  is  exchanged.  This  heat
exchanger has application in preheating for steam power plants, blast
furnaces and oxygen producers etc. Following are the heat exchangers
which come in the category.

1. Rotating matrix type of regenerative heat exchanger 
2. Adiabatic wheel heat exchanger 

1.4.1ROTATING MATRIX TYPE OF REGENERATIVE
HEAT EXCHANGER:-

                           In this heat exchanger a rotating matrix is used. One
side of this matrix cold fluid is flowing and the other side is hot fluid.
For exchanging heat this matrix rotates and cold and hot side change
their position but the flow or fluid remains same due to this the hot
side becomes cool by the cold fluid and cold side gain heat by the hot
fluid. This process continuously repeated. Continuity of fluid flow can
be maintained since no need of stopping and restarting the fluid flows.
This type of heat exchanger is used in the gas turbine power plants.

1.4.2  .  ADIABATIC WHEEL HEAT EXCHANGER:   -

                   In this type of heat exchanger an intermediate liquid or
solid stores/hold the heat which is then moved to the other side of the
heat exchanger to release this stored heat and becomes cool. Then the
wheel again rotates to gain further heat then release it to other side.
This process continuously repeated. This heat exchanger consists of a
large wheel with fine threads rotating though the hot and cold fluids

  1.5 ADVANTAGES OF HEAT EXCHANGER:-                  .

          Size - STHEs are capable of providing a larger surface area for   
heat transfer to take place while having a shorter length overall due to 
presence of multiple tubes. 
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     Heat duty - STHEs can handle higher temperatures and pressures
and hence higher heat duty. This is because besides providing a higher
overall heat transfer coefficient, additions can also be made to negate
thermal expansion effects and the thickness can also be varied (more in
the next point) 

         Versatility - from the design point of view, STHEs are the most
versatile  of  all  heat  exchangers.  Being  tubular  in  shape,  heads  /
closures of required shape and thickness can be used. The number of
tubes and tube pitch can be selected according to operating conditions.
Expansion bellows can be used to negate thermal expansion effects,
baffles if different cuts and spacing can be used to influence the overall
heat transfer coefficients and there's even something called a floating
head which can be added to negate thermal expansion of the tubes. The
number of passes on shell side and tube side can be altered as well. 

1.6 DISADVANTAGES OF HEAT EXCHANGER:-

         Size - yes. This can also be a disadvantage as at lower heat duty,
there are more compact heat exchangers such as plate type exchanger.
Also,  the absence  of  hairpin bends  causes  STHEs to  take up more
space than double pipe heat exchangers in some cases. 

      Maintenance – cleaning of tubes is difficult and fouling is always
an  issue  when  overall  heat  transfer  coefficient  is  addressed.  This
requires periodic cleaning of the shell as well as the tubes. Cleaning
tubes may be more difficult if the pitch is triangular.

1.7 APPLICATIONS OF HEAT EXCHANGER:-

  Cooling and heating of acids and caustic solutions 

 Cooling of highly-viscous products (e.g. latex) 
 Tempering and condensation of solvents (e.g.toluene) 
 Cooling of water circuits 
 Condensation of exhaust vapors, steam and multiple-material 

mixtures 
 Secondary circuits with high levels of temperature similarity (∆t 

<2°C) 
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  UNIT  2  DOUBLE PIPE HEAT EXCHANGER WITH SPRING
INSERTION

2.1  DOUBLE  PIPE  HEAT  EXCHANGER:-Double  pipe  heat
exchanger is perhaps the simplest of all heat exchanger types. Double
pipe heat exchangers are also known as hairpin, jacketed pipe, jacketed
U-tube and concentric pipe. These styles of double pipe may have a
bundle of inner tubes rather than a single tube and the limits on these
styles are the number of tubes (less than 30 tubes) and the diameter of
the outer pipe/tube is less than 200 mm. Typically double pipe heat
exchangers are designed to provide counter current flow and they are
used for low heat duties with surface area requirements less than 47
m2. When larger heat  exchange duty is required a number of these
units  can  be  connected  in  series  or  parallel  to  fit  into  the  space
available.
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2.2 DOUBLE  PIPE HEAT EXCHANGER WITH SPRING:-

The heat  transfer  augmentation  is  required  in  industries  like  power
plant, automobile and process industries for either heating or cooling
or  evaporation,in  particularly  in  air  conditioning,  radiators,
refrigerators, condensers etc. Such augmentation of heat transfer can
either be achieved by passive and active techniques. 

1.ACTIVE TECHNIQUES

2.PASSIVE TECHNIQUES

2.2.1.ACTIVE TECHNIQUES:-

Active  method  those  which  require  external  power  to  maintain  the
enhancement  mechanism  are  named  active  methods.  Examples  of
active enhancement methods are well stirring mechanical aid, surface
vibrations, electrostatic fields, jet impingement, and spray. 

2.2.2 PASSIVE TECHNIQUES:-

Passive  techniques  mostly  consist  of  increasing  the  transfer  surface
area. Furthermore, the passive enhancement methods are those which
do not require external power source to enhancements characteristics.
Examples of passive enhancing methods are smooth surfaces,  rough
surfaces, extended surfaces, displaced enhancement devices .And One
Of The Passive Techniques Is Spiral spring Insertion On The Double
Pipe  Heat  Exchanger  and  Increase  the  surface  Area  Leads  To  The
Increase  The  Heat  Transfer  Rate And  Effectiveness Of  Heat
Exchanger. 
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PRESENT WORK:-

 INNER TUBE   WITH SPRING

2.3 How do double pipe heat exchangers work  ?  

The  hotter  flow  is  traversing  the  inner  tube,  while  the  outer  shell
contains  the  cold  flow (note  that  this  is  not  always  the  case).  The
double pipe heat exchanger works via conduction, where the heat from
one flow is transferred through the inner pipe wall, which is made of a
conductive material such as steel or aluminum. The double pipe heat
exchanger  is  often  used  in  counter  flow,  where  its  fluids  move  in
opposite directions (as shown above). 
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 True counter flow is achieved in double pipe exchangers because of
the concentric tube(s), and designers take advantage of this to increase
the system’s heat transfer coefficient. They can also be used in parallel
flow where both fluids move in the same direction, but counter flow is
often the most thermally efficient regime.

Double  pipe  exchangers  can  handle  high  pressures  and  high
temperatures because they are able to freely expand and have solid,
simple construction. They can also experience temperature cross when
in  counter  flow,  which  is  when  the  cold  flow’s  outlet  temperature
(Tc,out)  becomes  hotter  than  the  hot  flow’s  outlet  temperature

(Th,out). This may or may not be advantageous in certain applications,

but  it  is  noteworthy  as  some  other  designs  such  as  the  plate  heat
exchanger usually cannot achieve temperature cross.

The double pipe heat exchanger is a small, modular design that is most
useful in applications where conventional shell  and tube exchangers
are too large or too expensive to use. Double pipe exchangers can be
paired in series or in parallel to increase the heat transfer rate through a
system without complication. Also, adding fins and creating U bends
can further increase heat transfer, making these devices versatile, easy
to repair and upgrade, and quite effective at their job.

2.4 ADVANTAGES OF DOUBLE PIPE HEAT EXCHANGER WITH 
SPRING INSERTION:-

1.Increases In Surface Area Of Heat Exchanger.

2.High Heat Transfer Rate Of Heat Exchanger .

3.Increases In Effectiveness Of Heat Exchanger.

4. It Can Work On the High Temperatures.

  2.5 DISADVANTAGES OF DOUBLE PIPE HEAT EXCHANGER WITH 
SPRING INSERTION:-

1. The Main Disadvantage of Spiral Spring Heat Exchanger Is The  Its 
Require More Pumping Power.

2. Its Require More Maintenance Compared To The  Simple Double pipe 
Heat Exchanger.

3.Difficult To Replace the Spring In case of failure Spring. 

4.More Pressure Drops Are Obtained Because of Spring Insertion On The
Inside Tube Of The Double Pipe Heat Exchanger. 

5.By Place the Spring On The Heat Exchanger Leads To The Increases 
Cost Of The Heat Exchanger           19
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2.6  Specifications, Selection Criteria, and Applications:-

             The double pipe heat exchanger, as seen above, is perhaps the
simplest heat exchanger in industry. As a result, there are many, many
options to choose from to buy, or they can be made custom to fit the
specific needs of the project. They are most useful for small-capacity
applications where the total heat transfer surface area is < 500 square
feet, as it  is more cost-effective per unit-surface-area to use another
design past this amount.

           When specifying a double-pipe heat exchanger for a project,
consider the working fluids being used. If using two different fluids,
the more vicious of the two will work best in the shell side flow, as it
has more space in which to flow. If utilizing steam, consider piping it
through the tube side flow, as it will flow better in a smaller volume.
Next, determine the required heat transfer between the two flows, the
desired outlet temperatures, and any other parameters specific to the
project  at  hand. Knowing this  information,  a  supplier  can help pair
your needs with the right heat exchanger on the market. It is important
to know that, while double pipe designs are modular and simple, they
become  pricier  as  they  increase  in  surface  area,  so  consider  your
options.

                It is hard to encompass all of the applications for double pipe
heat exchangers. To name just a few, they are popular in high pressure
and temperature applications such as boilers and compressors, as well
as sensible heating and cooling in process engineering systems. They
are found in fields ranging from petroleum refining to refrigeration to
sewage treatment to space heating, so it is clear that the possibilities
are endless with such a useful, elegant design. If space is at a premium
and simplicity is paramount, consider a double pipe heat exchanger for
the job.

 

20

https://www.thomasnet.com/products/boiler-heat-exchangers-6090906-1.html
https://www.thomasnet.com/products/custom-heat-exchangers-26631002-1.html


  UNIT3 NANO FLUIDS AND ITS PREPARATION

3.1 NANO FLUID:-

           A nanofluid is a fluid containing nano meter-sized particles,
called nano particles These fluids are engineered colloidal substances
of nano particles in a base fluid. The nano particles used in nano fluids
are typically made of metals, oxides, carbides, or carbon nano tubes
Common base fluids include water, ethylene glycol and oil. 

         Nano fluids have novel properties that make them potentially
useful in many applications in heat transfer including microelectronics,
fuel  cells,  pharmaceutical  processes,  and  hybrid  powered
engines,engine  cooling/vehicle  thermal  management,  domestic
refrigerator,  chiller,  heat  exchanger,  in  grinding,  machining  and  in
boiler flue gas temperature reduction. They exhibit enhanced thermal
conductivity and the convective heat transfer coefficient compared to
the base fluid. Knowledge of the rheological behavior of nano fluids is
found to be critical  in  deciding their  suitability  for  convective heat
transfer  applications.  Nano  fluids  also  have  special  acoustical
properties  and  in  ultrasonic  fields  display  additional  shear-wave  re
conversion  of  an  incident  compressional  wave;  the  effect  becomes
more pronounced as concentration increases.

       In analysis such as computational fluid dynamics CFD), nano
fluids can be assumed to be single phase fluids; however, almost all
new academic papers use a two-phase assumption. Classical theory of
single  phase  fluids  can  be  applied,  where  physical  properties  of
nanofluid is taken as a function of properties of both constituents and
their  concentrations.  An  alternative  approach  simulates  nano  fluids
using a two-component model.

          The spreading of a nanofluid droplet is enhanced by the solid-
like ordering structure of nano particles assembled near the contact line
by diffusion, which gives rise to a structural dis joining pressure in the
vicinity  of  the  contact  line.  However,  such  enhancement  is  not
observed for small droplets with diameter of nano meter scale, because
the wetting time scale is much smaller than the diffusion time scale.
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3.2  PARAMETERS  INFLUENCING  THE  PROPERTIES  OF  NANO
FLUID:-

1. PARTICLE MATERIAL

2. PARTICLE SIZE

3. PARTICLE CONCENTRATION

4. BASE FLUIDS

5. TEMPERATURE

3.3 PREPARATION OF NANO FLUID:-

1.SINGLE STEP METHOD (SYNTHESIS)

2.TWO STEP METHOD (WIDELY USED)

3.3.1 SINGLE STEP METHOD:-

A one step method and system for producing nano fluids by a
particle-source  evaporation and deposition  of  the  evaporant
into a base fluid. The base fluid such (i.e. ethylene glycol) is
placed  in  a  rotating  cylindrical  drum having  an  adjustable
heater-boat-evaporator and heat exchanger cooler apparatus.
As the drum rotates, a thin liquid layer is formed on the inside
surface  of  the  drum.  A  heater-boat-evaporator  having  an
evaporant  material  (particle-source)  placed  within  its  boat
evaporator  is  adjustable  positioned  near  a  portion  of  the
rotating thin liquid layer, the evaporant material being heated
thereby evaporating a portion of the evaporant material, 
                                                22



the evaporated material absorbed by the liquid film to form
nanofluid.

3.3.2 TWO STEP METHOD:-

            

         In Two Step Method Separately  preparation of nano particles
and base fluids  and those two are directly mixing  on the sonication
process  and  dispersant  addition  of  surfacatant  and  mixing  at  high
frequency  leads to the nano fluid. It is most widely used method for
preparation of nano fluid.

3.4 PROPERTIES OF NANO FLUID:-

The Main properties of nano fluid are :-

1. Density

2. Specific heat

3. Viscosity

4. Thermal conductivity

3.4.1 DENSITY:-

The base fluid consists of water. The density of CuO nano fluids for all
the volume concentrations under investigation are measured by using
Hygrometer .
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3.4.2 SPECIFIC HEAT:-

The  specific  heat  is  one  of  the  important  properties  and  plays  an
important role in influencing heat transfer rate of nano fluids. Specific
heat  is  the amount of  heat  required to raise  the temperature of  one
gram of nano fluids by one degree centigrade

3.4.3 VISCOSITY:-

The Viscosity  Of Nano Fluids Was Measured And Founded To Be
Significantly Higher Than  The base fluid Values .

The viscosity of Nano fluids Increases With The Increases Of Nano
particle concentration 

3.4.4 THERMAL CONDUCTIVITY:-

The nano fluids posses unique features with regard to their thermal
performances.  The  properties  of  nano  fluids  are  different  from the
properties of conventional heat transfer fluids. The nano particles Offer
large total surface areas a result of which higher thermal conductivity
are  expected  in  nano  fluids.  Many  research  findings  reveal  that
traditional thermo fluids in the presence of nano particles exhibit better
thermo  physical properties. The experimental studies on nano fluids
confirm that fluids containing nano particles are expected to give more
thermal conductivity and lower specific heats over conventional fluids

3.5ADVANTAGES OF NANO FLUID:-

       High specific surface area – which facilitates more heat transfer 
surface between   particles and fluids.

       Thermo physical properties can be adjustable - including specific
heat,  thermal  conductivity  and  viscosity  by  varying  particle
concentrations to suit different applications.

3.6 LIMITATION:- 

   Demands more pumping power as compared to pure liquid to 
achieve equivalent heat transfer intensification.
3.7 APPLICATIONS:-

1.Heat-transfer nano fluids

2.Tribological nano fluids.

3.Surfactant and coating nano fluid
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4.Chemical nano fluids.

5.Process/extraction nano fluids.

6.Environmental (pollution cleaning) nano Fluids.

7.Bio- and pharmaceutical- nano fluids.

8.Medical nano fluids (drug delivery and functional tissue–cell 
interaction).
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UNIT 4  INTRODUCTION COMPUTATIONAL FLUID
DYNAMICS 

4.1 Concept of Computational Fluid Dynamics:-

            Computational Fluid Dynamics (CFD) is the simulation of
fluids  engineering  systems  using  modeling  (mathematical  physical
problem formulation) and numerical methods (discretization)methods,
solvers, numerical parameters, and grid generations, etc.). The process
is  as  Firstly,  we  have  a  fluid  problem.  To  solve  this  problem,  we
should know the physical properties of fluid by using Fluid Mechanics.
Then we can use mathematical  equations to describe these physical
properties.  This  is  Naiver-Stokes  Equation  and  it  is  the  governing
equation of CFD. As the Navier-Stokes Equation is analytical, human
can understand it and solve them on a piece of paper. But if we want to
solve  this  equation  by  computer,  we  have  to  translate  it  to  the
discretized form. The translators are numerical discretization methods,
such  as  Finite  Difference,  Finite  Element,Finite  Volume  methods.
Consequently, we also need to divide our whole problem domain into
many small parts because our discretization is based on them. Then,
we  can  write  programs  to  solve  them.  The  typical  languages  are
FORTRAN and C. Normally the programs are run on workstations or
supercomputers. At the end, we can get our simulation results. We can
compare and analyze the simulation results with experiments and the
real problem. If the results are not sufficient to solve the problem, we2
have  to  repeat  the  process  until  find  satisfied  solution.  This  is  the
process of CFD.

4.2 CFD Analysis Process:-

Problem statement:

 Flow domain, known information about the flow: external or 
internal. 

 Physical phenomena consideration: laminar or turbulent. 
Compressibility effects. 

 Type of flow: steady/unsteady. 
 Objective of analysis: integral properties, flow field information,

design optimization, understanding of flow physics. 
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Mathematical model:

 Governing equations. 
 Simplification/modeling of the physical phenomena. 
 Specification of initial conditions and boundary conditions. 

Mesh generation:

 Decomposing the flow domain in small cells, elements. 
 Structured or unstructured grid. 
 Mesh size, adaptive grid refinement. 

Space discretization:

 Finite differences/volumes/elements. 
 High- and low-order approximations. 

Temporal discretization:

 Explicit vs. implicit schemes. 
 Stability and accuracy constraints. 
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Solution strategy:

 Iterative or direct. 
 Selection of solution method and convergence criteria. 
 The sparsity of unknown matrix: optimization techniques. 

CFD software/Computer code:

 Usually written in FORTRAN. 
 Hardware, parallelization. 

Verification and Validation:

 Order of accuracy of simulation. 
 Comparison with analytic solution/experimental data. 
 Grid independence and time step independence test. 

Post processing:

 Calculation of integral quantities (lift and drag). 
 Calculation of derived quantities (stream function, vorticity) 
 Flow visualizations: 1D data (graphs), 2D data (streamlines, 

contour levels), 3D data (ISO- surfaces), animations. 

Types of Errors:

 Physical modeling error: due to uncertainty and deliberate 
simplifications 

 Discretization error: approximation of PDEs by algebraic 
equations. 

 Round-off errors: due to the finite precision of computer 
arithmetic. 

 Computer programming error: bugs in coding and logical 
mistakes. 

 Usage error: wrong parameter values, models or boundary 
conditions.

4.3 Advantages of using CFD:  -  

 CFD enables scientists and engineers to perform numerical 
experiments (i.e. computer simulations) in a virtual flow 
laboratory. 

 CFD complements its experimental and analytic counter-part. 
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 Better visualization and enhanced understanding of designs. 
 Testing many variations until one arrives at an optimal result 

before physical prototyping and testing. 
 Increased efficiency in design process. 

4.4  APPLICATION OF CFD:-

Numerical simulations of fluid flow enable:

 architects to design comfortable and safe living environments. 
 designers of vehicles to improve the aerodynamic 

characteristics. 
 surgeons to cure arterial diseases and help diagnose the disease 

(computational Aerodynamics). 
 meteorologists to forecast the weather and warn of natural 

disasters. 
 safety experts to reduce health risks from radiation and other 

hazards. 
 military organizations to develop weapons and estimate the 

damage. 
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UNIT5 .FABRICATION OF DOUBLE PIPE HEAT
EXCHANGER  WITH SPIRAL SPRING INSERTION

The  double pipe heat  exchanger made of steel tubes and the  spring is
made of copper and that spring is placed on the inside tube of the heat
exchanger  and both side  of  heat  exchanger  are  welded on the both
sides using ARC welding.

SPECIFICATIONS:-

Diameter of outer tube =58mm

Diameter of inner tube =24mm

Length of outer tube = 400mm

Length of  inner tube = 500mm

copper spring length =500mm

MATERIALS:-

Nano particle          = CUO

Inner tube material =steel

Outer Tube material=steel

cold fluid                 = nano fluid

hot fluid                   =hot water

5.1 TOTAL FABRICATION OF DOUBLE PIPE HEAT EXCHANGER:-
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The Upper Box of Heat exchanger consists of nano fluid and lower box
of consists of hot water by using small pump we supply the fluid  on
both sides  oppositely  at  the  same  time results  to  the  heat  transfer
between the two fluids.  

5.2 Calculations:-

The following values are obtained  by conducting trail test on the heat
exchanger by water flows  on the both sides of heat exchanger but
actual practice we can’t  do on the nano fluids we done the water based
values are obtained

note:- the all the are obtained  values are water to water  values  
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OBTAINED VALUES:-

PLAIN TUBE WITH OUT SPRING:-

OUT SIDE TUBE :-

HOT WATER INLET TEMPERATURE=71 DEGREES

HOT WATER OUTLET TEMPERATURE= 61DEGREES

COLD WATER INLET TEMPERATURE= 32 DEGREES

COLD WATER OUT LET TEMPERATURE=38 DEGREES

MASS FLOW RATE OF HOT WATER         =0.072KG/s

AVG TEMPERATURE OF HOT FLUID        =(71+61)/2

                                                                T avg    =66 DEGREES

AT  66 DEGREES  THE VALUE OF Cp IS  4.15   KJ/KG k
        
                                 Qh =Mh*Cph*(T1 -T2)
                                 Qh=0.072*4.15*(71-61)
                                  Qh=2.98 KW

                                  Qh=U*A*Tmean
                               

                Tmean  =  (T1-T4)-(T2-T3)/ln((T1-T4)/(T2-T3))
 

                    Tmean  =(71-38)-(61-32)/ln((71-38)/(61-32))

                    Tmean   = 30.9  degrees

                   A  =  0.072 M2

                                U=2.98*103*/(0.072*30.9)

                   U0=1323.18   W/M2 K
INSIDE TUBE:-
MASS FLOW RATE OF COLD WATER   =  0.041 KG/s

                            Qc = Mc*Cpc*(T4-T3)
                          Qc=0.041*4.208*(38-32)
                           Qc=1.035 KW
                              Ai =    0.037  M2
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                          U =1.03*103/(1.164)
                          UI  =  890.20  W/M2K

                           Qavg = (Qh+Qc)/2

                           Qavg =(2.98+1.035)/2
                           
                            Qavg =2.0075 kw

Effectiveness (e) = Mc*Cpc*(T4-T3) / (MCp)min*(  T1-T2)
Effectiveness (e)  =  0.041*4.208*(38-32)  /  (0.172*(71-61)
Effectiveness (e)  =  0.60

PLAIN TUBE WITH SPRING INSERTION:-

HOT WATER INLET TEMPERATURE   =    70 DEGREES

HOT WATER OUTLET TEMPERATURE  =  40 DEGREES

COLD WATER INLET TEMPERATURE= 30 DEGREES

COLD WATER OUT LET TEMPERATURE = 40  DEGREES

MASS FLOW RATE OF HOT WATER         =0.030 KG/s

AVG TEMPERATURE OF HOT FLUID        =(70+40)/2

                                                                T avg    =  55  DEGREES

AT  55 DEGREES  THE VALUE OF Cp IS  4.18  KJ/KG k
        
                                 Qh =Mh*Cph*(T1 -T2)
                                 Qh=0.03*4.18*(70-40)
                                  Qh= 3.762 Kw

                                  Qh=U*A*Tmean
                               

                Tmean  =  (T1-T4)-(T2-T3)/ln((T1-T4)/(T2-T3))
                  Tmean  =(70-50)-(40-30)/ln((70-50)/(40-30))
                  Tmean   = 14.42  degrees

                   Ao=  0.072 M2
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    Uo=3.762*103*/(0.072*14.42)

                   U0=3623   W/M2 K
INSIDE TUBE:-
MASS FLOW RATE OF COLD WATER   =  0.025 KG/s

                            Qc = Mc*Cpc*(T4-T3)
                          Qc=0.025*4.208*(50-30)
                           Qc=   2.104  KW

                          Ai  =    0.037  M2

SURFACE AREA OF SPRING  =  0.1598 M2

TOTAL SURFACE OF SPRING  =0.1598+0.037
                                               At     =   0.1968 M2

                         U =2.104*103/(0.1968*14.42)
                          UI  =  741   W/M2K

                           Qavg = (Qh+Qc)/2

                           Qavg =(3.762+2.104)/2
                           
                            Qavg =2.93 kw

Effectiveness (e) = Mc*Cpc*(T4-T3) / (MCp)min*(  T1-T2)
Effectiveness (e)  =  0.025*4.208*(50-30)  /  (0.1052*(70-40)
Effectiveness (e)  =  0.66
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                                 UNIT 6   RESULT AND DISCUSSION

6.1  FINAL RESULTS:-

Hot fluid 
heat 
transfer 
rate 
(Qh)kw

Cold 
water 
heat 
transfer 
rate     
(Qc) Kw

Avg heat 
transfer 
rate

Qavg(kw)

Effective
ness (e) 
%

Outside 
overall 
heat 
transfer 
coefficien
t (Uo)
w/m2k

Inside 
overall 
heat 
transfer 
coefficien
t
(Ui)
w/m2k

With out 
spring

  
  2.98    1.035   2.0075    0.60   1323    890

With 
spring

  
  3.762    2.104    2.933    0.66     3623   741

CONCLUSION :-

    BY  COMPARING  RESULTS  OF  PLAIN  TUBE  HEAT
EXCHANGER WITH SPRING HEAT EXCHANGER THE SPRING
HEAT  EXCHANGER  MORE  EFFECTIVE  THAN  THE
NORMAL HEAT EXCHANGER
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 COST OF FABRICATION:-

                 PART               COST (RS)
        COPPER SPRING               900/-
         STEEL PIPES               750/-
        CUTTING CHARGES                100/-
         WASHERS                60/-
         BORING CHARGES                150/-
         WELDING CHARGES                 300/-
         DRILLING                150/-
         2 BEAKERS                800/-
         GI SHEET                700/-
         HEAT EXCHANGER     
STAND

               1500/-

  SPRING BRAZING  CHARGES         
               100/-

            ICE BOXES                 250/-
            OTHER CHARGES                 1200/-
              TOTAL               6960/-
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CHAPTER-1

INTRODUCTION

Conventionalmonolithicmaterialshavelimitationsinachievinggoodcombinationofstrength,

stiffness,toughnessanddensityetc.Toovercometheseshortcomingsandtomeettheever

increasingdemandofmoderndaytechnology,compositesaremostpromisingmaterialsofrecent

interest.Metalmatrixcomposites(MMCs)possesssignificantlyimprovedpropertiesincludinghigh

specificstrength;specificmodulus,dampingcapacityandgoodwearresistancecomparedto

unreinforcedalloys.Therehasbeenanincreasinginterestincompositescontaininglow density

andlowcostreinforcements.Amongvariousdiscontinuousdispersoidsused,aluminium isoneof

themostcommonlyusedreinforcement..Hence,compositeswithaluminium asreinforcementare

likelytoovercomethecostbarrierforwidespreadapplicationsinautomotiveandsmallengine

applications.

1.1NEEDOFMETALMATRIXCOMPOSITES

Aluminum alloyMetalMatrixComposite(MMC)offerdesignersmanyaddedbenefits,astheyare

particularlysuitedforapplicationrequiringgoodstrength,goodstructuralrigidity,dimensional

stabilityandlightweight.MMCsprovideenhancedpropertiesovermonolithicalloy.Composite

materialisoneinwhichtheindividualcomponentsretaintheirindividualcharacteristicsbutare

incorporatedintocompositesoastoexhibitonlytheiradvantagesandnottheirshortcomings,in

ordertoobtainanimprovedmaterial.Theneedforcompositematerialshasbecomeanecessityfor

moderntechnology,duetotheimprovedphysicalandmechanicalproperties.

Themetalmatrixcompositesofferaspectrumofadvantagesthatareimportantfortheirselection

anduseasstructuralmaterials.Afewsuchadvantagesincludethecombinationofhighstrength,

high elasticmodulus,high toughnessand impactresistance,low sensitivityto changesin

temperatureorthermalshock,highelectricalandthermalconductivity,minimum exposuretothe

potentialproblem ofmoistureabsorptionresultinginenvironmentaldegradation,andimproved

fabricabilitywithconventionalmetalworkingequipment.Withtheexceptionofwires,whichare

metals,reinforcementsaregenerallyceramics.Typicallytheseceramicsareoxides,carbidesand

nitrides,whichareusedbecauseoftheirexcellentcombinationsofspecificstrengthandstiffness

atbothambientandatelevatedtemperatures.

Metalmatrixcomposites(MMC)havebeendevelopedinrecentyears.MetalMatrixComposites

haveemergedasaclassofmaterialcapableofadvancedstructural,aerospace,automotive,

electronic,thermalmanagementand wearapplications.A compositematerialisamaterial
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consistingoftwoormorephysicallyandorchemicallydistinctphases.Thecompositegenerally

hassuperiorcharacteristicsthan those ofeach ofthe individualcomponents.Usually,the

reinforcingcomponentisdistributedinthecontinuousormatrixcomponent.Whenthematrixisa

metal,thecompositeistermedametal-matrixcomposite(MMC).

1.2APPLICATIONOFMETALMATRIXCOMPOSITES

Acombinationoftwoormorematerialsreinforcingelement,fillers,andcompositematrixbinder

isdifferinginform orcompositiononamacroscale.Theconstituentsretaintheiridentitiesthat

aretheydonotdissolveormergecompletelyintooneanotheralthoughtheyactinconcert.

Normallythecomponentscanbephysicallyidentifiedandexhibitaninterfacebetweenone

another.

Metalmatrixcompositescanbeclassifieddependingonthenatureandnumberofreinforcements,

typeofmetalmatrixandfunctionalbehaviorofcomposites.Dependinguponthenatureof

reinforcementsused,metalmatrixcompositescanbeclassifiedas(a)Dispersionstrengthened,(b)

Discontinuouslyreinforcedand(c)Continuousfiberreinforcedcomposites.

Theenhancementofmanufacturingsectorhassomewhereadvancetotheincreaseintheuseof

particulatealuminium metalmatrixcomposites(PAMMCs).PAMMCsareattractingconsiderable

interestworldwideforautomotive,architecturalandaerospacesectorsbecauseoftheirsuperior

mechanicalandtribologicalproperties.PAMMCspossesshighspecificstrength,greaterstrengthto

weightratioatelevatedtemperature,greaterwearresistanceascomparetomatrixphase.Numerous

typesofreinforcementsinparticulatelikeSiC,Al2O3,B4C,TiCandZrSiO4isusedtoimprovethe

metallurgicalaswellasmechanicalpropertiesascomparedtoitsbasematrix.Besides,authorsalso

usedindustrialandagrowastelikeflyash,bauxiteresidue,groundnutshell,ricehuskashandbagasse

ashasreinforcementinmatrixphase.Variousfabricationprocesseslikesolidstate(PowderMetallurgy)

andliquidstateprocesses(Stircasting,Compo-casting,SqueezeCasting,insitucastingroutes)were

adoptedbyauthorstofabricatePAMMCs.Amongtheseprocessesstircastingischeapestandsimple

routeforfabricationofAMMCs.

Metalcompositematerialshavefoundapplicationinmanyareasofdailylifeforquitesometime

MetalMatrixComposites(MMCs)are increasinglyfound in the automotive industryThese

materialsareproducedinsitufrom theconventionalproductionandprocessingofmetals.Metal

matrixcomposites(MMCs)areaclassofmaterialswiththeabilitytoblendthepropertiesof

ceramics(highstrengthandhighmodulus)withthoseofmetalsoralloys(ductilityandtoughness)

toproducesignificantimprovementsinthemechanicalpropertiesofthecompositeoverthoseof

themonolithicmetaloralloys.Amongthevariousmatrixmaterialsavailable,aluminium andits

alloysarewidelyusedinthefabricationofMMCs.

Aluminium MMCsexhibitanexcellentcombinationofhighspecificstrengthandstiffness,high
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wearresistance,goodseizureresistance,improvedfatigueandcreepstrengthascomparedtothe

basealloy.TheMMCfindsvariousapplicationsindifferentfieldsasfollows

1)MMCsrepresenttheNextGenerationofsolutionsfortoday‘selectronicrequirements

2)PrototypingfortheSpaceShuttle,

3)Commercialairliners

4)Bicycles&automobiles

5)ElectronicsubstratesandAerospace

Comparableconstructionunitcharacteristicsareattainableonlywiththeapplicationofpowder

metallurgicalaluminium alloysorwhenusingheavyironpistons.Thereasonfortheapplicationof

compositematerialsis,asalreadydescribedtheimprovedhightemperatureproperties.Potential

applicationsare in the area ofundercarriages,e.g.transverse controlarmsand particle-

strengthenedbrakedisks,whichcanbealsoappliedintheareaofrailmountedvehicles,e.g.for

undergroundsandrailway.

1.3MATERIALSANDSTRUCTURES

Fig:1.1TypesofCompositeMaterials

Fig:1.2StructuresofComposites
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Thedifferencebetweenamaterialandastructureisnotclearlydefined.Manydraw thelines

betweenwhatyouunderstandasahomogeneousmaterialwhenyouseeitwithyourbareeyes,

andtheinhomogeneousmaterialstructurethatyouclearlyseeismadeupofafixedgeometryor

mixingofmaterials.Forinstanceanalloyisbythisdefinitionamaterialeventhoughitconsistsof

twoormorecomponents,butahoneycombcorebuiltupoftwodifferentcomponentsisa

structure.Materialsareoftenclassifiedintothesixbroadclassesthatareshowninfigure1.1;

metals,ceramics,glasses,elastomers,polymersandcomposites.But,whenwealsoinclude

materialstructures,thenumberisbigger,andtheclassificationoftheterm (materialsand

structures),eventhoughitisnotaconventionalwayofmakingaclassification,maylooklikethe

onepurposedinfigure1.2

1.4COMPOSITEMATERIALS

Atypicalcompositematerialisasystem ofmaterialscomposingoftwoormorematerials(mixed

and bonded)on a macroscopic scale.Generally,a composite materialis composed of

reinforcement(fibers,particles,flakes,and/orfillers)embeddedinamatrix(polymers,metals,or

ceramics).Thematrixholdsthereinforcementtoform thedesiredshapewhilethereinforcement

improvestheoverallmechanicalpropertiesofthematrix.Whendesignedproperly,thenew

combinedmaterialexhibitsbetterstrengththanwouldeachindividualmaterial.Manyofcommon

materials(metals,alloys,dopedceramicsandpolymersmixedwithadditives)alsohaveasmall

amountofdispersedphasesintheirstructures,howevertheyarenotconsideredascomposite

materialssince theirpropertiesare similarto those oftheirbase constituents.Favorable

propertiesofcompositesmaterialsare high stiffnessand high strength,low density,high

temperaturestability,highelectricalandthermalconductivity,adjustablecoefficientofthermal

expansion,corrosionresistance,improvedwearresistanceetc.Compositesaremultifunctional

materialsystemsthatprovidecharacteristicsnotobtainablefrom anydiscretematerial.Theyare

cohesivestructuresmadebyphysicallycombiningtwoormorecompatiblematerials,differentin

compositionandcharacteristicsandsometimesinform.

1.5CHARACTERISTICSOFCOMPOSITEMATERIALS

Propertiesofcompositesarestronglydependentonthepropertiesoftheirconstituentmaterials,

theirdistributionandtheinteractionamongthem.Thecompositepropertiesmaybethevolume

fractionsum ofthepropertiesoftheconstituentsortheconstituentsmayinteractinasynergistic

wayresultinginimprovedorbetterproperties.Apartfromthenatureoftheconstituentmaterials,

thegeometryofthereinforcement(shape,sizeandsizedistribution)influencesthepropertiesof

the composite to a greatextent.The concentration distribution and orientation ofthe
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reinforcementalsoaffecttheproperties.Theshapeofthediscontinuousphase(whichmayby

spherical,cylindrical,orrectangularcross-sanctionedprismsorplatelets),thesizeandsize

distribution(whichcontrolsthetextureofthematerial)andvolumefractiondeterminethe

interfacialarea,whichplaysanimportantroleindeterminingtheextentoftheinteraction

betweenthereinforcementandthematrix.Compositesasengineeringmaterialsnormallyreferto

thematerialwiththefollowingcharacteristics:

1. Theseareartificiallymade(thus,excludingnaturalmaterialsuchaswood).

2. Theseconsistofatleasttwodifferentspecieswithawell-definedinterface.

3. Theirpropertiesareinfluencedbythevolumepercentageofingredients.

4. Thesehaveatleastonepropertynotpossessedbytheindividualconstituents

Generally,acompositematerialiscomposedofreinforcementandmatrix.Thematrixholdsthe

reinforcementtoformthedesiredshapewhilethereinforcementimprovestheoverallmechanical

propertiesofthematrix.Whendesignedproperly,thenewcombinedmaterialexhibitsbetter

strengththanwouldeachindividualmaterial.

1.5.1MARIXPHASE:

Theprimaryphase,havingacontinuouscharacter,iscalledmatrix.Matrixisusuallymoreductile

andlesshardphase.Itholdsthedispersedphaseandsharesaloadwithit.Functionsofmatrixto

taketheloadandtransfersittothereinforcementanditbindsorholdsthereinforcementand

protectsthesamefrom mechanicalorchemicaldamagethatmightoccurbyabrasionoftheir

surface.Matrixalsoseparatestheindividualfibersandpreventsbrittlecracksfrom completely

acrossthesectionofthecomposite

1.5.2DISPERSED(REINFORCING)PHASE:

Thesecondphaseisimbeddedinthematrixinadiscontinuousform.Thissecondaryphaseiscalled

dispersedphase.Dispersedphaseisusuallystrongerthanthematrix,thereforeitissometimes

calledreinforcingphase.

1.6CLASSIFICATIONOFCOMPOSITES

Compositematerialscanbeclassifiedinthetwodifferentways:

1. OnthebasisofMatrixMaterial

2. OnthebasisofMaterialStructure

1.6.1ONTHEBASISOFMATRIXMATERIAL

1.6.1.1METALMATRIXCOMPOSITES(MMC)
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Metalmatrixcomposites(MMCs),likeallcompositesconsistofatleasttwochemicallyand

physicallydistinctphases,suitablydistributedtoprovidepropertiesnotobtainablewitheitherof

theindividualphases.Generally,therearetwophases,e.g.afibrousorparticulatephaseina

metallicmatrix.Ametalmatrixcomposite(MMC)combinesintoasinglematerialametallicbase

withareinforcingconstituent,whichisusuallynon-metallicandiscommonlyaceramic.By

definition,MMC‟sareproducedbymeansofprocessesotherthanconventionalmetalalloying.

Liketheirpolymermatrixcounterparts,thesecompositesareoftenproducedbycombiningtwo

pre-existingconstituents(e.g.ametalandaceramicfiber).

CommontypesofMMCare

AluminumMatrixComposites(AMC)

MagnesiumMatrixComposite

TitaniumMatrixComposite

CopperMatrixComposites

Aluminum isthemostpopularmatrixforthemetalmatrixcomposites(MMCs).TheAlalloysare

quiteattractiveduetotheirlowdensity,theircapabilitytobestrengthenedbyprecipitation,their

goodcorrosionresistance,highthermalandelectricalconductivity,andtheirhighdamping

capacity.Aluminum matrixcomposites(AMCs)havebeenwidelystudiedsincethe1920sandare

nowusedinsportinggoods,electronicpackaging,armorsandautomotiveindustries.Theyoffera

largevarietyofmechanicalpropertiesdependingonthechemicalcompositionoftheAl-matrix.

TheyareusuallyreinforcedbyAl2O3,SiC,andcarbon.AsproposedbytheAmericanAluminum

AssociationtheAMCsshouldbedesignatedbytheirconstituents:accepteddesignationofthe

matrix/abbreviationofthereinforcement’sdesignation/arrangementandvolumefractionin%

withsymboloftype(shape)ofreinforcement.Aluminum MatrixCompositesaremanufacturedby

thefollowingfabricationmethods.

 Powdermetallurgy

 Stircasting

 Squeezecasting

1.6.1.2CERAMICMATRIXCOMPOSITES(CMC)

CeramicMatrixCompositesarecomposedofaceramicmatrixandimbeddedfibresofother

ceramic material(dispersed phase).Ceramic Matrix Composites are designed to improve

toughnessofconventionalceramics,themaindisadvantageofwhichisbrittleness.CeramicMatrix

Compositesarereinforcedbyeithercontinuous(long)fibersordiscontinuous(short)fibers.Short-

fiber(discontinuous)compositesareproducedbyconventionalceramicprocessesfrom anoxide

(alumina)ornon-oxide(siliconcarbide)ceramicmatrixreinforcedbywhiskersofsiliconcarbide
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(SiC),titanium boride(TiB2),aluminum nitride(AlN),zirconium oxide(ZrO2)andotherceramic

fibers.MostofCMCarereinforcedbysiliconcarbidefibersduetotheirhighstrengthandstiffness.

Whiskersincorporatedinashort-fiberCeramicMatrixCompositeimproveitstoughnessresisting

tocrackspropagation.Howeveracharacteroffailureofshort-fiberreinforcedmaterialsis

catastrophic.

Long-fibercompositesarereinforcedeitherbylongmonofilamentoflongmultifilamentfibers.

Thebeststrengtheningeffectisprovidedbydispersedphaseinform ofcontinuousmonofilament

fibers,whicharefabricatedbychemicalvapordeposition(CVD)ofsiliconcarbideonasubstrate

madeoftungsten(W)orcarbon(C)fibers.Monofilamentfibersproducestrongerinterfacial

bondingwiththematrixmaterialimprovingitstoughness.

1.6.1.3PolymerMatrixComposites(PMC)

PolymerMatrixComposite(PMC)isthematerialconsistingofapolymer(resin)matrixcombined

withafibrousreinforcingdispersedphase.PolymerMatrixCompositesareverypopulardueto

theirlow costandsimplefabricationmethods.Useofnon-reinforcedpolymersasstructure

materialsislimitedbylowleveloftheirmechanicalpropertiessuchastensilestrengthofoneof

thestrongestpolymers-epoxyresinis20000psi(140MPa).Inadditiontorelativelylowstrength,

polymermaterialspossesslowimpactresistance.

1.6.2ONTHEBASISOFMATERIALSTRUCTURE

1.6.2.1PARTICULATECOMPOSITES

Theseareoftwotypes

 ParticulateCompositeswithrandomorientationofparticles.

 Compositeswithpreferredorientationofparticles.Dispersedphaseofthesematerialsconsistsof

two-dimensionalflatplatelets(flakes),laidparalleltoeachother.

Effectofthedispersedparticlesonthecompositepropertiesdependsontheparticlesdimensions.

Verysmallparticles(lessthan0.25micronindiameter)finelydistributedinthematriximpedethe

movementofdislocationsanddeformationofthematerial.Suchstrengtheningeffectissameto

theprecipitationhardening.
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Fig:1.3ParticleReinforcement Fig:1.4FlakeReinforcement

Incontrasttotheprecipitationhardening,whichdisappearsatelevatedtemperatureswhenthe

precipitatedparticlesdissolveinthematrix,dispersedphaseofparticulatecompositesisusually

stableathightemperatures,sothestrengtheningeffectisretained.Manyofcompositematerials

aredesignedtoworkinhightemperatureapplications.Largedispersedphaseparticleshavelow

strengtheningeffectbuttheyarecapabletoshareloadappliedtothematerial,resultingin

increaseofstiffnessanddecreaseofductility.Hardparticlesdispersedinasoftermatrixincrease

wearandabrasionresistance.Softdispersedparticlesinahardermatriximprovemachinability

(leadparticlesinsteelorcoppermatrix)andreducecoefficientoffriction.

1.6.2.2FIBROUSCOMPOSITES

Shortfiberreinforcedcomposites.Shortfiberreinforcedcompositesconsistofamatrixreinforced

byadispersedphaseinformofdiscontinuousfibers.

 Compositeswithrandomorientationoffibers.

 Compositewithpreferredorientationoffibers.

Long-fiberreinforcedcomposites.Long-fiberreinforcedcompositesconsistofamatrixreinforced

byadispersedphaseinformofcontinuousfibers.

 Unidirectionalorientationoffibers.

 Bidirectionalorientationoffibers.

Fig:1.5FiberComposite

Effectofthestrengthincreasebecomesmuchmoresignificantwhenthefibersarearrangedina

particulardirectionandastressisappliedalongthesamedirection.Thestrengtheningeffectis

higherinlong-fiberreinforcedcompositesthaninshort-fiberreinforcedcomposites.Short-fiber

reinforced composites,consisting ofa matrix reinforced with a dispersed phase in form

discontinuousfibershavealimitedabilitytoshareload.Loadappliedtoalong-fiberreinforced

composite,iscarriedmostlybythedispersedphase-fibers.Matrixinsuchmaterialsservesonlyas

abinderofthefiberskeepingthem inadesiredshapeandprotectingthem from mechanicalor
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chemicaldamages.

1.6.2.3LAMINATECOMPOSITES

Whenafiberreinforcedcompositeconsistsofseverallayerswithdifferentfiberorientations,itis

calledmultilayercomposite.Laminatecompositesprovideincreasedmechanicalstrengthintwo

directionsandonlyinonedirection,perpendiculartothepreferredorientationsofthefibersor

sheet,mechanicalpropertiesofthematerialarelow.Laminarcompositeiscomposedoftwo-

dimensionalsheetsorpanelsthathaveapreferredhighstrengthdirectionsuchasfoundinwood

andcontinuousandalignedfiber-reinforcedplastics.

Fig:1.6LaminatedComposite

Thelayersarestackedandsubsequentlycementedtogethersuchthattheorientationofthehigh

strengthdirectionvarieswitheachsuccessivelayer.

1.7PROCESSINGOFCOMPOSITES

Metalmatrixcompositematerialscanbeproducedbymanydifferenttechniques.Thefocusofthe

selectionofsuitableprocessengineeringisthedesiredkind,quantityanddistributionofthe

reinforcementcomponents(particlesandfibers),thematrixalloyandtheapplication[12].By

alteringthemanufacturingmethod,theprocessingandthefinishing,aswellasbytheform ofthe

reinforcementcomponentsitispossibletoobtaindifferentcharacteristicprofiles,althoughthe

samecompositionandamountsofthecomponentsareinvolved.Metalmatrixcompositescanbe

madebyliquidorsolidstateprocesses.

1.7.1LIQUIDSTATEFABRICATIONOFMETALMATRIXCOMPOSITES:

LiquidstatefabricationofMetalMatrixCompositesinvolvesincorporationofdispersedphaseinto

amoltenmatrixmetal,followedbyitsSolidification.Inordertoprovidehighlevelofmechanical

propertiesofthecomposite,goodinterfacialbonding(wetting)betweenthedispersedphaseand

theliquidmatrixshouldbeobtained.Wettingimprovementmaybeachievedbycoatingthe
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dispersedphaseparticles(fibers).Propercoatingnotonlyreducesinterfacialenergy,butalso

preventschemicalinteractionbetweenthedispersedphaseandthematrix.

ThemethodsofliquidstatefabricationofMetalMatrixCompositesare:

a. StirCasting

b. Infiltration

c. GasPressureInfiltration

d. SqueezeCastingInfiltration

e. PressureDieInfiltration

1.7.1.1STIRCASTING:

StirCastingisaliquidstatemethodofcompositematerialsfabrication,inwhichadispersedphase

(ceramicparticles,shortfibers)ismixedwithamoltenmatrixmetalbymeansofmechanical

stirring[fig.1.5].StirCastingisthesimplestandthemostcosteffectivemethodofliquidstate

fabrication.Theliquidcompositematerialisthencastbyconventionalcastingmethodsandmay

alsobeprocessedbyconventionalMetalformingtechnologies.Inthisprocessparticlesareoften

tendtoform agglomerates,whichcanbeonlydissolvedbyintensestirring.However,heregas

accessintothemeltmustbeabsolutelyavoided,sincethiscouldleadtounwantedporositiesor

reactions.Carefulattentionmustbepaidtothedispersionofthereinforcementcomponents,so

thatthereactivityofthecomponentsusediscoordinatedwiththetemperatureofthemeltand

the duration ofstirring,since reactionswith the meltcan lead to the dissolution ofthe

reinforcementcomponents.Becauseofthelowersurfacetovolumeratioofsphericalparticles,

reactivityisusuallylesscriticalwithstirredparticlereinforcementthanwithfibers.

Fig:1.7StirCasting

StirCastingischaracterizedbythefollowingfeatures:

i. Contentofdispersedphaseislimited(usuallynotmorethan30% byvolume).
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ii. Distributionofdispersedphasethroughoutthematrixisnotperfectlyhomogeneous:

1. Therearelocalclouds(clusters)ofthedispersedparticles(fibers)

2. Theremaybegravitysegregationofthedispersedphaseduetoadifferenceinthedensities

ofthedispersedandmatrixphase.

iii. Thetechnologyisrelativelysimpleandlowcost.

Distributionofdispersedphasemaybeimprovedifthematrixisinsemi-solidcondition.The

methodusingstirringmetalcompositematerialsinsemi-solidstateiscalledRheocasting.High

viscosityofthesemi-solidmatrixmaterialenablesbettermixingofthedispersedphase.

1.7.1.2INFILTRATION:

Infiltrationisaliquidstatemethodofcompositematerialsfabrication,inwhichapreformed

dispersedphase(ceramicparticles,fibers,woven)issoakedinamoltenmatrixmetal,whichfills

thespacebetweenthedispersedphaseinclusions.Themotiveforceofaninfiltrationprocess0may

beeithercapillaryforceofthedispersedphase(spontaneousinfiltration)oranexternalpressure

(gaseous,mechanical,electromagnetic,centrifugalorultrasonic)appliedtotheliquidmatrix

phase(forcedinfiltration).Infiltrationisoneofthemethodsofpreparationoftungsten-copper

composites.

Theprincipalstepsofthetechnologyareasfollows:

i. TungstenPowderpreparationwithaverageparticlesizeofabout1-5microns.

ii. Optionalstep:Coatingthepowderwithnickel.Totalnickelcontentisabout0.04%.

iii. Mixingthetungstenpowderwithapolymerbinder.

iv. Compactingthepowderbyamoldingmethod(Metalinjectionmolding,diepressing,

isostaticpressing).Compactionshouldprovidethepredeterminedporositylevel(apparentdensity)

ofthetungstenstructure.

v. Solventdepending

vi. Sinteringthegreencompactat2200-2400F(1204-1315ºC)inHydrogenatmospherefor2

hours.Placingthesinteredpartonacopperplate(powder)intheinfiltration/sinteringfurnace.

vii. Infiltrationofthesinteredtungstenskeletonporousstructurewithcopperat2100-2300F

(110-1260ºC)ineitherhydrogenatmosphereorvacuumfor1hour.

1.7.1.3GasPressureInfiltration:

GasPressureInfiltrationisaforcedinfiltrationmethodofliquidphasefabricationofMetalMatrix

Composites.Itisusingapressurizedgasforapplyingpressureonthemoltenmetalandforcingit

topenetrateintoapreformeddispersedphase[fig.1.8].Ingaspressureinfiltrationthemelt

infiltratestheperform withagasappliedfrom theoutside.Agasthatisinertwithrespecttothe
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matrixisused.Themeltingofthematrixandtheinfiltrationtakeplaceinasuitablepressure

vessel.

Fig:1.8GasPressureInfiltration

GasPressureInfiltrationmethodisusedformanufacturinglargecompositeparts.Themethod

allowsusingnon-coatedfibersduetoshortcontacttimeofthefiberswiththehotmetal.In

contrasttothemethodsusingmechanicalforce,GasPressureInfiltrationresultsinlowdamageof

thefibers.

1.7.1.4SqueezeCastingInfiltration:

SqueezeCastingInfiltrationisaforcedinfiltrationmethodofliquidphasefabricationofMetal

MatrixComposites,usingamovablemoldpart(ram)forapplyingpressureonthemoltenmetal

andforcingittopenetrateintoaperformeddispersedphase,placedintothelowerfixedmoldpart

[fig1.9].SqueezeCastingInfiltrationmethodissimilartotheSqueezecastingtechniqueusedfor

metalalloyscasting.Squeezecastingorpressurecastingarethemostcommonmanufacturing

variantsformetalmatrixcomposite.Afteraslowmoldfillingthemeltsolidifiesunderveryhigh

pressure,whichleadstoafine-grainedstructure.Incomparisonwithdie-castedpartsthesqueeze

-castedpartsdonotcontaingasinclusions,whichpermitthermaltreatmentoftheproducedparts.
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Fig:1.9SqueezeCastingInfiltration

SqueezeCastingInfiltrationprocesshasthefollowingsteps:

1. Aperformofdispersedphase(particles,fibers)isplacedintothelowerfixedmoldhalf.

2. Amoltenmetalinapredeterminedamountispouredintothelowermoldhalf.

3. Theuppermovablemoldhalf(ram)movesdownwardsandforcestheliquidmetalto

infiltratethe perform.

4. Theinfiltratedmaterialsolidifiesunderthepressure

5. Thepartisremovedfromthemoldbymeansoftheejectorpin.

Themethodisusedformanufacturingsimplesmallparts(automotiveenginepistonsfrom

aluminiumalloyreinforcedbyaluminashortfibers).

1.7.1.5PRESSUREDIEINFILTRATION:

PressureDieInfiltrationisaforcedinfiltrationmethodofliquidphasefabricationofMetalMatrix

Composites,usingadiecastingtechnology,whenapreformeddispersedphase(particles,fibers)is

placedintoadie(mold)whichisthenfilledwithamoltenmetalenteringthediethroughasprue

andpenetratingintothepreformunderthepressureofamovablepiston(plunger)[fig.1.10].
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Fig:1.10PressureDieInfiltration

1.7.2 SOLIDSTATEFABRICATIONOFMETALMATRIXCOMPOSITES:

Solid state fabrication ofMetalMatrix Compositesisthe process,in which MetalMatrix

Compositesareformedasaresultofbondingmatrixmetalanddispersedphaseduetomutual

diffusionoccurringbetweentheminsolidstatesatelevatedtemperatureandunderpressure.Low

temperatureofsolidstatefabricationprocess(ascomparedtoLiquidstatefabricationofMetal

MatrixComposites)depressesundesirablereactionsontheboundarybetweenthematrixand

dispersed(reinforcing)phases.

MetalMatrixCompositesmaybedeformedalsoaftersinteringoperationbyrolling,forging,

pressing,Drawing orExtrusion.The deformation operation maybe eithercold (below the

recrystallizationtemperature)orhot(abovetherecrystallizationtemperature).Deformationof

sinteredcompositematerialswithdispersedphaseinform ofshortfibersresultsinapreferred

orientationofthefibersandanisotropyofthematerialproperties(enhancedstrengthalongthe

fibersorientation).

TherearetwoprincipalgroupsofsolidstatefabricationofMetalMatrixComposites:

a. Diffusionbonding

b. Sintering

1.7.2.1DIFFUSIONBONDING

DiffusionBondingisasolidstatefabricationmethod,inwhichamatrixinform offoilsanda

dispersedphaseinform oflongfibersarestackedinaparticularorderandthenpressedat

elevatedtemperature.Thefinishedlaminatecompositematerialhasamultilayerstructure.

DiffusionBondingisusedforfabricationofsimpleshapeparts(plates,tubes).

Fig:1.11DiffusionBonding

Variantsofdiffusionbondingarerollbondingandwire/fiberwinding.RollBondingisaprocessof
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combinedrolling(hotorcold)stripsoftwodifferentmetals(e.g.steelandaluminum alloy)

resultedinformationofalaminatedcompositematerialwithametallurgicalbondingbetweenthe

twolayers.Wire/fiberWindingisaprocessofcombinedwindingcontinuousceramicfibersand

metallicwiresfollowedbypressingatelevatedtemperature.

1.7.2.2SINTERING

Sinteringfabricationofmetalmatrixcompositesisaprocess,inwhichapowderofamatrixmetal

ismixedwithapowderofdispersedphaseinform ofparticlesorshortfibersforsubsequent

compactingandsinteringinsolidstate(sometimeswithsomepresenceofliquid).Sinteringisthe

methodinvolvingconsolidationofpowdergrainsbyheatingthe“green”compactparttoahigh

temperaturebelowthemeltingpoint,whenthematerialoftheseparateparticlesdiffusetothe

neighboring powderparticles.In contrastto the liquid state fabrication ofMetalMatrix

Composites,sinteringmethodallowsobtainingmaterialscontainingupto50% ofdispersedphase.

Whensinteringiscombinedwithadeformationoperation,thefabricationmethodsarecalled:

i. HotPressingFabricationofMetalMatrixComposites

ii. HotIsostaticPressingFabricationofMetalMatrixComposites

iii. HotPowderExtrusionFabricationofMetalMatrixComposites

i. HotPressingFabricationofMetalMatrixComposites:

Inthisfabricationprocesssinteringunderaunidirectionalpressureappliedbyahotpress.The

fabricationstagesofhotpressingprocessisdoneinthreestages.

Fig:1.12DieFillStage Fig:1.13HotPressing

Inthediefillstage[fig.1.10],powderisputintothedieandinsecondstage.Thereishotpressing

istobedonetopressedpartinthedie[fig.1.13].
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Fig:1.14PartEjection

Inthelaststage[fig1.10],partisejected,forthisupperpunchmovesuptoejectthepartfromthe

die.

ii. HotIsostaticPressingFabricationofMetalMatrixComposites:

Inthisprocessoffabricationsinteringunderapressureappliedfrommultipledirectionsthrougha

liquidorgaseousmediumsurroundingthecompactedpartandatelevatedtemperature[fig.1.15].

Fig:1.15HotIsostaticPressing

iii. HotPowderExtrusionFabricationofMetalMatrixComposites:

Inthisprocesssinteringisunderapressureappliedbyanextruderatelevatedtemperature.Itis

oftwotype,forwardextrusionandbackwardextrusion[fig.1.16].
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Fig:1.16Extrusion

1.8 ENGINEERINGPROPERTIESOFMMC’S

1.8.1STIFFNESSENHANCEMENT

Stiffnessisnothingbuttheavoidanceofexcessiveelasticdeflectioninsurvive.Accordinglytothe

increaseofreinforcementvolumefraction.Thestiffnessincreasesduetotheincreaseinyoung

modules.

1.8.2STRENGTHENHANCEMENT

Theenhancementofstrengthbyadditionofreinforcementexperiencedintermsofyieldstressor

failurestresscanbequitestrengthalsoincreases

1.8.3INCREASEDCREEPRESISTANCE

Whenfibersparticularlylongfibersareusedasalsoreinforcement,creepresistanceofMMC’s

wouldraiseandgiveahighbeneficialincreaseinstiffness

1.8.4INCREASEDWEARRESISTANCE

Whiledifferentwearapplicationsrequiredifferencereinforcementstypestoachieveoptional

wearrateredirection.Furthermore,itisoftenadvantagestocontrolthedistributionofhighwear

resistanceisselectedsurfaceareas,whileotherregionsaresuitablytough,strong,thermal

conducting.

1.8.5DENSITYREDUCTION

ArelativelylowdensityisanattractivefeatureofmanyMMCmaterials.Inmanycasesofinterest,



21

additionofthereinforcementraisesthedensityslightly,buttheincreaseofstrength,stiffnessetc.

1.8.6THERMALEXPANSIONCONTROL

ThermalexpansioncontrolisasgoodasinMMCs.Whenthecoefficientofthermalexpansionwill

bedecreased,thenMMCsarewithstandingathightemperature.

1.9APPLICATIONS:

 VisibleArchitecturalapplications.

 Extrusions.

 Windowframes.

 Doors.

 Shopfittings.

 Irrigationtubing

 Roofsealing's

 Signboards

1.8OBJECTIVEOFTHERESEARCH

Theobjectivesofthisresearchare

 ImprovethepropertiesofAl6063byreinforcementslikeGroundnutshellash,andsilicon

carbide.

 Evolvingthemechanical,metallurgicalandtribologicalpropertiesofthemetalmatrix

compositeatdifferentpercentageofreinforcement.

 Tocreateacompositionofspecialalloygradetomeetthemultiplechoiceofadvantagesin

variousindustries

 Topreparethespecimensofthesamecompositewithvarious% compositions

 Tosubjectthespecimensforvarioustests

 Tocomparetheresultswiththeexistingcomposite
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Fig:1.17ObjectiveTree
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CHAPTER-2

LITERATUREREVIEW

“Synthesis and characterization ofAl-Al-Bronze composites by stircasting and

compocasting methods”carried by David Raja Selvam.J*,Robinson Smart.D.S.

Dinaharan.I.InthisstudytheworkfocusesonthefabricationofAMCsreinforcedwith

variousweightpercentagesofBronzeparticulatesandaconstantweightpercentageof

Aluminium bymodifiedstircastingroute.Themicrostructureandmechanicalproperties

ofthefabricatedAMCswereanalyzed.Theopticalandscanningelectronmicrographs

revealedahomogeneousdispersionofbothAluminium andBronze particlesinthe

aluminum matrix..Themechanicalpropertieslikehardnessandtensilestrengthwere

improvedwiththeincreaseinweightpercentageofAl-Bronzeparticulateswith inthe

aluminummatrix.

“Influenceofquarrydust-silicon carbideweightpercentageon themechanical

propertiesandtribologicalbehaviorofstircastZA-27alloybasedhybridcomposites”

carriedbyDaviesOladayoFolorunsoa,SeunSamuelOwoeye.Inthisstudythe

densityofthecompositesdecreasesforboth8wt% and10wt% reinforcementas

quarrydustincreaseswhiletherearenosignificantrisesinporosity.Thehardness

andtensilestrengthofthehybridZA-27compositesimprovesgenerallywithsimilar

trendovertheunreinforcedalloywithnosignificantvariationwhencomparedwith

solelyreinforcedSiCpcomposite.Thereisgeneraldecreasein% Elongationinthe

compositeswhencomparedwiththeunreinforcedalloy.Thefracturetoughnessof

thecompositesincreaseswithincreaseinthepercentweightofstonedustforboth8

wt% and10wt% reinforcement.Hybridcompositescontaining50% and75% quarry

dustforboth8wt% and10wt% reinforcementshowedbetterwearbehavior.

“Tribologicalbehaviourofal-al-bronzecompositeatelevatedtemperature”carried

byR.SivaSankaraRajua,M.K.Panigrahib,R.I.Gangulyb,G.SrinivasaRaoInthiswork

thecompositessuchasAl-5%Al-bronze,Al-10%Al-BronzeandAl-15%Al-Bronzeis

prepared,usingstircastingtechnique.ThespecificstrengthofAl-15%Al-Bronze

alloycompositeisenhancedby70% overAlbasealloy.Regressionanalysishas

enabledtoquantifyslopesofallthematerials.Whilethepressureexceedsthe
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criticalvalue,abrasionincreasesrapidly,resultinginadhesivewear.When,the

temperatureincreases,thecoefficientoffrictioninitiallyincreasesupto6N/mm2

andthendecreasesduetothepresenceofoxidesindebris,whichareliberatedfrom

tribosurfaces.XRDandEDAXanalyseshaverevealedpresenceofoxidephasesinthe

debris.SEMmicrographshaveconfirmedabrasivenatureofwear.

“Characterizationofmechanicalandwearpropertiesofaluminium basedcomposites

reinforcedwithAl-Bronze”carriedbyKennethKanayoAlaneme,BethelJeremiah

BamikeInthisstudythemechanicalbehaviourandwearcharacteristicsoftheAl-Mg

-Sialloymatrixcompositescontaining8wt% ofQDandSiCreinforcementsinvaried

weightratioswasinvestigated.Ingeneral,itwasobservedthattheQD addition

decreasedthedensityofthecompositesproducedwhileroughlymaintainingthe

samemechanicalandwearpropertiesincomparisonwiththecompositegrade

reinforcedwithonlyBronze.Theductilityandfracturetoughnessofthecomposites

weremarkedlyimprovedwith theaddition ofQD reflectingenhancedfracture

resistance.
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CHAPTER-3

EXPERIMENTALPROCEDURE:

3.0FlowChartoftheExperimentalProcedure

This chapterdescribes the details ofprocessing ofthe composites and the

experimentalproceduresfollowedfortheirmechanicalcharacterization.

3.1SELECTIONOFMATERIALS:

1)BaseMaterial -Aluminium

2)Reinforcement -Aluminium-BronzeAlloy.

A.SELECTIONOFBASEMATERIALALUMINIUM:-

3.1.1ALUMINIUM:
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Aluminium isusedasmatrixmaterialasshowninfig3.1.itisoneofthemost

abundantmetallicelementontheearthandmosteconomicaswell.Thechemical

compositionofAluminiummaterialisasshownintable3.1

Table:3.1.1:ChemicalCompositionAluminium
 Havethefollowingcompositions:

KEYPROPERTIES:

TypicalPropertiesofAluminiumalloyinclude:

 Mediumtohighstrength

 GoodToughness

 GoodSurfaceFinish

 Excellentcorrosionresistancetoatmosphericconditions

 Goodcorrosionresistancetoseawater\

 Canbeanodized

 Goodweldabilityandbrazability

APPLICATIONS:

TypicalApplicationsofAlalloy

 Architecturalapplications

 Extrusions

 Windowframes

 Doors

 Shopfittings
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 Irrigationtubing

 AircraftandAerospacecomponents

 MarineFittings

 Transport

 BicycleFrames

 CameraLens

 Driveshafts

 Valves

 Couplings

PHYSICALPROPERTIES:

 Density :2.71g/cm3

 MeltingPoint :6600C

 ModulusofElasticity :70GPa

 Poisson’sRatio :0.3

THERMALPROPERTIES:

 Co-EfficientofThermalExpansion(20-1000C) :23.5x10-6m/m.0C

 ThermalConductivity :226W/m.K

ELECTRICALPROPERTIES:

 ElectricalResistivity :(3.7–4.0)x10-6ohm-cm
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Fig:3.1.1:Aluminium(Ingots)

B.SELECTIONOFREINFORCEMENTMATERIAL:

3.1.2ALUMINIUM-BRONZEALLOY:

• Aluminium bronze isaclassofalloysthataregenerallycomposedofcopper,

between9% and12% aluminium,andatmost6% ofironandnickel.Thereare

plentyofinstrumentalusesithasinthemetalworkingindustry.

• Someoftheimportantaluminiumbronzeproperties

 Ithashighertensilestrengththanotherbronzealloys.

 Tarnishresistantandhavelowoxidation,evenathightemperatures.

 Thesearenonmagneticandnonsparking

.

Preparationandcuttingofaluminiumbasematerial
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Fig3.1.2:Purealuminiummaterial

CuttingofpureAluminiummaterial
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Fig3.1.3:cuttingofpureAluminiummaterialintopieces

AL-BRONZEREINFORCEMENTPREPARATION:

ForAl-BronzereinforcementfirstlypurealuminiumandBronzeheatedinstircasting

with650degreesandpouredintocastings.Theobtainedcastingsarecleanedwith

eminypaperandgrindededgeswithlathegrinder.ThenAl-Bronzealloycastingscan

beconvertedintoparticulatesthroughlathemachine.Obtainedparticulatescanbe

separated by magnets and pure al-bronze particulates are collected for

reinforcement.
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Al-BronzeReinforcementpreparation

Fig3.1.4:PreparationofAl-Bronzereinforcenent

Fig3.1.5:Al-Bronzereinforcement
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ALUMINIUM-BRONZE

TYPICALCOMPOSITION

Copper80%

Aluminium10%

Nickel5%

Iron5%

• AtypeofBRONZEismixedtoAI,added tocopper.Smallamountsofother

elementssuchasFe,Mn,Niandsiliconareaddedforcorrosionresistance.

Uses:

Itisusedinmarineenvironment.

Itisusedinfittings.

 Havethefollowingcompositions

Table3.1.2:Al-BronzeTypicalcomposition:

Properties:

Aluminiumbronzespossessthefollowingproperties

 Goodstrength

 Highcorrosionresistance

 Goodheatresistance

 Goodcoldworkingproperties.

Aluminiumbronze finds thefollowinguses

 Bearings, gears,slidevalves, imitationjewellery,valveseat, propellers, cams,

pumppart etc.
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3.2STIRCASTINGEQUIPMENT

3.2.1STIRCASTING:

StirCastingisaliquidstatemethodofcompositematerialsfabrication,inwhicha

dispersedphase(ceramicparticles,shortfibers)ismixedwithamoltenmetalmatrix

bymeansofmechanicalstirring.StirCastingisthesimplestandthemostcost

effectivemethodofliquidstatefabrication.A typicalequipmentofstircasting

machineisshowninfig3.7.

Theliquidcompositematerialisthencastbyconventionalmethodsandmayalsobe

processedbyconventionalmetalformingtechnologies.Stircastingischaracterized

bythefollowingfeatures:

Contentofdispersedphaseislimited(usuallynotmorethan30vol.%).

Distributionofdispersedphasethroughoutthematrixisnotperfectlyhomogeneous.

1.Therearelocalclouds(clusters)ofthedispersedparticles(fibers).

2.Theremaybegravitysegregationofthedispersedphaseduetoadifferenceinthe

densitiesofthedispersedandmatrixphase.
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Fig:3.2.1:StirCastingMethodology Fig:3.2.2:StirCastingMachine

3.2.2PROCESSPARAMETERSFORSTIRCASTING
Table3.2.1:ProcessParameters

Parameters Units Values

Spindlerotation Rpm 600

Stirringsettime Sec 480

Stirringtemperatureofthe
melt

ºC 750

Preheatingtemperatureof
aluminium-bronze

ºC 30

Preheatingtimeofthe
reinforcements

Minutes 60

Preheattemperatureofdie ºC 450

Powderpouringrate g/s 1.4

3.2.3SELECTIONOFDIE:

ADieoftwocircularrodsandaflatplateisasshowninfig3.9isfabricatedfor

castingprocess.Thedimensionsofcircularrodsare300mmx20mm.Thedimensions

offlatplatewere15mmx50mmx100mm.
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Fig:3.2.3CastingDie
Castingdieareusedtopreparingcastingsfromthemoltenmaterial

3.2.4PRE-HEATING 3.2.5HEATREATMENT

Preheatingofdiewasdoneinanovenwhich Preheatingofreinforcementwas

donecanheatuptoamaximumof4000C. whichcanheatupto2000C.

Fig:3.2.4:Electricfurnace Fig:3.2.5:MuffleFurnace

ElectricfurnaceandMufflefurnaceareusedtoheatthespecimensina
suitabletemperature.
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3.2.6COMPOSITIONUSEDFORMETALANDREINFORCEMENT:

3.2.9EXPERIMENTALPROCEDURE:

 Abottompouringtypetotallysensorisedstircastingmachineisusedto

producetheAMMCsmaterial.

 InitiallythematrixmaterialAl6063alloycutbitsplacedintothe2kgcapacity

furnace.

 Thefurnacetemperaturemaintainedwasaround800degreescentigrade.

 ThematrixmaterialAl6063atabove750degreescentigradetemperature

materialbecomesatmostliquidstate.

 Thenmagnesiumof10gramsaddedtothemoltenmetalforwettingagent.

 Andmaintainorganenvironmentwithhelpofpureorgangas(oxygenfree).

 Beforestirringthereinforcementispreheatedupto200◦cat1hour.

CASTING AL
Gm(%)

REINFORCEMENT
(Aluminium+Bronze)

1 1000gm(100%) 0gm(0%)

2 950gm(95%) 50gm (5% )

3 900gm(90%) 100gm(10%)

4 850gm(85%) 150gm(15%)
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 Thestirringwasdonebyusingmechanicalstirrerandthestirrerspeedwas

maintained750rpmandstirringtimeat10min.

 Anditsstirrerisdipped3/4heightofmoltenmetalinthefurnace.

 DuringthisstirringoperationbothmatrixmaterialAl6063andreinforcement

materialaremostlymixed.

 Thediewaspreheatedatmost450◦cat60minforcompletesolidification

withoutcracksandblowholes.

 Finallythemeltedaluminiumhybridmetalmatrixcompositeswastransferred

intothedie.

 AfterMachiningofcompositeasperASTMstandardsfortesting.

 Studythemechanicalandmetallurgicalpropertiesofcompositespecimens.

 FinallyevaluatetheResultanalysis.

Fig:3.2.6:CastedSpecimensObtained
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CONCLUSIONS

InvestigatingtheInfluenceAl-Al+BronzeAlloyWeightPercentageontheMechanical

andTribologicalBehaviourofAluminium AlloyBasedHybridCompositecontaining

withvariousproportionsof05%,10% and15% arepreparedtofindmechanicaland

metallurgicalproperties.

WecanconcludethatbyreinforcingwithAlBronzeAlloy.Wehavethefollowing

results:-

 We prepare Al-Al+Bronze materials in suitable percentage composition

throughStircastingTechnique.

 Preparedmaterialwith15% ofAl+BronzeReinforcementwillbelighterin

StrongandhavemorenumberofBlockholes.Sowefoundthat15% of

Al+BronzeReinforcementisanotoptimumpercentage.

 Prepared materialwith 10 % ofReinforcementwillbe strongerthan

comparedto15% reinforcementmaterialandhavefewblockholes.

 ByusingTrailanderrormethodfinallywepreparedamaterialwith5% of

Al+BronzeReinforcement.Thismaterialwillbestrongercomparedtoboth15

and10%reinforcementsandhaveveryminuteblockholes.

 Fromtheseobservationswearefindoutthatlowpercentagereinforcementis

optimumforthistypeofmaterialpreparation.
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FUTURESCOPE

• Weprepareamaterialswithoptimum percentageofreinforcementsandwe

havetofindoutsometestslikemechanicalandmetallurgicalpropertiessuch

asMicroHardness,density,wearbehaviour,compressionstrengthsandmicro

structureofmetalmatrixcomposites.

• Wehavetofind outthatmaterialswith reinforcementarehaving high

propertiescomparedtothatofbaseAluminiummaterial.

• Materialwithoptimum percentagewillproducegoodpropertiescomparedto

thatofbasematerial.
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ABSTRACT  
The metal matrix composites have evoked a keen interest in recent times for potential 

applications in aerospace and automotive industries owing their superior strength to weight ratio 

and high temperature resistance. From the review of past literature, it is evident that a large work 

was concentrated on reinforcing the aluminium alloys with ceramic and fibre reinforcements. 

Although considerable work shows the supervisory of this composites than that of the parent 

materials, a nominal work was ignited in reinforcing aluminium with metallic particulates. It is 

further noted that analysis of this metal-metal composites was limited for only a particular 

emphasis. In the present study a modest attempt has been made to develop Ni reinforced AMC’s. 

The work was mainly concerned in assessing the properties of Ni reinforced AMC’s with a 

varying composition of 0,1,2 and 3% by weight ratio. Microstructural characterization, density 

measurement, estimated percent porosity, density , testing, and micro hardness measurement were 

used to characterize the composites produced. The results were further justified by comparing 

with other investigators.  
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    Chapter              
Introduction  
  
 Background:  
History is often marked by the materials and technology that reflect human capability and 

understanding. Many times scales begins with the stone age, which led to the Bronze, Iron, Steel, 

Aluminium and Alloy ages as improvements in refining, smelting took place and science made 

all these possible to move towards finding more advance materials possible. Progress in the 

development of advanced composites from the days of  E glass / Phenolic redone structures of 

the early 1940’s to the graphite/ polyimide composites used in the space shuttle orbiter-is 

spectacular. The recognition of the potential weight savings that can be achieved by using the 

advanced composites, which in turn means reduced cost and greater efficiency, was responsible 

for this growth in the technology of reinforcements, matrices and fabrication of composites. If 

the first two decades saw the improvements in the fabrication method, systematic study of 

properties and fracture mechanics was at the focal point in the 60’s.Since then there has been an 

ever-increasing demand for newer, stronger, stiffer and yet lighter-weight materials in fields such 

as aerospace, transportation, automobile and construction sectors. Composite materials are 

emerging chiefly in response to unprecedented demands from technology due to rapidly 

advancing activities in aircrafts, aerospace and automotive industries. These materials have low 

specific gravity that makes their properties particularly superior in strength and modulus to many 
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traditional engineering materials such as metals. As a result of intensive studies into the 

fundamental nature of materials and better understanding of their structure property relationship, 

it has become possible to develop new composite materials with improved physical and 

mechanical properties. These new materials include high performance composites such as 

Polymer matrix composites, Ceramic matrix composites and Metal matrix composites etc.  

Continuous advancements have led to the use of composite materials in more and more 

diversified applications. The importance of composites as engineering materials is reflected by 

the fact that out of over 1600 engineering materials available in the market today more than 200 

are composite.  MMCs have the best properties of the two components, such as ductility and 

toughness of the matrix, wear resistance, high modulus and strength of the reinforcements.  
These prominent properties of these materials enable them to be potential for numerous 

applications such as automotive, aerospace and military industries. Particulate MMCs contain 

second phase particles ranging from 10 μm up to 500 μm. MMCs with a uniform dispersion of 

particles in the range of 10 nm to -1 μm are termed Metal Matrix Nano-composites (MMNCs).  

It has been reported that with a small fraction of Nano-sized reinforcements, MMCs could obtain 

comparable or even far superior mechanical properties .Fabrication of MMCs by liquid state 

processing routes, include infiltration techniques, stirring techniques, rapid solidification, as well 

as some in-situ fabrication such as liquid-gas bubbling. Liquid state processing is usually energy-

efficient and cost effective.  

Types of Metal Matrix Composites (MMCs)   

All metal matrix composites have a metal or a metallic alloy as the matrix. The reinforcement 

can be metallic or ceramic. In some unusual cases, the composite may consist of a metallic alloy 

"reinforced" by a fiber reinforced polymer matrix composite.  

 MMCs reinforcement can be generally divided into three major categories:-  

 (i) Particle reinforced MMCs (ii) Short fiber or whisker reinforced MMCs (iii) Continuous fiber 

or sheet reinforced MMCs    

The particle reinforced metal matrix composites (PMMCs) is one of the new structural materials, 

and a rapid development can be seen in recent years because of excellent properties and wide 

application prospects in the near future. For several years research on fabrication methods and 

material property estimations for particulates reinforced metal matrix composites has been one of 

the focuses in composite fields, and many excellent research results have been obtained. Various 

materials have been combined with each other and give intended properties and are different 
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from their base materials. Such composite materials make this concept true and reinforcement in 

a matrix of this material contributes enhancement properties.   

But, neither matrix nor reinforcement alone but only MMC can able to fulfil the requirement. 

MMCs are exciting materials which find increasing applications in aerospace, defence, 

transportation, communication, power, electronics, recreation, sporting, and numerous other 

commercial and consumer products. Rapid advancement in the science of the fibres, matrix 

materials, processing interface structure, bonding and their characteristics on the final properties 

of the composite have taken place in the recent years.   

Even though they have recently used but have more tremendous effect due to their useful 

properties like specific strength, specific stiffness, wear resistance, corrosion resistance and 

elastic modulus etc. Hard and thermally stable ceramic reinforcement in aluminium alloys 

contributes to a higher hardness, superior elastic modulus and lower coefficient of thermal 

expansion of the matrix alloy at ambient temperature.  

Particulate reinforcement are developed by reinforcing particle fillers into aluminium metal 

matrix, through powder metallurgy, stir casting, infiltration and in-situ processing techniques26. 

These are observed to be isotropic in nature and can undergo many forming operations such as 

forging, rolling and extrusion etc. With particle addition to light metals like aluminium, the 

hardness, Young’s modulus, yield strength, tensile strength and wear resistance increase and 

thermal expansion coefficient decreases.  

The Short fibre or whisker-reinforced metal matrix composites (SFMMCs) contain 

reinforcements with an aspect ratio of greater than 5, but are not continuous. These were 

produced by squeeze infiltration process. Whisker reinforced composites are produced by either 

by PMM processing or by infiltration route. Mechanical properties of whisker reinforced 

composites are superior compared to particle or short fibre reinforced composites. Short fibre 

reinforced MMCs display characteristics in between that of continuous fibre and particle 

reinforced MMCs. Short alumina fibre reinforced aluminium matrix composites is one of the 

first and m most popular AMCs to be developed and used in pistons.    

The Continuous fibre-reinforced metal matrix composites (CFMMCs) having reinforcements are 

in the form of continuous fibres (of alumina, Tio2 or carbon) with a diameter less than 20 µm. 

The fibres can either be parallel or pre wove en, braided prior to the production of the composite 

.  
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.    

   

  

Figure 1.1: Types of AMMC  

ADVANTAGES  

Light Weight - Composites are light in weight, compared to most metals. Their lightness is 

important in aircraft, where less weight means better fuel efficiency (more miles to the gallon).  

Strength Related to Weight - Strength-to-weight ratio is a material’s strength in relation to how 

much it weighs. Some materials are very strong and heavy, such as steel. Composite materials 

can be designed to be both strong and light. This property is why composites are used to build 

airplanes—which need a very high strength material at the lowest possible weight.  

Corrosion Resistance - Composites resist damage from the weather and from harsh chemicals 

that can eat away at other materials. Outdoors, they stand up to severe weather and wide changes 

in temperature.  

Design Flexibility - Composites can be molded into complicated shapes more easily than most 

other materials. This gives designers the freedom to create almost any shape or form.  

Part Consolidation - A single piece made of composite materials can replace an entire assembly 

of metal parts. Reducing the number of parts in a machine or a structure saves time and cuts 

down on the maintenance needed over the life of the item.  

Dimensional Stability - Composites retain their shape and size when they are hot or cool, wet or 

dry. They are used in aircraft wings, for example, so that the wing shape and size do not change 

as the plane gains or loses altitude.  

Radar Transparent - Radar signals pass right through composites, a property that makes 

composites ideal materials for use anywhere radar equipment is operating, whether on the 

ground or in the air. Composites play a key role in stealth aircraft, such as the U.S. Air Force’s 

B-2 stealth bomber, which is nearly invisible to radar.  



11 
 

Durable - Structures made of composites have a long life and need little maintenance. We do not 

know how long composites last, because we have not come to the end of the life of many 

original composites. Many composites have been in service for half a century.  

DISADVANTAGES  

Delamination - Since composites are often constructed of different ply layers into a laminate 

structure, they can "delaminate" between layers where they are weaker.  

High Cost - They are a relatively new material, and as such have a high cost.  

Complex Fabrication - The fabrication process is usually labor intensive and complex, which 

further increases cost.  

Damage inspection - Delamination and cracks in composites are mostly internal and hence 

require complicated inspection techniques for detection.  

Composite to metal joining - Metals expand and contract more on variations in temperature as 

compared to composites. This may cause an imbalance at joinery and may lead to failure.  

Barring for the few disadvantages, composite materials are an almost perfect material for aircraft 

and fulfill most of the structural requirements. With further research progress in composite 

material damage control, the existing problems could also be controlled.  

MANUFACTURING TECHNIQUES  
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                                                  Figure. 1.2: AMMC processing Techniques  

Aluminium based composites can be developed by using various processing techniques, which 

are described in Fig. 1. The in-situ synthesis processes involve formation of reinforcements by 

single step chemical reaction in aluminium matrix, resulting into clean interfaces, better bonding/ 

wettability and reduced safety hazards. In one of the in-situ processes, when the Al– Mg alloy 

melts, it infiltrates into the reinforcement and composite is formed. Other process for in-situ 

synthesis of aluminium composites is known as XD process, where a mixture of  

ceramics and metallic powders are heated above metal melting point, in order to synthesize the 

composite.   

Stir casting   
This is the simplest and most commercially used technique, and also known as vortex technique. 

This includes incorporation of particulate reinforcements into liquid aluminium melt and further 

allowing the mixture to solidify. Here, creating good wetting between the particulate 

reinforcement and the liquid aluminium alloy melt is very important. Properties of composites 

developed by this method can be altered by varying different process parameters such as pouring 
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temperature, preheat temperature, stirring speed, processing temperature, melt temperature, 

holding time, size and position of the stirrer, etc..   

Ultrasonic probe assisted   
Method Conventional fabrication methods such as stir casting have many complications in 

mixing of nano reinforcements into metal matrix due to poor wettability and large surface to 

volume ratio. Ultrasonic probe assisted method has been proved to be very effective in 

dispersing nanoparticles in the metal matrix. This system includes ultrasonic probe with a 

transducer and power source heating furnace, reinforcement addition mechanism, and inert gas 

atmosphere. Ultrasonic vibrations are used to degas and purify the metal melt and improve the 

wettability of particle reinforcement. Strong ultrasonic waves create strong cavitation in metal 

melt, which further creates transient domains for extreme temperature and pressure variations56. 

The nanoparticles clusters are broken by the high temperature and shock force occurred during 

ultrasonic cavitation and nanoparticle reinforcements are homogeneously distributed in the metal 

melt to produce composites with enhanced hardness and tensile strength.  

Powder metallurgy   
As the name powder metallurgy suggests, here fine powdered materials are blended, pressed into 

a desired shape, and then heated to bond surfaces. Properties of composites, developed by 

powder metallurgy depend on the characteristics of matrix phase and reinforcements both. 

Sufficient diffusion must occur during sintering to ensure a uniform microstructure. By 

following solid state route, one can also avoid solidification defects such as shrinkage and 

porosity and the reinforcement can be distributed uniformly throughout the metal matrix.  

Diffusion bonding   
It works on the principle of solid-state diffusion, where the atoms of two solid, metallic surfaces 

intersperse themselves over time. Here continuous fibers or performs are sandwiched between 

foils of the matrix material and then subjected to high pressure on elevated temperature, to 

establish a bond between the matrix and reinforcement by inter diffusion. To obtain the perfect 

bonding, the process parameters should be controlled.   

It is a versatile technique for the production of aluminium metal matrix composites. Blending of  

Powder blending and consolidation  
 Aluminium alloy powder with ceramic whiskers/particles can be carried out dry or in liquid 

suspension. Further cold compaction, degassing and high temperature consolidations follow 

blending  
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 Physical vapour deposition (PVD)  
 In this technique fibers are continuously passed through a high partial pressure region of the 

metal to be used as matrix. On condensation a thick metal coating is produced on the fibers. 

PVD uses physical process (such as heating or sputtering) to produce a vapour of matrix metal, 

which is then deposited on the fibre. Further the coated fibers are assembled into an array and 

consolidated in a hot press.  

 Low pressure plasma deposition   
Aluminium powder plus reinforcement are fed into low pressure plasma. In plasma, the matrix is 

heated above its melting point and accelerated by fast moving plasma gasses. These droplets are 

then deposited on a substrate, together with the reinforcement particles.  

 Liquid infiltration  
 In this technique, the porous body of a reinforcement phase is held and molten aluminium flows 

through it, filling all the pores and developing a composite. The important process parameters 

here are initial composition, temperature of reinforcement phase and infiltrating material, nature 

and magnitude of the external force exerted on the matrix metal and volume fraction of 

reinforcement  

 Squeeze casting  
 Squeeze casting is an attractive processing method for development of porosity and shrinkage 

cavities free AMMCs with better mechanical properties. This technique is the combination of 

casting and forging processes that can be done with help of high pressure, applied during melt 

solidification. The dispersion of reinforcement can be made uniform and bond formation can be 

improved by controlling their wettability in molten metal by applying high pressure. This 

process is very fast and provides good surface finish  

High energy ball milling   
It is an effective technique to reduce the grain size of the hard phase particulate reinforcement 

materials and then disperse them uniformly into various base metal matrix including light weight 

alloys. By optimizing the process parameters and selecting appropriate materials, homogeneous 

distribution of fine reinforcement can be achieved. Here the mechanical energy is transferred in 

form of high impact from high energy and high frequency balls to the material being developed. 

This technique is best suited for development of high density nanostructured metal matrix 

composite powders with enhanced mechanical properties, which are most appropriate for 

thermal spray process applications  
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        Chapter     
Literature Review  

  

  

 

 LITERATURE REVIEW  
 

This literature survey is carried out to study and propose a new Agro solid waste management 

technique. An extensive search was carried out to check the usage of ash’s as reinforcement in 

metals. For background information, the work of researchers in this context has been considered. 

Some of them are discussed here below:  

 C.E da Costa et.al[1]  has investigated on wear behaviour of Aluminium reinforced matrix 

composites. In his research it is concluded that reinforcing aluminium alloy with 

intermetallics increases highly the wear behaviour by the order of two to three times 

when compared to base metals.  

 Devinder Yadav et.al[2] has investigated on fabrication of Nickel reinforced Aluminium 

matrix by friction stir processing. It is observed that the process resulted in uniform 

dispersion of nickel particles with excellent interfacial bonding with the Aluminium 

matrix and also lead to significant grain reinforcement of matrix.  

 Karol Pietrak et.al[3] has investigated on the theories on thermal coefficients of composite 

materials. He used all the popular expressions to find the thermal conductivity of the 

composite material using properties and volume fractions of constituent phases. This 

review is done based on empirical, analytical and numerical models, amoung others.  
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 Manoj Kumar Pal et. Al[4] has investigated on the fabrication of nickel reinforced 

aluminium matrix composites by stir casting technique. In his research it is found that the 

optimal composition material is an composite with 20% of Nickel as reinforcement.The 

optimal composite material has all the properties improved than parent material except 

thermal conductivity which is found to be detoriated.  

 Dr.C N Chandrappa et.al.[5]  has investigated on fabrication of Al-SiC composites by stir 

casting by varying the weight percentages of reinforcement. In his research it is stated 

that tensile strength of composite increases linearly with reinforcement percentage, 

except it comes to a lower value at 10% of reinforcement.  

 G Miranda et.al[6] has investigated on fabrication of AlSi-Ni composites by hot pressing 

by varying the weight percentages of reinforcement. In his research it is stated that at 

20% of reinforcement  the composite shows the highest ultimate tensile strength and 

highest ductility reduction.  

 Girija Moona et.al[7] has done a retrospective investigation on Aluminium metal matrix 

composites. In this research it is stated that the main thing to be considered during 

fabrication is the end use of the developed material. Due to lack of knowledge they were 

mainly utilized in commercial and defence applications, but they can be used for further 

reasearches.  

 N. Rajesh Prabha et.al[8] has investigated on Nickel Coated Graphite reinforced  

Aluminium metal matrix composites. In his research it is stated that the composite shows 

less density when compared with Nickel reinforced composites and superiority in other 

properties when compared to Graphite reinforced composites.  

 V. Rama kotteswara Rao et.al[9] has investigated on the varying properties of Aluminium 

matrix composites with varying parameters. From the research it is concluded that stir 

casting is best suited process. It is observed that by increasing the weight percentage and 

decreasing the particle size the hardness, tensile strength and yield strength of composite 

material increases up to a maximum of 20 wt% for microstructural and 5% wt DSC 

respectively.  

Gaps identified:  

 The literature survey resembles that significant attempts have been made with a nominal 

combination of agro waste ash’s with the conventional reinforcement particle.  
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 However, a very few attempts were progressed to evaluate the mechanical and thermal 

properties of the developed materials. Any way the handful of materials are available but  

very nominal work was carried on studies of these AMC’s.  

 To the best of the knowledge of the investigator of this proposal no work has been carried 

out on a few metal particulates, though they are abundantly available at the reachable.  

    

Objectives:  

With an aim to improve the properties of the monolithic materials and to develop new materials 

to meet the requirement of the industry and to reduce the solid waste in agro sector to protect the 

eco system from contamination the objective of the present work are to:  

 Develop an MMC reinforced purely with a single reinforcing constitute.  

 Evaluate the mechanical and thermal properties at various reinforcement combinations.  

 Clearly study the formation of various chemical intermetallics, in developed AMMC’s.   
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 Chapter  

Materials and Methods  
  
    
3.1. Specimen fabrication  

3.1.1. Raw materials:  

Reinforcement:   

Nickel is a silver white metal and mainly occurs in the arsenic and sulphide ores .The Mond 

process is used to manufacture pure nickel, in which impure nickel reacts with carbonmonoxide 

to form Ni(CO)4,which is then decomposed at 200 oc to yield 99.99% Ni. Nickel has an 

abundance of 80 ppm in the earth’s crust. It is hard malleable, ductile and to an extent 

ferromagnetic. It has a fair electrical conductivity .It is belongs to the iron-cobalt group of metals 

.Nickel is highly resistant to atmospheric corrosion and resists most acids, but is attacked by 

oxidizing acids such as nitric acid. Natural nickel is a mixture of five stable isotopes, while nine 

other unstable isotopes are known.   

Nickel carbonyl is considered highly toxic and exposure should be very limited. The fumes and 
dust of nickel sulphide are recognized as having carcinogenic potential. Owing to its high 
resistance to corrosion in water or air, pure nickel is used as a protective coating. While it is 
unaffected by alkalis, it is readily soluble in dilute acids. When it comes to applications, nickel is 
used as a constituent of different types of alloys; for instance, Monel (corrosion resistant 
material), Nichrome (an alloy used for resistance heating elements), Permalloy (an alloy with 
high magnetic permeability at low field strength and low hysteresis loss), cupro-nickel, stainless 
steel, nickel silver, etc. In addition, nickel is used as a protective coating, in coinage, and within 
food and chemical handling plants  

 Density- 8.908g/cm³  
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 Young’s Modulus- 200GPa  

 Melting Temperature- 1455ºc   

 Elongation- 47%  

 Tensile Strength- (400-660MPa)  

 Thermal Conductivity- (70W/mºc)  

 Poisson’s Ratio- 0.31   

Figure 3.1 Copper Powder  

Matrix Material:  
For present research Aluminum- 6061 in the form cylinder of ϕ80 mm was selected as matrix 

material with Walnut Shell Ash (WSA) as reinforcement. The chemical composition of Al6061 

was tabulated in Table1.  

  Table 3.1 Chemical Composition of Al-6061.  

Constituent  Si  Fe  Cu  Mn  Mg  Cr  Zn  Ti  Al  

%  0.65  0.7  0.25  0.15  0.9  0.07  0.25  0.15  Reminder  

 
  

Figure 3.2:Al 6061 Bar  

 

 

3.1.2 Fabrication of Composites:  
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A bottom pouring stir casting machine Fig. 2, is employed for fabrication of composite 

materials. A die of size 20mm dia and 200mm length  is used for casting purpose. The systematic 

procedure of casting of CCA Aluminum Matrix Composites was explained in the flow chart 

below. Fig. 3.3. 
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 Figure3.3: Bottom Pouring Stir Casting Machine.   
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Figure 3.4: Flow Chart of Stir casting Process.  
  

3.2. Specimen Testing:  

Aluminium Alloy introduced  
into furnace.  

Powder Drying  

Aluminium Alloy Heated  
Above Liquidious Line  

Die Preheating  
Reinforcement   

Pre- heating   

Alloying for  
Solidification  

Pouring into the die  
maintained in a controlled  

Stirrer Rotation at a  
speed to a fixed time  

Removal of Impurities and  
Addition of nucleant  (5gms).  

Step wise Addition  

Ejection of the  
prepared Composite.  
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3.2.1 Compression Strength Measurement  

  
Figure 3.5: Universal Testing Machine.  

A compression test is any test in which a material experiences opposing forces that push inward 

upon the specimen from opposite sides or is otherwise compressed, “squashed”, crushed, or 

flattened. The test sample is generally placed in between two plates that distribute the applied 

load across the entire surface area of two opposite faces of the test sample and then the plates are 

pushed together by a universal test machine causing the sample to flatten. A compressed sample 

is usually shortened in the direction of the applied forces and expands in the direction 

perpendicular to the force. A compression test is essentially the opposite of the more common 

tension test.  

3.2.2 Density and porosity Measurement  

 The porosity levels of a material can be evaluated by comparing the densities of the produced 

composite’s theoretical (ρth) and experimental(ρex). The experimental density was evaluated by 
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the density testing apparatus as shown in Fig. 5. The fundamental rule of mixture is employed 

for calculating theoretical density.   

mth=ρmVm+ρrVr                          (1)  

where ρm theoretical density of matrix , vm is the volume fraction of matrix, ρr is theoretical 

density of reinforcement and vr is the volume fraction of reinforcement.  

 
Figure 3.6: Density measurement Apparatus.  

The porosity of the composites is taken as Porosity = (𝝆 − 𝝆𝒆𝒙/𝝆𝒕𝒉) ∗ 𝟏𝟎𝟎  

3.2.3 Hardness Test  

To measure micro and macro hardness of the fabricated composites, specimens of 10x10 mm 

are prepared and their surface was polished.  Brinell hardness testing machine was 

  
Figure 3.7: Brinell Hardness Testing Machine  

employed for measuring macro hardness. An average of three samples was taken to determine 

the hardness of the specimens. Fig.6. shows Brinell’s hardness testing machine.    

3.2.4 SEM and EDS Analysis:   

Scanning electron microscopes (SEMs) employ electron beams in order to get information 

from a sample at the Nano scale. The main type of signals that are detected are the backscattered 

(BSE) and secondary electrons (SE), which generate a gray scale image of the sample at very 
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high magnifications. However, there are many other signals which can be a product of the 

electron-matter interaction, and these can provide additional information about the sample.  This 

describes how energy-dispersive X-ray (EDX or EDS) analysis works on a SEM.  

Electron – Matter Interaction  

The electron beam-matter interaction generates a variety of signals that carry different 
information about the sample (Figure7). For example, backscattered electrons produce images 
with contrast that carries information on the differences in atomic number; secondary electrons 
give topographic information (you can read more about it here); cathode luminescence can give 
information on the electronic structure and the chemical composition of materials; and 
transmitted electrons can describe the sample’s inner structure and crystallography. Another type 
of signal that is widely used in SEMs is X-rays.  

  

Figure 3.8: Illustration of the electron-matter interaction depicting its different products.  

  
EDX analysis in SEM:  

Principle: Every atom has a unique number of electrons that reside under normal conditions in 
specific positions, as you can see in Figure 8. These positions belong to certain shells, which 
have different, discrete energies.  

The generation of the X-rays in a SEM is a two-step process. In the first step, the electron beam 
hits the sample and transfers part of its energy to the atoms of the sample. This energy can be 
used by the electrons of the atoms to “jump” to an energy shell with higher energy or be 

knocked-off from the atom. If such a transition occurs, the electron leaves behind a hole. Holes 
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have a positive charge and, in the second step of the process, attract the negatively-charged 
electrons from higher-energy shells. When an electron from such a higher-energy shell fills the 
hole of the lower-energy shell, the energy difference of this transition can be released in the form 
of an X-ray.  

This X-ray has energy which is characteristic of the energy difference between these two shells. 
It depends on the atomic number, which is a unique property of every element. In this way, X-
rays are a “fingerprint” of each element and can be used to identify the type of elements that 

exist in a sample  

  

Figure 3.9: X-ray generation process: 1) The energy transferred to the atomic electron knocks it 
off leaving behind a hole, 2) Its position is filled by another electron from a higher energy shell 
and the characteristic X-ray is released.  

EDX material analysis:   

Unlike BSE, SE and TE, X-rays are electromagnetic radiation, just like light, and consist of 
photons. To detect them, the latest systems use the so-called silicon-drift detectors (SDDs). 
These are superior to the conventional Si(Li) detectors due to higher count rates, better 
resolution, and faster analytical capabilities. These detectors are placed under an angle, very 
close to the sample, and have the ability to measure the energy of the incoming photons that 
belong to the X-rays. The higher the solid angle between the detector and the sample, the higher 
the X-rays’ detection probability, and therefore the likelihood of acquiring the best results  
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Figure 3.10: Typical EDX spectrum: y-axis depicts the number of counts and x-axis the energy 
of the X-rays. The position of the peaks leads to the identification of the elements and the peak 
height helps in the quantification of each element’s concentration in the sample.  
  
The data that is generated by EDX analysis consists of spectra with peaks corresponding to all 
the different elements that are present in the sample. You can see an example of this in Figure 9. 
Every element has characteristic peaks of unique energy, all extensively documented.  

Furthermore, EDX can be used for qualitative (the type of elements) as well as quantitative (the 
percentage of the concentration of each element of the sample) analysis. In most SEMs, 
dedicated software enables auto-identification of the peaks and calculation of the atomic 
percentage of each element that is detected. One more advantage of the EDX technique is that it 
is a non-destructive characterization technique, which requires little or no sample preparation.  

3.2.4 XRD Analysis:   

X-ray diffraction (XRD) studies were carried out for the purpose of identity and phase evolution 

at different stages of milling and also after sintering by using the Cu-Kα radiation (having 

wavelength of 0.1789 nm) in a Phillip’s X’pert PRO high resolution X-ray diffratometer. The X-

ray source was operated at a voltage of 40 kV and current of 35 mA. The diffraction angle was 

varied in the range of 20-100 degrees while the scanning rate was 0.05degree/s. The XRD data 

diffraction patterns were analyzed with the help of Phillip’s  

X’pert software. The crystallite size and lattice strain were estimated by measuring the 

broadening of the X-ray peaks by using Williamson- Hall plot.  
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Figure 3.11: X-ray Diffractometer  
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Chapter   

Result and Discussions  
  

  
  
4.1 COMPRESSIVE STRENGTH:  

Compression is defined as the force that tends to shorten or squeeze something.The following 

table shows the test results of Compressive test conducted for various composition which were 

conducted on Universal testing machine. Compressive strength of Ni reinforced AMCs  

Table 4.1:Variation of Compressive strength for various Composites.  
  

Sample No  Sample Name  Ultimate Load  

(KN)  

Ultimate Stress  

(N/mm2)  

1  Al -Pure   55.78  
383.1  

2  Al-2% .Ni  71.2  536.95  
3  Al-4% Ni  72.52  546.37  
4  Al-6% Ni  50.8  388.73  
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Figure 4.1:Variation of Compressive strength with variation of Composite  

Figure clearly shows the variation of  the compressive strength of the composites with increase 

in the  reinforcement concentration in them.  The Compressive strength values of AMCs with 

varying wt. % of Ni reinforcements. From the table we can see that the Compressive strength 

value of Al+4%Ni is greater as compared to hardness values of Al+2%Ni and pure Al. Hence, 

this shows that addition of CCA Particles in Al matrix enhances the Compressive strength value 

of AMCs when comparing to the pure aluminium.  

Table 4.2:  % Increment in the Compressive strength. 
  

Sample No  Sample name  Ultimate Load (KN)  %Increment  in  the  

Compressive strength  

1.  Al -Pure   55.78  0  

2.  Al-2% .Ni  71.2  40.15  

3.  Al-4% Ni  72.52  42.61  

4.  Al-6% Ni  50.8  1.46  
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Figure 4.2: %Increment in the Compressive strength  

This figure clearely shows the incresing in the compressive strength of the composites, it was 

recorded with the addition of 2% of Ni and compressive strength of  536.95 (N/mm2) with an 

increment of 40.15 % was observed and with 4%,6% of Ni and Compressive strength of 

composites were recorded with the values of  546.37,388.73(N/mm2)wi.th an increment of   

42.61% and 1.46% respectively were observed.  

  
4.2 HARDNESS TESTING  

The property of material to resist against surface deformation or penetration is its hardness.The 
following table shows the test results of hardness test conducted for various composition which 
were conducted on Brinell hardness testing machine. Brinell hardness of Ni reinforced AMCs. 

Table 4.3: Hardness values  
Sample  
No  

Sample 
name  

Trail-1  Trail-2  Trail-3   Hardness  

1.  Al -Pure   1..7  1.6  1.8  71.587  

2.  Al-2% Ni  1.5 1.5 1.6  90.87 

3.  Al-4% Ni  1.4 1.6  1.7  96.52  

4.  Al-6% Ni  1.2 1.5 1.5  99.49  
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The Brinell hardness values of AMCs with varying wt.% of Ni reinforcements. From the table 

we can see that the hardness value of Al+6%Ni is greater as compared to hardness values of 

Al+4%Ni and pure Al. Hence, this shows that addition of Ni Particles in Al matrix enhances the 

hardness value of AMCs when comparing to the pure Aluminium.    

 

Figure 4.3: Variation of Hardness with variation of Composite  

Figure clearly shows the variation of the hardness of the composites with increase in the 

reinforcement concentration in them. The raise of the hardness is because of the presence of the 

NiAl composition in the composites. The Brinell hardness values of AMCs with varying wt. % 

of Ni reinforcements. From the table we can see that the hardness value of Al+6% Ni is greater 

as compared to hardness values of Al+4% Ni and pure Al. Hence, this shows that addition of Ni 

Particles in Al matrix enhances the hardness value of AMCs when comparing to the pure 

Aluminium.   

Table 4.4: % Increment of Hardness for various Composites compared with pure Alloy  
Sample No  Sample name  Avg. Hardness      

(BHN)  
% Increment in the 
experimental Hardness  

1.  Al -Pure       71.5871  0  

2.  Al-1% .Ni       90.87 26.94 

3.  Al-2% Ni       96.52 34.82 
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4.  Al-3% Ni      99.49 38.97  

  

Figure Clearly shows the increment in the  hardness of the composites it was recorded with the 

addition of 2% of Ni and hardness of  90.87 BHN  with an increment of 26.94 % was observed 

and with 4%,6% of Ni the hardness  of composites were recorded with the values of  96.52 

BHN,99.49  BHN with an increment of  34.82% and 38.97% respectively were observed.  

 

Figure 5.4: % Increment of Hardness with variation of Composites  

5.3  DENSITY   

It is a characteristic property of a substance to have a relationship between the mass of the substance 

and how much space it takes up (volume).  

Table 5.5:Variation of densities for various Composites.  
  

Sample No  Sample name  Density  

1.  Al -Pure   2.6662  

2.  Al-2% .Ni   2.8737 

3.  Al-4% Ni  2.9831  
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4.  Al-6% Ni  3.1863 

  

The following table shows the test results of density test conducted for various compositions.The 

figure clearly shows the variation of density of the composite materials with varying percentages 

of reinforcement.  

 
   

Figure 5.5: % Decrement of Density with variation of Composites The figure clearly 

shows the variation of density of the composite materials with varying percentages of 

reinforcement  

Table 5.6:%Increment in densities for various Composites.  

Sample No  Sample name  

%  

Increment in 
Density  

1.  Al -Pure   0  

2.  Al-2%Ni  7.7 

3.  Al-4%Ni  11.9 

4.  Al-6%Ni  19.4 
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Figure 5.6: % Increment of Density with variation of Composites  

The above figure shows that with addition of 2%,4% and 6% of Ni ,the density values were 

recorded as  2.8731, 2.9831 and 3.1837 with an increment of7.7 %,11.9% and 19.4% 

respectively.  
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Chapter   
Conclusions  
  

  

  
Conclusions:  
In the present investigation, the Ni reinforced Al- 6061 matrix composites have been developed 

via stir casting liquid route of composite fabrication. A detailed microstructural characterization 

and the evaluation of mechanical properties including compression strength, hardness and 

density have been carried out. As a basis for comparison, all the fabricated composites are 

compared with the pure casted alloy.  

Following are the conclusions arising out of the present study.  

 The composites reinforced with the Ni particles exhibited higher hardness values as 

compared to the pure alloys. In addition, the composites reinforced with CCA have 

shown an highest of 95.49 BHN for composites reinforced with 3% Ni with an 33.40% 

increment. The increase in hardness might be owing to the grain refinement observed in 

the SEM Analysis.  
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 The stress values sustained by all the composites specimens in compression tests during 

50% reduction of their initial height exhibited a similar trend as hardness recording a 

highest of 546.37 N/mm2 with an increment of 42.61% than that of pure alloy.  

 It is observed that the density of the composites has increased with the raise in 

reinforcement concentration.  

 The EDX analysis has shown that the composites formed has shown the advent of NiAl 

present in the composites the prime reason for the increase of density and increase in the 

hardness and compressive strength.  

 The SEM images had shown the distribution of the reinforcement in the aluminium matrix 

and the reinforcement agglomeration at 3% reinforcements. Furthermore, the particles 

can be considered as defects in the passive film. Thus, it is difficult to build a dense 

passive layer free from defects in case of the composites reinforced with higher volume 

fractions.  

   

  

  

  

  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



38 
 

Future Scope:  
 Effect of load, coefficient of friction, wear rate, wear mechanisms etc, can also be 

studied.  

 Electrical conductivity of composites can also be measured.  

 The same composites can also be fabricated by powder metallurgical route.   

 These composites can be analysed for corrosive resistance.  
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ABSTRACT

Solar energy is an inexhaustible source, to potentially meet the significant portion

of the world’s future energy needs.Effective conversion of energy from low grade

to useful high grade is one of the most important challenges today. Solar collector

is one of the thrust proving devices for harvest the solar energy to convert sun

light into useful energy.

Experimental analysis has been carried out to understand the performance of solar

flat plate collector (SFPC) so as to improve its performance. Though SFPCs’ are

been using as solar thermal collectors over the few decades, their thermal

efficiency is considerably low. The thermal efficiency can be improved either by

changing the geometric parameters or by changing its working fluid. In this

project HYTHERM500 and HYTHERM600 are used as working fluids to

improve its performance. Heat transfer phenomenon inside the risers of SFPC is

analyzedexperimentally.Temperaturesand efficiencies of the working fluids are co
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INTRODUCTION

CHAPTER-1

INTRODUCTION TO SOLAR ENERGY

1.1 Introduction.

All life on earth is supported by the sun. This amazing resource radiates energy and provides us both heat and

light by fusing hydrogen into helium at its core. We call this solar radiation. Only about half of this solar

radiation makes it to the Earth’s surface. The rest is either absorbed or reflected by clouds and the atmosphere.

Still, we receive enough power from the sun to meet the power demands of all mankind millions of times

over. Solar energy the power from the sun is a vast, inexhaustible, and clean resource.

Sunlight, or solar energy, can be used directly for heating and lighting homes and businesses, for generating

electricity, and for hot water heating, solar cooling, and a variety of other commercial and industrial

uses. Most critical, given the growing concern over climate change, is the fact that solar electricity generation

represents a clean alternative to electricity from fossil fuels, with no air and water pollution, no global

warming pollution, no risks of electricity price spikes, and no threats to our public health.

The solar resource is enormous. According to the US Department of Energy, the amount of sunlight that

strikes the earth’s surface in an hour and a half is enough to handle the entire world’s energy consumption for

a full year. Just 18 days of sunshine on Earth contains the same amount of energy as is stored in all of the

planet’s reserves of coal, oil, and natural gas.

Solar energy is the energy obtained by capturing heat and light from the Sun. Energy from the Sun is referred

to as solar energy. Technology has provided a number of ways to utilize this abundant resource. It is

considered a green technology because it does not emit greenhouse gases. Solar energy is abundantly

available and has been utilized since long both as electricity and as a source of heat.

1.2 Solar Radiation

Solar radiation is radiant energy emitted by the sun from a nuclear fusion reaction that creates electromagnetic

energy. The spectrum of solar radiation is close to that of a black body with a temperature of about 5800 K.

About half of the radiation is in the visible short-wave part of the electromagnetic spectrum. The other half is

mostly in the near-infrared part, with some in the ultraviolet part of the spectrum.The average amount of the

solar radiation that penetrates into the atmosphere and reaches the ground is only 51 % of the total incoming

solar energy. In the remaining, 30 % is reflected back into space and 19 % is absorbed by the atmosphere and

clouds. The total solar energy absorbed by Earth’s atmosphere, oceans and land masses is in one hour more

than that of the world energy needs in a year.
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Fig 1.1 Distribution of Solar Energy on Earth Surface

Incident solar radiation is in the form of electromagnetic waves and it is spreads over a wide range of solar

spectrum. In precise, the irradiation is in the form of ultraviolet, visible and infrared waves. However, most of

the energy inhibited in solar radiation is filtered before it reaches to the earth surface. Fig. 1.2 elucidates the

spectral distribution of solar irradiation over a range of wavelengths up to 2400 nm. As depicted in Fig. 1.2,

the longer wavelengths (infrared) have less energy than shorter wavelengths (visible or UV). It can also be

observed from the Fig.1.2 that, most of the energy is inhibited in the UV and visible region only and peak of

the spectral irradiance is within the visible region thereby, higher amount of energy of the solar radiation is

abides in this region only. Therefore, the substance having good optical properties like higher absorption and

extinction coefficients in visible region would absorb more amount of solar energy.

In spite of its low energy intensity and unsteady nature, solar energy has been a prominent substitute to meet

the consistently raising energy requirements. The solar energy can be effectively harnessed by using the

renowned devices called solar collectors. The solar collector will absorb the solar radiation incident on their

surface and converts this incident energy into useful form. The collectors are categorized based on design,

working, operating range etc. However, the basic motto of all the collectors is to harness the available solar

energy and transforms into desired form.
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Fig1.2 Solar irradiation spectrum over a range of wavelengths

1.3 Definitions

Some of the important definitions related to solar radiation.

Air Mass (m) The ratio of the mass of atmosphere through which beam radiation pass through if the sun were

at the zenith (directly overhead). Thus at sea level m = 1 when the sun is at the zenith and m = 2 for zenith

angles from 0ºto 70º at sea level, to a close approximation.

m �
1

cos θz

For higher zenith angles, the effect of the earth's curvature becomes significant and must be taken into
account.

Beam Radiation

The solar radiation received from the sun without having been scattered by the atmosphere. Beam radiation is
often referred to as direct solar radiation.

Diffuse Radiation

The solar radiation received from the sun after its direction has been changed by scattering by the atmosphere.

Total Solar Radiation

The sum of the beam and the diffuse solar radiation on a surface. The most common measurements of solar
radiation are total radiation on a horizontal surface, often referred to as global radiation on the surface.
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Irradiance

The rate at which radiant energy is incident on a surface per unit area of surface. The symbol G is used for
solar irradiance. Units of irradiance are W/m2.

Radiosity

The rate at which radiant energy leaves a surface per unit area combined emission, reflection and
transmission.Units of radiosity are W/m2.

Emissive Power

The rate at which radiant energy leaves a surface per unit area by emission only.Units of Emissive power are
W/m2.

Direction of Beam Radiation

The geometric relationships between a plane of any particular orientation relative to the earth at any time

(whether that plane is fixed or moving relative to the earth) and the incoming beam solar radiation, that is, the

position of the sun relative to that plane, can be described in terms of several angles

 Latitude (ϕ), the angular location north or south of the equator, north positive

(−90º ≤ ϕ≤ 90º ).

 Declination (δ), the angular position of the sun at solar noon (i.e., when the sun

is on the local meridian) with respect to the plane of the equator,

north positive(−23.45º ≤ δ ≤ 23.45º).

 Slope (β), the angle between the plane of the surface in question and the horizontal

(0º ≤β≤ 180º)(β >90 ºmeans that the surface has a downward-facing component).

 Surface azimuth angle (γ), the deviation of the projection on a horizontal plane of the

normal to the surface from the local meridian, with zero due

south, east negative, and west positive (−180◦ ≤ γ≤ 180◦).
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Fig 1.3 (a) Zenith angle, slope, surface azimuth angle, and solar azimuth angle for a
Tilted surface. (b) Plan view showing solar azimuth angle.

 Hour angle (ω), the angular displacement of the sun east or west of the local meridian

due to rotation of the earth on its axis at 15ºper hour; morning negative,

afternoon positive.

 Angle of incidence (θ), the angle between the beam radiation on a surface and the normal

to that surface.

Additional angles are defined that describe the position of the sun in the sky:

 Zenith angle (θz), the angle between the vertical and the line to the sun, that is, the angle

of incidence of beam radiation on a horizontal surface.

 Solar altitude angle (αs), the angle between the horizontal and the line to the suni.e., the complement .

of the zenith angle.

 Solar azimuth angle( γs), the angular displacement from south of the projection of beam

radiation on the horizontal plane, shown in Fig 1.3.
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1.4 Solar Energy and its Conversion

Solar energy is the energy obtained by capturing heat and light from the Sun. Energy from the Sun is referred

to as solar energy. Technology has provided a number of ways to utilize this abundant resource. It is

considered a green technology because it does not emit greenhouse gases. Solar energy is abundantly

available and has been utilized since long both as electricity and as a source of heat.

Solar technology can be broadly classified as:

 Active Solar - Active solar techniques include the use of photovoltaic systems, concentrated solar

power and solar water heating to harness the energy. Active solar is directly consumed in activities

such as drying clothes and warming of air.

 Passive Solar - Passive solar techniques include orienting a building to the Sun, selecting materials

with favourable thermal mass or light-dispersing properties, and designing spaces that naturally

circulate air.

Conversion of Solar Energy

The solar energy is the energy obtained by capturing heat and light from the Sun. The method of obtaining

electricity from sunlight is referred to as the Photovoltaic method. This is achieved using a semiconductor

material.

The other form of obtaining solar energy is through thermal technologies, which give two forms of energy

tapping methods.

 The first is solar concentration, which focuses solar energy to drive thermal turbines.

 The second method is heating and cooling systems used in solar water heating and air conditioning

respectively.

The process of converting solar energy into electricity so as to utilize its energy in day-to-day activities is

given below.

 Absorption of energy carrying particles in Sun’s rays called photons.

 Photovoltaic conversion, inside the solar cells.

 Combination of current from several cells. This step is necessary since a single cell has a voltage of

less than 0.5 V.

 Conversion of the resultant DC to AC.

https://www.tutorialspoint.com/renewable_energy/solar_energy_photovoltaic_effect.htm
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Essential Subsystems in a Solar Energy Plant:

1. Solar Collector or Concentrator: It receives solar rays and collects the energy. It may be following types.

 Flat plate type without focusing.

 Parabolic trough type with line focusing.

 Parabolodish with central focusing.

 Fresnel lens with centre focusing.

 Heliostats with centre receiver focusing.

2. Energy Transport Medium: Substances such as water, liquidmetals and gas are used to transport the

thermal energy from collector to the thermal energy storage.

3. Energy Storage: Solar energy is not available continuously. So we need energystorage for maintaining the

power supply during nights or cloudy periods.

There are three major types of energy storage:

 Thermal energy storage.

 Battery storage.

 Pumped storage hydro electric plant.

4. Energy Conversion Plant: Thermal energy collected by solar collectors is used forproducing asteam, hot

water, etc. Solar energy converted to thermal energy is fed to steam thermal or gas-thermal power plant.

5. Power Conditioning, Control and Protection System: Load requirements of electrical energy vary with

time. The energy supply has certain specifications like voltage, current, frequency, power etc.. The power

conditioning unit performs several functions such as control, regulation, conditioning, protection,

automation etc.

6. Alternative or Standby Power Supply: The backup may be obtained as power from electrical network or

standby diesel generator.
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1.5 Applications of Solar Energy
Solar energy ismost important kind of non-conventional source of energy which has been used since ancient

times.The actual and proposed applications of solar energy may be considered in three general categories.

Direct Thermal Application: It makes direct use of heat, resulting from the absorption of the solar radiation,

for space heating,supply heat for agricultural, industrial, and other processes that requires only moderate

temperatures.

Solar Electric Applications: Solar energy is converted directly or indirectly into electrical energy.

 Solar Thermal Methods involve production of high temperatures, required to boil water

or other working fluid for operating turbines which drive electric generators. These are

considered under solar thermal-electric conversion.

 Photovoltaic: Used to convert solar energy directly into electric energy withoutmachinery.

 Thermo Electric Conversion: Conversion of solar energy into electrical energy without

use of machinery by utilizing thermo electric effect.

 Wind Energy: A form of solar energy that can be converted into mechanical energy and

hence into electrical energy by means of a generator.

Energy from Biomass and Bio-gas:The conversion of Biomass and Bio-gas into clean fuels or other energy

related product of organic matter derived directly or indirectly from plants whichuse solar energy to grow.

Biomass materials include agricultural, forest, and animal, residues, aswell as terrestrial and aquatic plants

grown especially for the purpose.

SomeApplicationsofSolarEnergy:

Solar Water Heating System:



9

Solar water heating (SWH) is the conversion of sunlight into heat for water heating using a solar thermal

collector. A sun-facing collector heats a working fluid that passes into a storage system for later use. SWH are

active (pumped) and passive (convection-driven). They use water only, or both water and a working fluid.

They are heated directly or via light-concentrating mirrors. They operate independently or as hybrids with

electric or gas heaters. In large-scale installations, mirrors may concentrate sunlight into a smaller collector.

SWHs are widely used for residential and some industrial applications.

Solar Distillation:

Fig1.5 Solar Distillation

https://en.wikipedia.org/wiki/Sunlight
https://en.wikipedia.org/wiki/Water_heating
https://en.wikipedia.org/wiki/Solar_thermal_collector
https://en.wikipedia.org/wiki/Solar_thermal_collector
https://en.wikipedia.org/wiki/Working_fluid
https://en.wikipedia.org/wiki/Natural_convection
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Solar distillation is the use of solar energy to evaporate water and collect its condensate within the same

closed system. Unlike other forms of water purification it can turn salt or brackish water into fresh drinking

water (i.e. desalination). The structure that houses the process is known as a solar still and although the size,

dimensions, materials, and configuration are varied, all rely on the simple procedure wherein an influent

solution enters the system and the more volatile solvents leave in the effluent leaving behind the salty solute

behind.

Solar distillation differs from other forms of desalination that are more energy-intensive, such as methods

such as reverse osmosis, or simply boiling water due to its use of free energy.

Photovoltaics:

Photovoltaic or PV technology employs solar cells or solar photovoltaic arrays to convert energy from the

sun into electricity. Solar cells produce direct current electricity from the sun’s rays, which can be used to

power equipment or to recharge batteries. Many pocket calculators incorporate a single solar cell, but for

larger applications, cells are generally grouped together to form PV modules that are in turn arranged in solar

arrays. Solar arrays can be used to power orbiting satellites and other spacecraft and in remote areas as a

source of power for roadside emergency telephones, remote sensing, and cathodic protection of pipelines.

Fig 1.6 Working of Photovoltaic Solar Panel

Solar Dryer:

Solar drying is a traditional method of utilizing solar energy for drying of agricultural and animal products.

Agricultural products are dried in a simple cabinet dryer which consists of a box insulated at the base, painted

https://www.appropedia.org/Solar_energy
https://www.appropedia.org/Water_purification
https://www.appropedia.org/Desalination
https://www.appropedia.org/Solar_still
https://www.appropedia.org/Reverse_osmosis
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black on the inner side and covered with an inclined transparent sheet of glass. At the base and top of the

sides ventilation holes are provided to facilitate the flow of air over the drying material which is placed on

perforated trays inside the cabinet. These perforated trays or racks are carefully designed to provide controlled

exposure to solar radiations.

Solar drying, especially of fruits improves fruit quality as the sugar concentration increases on drying.

Normally soft fruits are particularly vulnerable to insect attack as the sugar content increases on drying but in

a fruit dryer considerable time is saved by quicker drying minimizing gap the chances of insect attack.

Fig 1.7 Solar Dryer

Some other Applications of solar energy:

 Larger solar power plants that collect the heat from the sun, which is subsequently used to produce

steam for powering a generator.

 Solar energy is harnessed to pump water in remote areas.

 Solar cookers, Solar cars, solar trams, Solar buses and even satellites are also seen to operate with the

help of solar energy.

 Solar energy can be used to heat residential homes.

 Recreational vehicles and some boats may also run on solar energy.

 Small gadgets that involve little energy, such as calculators and watches, often use solar energy.
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CHAPTER 2

LITERATURE SURVEY

Ranjith P.V, Aftab A.Karim,"A Comparitive Study on the Experimental and computational Analysis of Flat

Plate Collector using an Alternate working Fluids"Associate Professor, Department of Mechanical

Engineering, LBS College of Engineering, Kasaragod, Kerala, India.

Solar liquid collectors are potential candidates for enhanced heat transfer. The enhancement techniques can be

applied to thermal solar collectors to produce more compact and efficient energy collection/storage

mechanism. Those collectors can be induced for simplest and most direct applications of energy conversion of

solar radiation into heat. This work presents a comparative representation of computational simulation and

experimental for the processes occurring in liquid flat-plate solar collectors. The working fluid used is

propylene glycol and the concentration of propylene glycol (PG) is varied for various mass flow rates. The

effect of this variation, on the efficiency of a flat plate solar collector was investigated computationally and

experimentally. The experiments were carried out using 4 different mixture concentrations. The designed

model is simulated under various flow conditions by varying the mass flow rate and varying the working fluid

concentration. In order to verify the designed model andresults, an experiment was designed and conducted

for several days with variable ambient conditions, flow rates and concentrations. The comparison between the

computed and measured results of the fluid temperature at the collector outlet showed a satisfactory

convergence. The model is appropriate for the verification of overall efficiency of the system and can beused

for any number of working fluids in order to find the outlet temperature.

N. Budak Ziyadanogullari , H.L. Yucel, C. Yildiz,"Thermal Performance Enhancement of Flat-Plate

SolarCollectors bymeans Three DifferentNanofluids"IBatman University, Department of Mechanical

Engineering, Batman, Turkey.

Solar energy, which comes first among renewable energy sources, enables efficient use of energy with many

applications due to its low operating cost and environmental friendliness. In this study, we experimentally

investigated the effects on thermal efficiency of nanofluid and water as working fluids in flat-plate solar

collector hot water solar energy systems. Nano-fluids were prepared by adding AI2O3, CuO, and TiCte

nanoparticles at 0.2, 0.4, and 0.8 vol. % into distilled water, and then the thermophysical properties (thermal

conductivity, viscosity) of the prepared nanofluids were determined. Flow rate was adjusted to 250 1/h at

given concentrations for each nanofluid in the experimental setups and data such as collector inlet and outlet

temperatures, ambient and tap water temperatures; radiation, humidity, and wind speed were measured and

recorded. The obtained data were used to calculate efficiencies according to ASHRAE 93-2003 standards.

When compared with water, the results indicated that the use of nanofluid increased collector efficiency.
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Manuel Seco-Nicolas,Mariano Alarcon Garcia,Juan Pedro Luna-Abad,"Experimental Calculation of the mean

temperature of flat plate thermal solar collectors"University of Murcia, Dept. of Electromagnetism and

Electronics, Edif. C. Campus de Espinardo, 30100 Murcia, Spain.

The mean temperature of flat plate solar thermal collectors (FPSTC) is used to calculate collector efficiency

and other related parameters. This temperature is a key aspect for the determination of thermal losses or the

inertial behavior of a collector. Consequently, the accurate determination of this parameter is of major interest

to provide many collector performance indicators.

Inanapparentlysimpleway,EN12975standardstabilisesthatthemeantemperatureofaFPSTCisgivenbythearithmeti

cmeanoftheinletandoutlettemperaturesofthecollectorfluid.

Inordertoknowwhetherthisresultisclosetotherealmeantemperatureofthecollector,calculationsweremadeusingdat

aobtainedinthermo-solarexperimentalfacilityoftheUniversity OfMurcia.

representative tube-fin “channel” of each of the two kinds of solar collector belonging to this facility was

provided with a set of 28 thermocouples, divided into four sections. This arrangement allows the continuous

measurement of the collector temperature field, as well as of fluid temperatures and other data related with

collector performances. A weighted average of the collector temperatures, bearing in mind the different

surfaces that the measurement of each thermocouple represents, was calculated, yielding the real mean

temperature of the collector plate absorber. Also, a representative point of the temperature “channel” was

determined. The different curves representing the weighted average temperature of both collectors during the

daylight period are depicted and compared to the mean collector temperature mentioned in the standard. In

most cases only a slight difference of about 5 % between these temperatures was obtained, leading to the

conclusion that for general purposes the EN 12975 standard definition of collector mean temperature is

sufficiently accurate.

Yijie Tong, Hoseong Lee, Woobin Kang, Honghyun Cho, “Energy and exergy comparison of a flat-plate

solar collector using water,Al2O3 nanofluid, and CuO nanofluid”, Department of Electromechanical

Engineering, Hangzhou Vocational and Technical College, Hangzhou, China.

performance of a flat-plate solar collector was investigated by using water, Al2O3 nanofluid, and CuO

nanofluid as the working fluids. The energy efficiency, entropy generation, energy destruction, and energy

efficiency were analyzed and compared. The flat-plate solar collector exhibited the highest efficiency when

theAl2O3 nanofluid was used as the working fluid (21.9% higher than the efficiency when water was used).

The entropy generation was the highest for water and the lowest for 1.0 vol%-Al2O3 nanofluid. The energy

efficiency of the solar collector using 1.0 vol%-Al2O3 and 0.5 vol%-CuO nanofluid was improved by 56.9%

and 49.6%, respectively, compared with that for water. The highest energy efficiency of the solar collector

was obtained with1.0 vol%-Al2O3 nanofluid. Experimental results showed that the use of Al2O3 and CuO

nanofluids in the flat-plate solar collector could improve the thermal efficiency compared to the use of water,
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and the maximum performance of the flat-plate solar collector was obtained when 1.0 vol%-Al2O3 nanofluid

was used.

Krishna Murari Pandey n, Rajesh Chaurasiya,"A review on analysis and development of solar flat plate

collector" Department of Mechanical Engineering, National Institute of Technology, Silchar, Assam 788010,

India.

Solar flat plate collectors are devices used to trap solar thermal energy and use it for heating applicationslike

water heating, room heating and other industrial applications.

Flat plate collectors are popular forlow and medium heating applications and there are undergoing constant

development in terms of sizereduction and enhanced efficiency. This paper presents an overview on the

different techniques that areemployed to enhance the efficiency of flat late collectors. Effect of using

nanofluids as heat transfer fluid,effect of altering absorber plate design for better capture of radiation,

methods of heat loss reduction, useof polymer, employing mini channels for fluid flow, using PCM (phase

changing materials) to provideheat during night without tank and effect of use of enhancement devices like

inserts and reflector havebeen discussed in this paper. A brief insight on various techniques used to analyse

the effects and variousdesigns has also been presented with the development methodology. Some analytical

studies and CFDmodels have also been mentioned. This review paper also deals with the suggestions for the

researchwork which can be carried out in the direction of heat transfer from solar flat plate collectors.
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CHAPTER-3

SOLAR COLLECTORS

3.1 Introduction
Although solar panels are the most known device when it comes to solar energy, solar 2thermal collectors are

also very efficient and are used to collect heat by absorbing sunlight. Solar collectors are used to collect the

solar energy and convert the incident radiations into thermal energy by absorbing them. This heat is extracted

by flowing fluid (air or water or mixture with antifreeze) in the tube of the collector for further utilization

indifferent applications.

3.2 Classification of Solar Collectors
Solar collectors are classified as follows:

3.2.1 Non-Concentrating Collectors

In Non Concentrating type collectors, the area collecting the solar energy is the same as the area absorbing

the solar radiation i.e., absorption and reflective surfaces have the common area. These collectors are

suitable for heating to temperature below 100ºC

Solar Collectors

Non-Concentrating Collectors

Concentrating collectors

Flat Plate
Collector

Evacuated Tube
Collector

Solar Power
Tower

Parabolic
Dish

Parabolic
Trough
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Non- Concentrating Collectors are classified as:

Flat Plate Collector

Flat plate collector is a metal box with a glass or plastic cover (called glazing) on top and a dark-colored

absorber plate on the bottom. The sides and bottom of the collector are usually insulated to minimize heat

loss.In flat plate collector Sunlight passes through the glazing and strikes the absorber plate, which heats

up, changing solar energy into heat energy. The heat is transferred to liquid passing through pipes attached

to the absorber plate by means of convective heat transfer.

Fig 3.1 Flat Plate Collector

Main advantages of flat plate collectors are:

 It utilizes the both the beam as well as diffuse radiation for heating.

 Requires less maintenance.

Disadvantages

 Large heat losses by conduction and radiation because of large area.

 No tracking of sun.

 Low water temperature is achieved.

Evacuated Tube Collector

An evacuated tube collector is a type of collector that can achieve high temperatures, in the range 170°F

(77°C) to 350°F (177°C) and can, under the right set of circumstances, work very efficiently.
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The Evacuated tube collector consists of a number of rows of parallel transparent glass tubes connected to a

header pipe and which are used in place of the blackened heat absorbing plate.

These glass tubes are cylindrical in shape. Therefore, the angle of the sunlight is always perpendicular to the

heat absorbing tubes which enables these collectors to perform well even when sunlight is low such as when it

is early in the morning or late in the afternoon, or when shaded by clouds. Evacuated tube collectors are

particularly useful in areas with cold, cloudy wintry weathers.

Evacuated tube collectors are made up of a single or multiple rows of parallel, transparent glass tubes

supported on a frame. Each individual tube varies in diameter from between 25mm to 75mm and between

1500mm to 2400mm in length depending upon the manufacturer. Each tube consists of a thick glass outer

tube and a thinner glass inner tube, (called a “twin-glass tube”) or a “thermos-flask tube” which is covered

with a special coating that absorbs solar energy but inhibits heat loss. The tubes are made of borosilicate or

soda lime glass, which is strong, resistant to high temperatures and has a high transmittance for solar

irradiation.

Fig 3.2 Evacuated Tube Collector

Unlike flat panel collectors, evacuated tube collectors do not heat the water directly within the tubes. Instead,

air is removed or evacuated from the space between the two tubes, forming a vacuum (hence the

name evacuated tubes). This vacuum acts as an insulator reducing any heat loss significantly to the

surrounding atmosphere either through convection or radiation making the collector much more efficient than

the internal insulating that flat plate collectors have to offer. With the assistance of this vacuum, evacuated
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tube collector generally produce higher fluid temperatures than they’re flat plate counterparts so may become

very hot in summer.

Evacuated-tube collectors are, however, quite expensive, with unit area costs typically about twice that of flat-

plate collectors. They are well-suited to commercial and industrial heating applications and also for cooling

applications (by regenerating refrigeration cycles). They can also be an effective alternative to flat-plate

collectors for domestic space heating, especially in regions where it is often cloudy. For domestic hot water

heating, flat-plate collectors tend to offer a cheaper and more reliable option.

3.2.2 Concentrating Collectors

Concentrating collector is a device to collect solar energy with high intensity of solar radiation on the energy

absorbing surface. Such collectors use optical system in the form of reflectors or refractors. These collectors

are used for medium (100-300ºC) and high-temperature (above 300ºC) applications such as steam production

for the generation of electricity. The high temperature is achieved at absorber because of reflecting

arrangement provided for concentrating the radiation at required location using mirrors and lenses.

Concentrating Collectors are classified as:

Parabolic Dish Collector

A Parabolic dish system consists of a parabolic-shaped point focus concentrator in the form of a dish that

reflects solar radiation onto a receiver mounted at the focal point. The parabolic dish collects the incoming

solar energy directly from the sun and concentrates or focuses it on a small focal point area positioned in front

of the dish.

The parabolic solar dish is covered with many small mirror reflectors all around its shape to help concentrate

the thermal energy into a single focal point were the heat absorber is located producing more overall thermal

energy per square meter of dish These concentrators are mounted on a structure with a two-axis tracking

system to follow the sun. The collected heat is typically utilized directly by a heat engine mounted on the

receiver moving with the dish structure. Dish can attain extremely high temperatures, and holds promise for

use in solar reactors for making solar fuels which require very high temperatures
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Fig 3.3 Parabolic Dish Collector

Parabolic Trough

In a parabolic trough system, the sun’s energy is concentrated by parabollically curved, trough-shaped

reflectors onto a receiver pipe, the heat absorber tube running along about a meter above the curved surface of

the mirrors. The temperature of the heat transfer fluid flowing through the pipe increases, and the heat energy

is then used in the thermal power block to generate electricity in a conventional steam generator.

A trough solar collector field comprises multiple parabolic trough-shaped mirrors in parallel rows aligned to

enable these single-axis trough-shaped mirrors to track the sun from east to west during the day to ensure that

the sun is continuously focused on the receiver pipes. The trough is parabolic along one axis and linear in the

orthogonal axis. For change of the daily position of the sun perpendicular to the receiver, the trough tilts east

to west so that the direct on the receiver. However, seasonal changes in the in angle of sunlight parallel to

trough does not require adjustment of the mirrors, since the light is simply concentrated elsewhere on the

receiver. Thus the trough design does not tracking on second axis.
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Fig 3.4 Parabolic Trough

Power Tower

Power towers use large, flat mirrors called heliostats to reflect sunlight onto a solar receiver at the top of a

central tower. In a direct steam power tower, water is pumped up the tower to the receiver, where

concentrated thermal energy heats it to around 1,000 degrees Fahrenheit. The hot steam then powers a

conventional steam turbine. In this case, the medium that transfers heat from the receiver to the power block

is steam. Some power towers use molten salt in place of the water and steam. That hot molten salt can be used

immediately to generate steam and electricity, or it can be stored and used at a later time.

The advantage of this design above the parabolic trough design is the higher temperature. Thermal energy at

higher temperatures can be converted to electricity more efficiently and can be more cheaply stored for later

use. Furthermore, there is less need to flatten the ground area. In principle a power tower can be built on the

side of a hill. Mirrors can be flat and plumbing is concentrated in the tower. The disadvantage is that each

mirrormusthave its own dual-axis control, while in the parabolic trough design single axis trackingcan be

shared for a large array of mirrors.
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Fig 3.5Solar Power Tower

Concentrating Collector over Flat collector

Advantages:

 The size of the absorber can be reduced that gives high concentration ratio.

 Thermal losses are less than FPC. However small losses occur in the concentrating collector because

of its optical system as well as by reflection, absorption by mirrors and lenses.

 The efficiency increases at high temperatures.

 In these collectors the area intercepting the solar radiation is greater than the absorber area.

 These collectors are used for high-temperature applications.

 Reflectors can cost less per unit area than flat plate collectors.

 Focusing or concentrating systems can be used for electric power generation when not

used for heating or cooling.

Disadvantages:

 Out of the beam and diffuse solar radiation components, only beam component is collected in case of

focusing collectors because diffuse component cannot be reflected and is thus lost.

 In some stationary reflecting systems it is necessary to have a small absorber to track the sun image; in

others the reflector may have to be adjustable more than one position if year round operation is desired;

in other words costly orienting systems have to be used to track the sun.

 Additional requirements of maintenance particular to retain the quality of reflecting surface against

dirt, weather, oxidation etc.

 Non –uniform flux on the absorber whereas flux in flat-plate collectors in uniform.

 Additional optical losses such as reflectance loss and the intercept loss, so they introduce additional

factors in energy balances.
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CHAPTER-4

FLAT PLATE COLLECTOR

4.1 Introduction
Flat plate collector is the most important type of Non-Concentrating solar collector.In Non Concentrating

type collectors, the area collecting the solar energy is the same as the area absorbing the solar radiation i.e.,

absorption and reflective surfaces have the common area. These collectors are suitable for heating to

temperature below 100ºC.

The flat plate collector forms the heart of any solar energy collection system designed for operation in the

low temperature range from ambient to 60°C, or the medium temperature range, from ambient to 100ºC. A

well engineered flat plate collector delivers heat at a relatively low cost for a long duration. The flat plate

collector is basically a heat exchanger which transfers the radiant energy of the incident sunlight to the

sensible heat of a working fluid-liquid or air.

4.2 Principle of Flat Plate Collector

A solar flat plate collector typically consists of a large heat absorbing plate, usually a large sheet of copper

or aluminium as they are both good conductors of heat, which is painted or chemically etched black to

absorb as much solar radiation as possible for maximum efficiency. This blackened heat absorbing surface

has several parallel copper pipes or tubes called risers, running length ways across the plate which contains

the heat transfer fluid, typically water.

These copper pipes are bonded, soldered or brazed directly to the absorber plate to ensure maximum surface

contact and heat transfer. Sunlight heats the absorbing surface which increases in temperature. As the plate

gets hotter this heat is conducted through the risers and absorbed by the fluid flowing inside the copper

pipes which is then used by the household.

The pipes and absorber plate are enclosed in an insulated metal or wooden box with a sheet of glazing

material, either glass or plastic on the front to protect the enclosed absorber plate and create an insulating

air space. This glazing material does not absorb the suns thermal energy to any significant extent and

therefore most of the incoming radiation is received by the blackened absorber.

The air gap between the plate and glazing material traps this heat preventing it from escaping back into the

atmosphere. As the absorber plate warms up, it transfers heat to the fluid within the collector but it also
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loses heat to its surroundings. To minimize this loss of heat, the bottom and sides of a flat plate collector

are insulated.

Fig 4.1 Solar Flat Plate Collector

4.3Components of Flat Plate Solar Collector

Insulated Box

The rectangular box is made of wood thin and is insulated from sides and bottom using glass wool of

thickness 5 to 8 cm to reduce heat losses from conduction to back and side wall. The box is tilted at due south

and a tilt angle depends on the latitude of location. The face area of the collector box is kept between 1 to 2

m2.

There are severalthermal insulating materials which can be used to reduce heat losses from the absorbing

plate pipes are commonly available. The desired characteristics of an insulating material are low thermal

conductivity,Stability at high temperature (up to 200°C), no degassing up to around 200°C,self supporting

feature without tendency to settle, ease of application and no contribution in corrosion.

Transparent Cover (Glazing)

This allows solar energy to pass through and reduces the convective heat losses from the absorber plate

through air space. Thetransparenttampered glass cover is placed on top of rectangular box to trap the solar

energy and sealed to prevent the leakage of hot air. It is made of plastic/glass but glass is most favourable

because of its transmittance and low surface degradation. However with development of improved quality of
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plastics, the degradation quality has been improved. The plastics are available at low cost, light in weight and

can be used to make tubes, plates and cover but are suitable for low temperature application 70º-120ºCwith

single cover plate or up to 150ºC using double cover plate. The thickness of glass cover 3 to 5 mm commonly

used and 1 to 2 covers with spacing 1.5 to 3 cm are generally used between plates. The temperature of glass

cover is lower than the absorber plate and is a good absorber of thermal energy and reduces convective and

radiativelosses of sky.

Absorber Plate

It intercepts and absorbs the solar energy. The absorber plate is madeof copper, aluminium or steel and is in

the thickness of1 to 2 mm. It is the most importantpart of collector along with the tubes products passing the

liquid or air to be heated. Theplate absorbs the maximum solarradiationincident on it through glazing (cover

plate) andtransfers the heat to the tubes in contact with minimum heat losses to atmosphere. Theplate is black

painted and provided with selective material coating to increase itsabsorption and reduce the emission. The

absorber plate has high absorption (80-95%) and low transmission/reflection.

Fig 4.2 Collector absorber plate types

There are great varieties of successful solar collector-absorber plates. These absorber plates can be broadly

divided into three basic types as shown in Fig 4.3.1 depending on the extent of wetted surface area relative to

the absorbing surface area.

Type1: Pipe and fin type, in which the liquid flows only in the pipe, and hence has comparatively low wetted

area and liquid capacity.

Type2: Rectangular or cylindrical full sandwich type in which both the wetted area and the water capacity are

high.

Type3:Roll bond type or semi-sandwich type, intermediate between types 1 and 2.

Apart from these collector plates there are different types of cross sections through collector plates as shown

in Fig4.3.
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Fig 4.3 Different cross sections through collector absorber plate

.

TUBES:

The plate is attached to a series of parallel tubes or one serpentine tube through which water or other liquid

passes. The tubes are made of copper, aluminium or steel in the diameter 1 to 1.5 cm and are brazed, soldered

on top or bottom of the absorber water equally in all the tubes and collect it back from the other end. The

header pipe is made of same material as tube and of larger diameter. Now-a-days the tubes are made of plastic

but they have low thermal conductivity and higher coefficient of expansion than metals. Copper and

aluminium are likely to get corroded with saline liquids and steel tubes with inhibitors are used at such places.

Rotameter:
A rotameter is a device that measures the volumetric flow rate of fluid in a closed tube. This belongs to a class

of meters which measure flow rate by allowing the cross-sectional area the fluid travels through to

vary,causing a measurable effect. The capacity of the rotameter varies for different type. The pressure and rate

of volume can also be altered by using this.
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Rotameter

Glass Wool:
Glasswool is an insulating material made from fibres of glass arranged using a binder into a texture

similar to wool. The process traps many small pockets of air between the glass, and these small air

pockets result in high thermal insulation properties. This is placed in the gap between the wooden

casing and the copper plate arrangement.
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4.4 Factors affecting the Performance of collector

Incident Solar Radiation

The efficiency of collector is directly related with solar radiation falling on it and increases with risein

temperature.

Number of Cover Plates

The increase in number of cover plates reduces the internal convective heat losses but also prevents the

transmission of radiation inside the collector. More than two cover plate should not be used to optimize the

system.

Spacing

The more space between the absorber and cover plate the less internal heat losses. The collector

efficiency will be increased. However on the other hand, increase in space between them provides the shading

by side wall in the morning and evening and reduces the absorbed solar flux by 2-3% of system. The spacing

between absorber andover plate is kept 2-3 cm to balance the problem.

Collector Tilt

The flat plate collectors do not track the sun and should be tilted at angle of latitude of the location for an

average better performance. However with changing declination angle with seasons the optimum tilt angle is

kept 15º.The collector is placed with south facing at northern hemisphere to receive maximum radiation

throughout the day.

Selective Surface

Some materials like nickel black (α= 0.89, ε= 0.15) and black chrome (α= 0.87, ε= 0.088), copper oxide (α=

0.89, ε= 0.17) etc. are applied chemically on the surface of absorber in a thin layer of thickness 0.1 μm. These

chemicals have high degree of absorption (α) to short wave radiation (< 4 μm) and low emission (ε) of long

wave radiations (> 4 μm). The higher absorption of solar energy increases thetemperature of absorber plate

and working fluid. The top losses reduce and the efficiency of thecollector increases. The selective surface

should be able to withstand high temperature of300º-400ºC, cost less, should not oxidize and be corrosive

resistant. The property of material should not change with time.
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Inlet Temperature

With increase in inlet temperature of working fluid the losses increase to ambient. The high temperature fluid

absorbed the less heat from absorber plate because of low temperature difference and increases the top loss

coefficient. Therefore the efficiency of collector get reduced with rise in inlet temperature.

Dust on Cover Plate

The efficiency of collector decreases with dust particles on the cover plate because the transmission radiation

decreases by 1%. Frequent cleaning is required to get the maximum efficiency of collector.

4.5Advantages of the Flat-Plate Collector

Some advantages of the Flat-Plate Collectors are

 Easy to manufacture.

 Low cost.

 Collect both beam and diffuse radiation.

 Permanently fixed. (no sophisticated positioning or tracking equipment is required)

 Little maintenance.
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CHAPTER 5

WORKING FLUIDS
Working fluid

Working fluid is a gas or liquid that primarily transfers force, motion, or mechanical energy. In solar flat plate

collector working fluid is passed through the tubes provided to transfer the heat energy. Different types of

fluids and nanofluids like Al2O3 and CuO are used as working fluids.

In this project thermic fluids HYTHERM 500 and HYTHERM 600 are used as working fluids.

HPCL markets thermic fluids under the brand names of HYTHERM. These grades are developed to provide

performance in broad range of application in textile, chemical, paint & varnish and petrochemical industries.

These grades are formulated from specially derived petroleum base stocks having exceptional resistance to

degradation during high temperature use.

HYTHERM 500

The product is manufactured from petroleum stocks produced by special refining process in which the

thermally unstable components are removed. Hytherm 500 is recommended in service involving maximum

bulk oil temperature of 290°C.In addition, it has the following benefits.

 Excellent oxidation & chemical stability

 Good heat transfer properties.

 Low volatility

 Non-corrosive and non-toxic

HYTHERM 600

This grade is derived from the finest quality petroleum base stocks and is fortified with high performance

additives to enhance performance at higher temperatures. It has the following outstanding features.

 Ability to provide superior performance in indirect closed fluid heat transfer system up to bulk

operating temperature up to 320°C.

 Increased life, reduced oxidation and thermal degradation

 Minimal fouling and deposit formation on heat transfer surface. Hence sustained heat transfer

characteristics.

https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Force
https://en.wikipedia.org/wiki/Motion
https://en.wikipedia.org/wiki/Mechanical_energy
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Material/Fluid
Density

(Kg/m3)

Specific heat

(J/Kg-K)

Thermal

conductivity

(W/m-K)

Viscosity

(Kg/m-s)

Copper 8978 381 387.6 –––

Glass 2500 800 0.8 –––

Air 1.225 1006.4 0.0242 0.000018

Water 998.2 4182 0.6 80.001003

HYTHERM500 848 3102.41 0.111811 0.000027

HYTHERM600 864 3060.55 0.1163 0.000029

Table: Properties of Materials and Working Fluids

Application Areas

All types of heat transfer applications. The product finds extensive application in textile,pharmaceuticals,

chemical and processing industries.

Performance Benefits

 Excellent oxidation & chemical stability.

 Low volatility, low vapour pressure.

 Non corrosive & non toxic.

 Excellent thermal conductivity.
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CHAPTER -6

Frabrication And Mathematical Modelling

Fabrication:

 Initially we take absorber plate made of copper.

 Then that Copper Plate is welded with copper tubes.

 These are welded for the regulation of working fluid to flow through it.

 Inlet head is attached to draw working fluid and outlet head is attached to collect the

working fluid.

 The working fluid is now sent through these copper tubes.

 Insulation is provided around the copper plate arrangement in all the possible directions.

 This helps in order to reduce the heat losses.

 A transparent cover or Glazing can be used on the top if the copper plate so that it can

cope up with convective heat losses.

 Rotameter is attached to the reservoir to draw working fluid into the copper plate

arrangement.

 Heat indicator is assisted on the top of the copper plate in contact to it.

 It enables to note down the temperature values eventually.

 Now the gap in between the insulating box and the copper plate arrangement is filled

with Glass wool.

 The purpose of this Glass wool is it possess a high thermal insulation property.
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Cost Analysis:-

Name of the material Cost in Rs

Glass wool 700

Sun glass 250

Nails 20

Black Paint 100

Gas Pipe 300

Clamps 180

Rotamater 1100

Glass 220

Aluminum Beading 50

Gum 150

Bond Tite 70

Copper plate 1600

Copper tubes 1100

Submerged pump 350
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FORMULAE

Performance of the Solar Flat Plate Liquid Collector:

 The performance of the solar flat plate collector is measured by the amount energy

absorbed from the incident solar radiation

 FR is the heat removal factor

 F’ is the collector efficiency factor

Collector efficiency factor is influenced by F and hf

 F is the Fin Efficiency,

Other more influencing parameter on the performance of solar flat plate collector is heat loss

coefficient. The heat should loss from top, bottom and edges of the collector.

 The overall heat loss coefficient,

 Top loss coefficient, Ut
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 Bottom loss coefficient, Ub

 Edge loss coefficient, Ue

 Instantaneous Collector Efficiency,

CALCULATIONS:

Fraction,f = (1+0.089�� - 0.1166��€)(1+0.07866N)

f= (1+0.089*10 - 0.1166*10*0.95)(1+0.07866N)

f = 0.844

Capacitance Rate c,

c = 520(1-0.000051��)

c = 520[1 - 0.000051(1�����)]

c = 512.72

Emissive Power

e = 0.430(1-1��
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m= 沦���

�沦�㤸�㤸1�
͔�

m=6.45m/s

Fin Efficiency,
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�ܽ������� ����͔����沦

� ᜆ

���������͔����沦�䂭�
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Collector Efficiency Factor,

F�=
1
��

�� 1
�� �ᐫ �͔� ᐫ 1

��ᐫ
1

� � �ᜆ
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t����i

[1- exp(͔t����i
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�ᜆ
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�� � 沦����Watts
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�� t�

Ƞ = 沦����
�㤸���㤸��1��
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 For HYTHERM 600
Collector Efficiency Factor,
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Ƞ = 31.10%
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CHAPTER - 7
RESULTS AND DISCUSSIONS

Results

1) Performanceanalysis is carried out by using water as working fluid. The temperatures and efficiencies

resulted from the experiment are inlet temperature of water is 308.46K and outlet temperature of water

is 328.05Kand efficiency of water is 33%.

2) Performance analysis is carried out by using HYTHERM 500 as working fluid. The temperaturesand

efficiency resulted from the experimentare inlet temperature of HYTHERM 500 is 309.3K and outlet

temperature of HYTHERM 500 is 334.95 Kand efficiency ofHYTHERM500is 32%.

3) Performance analysis is carried out by using HYTHERM 600 as working fluid. The temperatures and

efficiency resulted from the experiment are inlet temperature of HYTHERM 500 is 309.3K and outlet

temperature of HYTHERM 600 is 338.41 Kand efficiency of HYTHERM00

All the results obtained are tabulated as shown below

Working fluid Temperature at inlet(K) Temperature at outlet(K) Efficiency(Ƞ)

Water 308.46 328.05 33.6%

Hytherm500 309.3 334.95 32.6%

Hytherm600 309.3 338.41 31.10%
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CONCLUISONS

 In this project numerical analysis of solar flat plate collector is carried out to by using

different working fluids to improve its thermal efficiency. The results obtained are

analyzed both in temperature basis and efficiency basis.

 Comparisons of Hytherm500, Hytherm 600 with water are done.

The followings are the observations :

 Hytherm 500 and Hytherm 600 have almost same efficiency that of water with 1.5 to 2

percentage variation.

 temperatures for Hytherm 500 and Hytherm 600 are 334K and 338K and for water is

328K.

 This is because heat transport capability of water is slightly higher than the heat transfer

capability of working fluids.

 It is observed that the temperature of the working fluid is increasing along the length .
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ABSTRACT 

                             Additive manufacturing, often referred to as 3d printing, has the potential to vastly accelerate 

innovation, compress supply chains, minimize materials and energy usage, and reduce Waste. 

          Originally developed at the Massachusetts Institute of Technology in 1993. 3D printing technology forms 

the basis of Z Corporation’s prototyping process. 3DP technology create 3D physical prototypes by solidifying 

layers of deposited powder using a liquid binder. By definition 3DP is an extremely versatile and rapid process 

accommodating geometry of varying complexity in hundreds of different applications, and supporting many 

types of materials. Z corp. pioneered the commercial use of 3DP technology, developing 3D printers the leading 

manufacturers use to produce early concept models and product prototypes. Utilizing 3DP technology, Z corp. 

has developed 3D printers that operate at unprecedented speeds, extremely low costs, and within a broad range 

of applications. This project describes the core technology and its related applications. 

           Additive manufacturing (3D printing) is a new way of making products and components from a digital 

model. Like an office printer that puts 2D digital files on a piece of paper, a 3D printer creates components by 

depositing thin layers of material one after another, only where required, using a digital blueprint until the exact 

component has been created. 

            Interest in additive techniques is growing swiftly as applications have progressed from rapid prototyping 

to the production of end-use products. Additive equipment can now use metals, polymers composites, or other 

powders to “print” a range of functional components, layer by layer, including complex structures that cannot 

be manufactured by other means. 

             By eliminating production steps and using substantially less material, ‘additive’ processes could be able 

to reduce waste and save more than 50% of energy compared to today’s ‘subtractive’ manufacturing processes, 

and reduce material costs by up to 90%. The use of additive manufacturing can potentially benefit a wide range 

of industries including defence, aerospace, automotive, biomedical, consumer products, and metals 

manufacturing. 
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1. INTRODUCTION 

1.1 INTRODUCTION: 

             3D printing or additive manufacturing (AM) is any of various processes for making a three-dimensional 

object of almost any shape from a 3D model or other electronic data source primarily through additive 

processes in which successive layers of material are laid down under computer control. A 3D printer is a type of 

industrial robot. 

             Early additive manufacturing equipment and materials were developed in the 1980s. In 1984, chuck 

Hull of 3D systems Corp, invented a process known as stereo-lithography employing UV lasers to cure 

photopolymers. Hull also developed the STL file format widely accepted by 3D printing software, as well as the 

digital slicing and infill strategies common to many process today. Also during the 1980s, the metal sintering 

forms of additive manufacturing were being developed (such as selective laser sintering and direct metal laser 

sintering), although most widely associated with the term “3D printing” was commercialized by stratasys under 

the name fused deposition modeling (FDM). In 1995, Z Corporation commercialized an MIT-developed 

additive manufacturing process under the trademark 3D printing (3DP), referring at that time to a proprietary 

process inkjet deposition of liquid binder on powder. 

              Additive manufacturing technologies found applications starting in the 1980s in product development 

visualization, rapid prototyping, and specialized manufacturing. Their expansion into production (job 

production, mass production, and distributed manufacturing) has been under development in the decades since. 

Industrial production roles within the metalworking industries achieved significant scale for the first time in the 

early 2010s. Since the start of the 21
st
 century there has been growth in the sales of additive manufacturing 

machines, and their price has dropped substantially. 

               According to Wohler’s associates, a consultancy, the market for 3D printers and services was worth 

$2.2 billion worldwide in 2012, up 29% from 2011. Applications are many, including architecture, construction 

(AEC), Industrial design, automotive, aerospace, military, engineering, dental and medical industries, biotech 

(human tissue replacement), fashion, footwear, jewelry, eyewear, education, geographic information systems, 

food, and many other fields. 

 

 

1.2 3D PRINTER: 

 

3D-Printer is a machine reminiscent of the Star Trek Replicator, something magical that can create 

objects out of thin air. It can “print” in plastic, metal, nylon, and over a hundred other materials. It can be used 

for making nonsensical little models like the over-printed Yoda, yet it can also print manufacturing prototypes, 

end user products, quasi-legal guns, aircraft engine parts and even human organs using a person’s own cells.  

We live in an age that is witness to what many are calling the Third Industrial Revolution. 3D printing, 

more professionally called additive manufacturing, moves us away from the Henry Ford era mass production 

line, and will bring us to a new reality of customizable, one-off production.  

 

http://www.3dprinter.net/tag/metal
http://www.3dprinter.net/canada-gets-its-first-3d-printed-handgun
http://www.3dprinter.net/canada-gets-its-first-3d-printed-handgun
http://www.3dprinter.net/canada-gets-its-first-3d-printed-handgun
http://www.3dprinter.net/canada-gets-its-first-3d-printed-handgun
http://www.3dprinter.net/vulture-2-worlds-first-printed-spaceplane
http://www.3dprinter.net/vulture-2-worlds-first-printed-spaceplane
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           3D printers use a variety of very different types of additive manufacturing technologies, but they all 

share one core thing in common: they create a three dimensional object by building it layer by successive layer, 

until the entire object is complete. It’s much like printing in two dimensions on a sheet of paper, but with an 

added third dimension: UP. The Z-axis.  

Each of these printed layers is a thinly-sliced, horizontal cross-section of the eventual object. Imagine a 

multi-layer cake, with the baker laying down each layer one at a time until the entire cake is formed. 3D 

printing is somewhat similar, but just a bit more precise than 3D baking.  

In the 2D world, a sheet of printed paper output from a printer was “designed” on the computer in a 

program such as Microsoft Word. The file - the Word document which contains the instructions that tell the 

printer what to do.  

In the 3D world, a 3D printer also needs to have instructions for what to print. It needs a file as well. The 

file, a Computer Aided Design (CAD) file is created with the use of a 3D modeling program, either from 

scratch or beginning with a 3D model created by a 3D scanner. Either way, the program creates a file that is 

sent to the 3D printer. Along the way, software slices the design into hundreds, or more likely thousands, of 

horizontal layers. These layers will be printed one atop the other until the 3D object is done.  

 

Parts and internal structure of a 3D printer:- 

 

 

 

http://www.3dprinter.net/sense-399-3d-scanner-from-3d-systems
http://www.3dprinter.net/sense-399-3d-scanner-from-3d-systems
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          The picture shows the structure of a typical 3D printer. The print table is the platform where the objects 

for printing have been situated. It provides the basic support for manufacturing objects layer by layer.  

The extruder is the most important part of a 3D-Printer. As the extruders in the normal paper printers, 

this extruder is also used to pour ink for printing. The movement of extruder in various dimensions creates the 

3D print. For printing a 3d object, the extruder has to access X, Y and Z coordinates. For achieving this, many 

techniques are used according to the printer specification required for various applications.  

 If the 3D-Printer is a desktop printer, the Z axis movement of the extruder can be avoided and that function can 

be transferred to the print table. This will avoid complexity in 3D printing as well as time consumption.   

 When the STL file is input to the printer, the microcontroller extracts each layer from it and also extracts each 

line segment from each layer. Then it gives controls to the movement of the extruder at required rate. The X-

direction movement of extruder is made possible by the X-motor. When the X motor rotates, the shaft also 

rotates and the extruder moves in X direction. The Y-direction movement of extruder is made possible by the 

Y-motor. When the Y motor rotates, the shaft also rotates and the extruder moves in Y direction. The X 

direction movement is made by the print table.   

            In the case of desktop printers, the printing ink is usually plastic wire that has been melted by the 

extruder at the time of printing. While printing, the plastic wire will melt and when it fall down to the printing 

table.   

            Consider printing larger objects like house using 3D printer. There will not be any X motor or Y motor 

in that case. An extruder which can pour concrete mix is fixed on the tip of a crane. The crane is programmed 

for the movement of extruder in X, Y and Z axis. The concept and structure of 3d printer changes according to 

the type, size, accuracy and material of the object that has to be printed.  

    Generalizing the facts, the extruder need to access all the 3 coordinates in space to print and object. The 

method used for that doesn’t matters much.  

 

 

 ADVANTAGES:-  

1. Faster production. 

2. Easily accessible. 

3. Better quality. 

4. Tangile design and Product testing. 

5. Cost-Effectiveness. 

6. Creative design and Customization freedom. 

7. Unlimited shapes and Geometry. 

8. Can implement assorted raw materials. 

9. Less waste production. 

10. Risk Reduction. 
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 DISADVANTAGES:- 

 

1. Energy Consumption. 

2. 3D Printing Technology is Expensive. 

3. 3D Printers are Slow. 

4. Copyright Infringement. 

5. Manufacturing Job Losses. 

 

Applications of Additive Manufacturing:- 

 

1. Aerospace Industries. 

2. Automobile Industries. 

3. Dental. 

4. Electrical & Electronics Parts.  

5. Arts & Jewelers. 

 

 Classification of 3D Printers:- 

a) According to type of material used:- 

1. Metals used 3D Printers. 

 Selective laser Sintering (SLS) 

 Digital Beam Melting (DBM) 

2. Polymers used 3D Printers. 

 Fused Deposition Modeling (FDM) 

 Stereo-lithography (SLA) 

 Digital Light Processing (DLP) 

 Selective Laser Sintering (SLS) 

 Selective Laser Melting (SLM) 

 Laminated Object Manufacturing (LOM) 

 Digital Beam Melting (DBM) 

 Laser Material Deposition (LMD) 
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 Wire DED (or) Electron Beam Additive Manufacturing (EBAM) 

 Binder Jetting 

 Bound Powder Extrusion (BPC) 

 

 

 In our Additive Manufacturing (AM), we were gone through Fused Deposition Modeling (FDM) for 3D 

printing of an IDOL. 

 

1.3 Introduction to Fused Deposition Modeling (FDM):- 

Fused Deposition Modeling (or) Fused Filament Fabrication (FFF) is an Additive Manufacturing process 

that belongs to the material extrusion family. In Fused Deposition Manufacturing, An object is built by 

Selective Deposition Melted Material in a pre-determined path layer-by-layer. The materials used are 

thermoplastic polymers and come in a filament form.   

        It is a 3D Printing process that utilizing filament-type thermoplastics with a printer head that is capable of 

heating the filament to melting temperatures to create a structure from the bottom up. The printer nozzle moves 

back and forth according to the design described in the STL file format, adding layer-by-layer until the structure 

complete through filament. The Fused Deposition Modeling is a precursor to the most widely used Bio-printing 

technique, extrusion-based printing. The technologies are very similar except that extrusion printing does not 

usually need a heating element as most bio inks will not need to be melted for printing. 

 

How FDM Does Works:- 

1. A spool of thermoplastic filament is first loaded into the printer. 

Once the nozzle has reached the desired temperature, the filament is 

fed to the extrusion head and in the nozzle, where it melts. 

2. The extrusion head and is attached to a 3-axis system that allows 

it to move in the x, y and z directions. The melted material is 

extruded in thin strands and is deposited layer-by-layer in 

predetermine locations, where it cools and solidifies. Sometimes the 

cooling of the material is accelerated to through the use of cooling 

fans attached on the extrusion head. 

3. To fill an area, multiple passes are required (similar to coloring a 

rectangle with a marker) when a layer is finished, the build platform 

moves down (or in other machine setups, the extrusion head moves 

up) and a new layer is deposited. This process is repeated until the 

part is complete. 
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Common FDM materials:-  

1. ABS (Acryloxitride Butadiene Styrene) 

2. PLA (Polylactic Acid) 

3. NYLON (PA) (Polyamide Nylon) 

4. PETG (Polyethylene terephthalate glycol) 

5. TPU (Thermoplastic Polyurethane) 

6. PEI (Polyetherimide) 

 

 In our Additive Manufacturing (AM), we used PLA (Poly-lactic Acid) as material for 3D printing of an 

IDOL.  

 

1.4 PLA (Poly-lactic Acid):- 

PLA is a polymer made from renewable resources. Contrary to other thermoplastics which are petroleum-based, 

some of the raw materials used for PLA’s production include corn starch, tapioca roots, or sugarcane. Its 

properties, however, are comparable to other plastics in the industry.  

 

Benefits of PLA:- 

1. PLA (Poly-lactic Acid) is a Bio-degradable product. 

2. PLA also be degraded by some bacteria, such as amycolatopsis and saccharothrixas. 

3. PLA (Poly-lactic Acid) plastic is recognized as safe by the UNITED STATES FOOD and DRUG 

ADMINISTRATION. 

4. PLA is a Non-Toxicity has allowed its incorporation in medical applications. 
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Characteristics of PLA:- 

1. Excellent visual Quality. 

2. Easy to print. 

Mechanical Properties of PLA:- 

PLA plastic has good mechanical properties compared to traditional polymers like polypropylene, polystyrene, 

and polyurethane. Especially when it comes to Young’s Modulus (The ability to tolerate elongation under 

tension or compression), tensile strength (Force needed to pull something), and flexural strength (stress needed 

to start plastic deformation). 

 

Thermal Properties of PLA:- 

Even though its thermal properties depends on its molecular weights, PLA can be classifies as a semi-crystalline 

polymer. Its glass transition temperature at ~55°C and melting temperature at ~180°C are comparatively low, 

for example when thinking of other thermoplastics such as ABS.  

And just like oil-based plastics, PLA can burn. 
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2. LITERATURE SURVEY 

 

2.1 A 3D-Printed Osseo integrated combine jaw and dental implant prosthesis-a case study in2016 by 

Santosh Kumar Malyala and Ravi kumar Y 

Department of Mechanical Engineering National Institute of Technology, Warangal, India 

& Aditya Mohan Alwala 

Department of Oral and Maxillofacial Surgery, Panineeya Institute of Dental Science and Research Centre, 

Hyderabad, India. 

 

 This paper aims to present a new design in the area of based Osseo integrated implant (BOI) for oral and 

maxillofacial surgery using a patient – specific computer-aided design (CAD) and Additive 

Manufacturing (AM) approached. 

 The implant is designed using sophisticated CAD software around the patient’s own unique anatomy 

with consideration for the size and placement relative to compromised bone and nerve tissue. 

 The final implant is fabricated using a laser sintering process before being implanted into the patient’s. 

 In this paper, the authors were given methodology to fabrication and implantation of the teeth in human 

anatomy. They are:- 

1. Case background. 

2. Computational tomography scans date. 

3. Patient three-dimensional modeling. 

4. Implant design. 

5. Design validation. 

 From the methodology; we are going to achieve results of:- 

1. Preliminary Additive Manufacturing. 

2. Titanium implant fabrication. 

3. Surgical implantation. 

4. Post-Surgical denture fixation. 

 The below figures were exhibiting the process of A 3D-Printed Osseo integrated combine jaw and 

dental implant prosthesis. 

 

 

            (a)                             (b)                            (c)                               (d) 
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             (e)                                (f)                                (g)                                 (h) 

 

(a) X-ray teeth of patient.    

 (b) 3D representative model constructed from CT scan data. 

(c) Virtual placement of the BOI on the patient 3D model.  

 (d) Overview of the BOI design. 

(e) FEA mesh model of the implant.              

 (f) Color coded FEA analysis of the implant.  

(g) Mock surgical implantation of the implant 

 (h) Placement of the denture on the mock implant 

Conclusion:- 

In this study, we have demonstrated the synergistic use of CT medical imaging, 3D CAD and AM to realizing a 

process by which to enhance surgical planning procedure and to design a custom, patient-specific titanium BOI. 

The use of medical imaging to create a representative patient model for cross-referencing has enabled the ability 

to create the BOI design around the unique anatomical features of the patient, incorporated a nerve relieving 

option with custom connection and abutment sizes. Using low-cost FDM printing, we can also create medical 

models which allow for mock surgery to be performed to assess and optimize the design, alongside streamlining 

a protocol for the actual surgery. The pre-surgical planning enabled by the low-cost model drastically reduced 

the complexity and time taken for the surgical intervention, whilst being instrumental in realizing superior end 

aesthetics and functionality. Ultimately, the outcomes of this study provide a framework for future BOI and 

alternative implantable devices made by titanium 3D printing. Such methodologies will likely lead to reduced 

cost for healthcare providers, while increasing surgical efficacy and quality of care received by the patient. 
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2.2  3D Printed Solar Catamaran Model Design and Embedded Sensing System Applicationsin 2019, By 

Semih YILMAZ, Kubilay BAYRAMOGLU, Kerim DENIZ KAYA, 

Dokuz Eylul University, Maritime Faculty, Marine Engineering Department, Izmin, Turkey. 

Bulent Ecevit University, Maritime Faculty, Marine Engineering Department, Zonguldak, Turkey. 

 

 In this paper, Remote controlled model was designed and printed with Additive Manufacturing 

technology, various type sensor modules were installed on the Catamaran. 

Whether prediction is the most important aspect in maritime transportation. Thereby, aim of the study 

was determined as predicting weather conditions of the environment such as temperature, absolute 

pressure, humidity of the air. 

 Ultimately, model ship can constitute basis following patent studies with its intermediate and final 

outputs on the other hand, 3D printed catamaran model saves energy by using renewable energy and 

creates nearly zero emission. 

 In recent years, many studies have been carried out on 3D printer technology and manufactured 

products. 

 Now-a-days, model boats are manufactured by thermoplastic materials with the spreading of three 

dimensional (3D) printing. 3D printing technology is an Additive Manufacturing process, which product 

are built on a layer-by-layer with series of cross-sectional slices. 3D printer materials that are printed the 

produced with the help of 3D CAD Software’s like CATIA, ANSYS and AUTOCAD etc., to determine 

exactly how each layer is to be constructed.  

 

Process for development of catamaran:- 

1. Model Solar Ship Design. 

2. Model Ship Hull Manufacturing with 3D-printer. 

3. Implementation of Remote Control and On-Board Sensing System. 

       

                 (a) Catamaran Hull Design                                   (b) Catamaran Hull on 3D Software 
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(c) 3D printer                               (d) Model Catamaran 

 

 

(e) Water test of Catamaran 

 From the Model Catamaran, Temperature, relative humidity, absolute pressure of environment was 

measured by implemented weather station system by various sensors which are placed in the model 

Catamaran. Besides that, voltage/current values of DC motors and solar panels are obtained by sensors. 

 

Conclusion:- 

This paper is focused on developing an unmanned, remotely controllable and eco-friendly catamaran model 

ship. Through renewable energy resource of the sun, model catamaran creates zero emission. In the realization 

of this study, the use of 3-D printing technology has increased the speed and efficiency of design and 

manufacturing process. It provides advantages such as easy machining, low cost, strength, and short production 

time compared to conventional model building methods. 
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2.3 Customization of Automotive Structural Components Using Additive Manufacturing and Topology 

Optimization in 2019, by 

Davin Jankovics and Ahmed Barari 

University Of Ontario Institute Of Technology, Oshawa, Canada. 

 

 This paper presents a frame work for the design of automotive components using optimization and 

Additive Manufacturing (AM). The long production times post processing and surface quality of AM 

processor defers companies from deploying it as a true manufacturing solution, often relegating it to the 

prototyping stage. 

 Additive manufacturing (AM) is a set of fabrication technologies that overcomes many of the limitations 

set by traditional manufacturing methods. 

 Additive manufacturing has the ability to produce parts in one step with minimal post processing, whose 

conventional methods would take many (or) otherwise be impossible, this give Additive Manufacturing 

the flexibility to make any different types of components for many different purposes. 

 If Additive Manufacturing is ever going to be practical in a manufacturing setting, advances must be 

speed and success of printing, while also reducing post processing required on the parts. 

Case Study:- 

One of the most weight critical automotive areas is in motor sports. Hence, even a small reduction in mass can 

be improve the dynamic performance of the vehicle, leading to better on-track results. Whereas production 

vehicles require their components to be economical for production on large scales, race teams can produce less 

than one vehicle per year, with possible revenue being directly tied to the cars performance. 

 

Conclusion:- 

            A framework was presented in the paper that attempts to advance the viability of Additive 

Manufacturing in the automotive industry. Specifically, a design for Additive Manufacturing outline using a 

combination of topology optimization and overhang and build time constraints was discussed with further 

technologies in Additive Manufacturing technologies and methods of constraining topology optimization, 

superior past functionality and less costly printing may allow an Additive Manufacturing built. Components to 

be a clear option for large-scale automotive manufacturing. 
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3. MANUFACTURING OF IDOLS IN REGULAR PROCESS 

1. Casting – Regular Process 

       a) Slush Casting. 

 

3.1 CASTING:-  

Casting is a manufacturing process in which a liquid material is usually poured into a mold, which contains a 

hollow cavity of the desired shape, and then allowed to solidify. The solidified part is also known as a casting, 

which is ejected or broken out of the mold to complete the process. Casting materials are usually metals or 

various time setting materials that cure after mixing two or more components together; examples 

are epoxy, concrete, plaster and clay. Casting is most often used for making complex shapes that would be 

otherwise difficult or uneconomical to make by other methods. Heavy equipment like machine tool beds, ships' 

propellers, etc. can be cast easily in the required size, rather than fabricating by joining several small pieces.  

Casting is a 7,000-year-old process. The oldest surviving casting is a copper frog from 3200 BC. 

 

3.1.1 Slush Casting:- 

 Slush Casting is a traditional method of permanent mold casting process, where the molten metal is not allowed 

to completely solidify in the mold. When the desired thickness in obtained, the remaining molten metal in 

poured out. Slush casting method is an effective technique to cast hollow items like decorative pieces, 

components. 

 

3.2 PROCESS:- 

              Mostly pewter is casted using the slush casting technique. Firstly, a pattern is made using plaster or 

wood. Now the pattern is placed on a cardboard or wooden board. A mold box is kept around the pattern. The 

unwanted space that is formed is the mold box can be eliminated by placing a board. Once the pattern is set the 

molding material is poured on the pattern and allowed to set with the molding aggregate. When the mold is set, 

the pattern is withdrawn from the mold. 

The metal melted completely and poured into the mold which is shaped in the desired form. Rotate the mold to 

coat the sides. When the metal settles in the mold, remaining liquid metal is poured out of the mold. Thus, a 

hollow skin metal is formed inside the mold. 

If the cast needs to be thicker, once again molten metal is poured into the mold and poured out. This process is 

repeated until the desired thickness is achieved. In some slush castings, bronze molds are used.  

  When the metal hardens, the mold is broken to remove the castings. The inside of each cast retains molten 

textures while the exterior is smooth and shiny. Bowls and vases are serially produced by this technique that 

ensures no two are ever the same. Similarly, to cast metals a bowl, a new process designed to capture the beauty 

of Pewter and its unique characteristics. Recycled molten Pewter is swirled inside a mould to form a fine skin. 

The inside of each cast retains molten textures whilst the exterior is smooth and shiny. 

Steps for making idol though slush casting:- 

 

a) Mold for slush casting ready to poured                         b) Mold for slush casting immediately after poured 

https://en.wikipedia.org/wiki/Manufacturing
https://en.wikipedia.org/wiki/Mold_(manufacturing)
https://en.wikipedia.org/wiki/Curing_(chemistry)
https://en.wikipedia.org/wiki/Epoxy
https://en.wikipedia.org/wiki/Concrete
https://en.wikipedia.org/wiki/Plaster
https://en.wikipedia.org/wiki/Clay
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c) The liquid metal from the interior of the casting is                d) Metal in solified outer shell is all that remains 

in mold.                                                                                           Poured out before the entire mass of molten                        

material can harden leaving only the solified  

outer shell. 

 

e) Final product of slush casting process; shown with section view. 

 

 Applications:- 

Some casting of pewter is cast using slush casting method. Using pewter and other metals mainly hollow 

products are casted. Decorative and ornamental objects that are casted are as vase, bowls, candlesticks, lamps, 

statues, jewelries, animal miniatures, various collectibles, etc. Small objects and components for industry like 

tankard handle, handles for hollow wares, etc. 

Materials used for manufacturing idols mostly in casting:- 

1. Plaster of Paris. 

2. Clay. 

3. Different types of plastics.  

5. Iron. 

6. And metals; etc. 
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4. PROBLEM IDENTIFICATION 

 Plaster of Paris is not an environmental free material, it causes water and land pollution, which is caused 

by various chemicals in the materials. In India mostly, we are celebrating various festivals like Ganesh 

chaturthi and Dussehra (Vijaya Dasami) for five & nine days through an idols of lord Ganesh and Lord 

Durga Devi.  

 During the annual five day Durga Puja festival & nine day Ganesh chaturthi, Hindus spend five days & 

nine days paying worship to statues of the goddess Durga and Lord Ganesh. Then, as the festival ends, 

the statues are immersed in the nearest body of water.  

 In terms of urban governance, though, the hundreds of thousands of statues dumped every year 

represents a huge source of pollution throughout the nation's waterways and lakes.  

 The problem stems from the materials used in the idols' construction. In most cases, this is still plaster of 

Paris, metal, and various chemical-based paints; all of which disintegrate in the water and pollute it. 

 Hindu communities in other countries like Burma and Bangladesh also immerse statues during festivals, 

but India's majority Hindu population, and the popularity of the Durga Puja festival in states like Assam 

and Odisha and Ganesh chaturthi in remaining sates, means the build-up of statues and the pollutants 

they create is particularly bad there.  

 This isn't good for nearby plants and animals, or anyone who uses the lake or river as a source of 

drinking water.  

 Our government focused on to reduce bio-degradable painted idols, and plaster of paris material idols, 

which leads to reduce pollution. 

            

              a) Idols, which wasn’t dissolved in water,       b) Goddesses Durga immersing in river. 

                                     

Which are toxic, it leads to water pollution. 

 

According to CPCB, general guideline for idol immersion mentioned below. 

 Idols should be made from natural materials as described in the holy scripts, which are bio-degradable 

in water and earth. Use of traditional clay and degradable materials for idol making rather than baked 

clay, plaster of Paris, etc. may be encouraged, allowed and promoted. 

 Painting of Idols should be discouraged. In case idols are to be painted, water soluble and nontoxic 

natural dyes should be used. Use of toxic and non-biodegradable chemical dyes for painting idols 

should be strictly prohibited.  
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 Worship material like flowers, vastras (clothes), decorating material (made of paper and plastic) etc. 

should be removed before immersion of idols. Biodegradable materials should be collected separately 

For recycling or composting. Non-biodegradable materials should be collected separately for disposal 

in sanitary landfills. Clothes may be sent to local orphan house(s).  

 Public should be educated on ill effects of immersion in the holy water bodies through mass awareness 

programme.  

From the problem identification:- 

 We are going to use biodegradable materials like PLA (Polylactic Acid), ABS (Acryloxitride Butadine 

Styrene) and nylon etc. for manufacturing idols, which dissolve in earth and water easily and are eco-

friendly. 

 We are taking a step forward in this regard by using Additive Manufacturing (3D Printing) and are 

trying to implement the manufacturing processes of idols with wide range of designs. 

 Now-a-days, people are interested in wide range of designs. Therefore manufacturing is very difficult in 

casting process as we need new patterns for every new design. And designing new patterns are very 

costly. We proposed additive manufacturing as manufacturing process by using design tools like 

CATIA, DELMIA and SIMULIA etc. 

 Our team manufactured a Ganesh idol with Polylactic acid (PLA) by using additive manufacturing 

process. It is most suitable process of making an idol in future with wide range of designs and market 

requirements. 

 

4.1 Additive Manufacturing:- 

Additive Manufacturing (AM) is an appropriate name to describe the technologies that build 3D objects 

by adding layer-upon-layer of material, whether the material is plastic, metal, concrete or one day, human 

tissue. Common to AM technologies is the use of a computer, 3D modeling software (Computer Aided Design 

or CAD), machine equipment and layering material.  Once a CAD sketch is produced, the AM equipment reads 

in data from the CAD file and lays downs or adds successive layers of liquid, powder, sheet material or other, in 

a layer-upon-layer fashion to fabricate a 3D object. 
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5. METHODLOGY 
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 5.1PRELIMINARY WORK:- 

   5.1.1 Material Selection - Polylactic Acid 

• PLA or Polylactic acid is a vegetable-based plastic material, which commonly uses corn starch as a 

raw material.  

• It is the primary natural raw material used in 3D printing.  

• PLA is a fully biodegradable thermoplastic polymer consisting of renewable raw materials. 

 

 

Polylactic Acid Material 

  5.1.2 3D printing of a small cube for verification:- 

 We designed a small 6x6 cube in CATIA tool, which is saved in a format of CATPart file 

 Afterwards, we have to convert CATPart file into .STL format in particular 3D printer Software. 

 Upload the converted file into 3D printer. 

 Start the 3D printer and the cube was finished by 50min. 

 

Cube  
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5.2 CHOOSING AN IDOL:- 

 We choosed Lord Ganesh idol for taking dimensions. 

 From the dimensions of the idol, we will draw Engineering Drawing of an idol for modelling in CATIA. 

 

 

 

5.3 ENGINEERING DRAWING FROM THE IDOL:- 

 From the idol, we sketched 3-different views, which are a front view, side view and top view with 

respective dimensions of an idol.  

 Here, we used Engineering drawing to draw the sketch which extracted dimensions from the idol, which 

called as reverse engineering. 

 

                                (a) Front View                                                                 (b) Side View 
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(c) Top View 

 Above figures are, the Views of an idol with dimensions. 

5.4 MODELLING IN CATIA:- 

 There are many engineering design tools like CATIA, UG NX, PRO-E and PTC CREO etc. 

 As part of this project, we choosed CATIA v5 to modelling of an idol. 

 5.4.1 Introduction to CATIA: 

Catia is the mechanical design software and is capable of addressing the complete product 

Development process, from product concept specification through product in service in a fully 

Integrated and associative manner. 

Catia mechanical design discipline products accelerate core activities of development from concept to detailed 

design on to drawing production. Mechanical design products also address sheet metal requirements and mold 

manufactures using dedicated applications that dramatically enhance productivity and strongly reduce time to 

market. 

 In 3D Experience Catia is present in 3D icon which consists of 3D Modelling apps. 

 

 
 

CATIA v5 Home Page 



21 
 

 

 

 

 

 

Workbenches in CATIA:- 

 PART DESIGN 

 GENERATIVE SHAPE DESIGN 

 ASSEMBLY DESIGN 

 

 

PART DESIGN:- 

Catia provides you so many features which make creating complex mechanical design in a simple task. The 

objects created in sketcher are converted into the solid part with the help of part modeling tools. 

 

 

FEATUREs:- 

 Advanced complex features for dedicated best practices. 

 Knowledge templates repository approach. 

 Comprehensive specification approach for value added process reducing geometry definition and 

rework. 

 Process features oriented. 

TOOLS IN PART DESIGN:- 

 Pad 

 Pocket 

 Shaft 

 Groove 

 Hole 

 Rib & Slot and Multi-Section solid 

There are many sub tools in Part Design tools which are different types of pads (dimensions, surface selection 

and etc.), Fillet, Chamfer, Draft, Shell thickness and etc. 

Procedure for part design:- 

 Open 3d experience 

 Click on 3d icon at top left corner 

 Select part design and Click on body and Click on sketcher 

 Select the plane to draw 

 Draw the profile of the required part and Click on exit icon 

 

 

Part Design Page 
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5.4.2 GENERATIVE SHAPE DESIGN:- 

Generative Shape Design helps to design advanced shapes based on a combination of wireframe and extensive 

multiple surface features. It provides a large set of tools for creating and editing shape designs and, when 

combined with other products such as CATIA Part Design, it meets the requirements of solid-based hybrid 

modeling. 

 

Tools used:- 

 Extrude surface 

 Revolve 

 Sphere 

 Cylinder 

 Sweep 

 Fill 

 Join 

 Split 

 Trim & Boundary 

 

Procedure for Generative Shape Design:- 

 

 Open 3D Experience and Click on 3D icon at the top left corner 

 Select generative shape design and Click on sketcher 

 Select the plane to draw the profile 

 Draw the profile and Extrude the surface of the profile 

 

 

 
 

Generative Shape Design page 
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 In this regard, we used Part Design and Generative Shape Design with Wireframe surface modules (or)      

Workbenchesto modelling the idol in CATIA v5. 

 As we mentioned in above data of Part Design and Generative Shape Design with Wireframe surface, 

we explained about tools and features in both Part Design and Generative Shape Design. 

 

5.4.3 Procedure for idol modeling in CATIA v5:- 

 

 Open CATIA v5 software. 

 Take a new Product file with the name Product1 is displayed on the screen. Close the Product1 file and 

start a new file in the Part Design workbench.  

 After choosing Close from File menu, the start screen of CATIA V5 is displayed. Choose Start > 

Mechanical Design > Part Design to make sure that you are in the Part Design workbench. Now, to 

start a new file in the Part Design workbench, choose File from the menu bar.  

 A new file in the Part Design workbench will be displayed on the screen. The various standard tools 

like Specification Tree, Compass, and Geometry Axis will help you in completing the design. The 

Specification Tree is displayed on the top left corner of the screen. The Compass is displayed on the 

top right corner while the Geometry Axis is displayed on the bottom right corner of the screen. 

 After taking Geometry Axis and Point, Start the design of idol. 

 

 

Design of parts:- 

 Head with Crown 

 Ears 

 Chest and Stomach 

 Hands and Trunk 

 Bottom Part  

 

 

Design Procedure for Head with Crown:- 

 Take a part design and create Geometry axis and Point to the respective surface with respective Axis (X, 

Y, and Z). 

 Take new body for head portion. 

 Draw a Circle and Extrude it as cylinder in one-side (Bottom side)Curve on both sides as per 

dimension. 

 Take Trim tool to remove excess material. 

 Take new body, and front plane to draw a half shape of crown and it Revolvesto full shape, and take 

Curve for edges of Crown.   

 Now take Add tool to merge body parts which are extruded part and curved parts of Crown and Head to 

a single part. 

 

Design Procedure for Ears:- 

 Take a new body for Ears. 

 Take a Point, Draw few points from top left side of head to bottom left side of head, the points will be 

similar shape of Ear with respective dimensions. 

 Take Spline and join the plotted points to be a shape of Ear for single sketch. 

 Fill and Extrude it for solid shape of an Ear and join the ear and head by using Add. 

 Now we have to use Mirror tool for right sided Ear. 

 Join the bodies, which are ear and part body which is head by using Add tool. 
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Design Procedure for Chest and Stomach:- 

 Take a new body for chest. 

 Take a Rectangle and Extrude it upto respective dimensions. 

 Take Fillet and Chamfer for the edges within the radius of a chest for smooth finishing.  

 Take a Circle and Extrude it up to respective dimensions for obtaining stomach. 

 Merge the bodies of a chest and stomach by using Addtool. 

 

Design Procedure for Trunk and Hands:- 

 Take a new body surface. 

 Take a Point, and draw few points from lower middle of the head to obtain trunk with respective 

dimensions. 

 Take a Circle, and draw circle about first or end point for the trunk sketch. 

 Now take Extrude, and extrude the circle through the points to obtain trunk. 

 Merge the new body to existing part body by using Add tool.  

 Similarly do the same above process to obtain hands. 

 It is all depends upon selective surface of the new body. Every time we supposed to take suitable surface 

to obtain design. 

 

Design procedure for Bottom Part:- 

 Take a new body surface. 

 Take a Circle and Rectangle, and draw a circle and rectangle with respective dimensions. 

 Take a fillet and chamfering to obtain smooth edges of a rectangle. 

 Merge the bodies of rectangular and circle by using Add tool. 

 

 

 

 

Finally, the modelling of a lord Ganesh idol was obtained by using different tools, bodies and surfaces. After 

using different tools for obtaining design, there are few tools used in the design for dimensions, eyes and etc. 

Save the file as CATPart file for converting into .STL file in 3d-Printing software. 

 

           As of this design, we have to choose suitable surface planes to draw and suitable tools to obtain shape of 

the part.  And we have to choose suitable module for designing the components in Part Design (or) Generative 

Part Design.  

 

Here, there are few figures of Part Design and Generative Part Design of an Idol 

 
(a) Ear and Hands designs in Wireframe (or) Generative Shape Design 
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(b) Idol design in Part Model. 

 

 

 

 
(c) Idol design in Generative Shape Design. 
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3D-Printing and Flash Print Software:- 

 

 
 

(a) FLASHFORGE Guider II 3D-Printer.                                       (b) Flash Print software.  

 

 

        

   In this regard, we used the above both Flashforge Guider II 3D-Printer and its Software which named as Flash 

Print Software. 

 

 

 

5.5 PREPARING FOR PRINTING:- 
  

For printing of an Idol, there are some process before starting the printer. They are:- 

 We should convert the CATPart file into .STL file in the flash print software which is relevant to the 

Flash Forge Guider II 3D-printer. 

 We should give Auto supports to the idol for supporting the edges of an idol. 

 We should give print speed and density to the design. 

 We should copy the .STL file into pen drive. 

 We should copy the .STL file to the flash forge 3D-Printer Guider II by using pen drive. 

 Start the printing process. 
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(a) Auto supports of an idol in Flash Print software. 

 

 

 

• Set the platform and give automatic supports to the uploaded 3D figure  

• Put the base platform temperature at 50 degree centigrade 

• Thickness: 0.9mm and Speed:-20 m/min. 

• Put hexagonal printing for strength maintenances and, then click on printing. 

• Now a dialog box is shown asking to save in .gx file. 

• Now upload it in printed and copy it. 

• Insert the filament and start preheating. 

• After completion start printing. 
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Printing procedure:- 

 

 Build: -Uploading and assigning the design to the printer. 
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Preheating:-Preheating the material to performing an operation. 
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5.6 3D PRINTING OF AN IDOL:- 

 

 We should follow the above steps to start printing of an idol. 

 Here, the printer will be showing manufacturing time of an Idol and we shouldn’t turn ON the 

cooling equipment’s while working on it. 

 

 

 

 

 

 
(a) one hour 
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                   (b) After Three hours                                                              (c) After Six hours  

 

 

 

 

 

   
 

                  (d) After Ten hours                                                                (e) After sixteen hours 
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            (f) After Nineteen hours                                                         (g) After Twenty two Hours 

 

 

 

 
 

(h)After removing supports for good surface finish 

 

 The total time taken for manufacturing of an idol was 23 hours with FLASHFORGE Guider II 3D-

Printer. 

 The above figure(h) was the finished manufacturing product. 

 In this regard we are going to paint this idol with natural colours due to eco-friendly idol. 
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6. COST ANALYSIS 
 

 

 

• On an average the 3d printer consumes power =70 watt per hour. 

 

• For 23 hour it consumes= 23*70 

                                                   =161O W 

                                                   =1.61 kw. 

 

• The cost for 0-50 units =1.45 rs. 

 

• The cost for 1.61 kw power =1.61*1.45 

                                                        =2.33 

                                                        ~2.5rs. 

 

• Material cost of kg PLA  =1020 rs. 

 

• Consumed material for idol approximately  = 1/4 of kg 

                                                                                   =1/4(1020) 

                                                                                   =255 rs  

 

      

           Total cost for manufacturing the idol =765+2.5 

                                                                        =257.5 rs. 
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7. CONCLUSION 
      

 

       This project is aimed to build the “Eco-friendly Ganesh Idols” to meet the demand in the society. The idol 

is developed with Polylactic Acid. 

 

 This project not only aimed to build eco-friendly Ganesh, it is to manufacture some kind of toys with 

biodegradable materials which is replace to plastic by using the technology which is implementing day-

by-day is Additive Manufacturing. 

 Using biodegradable materials reduces pollution, and it can helps to reuse the material. 

 Saving natural resources by replacing biodegradable materials. 

 Integration of technology with society. 

 Addressing the societal need by avoiding pollution and technology implementation. 

 Design of new-generation idols. 

 Rapid prototyping of idols as per customer requirements. 
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  ABSTRACT 

 

Modern structural application demands reduction in both the weight and as well as cost of the 

fabrication and production of materials. FRICTION STIR WELDING (FSW) is solid state welding 

process in which material is not melted during welding process, so it overcomes many welding 

defects compared to conventional fusion welding process which is initially used for low melting 

materials. This process is initially developed for low melting materials like aluminum, magnesium; 

zinc. The present study describes the effect on process parameters of friction stir weld strength. A set 

of Friction stir weld specimen prepared at different input parameters like weld speed, rotational 

speed, and different tool geometry and weld specimen tested to find the mechanical properties, tensile 

strength and hardness 
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         CHAPTER-1 

INTRODUCTION 

           Friction stir welding (FSW) is a relatively new solid-state joining process. This joining 
technique is energy efficient, environment friendly, and versatile. In   particular, it can be used to join 
high-strength aerospace aluminum alloys and other metallic alloys that are hard to weld by 
conventional fusion welding. FSW is considered to be the most significant development in metal 
joining in a decade. Recently, friction stir processing (FSP) was developed for micro structural 
modification of metallic materials. In this review article, the current state of understanding and 
development of the FSW and FSP are addressed. Particular emphasis has been given to: (a) 
mechanisms responsible for the formation of welds and micro structural refinement, and (b) effects of 
FSW/FSP parameters on resultant microstructure and final mechanical properties. While the bulk of 
the information is related to aluminum alloys, important results are now available for other metals 
and alloys.  

A rotating cylindrical tool with a profiled probe is fed into a butt joint between two clamped work 
pieces, until the shoulder, which has a larger diameter than the pin, touches the surface of the work 
pieces. The probe is slightly shorter than the weld depth required, with the tool shoulder riding atop 
the work surface. After a short dwell time, the tool is moved forward along the joint line at the pre-set 
welding speed.  
Frictional heat is generated between the wear-resistant tool and the work pieces. This heat, along with 
that generated by the mechanical mixing process and the adiabatic heat within the material, cause the 
stirred materials to soften without melting. As the tool is moved forward, a special profile on the 
probe forces plasticized material from the leading face to the rear, where the high forces assist in a 
forged consolidation of the weld. 
This process of the tool traversing along the weld line in a plasticized tubular shaft of metal results in 

severe solid-state deformation involving dynamic recrystalization. 

 
FIG 1.1 two discrete metal work pieces butted together, along with the tool (with a probe) 

  

 

FIG 1.2 the progress of the tool through the joint, also showing the weld zone and the region 

affected by the tool shoulder 

https://en.wikipedia.org/wiki/Butt_joint
https://en.wikipedia.org/wiki/Friction
https://en.wikipedia.org/wiki/Adiabatic
https://en.wikipedia.org/wiki/Melting_point
https://en.wikipedia.org/wiki/Deformation_(engineering)
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Friction stir welding (FSW) is a relatively new joining process that has been used for high production 
since 1996. Because melting does not occur and joining takes place below the melting temperature of 
the material, a high-quality weld is created. This characteristic greatly reduces the ill effects of high 
heat input, including distortion, and eliminates solidification defects. Friction stir welding also is 
highly efficient, produces no fumes, and uses no filler material, which makes this process 
environmentally friendly. 

WELDING PROCESS 

TABBLE 1.1 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                FIG 1.3:- Friction Stir Welding  

 

Gas welding Resistance 

welding 

Arc welding Newer welding Solid state 

welding 

Oxy-acetylene Butt Carbon arc Electron beam Friction 
Air-acetylene Spot Metal arc Laser Ultra sonic 
Oxy-hydrogen  Seam Plasma arc  Diffusion 

 Projection Gas metal arc 
(MIG) 

 Explosive 

  Gas tungsten 
arc(TIG) 
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The friction stir welding (FSW) process was invented in 1991 by The Welding Institute (TWI) at 
Cambridge, in United Kingdom. It was further developed and was got patented by The Welding 
Institute. The first built and commercially available friction stir welding machines were produced by 
ESAB1 Welding and Cutting Products at their equipment manufacturing plant in Laxa, Sweden. The 
development of this process was a significant change from the conventional rotary motion and linear 
reciprocating friction welding processes. It provided a great deal of flexibility within the friction 
welding process group.  

In 1997 the Institute of Materials Research of the German Aerospace Center (DLR), was the first 
non-industrial research institute in Germany working in the field of friction stir welding of aluminum 
alloys and one of the first TWI licensees in Germany. The FSW is performed on a very stiff, 
numerically controlled bedplate milling machine. The process is checked by online temperature, 
displacement and force measurement. Besides manufacturing of FSW specimens and components 
with optimized process parameters, German Aerospace Centre also offers the complete 
characterization of the weld seam or joints such as: Microstructure, Tensile strength (local strain of 
different weld regions), Fatigue strength, Fracture mechanical investigations, damage tolerance, 
Corrosion properties, Residual stresses, Non destructive testing (ultrasonic).  

The Friction Stir Welding is apparently quite new welding process as shown in Fig. 1.1 and is a good 
process for particularly welding aluminum parts.           

 

                                                   FIG 1.4 Movement of tool shoulder 

The linear reciprocating process also requires movement of the parts being joined. This process uses a 
straight-line back and forth motion between the two parts to generate the friction. Regularity of the 
parts being joined is not as necessary with this process; however, movement of the part during 
welding is essential. The obvious limitation of both these processes is the joint design and component 
geometry restriction. At least one of the parts being joined must have an axis of symmetry and be 
capable of being rotated or moved about that axis. 

Friction stir welding (FSW) is capable of fabricating either butt or lap joints, in a wide range of 
materials thickness and lengths. During FSW, heat is generated by rubbing a non consumable tool on 
the substrate intended for joining and by the deformation produced by passing a tool through the 
material being joined. The rotating tool creates volumetric heating, so as the tool is progressed, a 
continuous joint is created. FSW, like other types of friction welds, is largely solid state in nature. As 
a result, friction stir welds are not susceptible to solidification related defects that may hinder other 
fusion welding processes. The FSW process is shown in Fig 1.2. The parts intended for joining are 
usually arranged in a butt configuration. The rotating tool is then brought into contact with the work 
pieces. The tool has two basic components: the probe, which protrudes from the lower surface of the 
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tool, and the shoulder, which is relatively large diameter. The length of the probe is typically 
designed to match closely the thickness of the work pieces. Welding is initiated by first plunging the 
rotating probe into the work pieces until the shoulder is in close contact with the component top 
surface. Friction heat is generated as the rotating shoulder rubs on the top surface under an applied 
force. Once sufficient heat is generated and conducted into the work piece, the rotating tool is 
propelled forward. Material is softened by the heating action of the shoulder, and transported by the 
probe across the bond line, facilitating the joint. 

 

 

 

 

 

 

 

 

 

 

 

                                            Figure 1.5: Process of Friction Stir Welding     

History of Welding Process  

Welding is a technique used for joining metallic parts usually through the application of heat. This 
technique was discovered during efforts to manipulate iron into useful shapes. The process of 
carburization of iron to produce hard steel was known at this time, but the resultant steel was very 
brittle. The welding technique which involved interlaying relatively soft and tough iron with high-
carbon material, followed by hammer forging produced a strong, tough blade.  

In modern times the improvement in iron-making techniques, especially the introduction of cast iron, 
restricted welding to the blacksmith. Other joining techniques, such as fastening by bolts or rivets, 
were widely applied to new products, from bridges and railway engines. 

Basic Principles of Welding  

A weld is process which develops a coalescence of metals by heating to a suitable temperature with 
or without the application of pressure, and with or without the use of a filler material. In fusion 
welding a heat source generates sufficient heat to create and maintain a molten pool of metal of the 
required size as shown in figure.  

The heat may be supplied by electricity or by a gas flame. Electric resistance welding can be 
considered fusion welding because some molten metal is formed. Solid-phase processes produce 
welds without melting the base material and without the addition of a filler metal. Pressure is always 
employed, and generally some heat is provided. Frictional heat is developed in ultrasonic and friction 
joining, and furnace heating is usually employed in diffusion bonding. The electric arc used in 
welding is a high current, low-voltage discharge generally in the range 10–2,000 amperes at 10–50 
volts. An arc column is complex but, broadly speaking, consists of a cathode that emits electrons, gas 
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plasma for current conduction, and an anode region that becomes comparatively hotter than the 
cathode due to electron bombardment.    

Therefore, the electrode, if consumable, is made positive and, if non-consumable, is made negative. A 
direct current (dc) arc is usually used, but alternating current (ac) arcs can be employed. Total energy 
input in all welding processes exceeds that which is required to produce a joint, because not all the 
heat generated can be effectively utilized. Efficiencies vary from 60 to 90 percent, depending on the 
process; some special processes it deviates widely. Heat is lost by conduction through the base metal 
and by radiation to the surroundings.  

Mechanism of joining welding by heating in three phases:  

                                            (a) Formation of liquid pool,  

                                            (b) Interface between liquid and solid, and  

                                            (c) Solidification.  

Most metals, when heated, react with the atmosphere or other nearby metals. These reactions can be 
extremely detrimental to the properties of a welded joint. Most metals, for example, rapidly oxidize 
when molten. A layer of oxide can prevent proper bonding of the metal. Molten-metal droplets coated 
with oxide become entrapped in the weld and make the joint brittle. Some valuable materials added 
for specific properties react so quickly on exposure to the air that the metal deposited does not have 
the same composition as it had initially. These problems have led to the use of fluxes and inert 
atmospheres.  

In fusion welding the flux has a protective role in facilitating a controlled reaction of the metal and 
then preventing oxidation by forming a blanket over the molten material. Fluxes can be active and 
help in the process or inactive and simply protect the surfaces during joining. Inert atmospheres play 
a protective role similar to that of fluxes. In gas shielded metal-arc (GSMA) and gas-shielded 
tungsten-arc (GSTA) welding an inert gas, usually argon, flows from an annulus surrounding the 
torch in a continuous stream, displacing the air from around the arc. The gas does not chemically 
react with the metal but simply protects it from contact with the oxygen in the air. The metallurgy of 
metal joining is important to the functional capabilities of the joint. The arc weld illustrates all the 
basic features of a joint.  

 Three zones result from the passage of a welding arc:  

                                                   (i)   The weld metal, or fusion zone,  

                                                   (ii)  The heat-affected zone, and  

                                                   (iii) The unaffected zone  

The weld metal is that portion of the joint that has been melted during welding. The heat-affected 
zone is a region adjacent to the weld metal that has not been welded but has undergone a change in 
microstructure or mechanical properties due to the heat of welding. The unaffected material is that 
which was not heated sufficiently to alter its properties. 

Weld-metal composition and the conditions under which it freezes (solidifies) significantly affect the 
ability of the joint to meet service requirements. In arc welding, the weld metal comprises filler 
material plus the base metal that has melted. After the arc passes, rapid cooling of the weld metal 
occurs. A one-pass weld has a cast structure with columnar grains extending from the edge of the 
molten pool to the centre of the weld as shown in Figs.1.4a and 1.4b. In a multi pass weld, this cast 
structure may be modified, depending on the particular metal that is being welded. The base metal 
adjacent to the weld, or the heat-affected zone, is subjected to a range of temperature cycles, and its 
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change in structure is directly related to the peak temperature at any given point, the time of exposure, 
and the cooling rates.    

The types of base metal are too numerous to discuss here, but they can be grouped in three classes:  

                              (i)  Materials unaffected by welding heat,  

                              (ii)  Materials hardened by structural change, and  

                              (iii)  Materials hardened by precipitation processes.  

Welding produces stresses in materials. These forces are induced by contraction of the weld metal 
and by expansion and then contraction of the heat-affected zone. The unheated metal imposes a 
restraint on the above, and as contraction predominates, the weld metal cannot contract freely, and a 
stress is built up in the joint. This is generally known as residual stress, and for some critical 
applications must be removed by heat treatment of the whole fabrication. Residual stress is 
unavoidable in all welded structures, and if it is not controlled bowing or distortion of the weldment 
will take place. Control is exercised by welding.   

FSW has been widely used in the aerospace, shipbuilding, automobile industries and in many 
applications of commercial importance. Some of the advantages over the conventional welding 
techniques are very low distortion, no fumes, porosity or spatter, no consumables, no special surface 
treatment and no shielding gas requirements. It enables to weld almost all types of aluminum alloys 

1. Metallurgical benefits 

 

• Low distortion of work piece 
• Fine microstructure 
• Solid phase process 
• Good dimensional stability and repeatability 
• No loss of alloying elements 
• Absence of cracking 

 
2. Environmental benefits 

 

• No surface cleaning required 
• No shielding gas required 
• No grinding, brushing or pickling is required 
• Consumable materials saving, such as rugs, wire or any other gases 

 
3. Energy benefits 

 

• Improved materials use (e.g., joining different thickness) allows reduction in weight 
• Decreased fuel consumption in light weight aircraft automotive and ship applications. 
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CHAPTER 2 

METHODOLOGY 

Aluminum Alloys: 

Aluminum alloys are alloys in which aluminum (al) is the predominant metals. There are two 
principal classifications, namely casting alloys and wrought alloys, both of which are further 
subdivided into the categories heat-treatable and non-heat-treatable. About 85% of aluminum is used 
for wrought products, for example rolled plate, foils and extrusions. Cast aluminum alloys yield cost-
effective products due to the low melting point, although they generally have lower tensile strengths 
than wrought alloys. The most important cast aluminum alloy system is al–is, where the high levels 
of silicon (4.0–13%) contribute to give good casting characteristics. aluminum alloys are widely used 
in engineering structures and components where light weight or corrosion resistance is required. 

Alloys composed mostly of aluminum have been very important in aerospace manufacturing 
since the introduction of metal-skinned aircraft. Aluminum-magnesium alloys are both lighter than 
other aluminum alloys and much less flammable than alloys that contain a very high percentage of 
magnesium. Aluminum alloy surfaces will develop a white, protective layer of aluminum oxide if left 
unprotected by anodizing and/or correct painting procedures. in a wet environment, galvanic 
corrosion can occur when an aluminum alloy is placed in electrical contact with other metals with 
more positive corrosion potentials than aluminum, and an electrolyte is present that allows ion 
exchange. Referred to as dissimilar-metal corrosion, this process can occur as exfoliation or as 
intergranular corrosion. Aluminum alloys can be improperly heat treated. This causes internal 
element separation, and the metal then corrodes from the inside out. Aircraft mechanics deal daily 
with aluminum alloy corrosion. 

Aluminum alloy compositions are registered with the aluminum association. many 
organizations publish more specific standards for the manufacture of aluminum alloy, including the 
society of automotive engineers standards organization, specifically its aerospace standards 
subgroups, and ASTM international. 

2.1 Classification of Aluminum Alloys:- 

Classification of aluminum alloys is established by the international alloy designation system, based 
on the classification developed by aluminum association of the United States. This classification is 
accepted by most countries. There are mainly classified as two types. They are 

Wrought aluminum alloys: Wrought alloys are those with aluminum as base metal which are 
cast as ingot or billet and then mechanically worked by some process such as rolling, extrusion, or 
forgings to obtain final form. 

Cast aluminum alloys: Cast alloys are those with aluminum as a base metal which are cast to 
final or near final form without any mechanical working. 

They are further divided as either heat treatable or non-heat treatable within each classification. 

Heat Treatable Alloys: They are based on; Aluminum-Silicon-Magnesium, Aluminum-Copper and 
Aluminum-Zinc-Magnesium alloying systems. They develop high strength by solution treatment then 
age hardening at elevated temperatures. 

Non-Heat Treatable Alloys: These include pure Aluminum, and those based on Aluminum-
Manganese, Aluminum-Silicon, and Aluminum-Magnesium. They can be strengthened only by cold 
work. 
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2.2 Properties of Aluminum 

The natural qualities of aluminum and its alloys are positive deciding factors for designers, 
manufacturers and industrial users who are always on the lookout for better-performing materials and 
innovative processes. 

Llightness - With a specific mass of 2700 kg/m3, aluminum is the lightest of all ordinary 
metals, nearly three times as light as steel. Removing weight from products is an effective response to 
environmental concerns (energy efficiency, smaller carbon footprint) and economics (profitability of 
production and use). Lightness benefits not only the applications but also operations on the shop floor 
and working conditions, and means lower expenditures on material handling equipment. 

Electrical and thermal conductivity - Unalloyed aluminum has a thermal and electric 
conductivity about 60% of copper, which accounts for its development as a conductor, in the form of 
bars and tubes which are used in numerous electrical applications, such as connectors and distribution 
bars. 

Corrosion resistance - aluminum and its alloys provide excellent resistance to atmospheric 
corrosion in marine, urban and industrial settings. This high resistance extends the life of equipment, 
significantly reduces maintenance costs and preserves outward appearances. These properties are 
especially desired in industrial vehicles, street furniture and traffic signals. 

Suitability for surface treatments - Aluminum and its alloys lend themselves to a huge variety 
of surface treatments, which enhances its intrinsic qualities. For example, an iodization of a few 
micrometers is enough to preserve the optical or decorative properties of the materials, while 
improving resistance, especially to corrosion and stress. 

The diversity of the alloys and intermediates - No less than eight families of aluminum alloys 
offer properties perfectly suited to their contemplated use, whether it is weld ability, corrosion 
resistance, superior mechanical performance or something else. The numerous ways they can be 
converted or processed, moreover, gives engineering departments and manufacturers a very broad 
range of intermediates-rolled (sheets), extruded (profiles), die-cast, forged and molded-able to meet 
highly specific functional requirements, while simplifying assembly and finishing. 

 Applications of Aluminum 

Aerospace - The absolute requirement for light structures, made only stronger by environmental 
regulations, make aluminum and its alloys now more than ever the number one material in the sky. In 
the last 35 years, newly designed alloys and increasingly innovative conversion and assembly 
processes have halved the weight of an airplane's structure. Their percentage in aircraft structures sold 
to airlines companies 70% of what goes into an airframe and are an indispensable part of the 
programs in the world. 

Automotive - Chassis, bodies, engine blocks, radiators, hubcaps... Driven by consumer needs and 
increasingly tight regulations, the automobile industry has made ample recourse to aluminum. A 
European car today contains on average 100 kg of aluminum, taking advantage of multiple properties 
of the materials: lightness (a 100 kg loss of weight reduces fuel consumption by 0.6 liters/100 km and 
greenhouse gases by 20%), resistance (improved road-handling, absorption of kinetic energy, shorter 
braking distance) and recycling (95% of the aluminum contained in autos is collected and recycled, 
and represents over 50% of the vehicle's total end-of-life value.) The automotive use of aluminum is 
expected to double in the next ten years. 

Marine - Marine transport is increasing its use of aluminum by capitalizing on its two leading 
qualities: lightness and corrosion resistance. Advanced alloys have enabled the design of high-speed 
ships, by lightening hulls by 40% to 50% over steel. Corrosion resistance, even on the water, makes 
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for more durable hulls, masts and superstructures on pleasure boats and the bridges and 
superstructures of passenger ships and merchant ships. 

Rail - Lighter structures, resistance and durability have made aluminum crucial to rail transport 
applications. The French SNCF 2-level high-speed train is made of aluminum alloy sheet metal and 
extrusions, as are many subways and commuter trains throughout the world. 

MATERIALS 

Aluminum 6061 is a precipitation-hardened aluminum alloy, containing magnesium and silicon as its 
major alloying elements. Originally called “Alloy 61S’’, it was developed in 1935. It has good 

mechanical properties, exhibits good weld ability, and is very commonly extruded. 

ALUMINIUM6063ALLOY is a medium strength alloy commonly referred to as an architectural 
alloy. It is normally used in intricate extrusions, is readily suited to weld easily anodized. 

Aluminum 6063 alloy consists of magnesium and silicon as the alloying elements. The standard 
controlling its composition is maintained by the aluminum association.  It has generally good 
mechanical properties and is heat treatable and wieldable. It is similar to the British aluminum alloy 
HE9.AL6063is the most common alloy used for aluminum extrusion. It allow complex shapes to be 
formed with very smooth surfaces fit for anodizing and so is popular for visible architectural 
applications such as window frames, door frames, roofs and sign frames. 

The mechanical properties of 6063 depend greatly on the temperature or heat treatment of the 
material .It is the non – ferrous alloy and special purpose material. 

2.3 Aluminum Alloy (Aluminum-6061) 

2.3.1 Chemical Composition 

Table 2.1: Chemical Composition of Aluminum-6061 

COMPONENT Si Cu Mg Cr Ti Fe Mn Al Zn 

% wt 0.4 to 
0.8 

0.15 to 
0.40 

0.8 to 
1.2 

0.04 to 
0.35 

0.15 
max 

0.7 
max 

0.15 
max 

96.85 0.25 
max 

 

Consequence of exceeding impurity limits. High copper or nickel decreases ductility and Resistance 
to corrosion. High iron decreases strength and ductility. 

2.3.2 Mechanical Properties 

Table 2.2: Properties of Aluminum-6061 

Material Tensile 
strength(N/mm2

) 

Hardness(RHB) 
Modulus of 
Elasticity(N/mm2

) 

Elongation 
(%) 

Aluminium-
6061 alloy 

115 30 68.9 12 
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2.4 Aluminum Alloy (Aluminum-6063) 

2.4.1 Chemical Composition 

Table 2.3: Chemical Composition of Aluminum-6063 

COMPONENET Si Cu Mg Cr Ti Fe Mn Al Zn 

%wt 0.2 to 
0.6 

0.1 
max 

0.45 
to 0.9 

0.1 
max 

0.1 
max 

0.35 
max 

0.1 
max 

97.5 
max 

0.1 
max 

 

2.4.2 Mechanical Properties 

Table 2.4: Properties of Aluminum-6063 

Material Tensile 
strength(N/mm2

) 

Hardness(RHB) Modulus of 
elasticity(N/mm2

) 

Elongation (%) 

Aluminium-
6063 Alloy 

150 50 71 12 

 

Applications of Aluminum 6061: 

➢ Transportation Components 
➢ Aircraft and marine fittings 
➢ Machine processing equipment 
➢ Recreation Products 
➢ Camera lenses 
➢ Drive shafts 
➢ Valves  
➢ Couplings 

 

Applications of Aluminum-6063 

Mostly used applications are 
➢ Architectural applications 
➢ Extrusions 
➢ Window frames 
➢ Doors 
➢ Shop fittings 
➢ Irrigation tubing and other applications where High-strength permanent mold or 

investment castings are required. 
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2.5 WORKING PRINCIPLE OF FRICTION STIR WELDING: 

Friction Stir Welding features have led to the application of leaders for micro joining of electronic 
components, but the process is also being applied to the fabrication of automotive components and 
precision machine tool parts in heavy section steel. 

2.5.1 Principle of Operation 

 At first, the sheets or plates are abutted along edge to be welded and the rotating pin is inserted into 
the sheets/plates until the tool shoulder is in full contact with the sheets or plates surface. Once the 
pin is completely inserted, it is moved with a small notating angle in the welding direction. Due to the 
advancing and rotating effect of the pin and shoulder of the tool along the seam, an advancing side 
and a retreating side are formed and the softened and heated material flows around the pin to its 

Backside where the material is consolidated to create a high-quality, solid-state weld as shown in fig 
below 

 

                                Figure 2.1: Working Arrangement 

Theory of FSW 

In Friction Stir Welding, a cylindrical shouldered tool with a profiled probe is rotated and slowly 
plunged into the joint line between two pieces of sheet or plate material, which are butted together. 
The parts have to be firmly clamped onto the worktable in a manner that prevents the joint faces from 
being forced apart. Frictional heat is generated between the wear resistant welding tool and the 
material of the work piece. This heat causes the latter to soften without reaching the melting point and 
allows passing of the tool along the weld line as shown in Fig. The plasticized material is transferred 
from the leading edge of the tool to the trailing edge of the tool probe and is forged by the intimate 
contact of the tool shoulder and the pin profile. It leaves a solid phase bond between the two pieces. 

 

      Figure 2.2: Schematic Drawing for Working Processes: (a). Start of joining, 

(b). Insert joining tool, (c). Joining and (d). Pull away joining tool (end) 
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A significant benefit of Friction Stir Welding is that it has significantly fewer process elements to 
control. In a Fusion weld, there are many process factors that must be controlled–such as purge gas, 
voltage and amperage, wire feed, travel speed, shield gas, arc gap. However, in Friction Stir Weld 
there are only three process variables to control: rotation speed, travel speed and pressure, all of 
which are easily controlled. The increase in joint strength combined with the reduction in process 
variability provides for an increased safety margin and high degree of reliability for the External 
Tank. 

Friction Stir Welding works as; first a dowel is rotated between 180 to 300 revolutions per minute, 
depending on the thickness of the material. The pin tip of the dowel is forced into the material under 
5,000 to 10,000 pounds per square inch (775 to 1550 pounds per square centimeter) of force. The pin 
continues rotating and moves forward at a rate of 3.5 to 5 inches per minute (8.89 to 12.7 centimeters 
per minute). As the pin rotates, friction heats the surrounding material and rapidly produces a 
softened "plasticized" area around the pin. As the pin travels forward, the material behind the pin is 
forged under pressure from the dowel and consolidates to form a bond. Unlike fusion welding, no 
actual melting occurs in this process and the weld is left in the same fine grained condition as the 
parent metal. 

Tool Rotation and Traverse Speeds 

There are two tool speeds to be considered in friction-stir welding; how fast the tool rotates and how 
quickly it traverses the interface. These two parameters have considerable importance and must be 
chosen with care to ensure a successful and efficient welding cycle. The relationship between the 
welding speeds and the heat input during welding is complex but, in general, it can be said that 
increasing the rotation speed or decreasing the traverse speed will result in a hotter weld as shown in 
Figs.3.4. In order to produce a successful weld it is necessary that the material surrounding the tool is 
hot enough to enable the extensive plastic flow required and minimize the forces acting on the tool. If 
the material is too cool then voids or other flaws may be present in the stir zone and in extreme cases 
the tool may break. 

Generation and Flow of Heat 

For any welding process it is, in general, desirable to increase the travel speed and minimize the heat 
input as this will increase productivity and possibly reduce the impact of welding on the mechanical 
properties of the weld. At the same time it is necessary to ensure that the temperature around the tool 
is sufficiently high to permit adequate material flow and prevent flaws or tool fracture. 

When the traverse speed is increased, for a given heat input, there is less time for heat to conduct 
ahead of the tool and the thermal gradients are larger. At some point the speed will be so high that the 
material ahead of the tool will be too cold and the flow stress too high, to permit adequate material 
movement, resulting in flaws or tool fracture. If the "hot zone" is too large then there is scope to 
increase the traverse speed and hence productivity. 

The welding cycle can be split into several stages during which the heat flow 

And thermal profile will be different: 

Dwell: 

The material is preheated by a stationary, rotating tool in order to achieve a sufficient temperature 
ahead of the tool to allow the traverse. This period may also include the plunge of the tool into the 
work piece. 
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Transient heating: 

When the tool begins to move there will be a transient period where the heat production and 
temperature around the tool will alter in a complex manner until an essentially steady-state is reached. 

Pseudo steady-state: 

Although fluctuations in heat generation will occur the thermal field around the tool remains 
effectively constant, at least on the macroscopic scale. 

Post steady-state: 

Near the end of the weld heat may "reflect" from the end of the plate leading to additional heating 
around the tool. 

Friction Stir Welding Tools 

Tools consist of a shoulder and a pin which can be integral with the shoulder or as a separate insert 
possibly of a different material as shown in Fig. 5.1. The design of the shoulder and of the pin is very 
important for the quality of the weld. The pin of the tool generates the heat and stirs the material 
being welded but the shoulder also plays an important part by providing additional frictional 
treatment as well as preventing the plasticized material from escaping from the weld region. The 
plasticized material is extruded from the leading to the trailing side of the tool but is trapped by the 
shoulder which moves along the weld to produce a smooth surface finish. Clearly, different materials 
and different thicknesses will require different profile probes and welds can be produced from just 
one side or by welding half the thickness then turning over to complete the other side. 

 

                          Figure 2.3: Pin and Shoulder of FSW 

Tool Pin 

As shown the pin is pentagonal. The pin diameter is usually taken to be equal to the thickness of the 
plates to be welded. This satisfies the requirement that the head pin is small enough to penetrate the 
two plates. The length of the tool pin must be slightly less (by a fraction of a mm) than the thickness 
of the plates, so the pin penetrates the surface from one side only and at the same time forces the 
material to flow around it. 
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                                   Figure 2.4: Tool Pin Geometries for FSW Tools 

Tool Shoulder 

The tool shoulder is also pentagonal, hexagonal, octagonal shapes as shown in Figs. Due to the heat 
dissipation from the friction between the shoulder and the surface of the plates (in addition to the pin 
action), the material undergoes plastic deformation and the two plates are joined together. The tool 
shoulder length is irrelevant, but it must be long enough to allow its fixation in the rotating machine 
tool holder. The shoulder diameter must be not too large in order to minimize the width of the 
welding zone line. In other words, if the shoulder diameter is too large, it will cause a wide section of 
the plate to be plasticized. 

Tool Geometry 

Tool geometry affects the heat generation rate, traverse force, torque and the thermo mechanical 
environment experienced by the tool. The flow of plasticized material in the work piece is affected by 
the tool geometry as well as the linear and rotational motion of the tool. Important factors are 
shoulder diameter, shoulder surface angle, pin geometry including its shape and size and the nature of 
tool surfaces. 

 

                                                    Fig 2.5:  Tool shapes  
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2.6 Specimen preparation 

For the implementation of our project we are taking  an aluminum 6063 alloys at a shape of 90×30×6 
sized specimens two and we are placing these two pieces adjacent to each other and we are fixing 
these two plate by fixtures and we are fixing the tool in the tool holder spindle and set the speed of 
the tool and also we are fixing the speed of the work table or weld speed of the specimen  and we are 
giving the power supply to the tool spindle motor and allow it to rotate and after that we are taking 
these rotating tool near to the fixed work piece and make the contact of the tool lower part probe with 
the upper part of the work pieces and applying some pressure on the work piece with tool in between 
the contact surfaces friction will be produced and because of the frictional heat will be generated and 
the work piece material will comes to semi molten state and because of the gravitational pull or 
gravitational force the semi molten metal will flow towards downwards along the air gap between the 
two plates  and after flowing up to bottom layer of the work piece the semi molten metal will solidify 
and give the perfect  solid weld. 

After preparation or completion of the welding process we are marking the work piece into three 
equal parts by 60 mm in these three parts the middle part is marked along its width by 12mm, 6mm, 
12mm and these 12 ×60 mm part of the work piece will be removed by using the CNC Machine and 
we are making a fillet at the corners with radius of 12mm .and also we are implementing the same 
procedure for the parent material for the specimen preparation. 

In friction stir welding (FSW) a Pentagonal, shouldered tool with a profiled probe is rotated and 
slowly plunged into the joint line between two pieces butted together. The parts have to be clamped 
onto a backing bar in a manner that prevents the abutting joint faces from being forced apart. 
Frictional heat is generated between the wear resistant welding tool and the material of the work 

 

                                                     Fig: 2.6 Geometry of the Tools 

Pieces. This heat causes the latter to soften without reaching the melting point and allows traversing 
of the tool along the weld line .The maximum temperature reached is of the order of 0.8 of the 
melting temperature of the material. The plasticized material is transferred from the leading edge of 
the tool to the trailing edge of the tool probe and is forged by the intimate contact of the tool shoulder 
and the pin profile. 
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                                              Fig: 2.7 specimens with weld 

INPUT PARAMETERS:   

In this project we has been conducted the experiment as follows we are keeping the rotational speed 
of the tool is kept constant at 760 rpm,1340 rpm,2000 rpm and the change in the shape of the tool as 
follows those are pentagonal, hexagonal, octagonal and also we are changing the speed of the weld as 
follows from  11 mm/min and 18 mm/min, 22 mm/min. By conducting the welding process on basing 
of the above parameters we are drawn a table given below. 

 

                                  Table 2.5: Input parameters  

 

S.NO Sample Number Rotational 
Speed(rpm) 

Weld Speed 
(mm/min) Shape of Cross section 

1 11 760 11  
pentagonal 

 
2 12 1340 18 
3 13 2000 22 
4 15 760 11  

hexagonal 
 

5 16 1340 18 
6 17 2000 22 
7 20 760 11  

octagonal 
 

8 21 1340 18 

9 22 2000 22 
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CHAPTER 3 

TESTING 

3.1 Tensile Test 

Tensile testing, also known as tension testing, is a fundamental material science and engineering test 
in which a sample is subjected to a controlled tension until failure. Properties that are directly 
measured via a tensile test are ultimate tensile strength, breaking strength, maximum elongation and 
reduction in area. From these measurements the following properties can also be determined: Young's 
modulus, Poisson's ratio, yield strength, and strain hardening characteristics. Uniaxial tensile testing 
is the most commonly used for obtaining the mechanical characteristics of isotropic materials. Some 
materials use biaxial tensile testing. Show in figure 4.3  

Procedure 

Tensile properties indicate how the material will react to forces being applied in tension. A tensile test 
is a fundamental mechanical test where a carefully prepared specimen is loaded in a very controlled 
manner while measuring the applied load and the elongation of the specimen over some distance. 
Tensile tests are used to determine the modulus of elasticity, elastic limit, elongation, proportional 
limit, and reduction in area, tensile strength, yield point, yield strength and other tensile properties. 
The main product of a tensile test is a load versus elongation curve which is then converted into a 
stress versus strain curve. Since both the engineering stress and the engineering strain are obtained by 
dividing the load and elongation by constant values (specimen geometry information), the load-
elongation curve will have the same shape as the engineering stress-strain curve.  

 

Fig 3.1Universal testing machine 

 

 

 

                                                                                                                                     Sub size specimen 

                                                                                                                                                6mm 

                                                                                                                  (0.25 in) wide 

                                              Fig 3.2 Dimensions for tensile test specimen  
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G- GAGE LENGTH (NOTE1 AND NOTE 2) 25.0 ± 0.1 
(1.000 ± 0.003)  

W- WIDTH (NOTE 3 AND NOTE 4) 6.0 ± 0.1 
T- THICKNESS (NOTE 5) (0.250 ± 0.005) 
R- RADIUS OF FILLET, MIN (NOTE 6) 6 (0.250) 
L- OVERALL LENGTH,MIN (NOTE 2,NOTE 7 
AND NOTE 8) 

100 (4) 

A- LENGTH  OF REDUCED SECTION,MIN 32 (1.25) 
B- LENGTH OF GRIP SECTION,MIN (NOTE9) 30 (1.25) 
C- WIDTH OF GRIP SECTION, 
APPROXIMATE (NOTE 4 AND NOTE 9) 

10 (0.375) 

 

 

Table 3.1 MEASUREMENTS OF TENSILE TEST VALUES: 

Sample  

Number 

 

Ultimate Load (KN) 

Trail 1 Trail 2 Trail 3 Avg 

11 4.96 5.05 4.86 4.96 

12 5.02 5.01 4.96 5.00 

13 5.06 5.2 5.1 5.12 

15 6.5 6.4 6.3 6.42 

16 6.9 6.7 6.5 6.78 

17 6.9 7.0 6.95 6.96 

20 6.8 6.4 6.3 6.50 

21 6.9 6.8 6.9 6.84 

22 7.5 7.2 7.4 7.36 
 

 

 

3.2 Hardness Test 

 Hardness is the property of a material that enables it to resist plastic deformation, usually by 
penetration. However, the term hardness may also refer to resistance to bending, scratching, abrasion 
or cutting.   
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Rockwell Hardness test 

The Rockwell method measures the permanent depth of indentation produced by a force/load on an 
indenter. First, a preliminary test force (commonly referred to as preload or minor load) is applied to 
a sample using a diamond or ball indenter. This preload breaks through the surface to reduce the 
effects of surface finish. After holding the preliminary test force for a specified dwell time, the 
baseline depth of indentation is measured. 

 

                             FIG 3.3: Rockwell hardness testing machine 

Table 3.2: Measurement of Hardness test values 

Sample  

Number 

Hardness Number  

Trail 1 Trail 2 Trail 3 Avg 

11 83 82 81 82 

12 84 85 84.5 84.5 

13 86 88 87 87 

15 85 84 83 84 

16 87 87 87 87 

17 88 89 88.5 88.5 

20 98 98 86 94 

21 92 92 93.5 92.5 

22 98 98 95 97 
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3.3 RESULTS AND DISCUSSIONS 

Tensile Strength: Different Rotational Speeds of Pentagonal Shape Tool 

Tensile strength for Pentagonal Tool  

Graph: plotted between weld speed (mm/min) and tensile strength (Mpa) values shown in graph. It 
describes the variation of tensile strength with respect to weld speed at constant rotational speed 760 
rpm rpm,1340 rpm and 2000 Pentagonal shaped tool. The strength is increases when the weld speed 
is increasing from 11, 18, 22 (mm/min). Tensile test has increased because proper welding of sample 
done due to increase of weld speed. 

The tensile strength of welded specimen is tabulated in the table given below  

Table: 3.3 Tensile strength of welded specimen  

 

 

   

            GRAPH 1: sample number vs. tensile strength for pentagonal shape tool 
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Sample  

Number Ultimate Load (KN) 
Weld tensile 

Sstrength (Mpa) 
Trail 1 Trail 2 Trail 3 Avg 

11 4.96 5.05 4.86 4.96 110 

12 5.02 5.01 4.96 5.00 120 

13 5.06 5.2 5.1 5.12 130 

15 6.5 6.4 6.3 6.42 170 

16 6.9 6.7 6.5 6.78 180 

17 6.9 7.0 6.95 6.96 190 

20 6.8 6.4 6.3 6.50 180 

21 6.9 6.8 6.9 6.84 190 

22 7.5 7.2 7.4 7.36 200 
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Rotational Speeds of Hexagonal shape Tool 

Tensile strength for Hexagonal Tool  

Graph: plotted between weld speed (mm/min) and tensile strength (Mpa) values shown in graph. It 
describes the variation of tensile strength with respect to weld speed at constant rotational speed 760 
rpm, 1340 rpm and 2000 rpm Hexagonal shaped tool. The strength is increases when the weld speed 
is increasing from 11, 18, and 22 (mm/min).we can find the tensile test has increased because proper 
welding of sample done due to increase of weld speed. 

 

 

         GRAPH 2: sample number vs. tensile strength for hexagonal shape tool 

 

Tensile Strength: Different Rotational Speeds of octagonal shape Tool 

Tensile strength for octagonal Tool  

Graph: plotted between weld speed (mm/min) and tensile strength (Mpa) values shown in graph. It 
describes the variation of tensile strength with respect to weld speed at constant rotational speed 760 
rpm, 1340 rpm and 2000 rpm octagonal shaped tool. The strength is increases when the weld speed is 
increasing from 11, 18 and decreased at 22 (mm/min). Tensile test has increased because proper 
welding of sample done due to increase of weld speed. 
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           GRAPH 3: sample number vs. tensile strength for octagonal shape tool 

Hardness: Different Rotational Speeds of pentagonal Shape Tool 

Hardness for pentagonal Tool  

Graph:  plotted between weld speed (mm/min) and Hardness (RHB) values shown in graph. It 
describes the variation of hardness with respect to weld speed at constant rotational speed 760 
rpm,1340 rpm and 2000rpm  pentagonal shaped tool. The hardness is increases when the weld speed 
is increasing from 11, 18, 22 (mm/min).hardness has increased because proper welding of sample 
done due to increase the weld speed at 22(mm/min). 

TABLE 3.4: HARDNESS OF WELDED SPECIMEN 

Sample  

Number 

Hardness Number  

Trail 1 Trail 2 Trail 3 
Avg 

hardness 
(RHB) 

11 83 82 81 82 

12 84 85 84.5 84.5 

13 86 88 87 87 
15 85 84 83 84 
16 87 87 87 87 
17 88 89 88.5 88.5 
20 98 98 86 94 
21 92 92 93.5 92.5 
22 98 98 95 97 
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              GRAPH 4: sample number vs. hardness for pentagonal tool shape 

Hardness: Different Rotational Speeds of hexagonal Shape Tool 

Hardness for hexagonal Tool  

Graph:  plotted between weld speed (mm/min) and Hardness (RHB) values shown in graph. It 
describes the variation of hardness with respect to weld speed at constant rotational speed 760 rpm, 
1340 rpm and 2000rpm hexagonal shaped tool. The hardness is increases when the weld speed is 
increasing from 11, 18, 22 (mm/min).hardness has increased because proper welding of sample done 
due to increase the weld speed at 22(mm/min). 

 

GRAPH 5: sample number vs. hardness for hexagonal tool shape 
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Hardness: Different Rotational Speeds of octagonal Shape Tool 

Hardness for octagonal Tool  

Graph:  plotted between weld speed (mm/min) and Hardness (RHB) values shown in graph. It 
describes the variation of hardness with respect to weld speed at constant rotational speed 760 rpm, 
1340 rpm and 2000rpm octagonal shaped tool. The hardness is increases when the weld speed is 
increasing from 11, 18, 22 (mm/min).hardness has increased because proper welding of sample done 
due to increase the weld speed at 22(mm/min). 

 

              GRAPH 6: sample number vs. hardness for octagonal tool shape 
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                                                                      CHAPTER 4 

CONCLUSION 

1. With increasing the weld speed from 11 mm/min to 22 mm/min then Ultimate Tensile Strength of 
the weld is increasing. 

2. With varying the Geometry of the tool from pentagonal, Hexagonal, Octagonal the Ultimate 
Tensile Strength of the weld is increasing. 

3. Better weld strength at Octagonal tool geometry, rotates at 2000 RPM and weld speed at 22 
mm/min. 

4. Hardness increases with tool geometric shape change from Pentagonal, Hexagonal, and Octagonal. 
Best Hardness (99 RHB) observed at rotational speed 2000 RPM; weld speed 22 mm/min and 
Octagonal shape tool geometry. 
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ABSTRACT 

Anew ternary alloy is prepared (Al-5Cu-5Br) with Al as a base material. An Al alloy has been 

prepared using this new ternary alloy in a view to enhance strength, ductility, and effective 

transfer of load. Al – Ternary alloy is prepared through vertical pot furnace at 5%, 10% and 15% 

weight fractions. The main aim of the project is to check whether we can increment the 

mechanical properties by preparing a new alloy. The mechanical behavior of alloy is studied in 

terms of hardness, tensile and microstructure. 
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CHAPTER-1 

INTRODUCTION 

Material is anything made of matter, constituted of one or more substances. Wood, cement, 
hydrogen, air and water are all examples of materials. Sometimes the term "material" is used 
more narrowly to refer to substances or components with certain physical properties that are used 
as inputs to production or manufacturing. In this sense, materials are the parts required to make 
something else, from buildings and art to stars and computers. 

WHAT IS AN ALLOY 

       An alloy is a mixture of Chemical elements, which forms an impure substance (admixture) 
that retains the characteristics of a metal. An alloy is distinct from an impure metal in that, with 
an alloy, the added elements are well controlled to produce desirable properties, while impure 
metals such as wrought iron are less controlled, but are often considered useful. Alloys are made 
by mixing two or more elements, at least one of which is a metal. This is usually called the 
primary metal or the base metal, and the name of this metal may also be the name of the alloy. 
The other constituents may or may not be metals but, when mixed with the molten base, they 
will be soluble and dissolve into the mixture. The mechanical properties of alloys will often be 
quite different from those of its individual constituents. A metal that is normally very soft 
(malleable), such as aluminum can be altered by alloying it with another soft metal, such 
as copper. Although both metals are very soft and ductile, the resulting aluminum alloy will have 
much greater strength. Adding a small amount of non-metallic carbon to iron trades its great 
ductility for the greater strength of an alloy called steel. Due to its very-high strength, but still 
substantial toughness, and its ability to be greatly altered by heat treatment, steel is one of the 
most useful and common alloys in modern use. By adding chromium to steel, its resistance 
to corrosion can be enhanced, creating stainless steel, while adding silicon will alter its electrical 
characteristics, producing silicon steel. 

Like oil and water, a molten metal may not always mix with another element. For example, pure 
iron is almost completely insoluble with copper. Even when the constituents are soluble, each 
will usually have a saturation point, beyond which no more of the constituent can be added. Iron, 
for example, can hold a maximum of 6.67% carbon. Although the elements of an alloy usually 
must be soluble in the liquid state, they may not always be soluble in the solid state. If the metals 
remain soluble when solid, the alloy forms a solid solution, becoming a homogeneous structure 
consisting of identical crystals, called a phase. If as the mixture cools the constituents become 
insoluble, they may separate to form two or more different types of crystals, creating a 
heterogeneous microstructure of different phases, some with more of one constituent than the 
other. However, in other alloys, the insoluble elements may not separate until after crystallization 
occurs. If cooled very quickly, they first crystallize as a homogeneous phase, but they 
are supersaturated with the secondary constituents. As time passes, the atoms of these 
supersaturated alloys can separate from the crystal lattice, becoming more stable, and forming a 
second phase that serves to reinforce the crystals internally. 
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     The applications of aluminum alloys in the industry are progressively increasing due to their 
high strength to weight ratio and excellent properties (high strength, favorable ductility, low 
density, good workability and corrosion resistance). Among the various aluminium alloys, the 
casting al-cu alloys are ones of the most widely used for crucial and complex parts in the 
engineer. The strength and ductility are two of the most important aspects of the al-cu alloys. 
However a material is either strong or ductile, rarely both at the same time. Many methods have 
been used for the improvement both in the two aspects. One of the effective approaches is the 
addition of the rare earth metals as modifiers. Whereas the current application of casting al-cu 
alloys with the attractive advantages in practical environment   are restricted due to their poor 
corrosion resistance, such as corrosion behaviors in the sea water. There have been a lot of works 
on the corrosion behaviors of al   alloys in the past decades. However, the health, the 
environment and the high cost of these methods have led researches to search for the health, the 
environmental friendly and low cost method for improving the corrosion resistance. It was 
reported that the effectiveness of the rare earth metal salts as corrosion inhibitors , produced 
coatings that were more resistance to pitting than the normally formed oxide film formed on the 
surface of al alloys. Thus it is necessary to improve the mechanical properties and corrosion 
resistance of the casting Al-Cu according a useful and economical method for as extensive use in 
the modern industry. 

  
At the earlier stages of investigation fiber reinforcement are widely used in MMCs, due to the 
difficulty in secondary processing, high manufacturing cost and anisotropy led to the use of 
particles as reinforcement in MMCs. The various processing techniques adopted to produce 
particles reinforced MMCs are stir casting, powder metallurgy, squeeze casting, co-spray 
deposition, vacuum hot pressing . Manoj Singla reported that the element which directly affects 
properties, quality of MMCs is uniform distribution of reinforcement and stircasting is best 
suited method to achieve the above. Most of the particulate reinforced MMCs include hard 
metals like Titanium, Tungsten, and ceramics like Sic, Al203, B4C, Si3N4, TiB2, Ti02, etc. S. 
Madhu sudan reported that particles as reinforcements in MMCs led to low manufacturing cost, 
ease in secondary processing compared to fiber reinforced MMCs. 
 
Aluminum   metal   is   preferred   as   a   matrix   when   compared   to   the   other   metals due   
to its   attractive  properties.  For pistons and cylinder heads etc. in which the tribological 
properties of the material are important, Aluminum matrix composites (AMC) is considered. 
Hence to meet the requirements of various industries the development of AMC is emphasized. In 
the design of AMCs the properties of reinforcement like type, size, hardness, modulus of 
elasticity, distribution in the matrix has to be considered. N.Nataraja found that according to 
many researchers the volume fraction of the reinforcement particles affects the mechanical 
properties of AMCs. Depending on the nature of the matrix and reinforcing materials which 
influence the final properties, suitable processing route is adopted for synthesizing AMCs. In the 
present investigation stir casting technique is used to prepare particulate reinforced Aluminum 
composite material.  
 

            General reinforcing elements used in AMCs are Sic, Al203 etc. It is found that if silicon 
carbide is reinforced with aluminum which is used in aerospace industry, the strength to weight 
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ratio of it is three times greater than mild steel [16]. Most of the work is carried out by using Sic 
as reinforcement with aluminum as a matrix and found that the properties like thermal stability, 
wear resistance, modulus is high compared to many other composites. Plenty of work has been 
done on conventional reinforcements but less work has done on ternary alloys. Therefore, in the 
present work a new ternary alloy is prepared and it is used as reinforcement material in 
aluminum matrix. Even though lots of advantages are with metal ceramic composite system, 
difficulties are found in manufacturing. To reduce the difficulty in manufacturing of metal and 
ceramic composite system, reinforcement is also chosen as metal. These metal- metal composite 
systems can be produced at low cost because of their low work hardening rates and high 
formability. K. Praveen reported that Al-Cu-Mg alloys are having larger applications due to their 
high specific mechanical properties. The prime idea in the present investigation is to develop 
AMC with high strength. The literature shows that metal reinforcement will have lots of 
advantages in terms of applications, properties and they are ease in manufacturing also. 
Considering the above criteria the ternary alloy (Al-20Cu-10Mg) was chosen as reinforcement 
and pure aluminum is taken as matrix. In the present paper an attempt has been made to get 
optimum strength and mechanical properties of AMCs. 
 
Stir casting technique is used in most of the investigations due its cost effectiveness, monitoring 
and variation of processing parameters can be done easily. Most of the researchers found that 
among all other processing routes, stir casting technique is the better technique and optimum 
results can be derived easily. The material behavior in AMCs is mainly influenced by various 
factors such as size, morphology, volume fraction of the reinforcement and Aluminum alloy 
composition. To derive the optimum properties sound knowledge is required in the above 
factors. P.P.Bababola   reported that hardness and finer grains in the microstructure can be 
obtained by using stir casting than the powder metallurgy one. To improve mechanical and 
physical properties and to reduce weight of components AMCs with metal particle reinforcement 
have been developed. AMCs with particle reinforcement are used for various applications like 
military aerospace and automotive industries, sporting goods, Electronic packaging armor etc. It 
is reported that through liquid metallurgy route by casting particulate reinforced AMCs can be 
prepared by using stir casting technique.  
 

In the present investigation hot extrusion is used as a secondary process. The extrusion in 
composites can lead to bonding improvement, porosity reduction and breakup of particle 
agglomerates. Due to its hydrostatic stress state, and axial alignment of discontinuous fibers, 
extrusion can be used as a secondary processing. So keeping the above information the newly 
made composites are hot extruded to enhance the physical and mechanical properties. In the 
present paper a novel composite is prepared with newly prepared ternary alloy by using stir 
casting  
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CHAPTER-2 

LITERATURE SURVEY 

“Preparation and characterization of ternary alloy (Al-20Cu-

10Mg)Reinforced aluminium composite”, carried by S.B.Venkata Siva, J.Babu 

Rao,N.R.M.R.Bhargava, K.K.Kishore. 
1. In this study a new ternary alloy is prepared (Al-20Cu-10Mg) with Al as a base material. 

An Al composite has been prepared using this new ternary alloy in a view to enhance 
strength, ductility, and effective transfer of load. Al-ternary alloy composite is prepared 
through stir casting route with an average particle size of 125μm at 0%, 5%, and 10% 

weight fractions. The casted billets are hot extruded to Ф14mm diameter rods. The 

mechanical behavior of composite is studied in terms of hardness, tensile, and 
compression. An increment of 20 % of hardness has been observed for 10% reinforced 
composite. Increased reinforcement enhanced the mechanical properties such as yield 
strength and tensile strength. Wear studies are also performed on the composites and 
revealed that the composite with 10%reinforcement has shown better wear resistance 
compared to the 0% and 5% composite due to the effective transfer of load from matrix 
to reinforced material. 

 

“Production, Characterization & Analysis of A A 2024, Reinforced with 

Ternary Alloy”, carried by A.uma Jayanthi, G.Sudhakar. 
 

2. To produce composites with high strength and good ductility work has been carried out 
by maximizing a uniform and smooth interface for effective transfer of load and 
minimizing reinforcement agglomerations/cracking/pull outs. A stir cast route is a 
procedure by which the 14 mm Ø rods are prepared in a industrial furnace at 1000C for 
24 h. An increment of 62% is observed in mechanical behavior of alloy and composites 
by studying varying characteristics of resistivity, hardness and tensile stresses. An 
increment of about 5% and 15% of reinforcement contents enhance the mechanical 
properties such as young’s modulus, yield strength and tensile strength. 
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“Tribological studies of Al-based metal matrix composite reinforced with Al-

20Cu-10Mg ternary alloy using Taguchi technique”, carriedby B.Venkata Siva. 
 

3. This study has been made to explore the correlation between sliding speed, sliding 
distance, load and their joint effect on dry sliding wear of aluminum and Al- (Al-20Cu-
10Mg) composites with weight fraction of 5%and 10% using Taguchi technique. S/N 
ratio analysis revealed that the composite with 10% reinforcement has shown better wear 
resistance i.e., mean wear of 0.697 grams compared to Al and composite with 5% 
reinforcement. From the ANOVA analysis it is observed that load has major effect on 
coefficient of friction i.e., 82.3%, 66.7% and 51.93% for aluminum, Al-5%ternary alloy, 
and Al-10% ternary alloy composite respectively. Sliding speed has major effect on 
weight loss i.e., 61.02%, 58.12% and 56.17% for aluminum, Al-5% ternary alloy and Al-
10% ternary alloy. From the regression equations it is found that effect of speed on 
coefficient of friction is seven times for aluminum, 13 times for Al-5% ternary alloy and 
17 times for Al-10% ternary alloy composites if compared with the other two variables. 
Similarly effect of speed on weight loss is around 27 times for aluminum, Al-5% ternary 
alloy, and Al-10% ternary alloy composites if compared with the other two variables. The 
incorporation of Al-20Cu-10Mg as reinforcement material in aluminum matrix material 
has improved the wear resistance. 

 

 

“Constitutive behavior and micro structural evolution in Ti–Al–Si ternary 

alloys processed by mechanical milling and spark plasma sintering”carried by 
Jeong- Han Lee, Jun-Ho Jang. 

4. Severe plastic deformation is closely related to the microstructural behaviors of inter-
metallics or grain refinement by mechanical milling and subsequent rapid sintering 
process i.e. high energy ball milling and sparks plasma sintering. In this study, the Ti–Al–
Si ternary powders were synthesized to investigate their phase transformation by plastic 
deformation during the mechanical milling in each process time and composition. The 
sintered-bodies Ti–Al–Si ternary alloys were fabricated by spark plasma sintering among 
the rapidly con-solidated powders, except for the distribution of single phases in 
accordance with the Al-melting. The microstructures of inter metallics in Ti–Al–Si 
ternary alloys were composed of titanium aluminides and titanium silicides, and even 
ternary compounds as a 1-phase.In particular, the twining or stacking faults induced by 
severe plastic deformation were revealed through crystallographic patterns and micro 
structural evidence. These defects were caused by the slip system for TiAl3(fcc) or 
Ti5Si3(hcp) phases, depending on the grain refinement and generation of ambient 
intermetallics. To estimate the possibility of these defects, various approaches were taken 
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to obtain experimental measurement of the twin probability and stacking fault energy 
derived from TEM and XRD analyses. 

 

“Mechanical behavior of Al–Cu binary alloy system/ Cu particulates 

reinforced metal-metal composites”, carried by M.Gopi Krishna, T.Bala Rama 

Krishna. 

 

5. Aluminum composite metallic materials are prepared by stir-cast technique, reinforcing 5 
wt% copper powder (50 μm size) in Al–5wt% Cu alloy. SEM structures shows Cu 
particles not alloyed with the matrix material. EDAX studies inveterate the existence of 
elements in both binary alloys and the composite. Optical microstructures show uniform 
distribution of Cu particles in the Al–Cu alloy matrix. Richer alloy show 13% greater 
hardness compared to lean alloy. Enhanced precipitation of CuAl2 population around 
copper particulates observed. Cast fingers of Al-5wt% and Al-10 wt% Cu alloys and 
composite are homogenized at 100 _C for 24 h, resulted in more uniform distribution of 
the CuAl2 population. Standard samples of 3 mm thick discs solutionized at 450 _C for 2 
h are age dat 190 _C to determine T6 condition. The peripheral increase in hardness is 
observed due to the increased Cucontent because of solid-solution strengthening only. 
Alloy with 10 wt% Cu content show a decrease in tensile strength compared to 5 wt% 
alloy. This is due to the increased phase in interdendritic region of α-phase solid solution. 
Tensile property of 5 wt% Cu alloy is higher compared to 10 wt% alloy and composite, 
after ageing. 

 
“Uneven Precipitation Behavior during the Solutionizing Course of Al-Cu-Mn 

Alloys and Their Contribution to High Temperature Strength”, carried by  
Jinlong Chen, Hengcheng Liao , and Heting Xu.  
 
6. The dispersoid precipitation behavior during the solutionizing and aging of Al-xwt.%Cu-

1.0 wt.% Mn alloys (x � 2.0, 4.5, and 7.5) and contribution to mechanical properties 
were investigated using tensile testing and micro structural characterization. A shell-core 
structure of primary α-Al dendrites is found in Al-Cu-Mn alloys, in which the Cu content 
in the shell is higher than that in the core. (e area of shell zone (Cu-rich) increases with an 
increase in Cu content in the alloy. Large amounts of fine dispersoid Al-Cu-Mn particles 
precipitate in solution. An alloy with low Cu content results in only the TMn 
(Al20Cu2Mn3) particles being precipitated. However, in an alloy with high Cu content, 
AlCu3Mn2 particles are first found to precipitate beside TMn. However, this 
precipitation behavior is uneven. The precipitation zones in the solution microstructure 
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are consistent with the Cu-rich regions in the as-cast microstructure. A number of fine 
particles (dozens nanometer in size) are first found to precipitate on the rod-like TMn 
particles during the aging phase. The redissolution and granulation of the eutectic CuAl2 
phase during the solutionizing process result in the formation of particle-free bands 
between the precipitation zones. The tension test at 300°C demonstrates that the increase 
in high temperature strength is due to the dispersoid precipitation during solutionizing, 
and the precipitation behavior in the aging phase has little or no effect, however, largely 
improves the tensile strength at room temperature. High temperature strength is 
significantly increased with an increase in Cu content, which correlates to an increase in 
number and decrease in size of TMn and AlCu3Mn2 particles. 

 
“New experimental studies on the phase diagram of the Al-Cu-Fe 

quasicrystal-forming system” carried by Lilong Zhu , Sujeily Soto-Medina , Wesley 
Cuadrado-Castillo , Richard G. Hennig , Michele V. Manuel. 
   
7.  Phase diagrams of quasicrystal-forming alloy systems, such as Al-Cu-Fe, are essential to 

the continued development and fundamental understanding of quasicrystalline alloys, 
especially for the synthesis of single quasicrystals. Isothermal sections of the Al-Cu-Fe 
system at 700, 800, and 1000 _C were constructed over the whole composition range by 
investigations of three Cu/Fe/Al5Fe2 diffusion triples and forty-seven equilibrated alloys 
using scanning electron microscopy (SEM), electron probe microanalysis (EPMA), and 
X-ray diffraction (XRD). Based on experimental measurements and reasonable 
assumptions, eleven, eight, and six three-phase equilibria were obtained at 700, 800, and 
1000 _C, respectively. The existence of the ternary I-Al6Cu2Fe icosahedral 
quasicrystalline phase was confirmed at both 700 and 800 _C, and the ternary u-
Al7Cu2Fe phase was only found at 700 _C. The stable composition range of the I phase 
was measured to be Al67-56Cu24-31Fe9e13 and Al66-58Cu23-28Fe11e14 at 700 and 
800 _C, respectively. A wide continuous solution region formed among the a-Fe, b-AlFe, 
and Cu3Al phases at 800 and 1000 _C. A sufficiently large amount of new experimental 
phase equilibrium data was collected for the Al-Cu-Fe system that will help improve 
future thermodynamic description of this ternary system within the CALPHAD 
(Calculation of Phase Diagrams) framework for designing Al-Cu-Fe-based quasicrystals. 

 
“Ternary Zn–Ni–Co alloy: anomalous code position and corrosion stability”, 
Carried by Milorad V. Tomić, Miloš M. Petrović, Slavka Stanković, Sanja I. Stevanović and 
Jelena B. Bajat. 
  
8.    Electrochemically deposited Zn–Ni–Co alloys under various deposition conditions      

were investigated using atomic absorption spectroscopy for the determination of the 
chemical composition, atomic force microscopy for surface morphology analysis, and 
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electrochemical impedance spectroscopy for determination of corrosion properties. The 
influence of the ratio of the alloying elements, [Co2+]/[Ni2+], in a chloride deposition 
solution, as well as the deposition current density, on the chemical content, morphology 
and corrosion properties of the ternary alloys was studied. The plating solutions used 
were with the same overall metal concentration, free of additives and the deposition was 
realized at room temperature. It was shown that the deposition of the ternary alloy 
coatings was of anomalous type and that the ratio of nickel to cobalt ions in the plating 
solution, as well as the deposition current density, had a significant influence on the 
chemical composition and corrosion stability of these coatings. The presence of both Ni 
and Co was beneficial for their corrosion stability. It was shown that morphology and 
porosity were important factors in the corrosion stability of these coatings. The coating 
deposited from the solution with higher [Co2+]/[Ni2+] ratio at 8 A dm-2 was made up of 
the smallest crystalline aggregates, had a small surface roughness and porosity, and was 
with quite uniform distribution of agglomerates and it exhibited the best corrosion 
stability. 

 

“Characteristics of Be-Si-Au Ternary Alloy Liquid Metal Ion Sources”    
Carried by Kenji Gamo, Takao Matsui and Susumu Namba. 
9. Characteristics of Be-Si-Au Ternary Alloy Liquid Metal Ion Sources Kenji Gamo, Takao 

Matsui and Susumu Namba Faculty of Engineering Science, Osaka University, 
Toyonaka, Osaka 560 (Received August 23, 1983; accepted for publication October 22, 
1983) Be-Si-Au ternary alloy liquid metal ion sources have been fabricated and basic 
characteristics such as mass spectra, energy distribution and angular current intensity 
have been measured. It was observed that for Be and Si, doubly charged ions are 
dominant over singly charged ions and the angular current intensity for the doubly 
charged ions is about 20 and 11 µA/str for Be and Si, respectively, at an energy spread 
(FWHM) of 10 eV. The present ion source could be operated for about 100 hours and is 
important for maskless implantation of both p- and n-type dopants in GaAs. 
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CHAPTER-3 

EXPERIMENTAL PROCEDURE 

This chapter describes the details of processing of the composites and the experimental 

procedures followed for their mechanical characterization. We observed the flow chart fig  
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3.1 SELECTION OF MATERIALS 

1. Base Material   - Al 

2. Reinforcement – Al-5Cu-5Br 

3.1.1 Base Material 

3. Al is the most abundant material on the earth. 

Advantages of Aluminum: 

1. Light weight 

2. Corrosion resistance  

3. Electrical and Thermal conductivity 

4. Reflectivity and Ductility 

5. Odourless and Impermeable 

6. Recyclability 

7. Sound and Shock Absorption 

8. Non Sparking 

9. Non Toxic 

10. Strength at Low temperatures 

11. Ductile 

12. Durable 

13. Malleable 

 

Applications of Aluminum: 

1. For household purposes 

2. In Construction 

3. Package 
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4. Cars and Transportation 

5. Power lines 

6. Heat sinks for cooling CPU’s and Graphic processors 

 

Physical Properties of Aluminum: 

1. Density   : 2.69 g/cm3 

2. Melting Point   : 660°C 

3. Modulus of Elasticity :  69GPa 

4. Poisson’s Ratio  :  0.33 

 

THERMAL PROPERTIES: 

1. Co-Efficient of Thermal Expansion(20°C-100°C)  : 23.6 pm/ m°C 

2. Thermal Conductivity       : 237 W/m-K 

 

ELECTRICAL PROPERTIES: 

1. Electrical conducivity  : 38 million siemens per meter 
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3.1.2 Selection of Reinforcement material 

1. Copper 

2. Brass 

3. Aluminum 

1. COPPER: 

    Copper is one of the most widely used material in theworld,and for good reason 

too. This reddish-brown material is highly versatile and advantageous for a wide 

variety of applications.  

 

Fig3.1.2.A:copper 

Advantages of Copper: 

1. Conductivity and heat resistant 

2. Malleability and Ductility 

3. Small amounts of electricity  
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4. Electromagnetic interference 

5. High thermal and electrical conductivity 

6. Corrosion resistant 

7. Recyclable 

Applications of Copper:                                                                            

1. Architecture 

2. Telecommunications 

3. Tube ,pipe and fittings 

4. Fuel gas 

5. Marine 

Physical properties of Copper: 

1. Density   : 58.96g/cm3 

2. Melting Point   : 1085°C 

3. Modulus of Elasticity : 117GPa 

4. Poisson’s Ratio  : 0.33 
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2. Brass: 

Brass is an alloy of copper and zinc, in proportions which can be varied to achieve 

varying mechanical and electrical properties. 

 

 

Fig 3.1.2.B: Brass 

PROPERTIES OF BRASS: 

1. Excellent Machinability 

  - Sets the standards by which other materials are judged. 

  - Slight reduction in ductility when lead is present. 

1. Good Strength 

  - Yield Strength 250 to 500 MPa. 

1. Corrosion Resistance 

  - No Plating or painting required. 
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MELTING POINT: 

1. The relatively low melting point of brass (900 to 940°C, 1650 to 1720°F, depending on 

composition) and its flow characteristics make it a relatively easy material to cast. 

1.  By varying the proportions of copper and zinc, the properties of the brass can be 

changed, allowing hard and soft brasses. 

 

ADVANTAGES: 

2. Good Strength and Ductility. 

3. Can be manufactured as rod, profile, tube, plate, sheet, foil and wire. 

4. Excellent machining qualities. 

5. No degradation in sunlight. 

6. Will not soften in high temperatures (upto 200°C). 

 

3.2 PREPERATION OF TERINARY ALLOY 

The ternary alloy Al-5Cu-5Br preparation starts by melting pure Aluminum placed in clay 

graphite crucible kept at electric resistance heating furnace (Pot furnace) at 700°C. After 

Aluminum melts at 700°C, the furnace temperature increased to 850°C. At this temperature 

Copper of weighed quantity is added and waited for 1 hour. To ensure the Copper dissolution, 

the melt is thoroughly mixed with a graphite tube. Then the temperature was again decreased to 

700°C. At this temperature Brass of weighed quantity is added to the molten Aluminum. After 

melting was completed, the slag was removed which forms on the surface. Then the melt was 

cast into 170mmX 14mm Ø finger molds. The ternary alloy fingers prepared form cast are then 

converted into desired shape by using turning, facing technique on lathe machine. 
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Fig 3.2:Vertical pot Electric furnace 

 

Fig3.2: Ternary alloy 

3.3: PREPERATION OF AL ALLOY REINFORCED WITH TERNARY ALLOY 

          The ternary alloy (Al-5cu-5Br) is taken in terms of 5%, 10% and 15% weight 

fractions.The pure aluminium (95%) is placed in clay graphite crucible kept at electric resistance 

heat furnace at 700°C. After Aluminum melts at 700°C, the furnace temperature increased to 

850°C. At this Temperature ternary alloy weighed quantity of  5% is added and waited for one 
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hour. To ensure the ternary alloy dissolution, the melt is thoroughly mixed with a graphite tube. 

After melting was completed, the slag was removed which forms on the surface. Then the melt 

was cast into 170mmX 14mm Ø finger molds. The ternary alloy fingers prepared form cast are 

then converted desired shape by using turning, facing technique on lathe machine. Similarly in 

the  same way 10% and 15% castings were done as shown in fig below.  

 

Fig3.3 : 5% mixed 

 

Fig3.3: 10% mixed 
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Fig 3.3:15% mixed 
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CONCLUSION 

1. During the cutting process of materials, brass has taken more time to cut. 

2. During the casting process, preparation of ternary alloy has taken more time when compared     
to reinforced al alloy. 

3. Few blow holes are observed on the ternary alloy when compared to reinforced Al  alloy. 

4. Converting the materials into desired shape by using lathe machines has taken more time. 

5. Increased reinforcement will increase hardness & wear resistance. 
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Abstract 

In this work , fluid flow characteristics of an air jet impinging on a flat stainless 

steel plate at different nozzle t plate distances are studied at given Reynold’s 

number for different nozzle shapes is studied using ANSYS Fluent. H/D ratio is 

varied from 0.5 to 4, keeping the flow velocity constant at 2m/s. Nozzle shapes 

considered are circle , square , and  Rectangle. Results concluded that with the 

increase in H/D ratio, maximum static pressure, wall shear and length of potential 

core region are decreasing with maximum occurring at H/D = 0.5 and minimum 

occurring at H/D = 4.0.Also the circular jets are found to be more efficient than 

square and rectangular jets. 
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CHAPTER – I 

INTRODUCTION 

 

1.1 Introduction to jet impingement 

Jet impingement is a widely used cooling technique in various industrial applications 

due to their inherent high heat transfer rate, such as cooling of combustion chamber 

walls, gas turbine blades, drying of textiles, food products, leather and paper, 

annealing of steel, cooling of electronics, etc. In recent years, numerous studies have 

been carried out to increase the rate of heat transfer from impinging jets by adopting 

different flow control and blockage techniques. Over the last five decades, many 

experimental and numerical investigations have been carried out with impinging jets 

and a few researchers have reviewed the state of the art on fluid flow and heat transfer 

behaviour of impinging jets 

  

1.2 Flow configurations in jet impingement 

A flow with air jet impingement orthogonally on a flat surface follows some 

distinct regions (Fig. 1). At the nozzle exit, the emerging jet may pass through a 

region where it is sufficiently far-off from the impingement plate so that it acts like a 

free submerged jet or free jet region. In this region, the entrainment of mass, 

momentum and energy occurs due to shear-driven interaction of the surroundings 

with existing jet. The fluid from the surroundings gets entrained in to the jet and 

hence there is a reduction in the jet velocity with an increase in the total mass flow 

rate. In the process, the jet loses kinetic energy and the velocity profile expands in the 

spatial direction and shrinks down in magnitude along the sides of the jet. Thus, a 

non-uniform radial velocity profile develops within the jet. Further the free jet can be 

sub-divided into three regions, namely, the potential core, developing and developed 

regions. 

Potential core region  

 The shear-layer or mixing-layer surrounds a core where the nozzle centerline 

fluid velocity (Um) is approximately equal to the jet exit velocity and this region is 

called the potential core. The potential core is the region in which the velocity of the 

jet remains largely unaffected by the spreading of the jet due to entrainment. 
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Fig.1. Jet impinging – Representation of Zones and Velocity Profiles 

The end of a core region may be defined as the point where Um = 0.95Uexit. 

After the potential core, the axial velocity profile decays due to large shear stresses at 

the boundary of the jet and this region is characterized as the developing zone. After 

the developing zone, a fully developed velocity profile is obtained and it is designated 

as the developed region. The length of the potential core significantly depends on the 

jet exit flow conditions and geometry of the nozzle. 

In the confined case, the fluid heated by the target plate can, in some 

instances, get re-circulated and be entrained back into the impinging jet. In this region 

the velocity of the jet is maximum.  

Stagnation region  

Stagnation point is the point of jet striking the target surface. At this point the 

velocity is zero, where the flow on the wall is accelerated by a stream wise stabilizing 

pressure gradient (the boundary layer thickness tends to keep constant); the 

wall region, where the pressure gradient effect no longer holds and an even steep rise 

of turbulence can occur. In this region, the axial velocity quickly diminishes with a 

consequent rise in the static pressure. 

Wall jet region   

After striking the surface, the jet flows along the target surface in different 

directions, with velocity increasing from zero at the stagnation point to the maximum 

and then decreasing to lower value at leaving end.  
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1.3 Applications of jet impingement 

Impinging jets have received considerable attention over the past few decades. 

Impinging jets also present an important test case for the development and validation 

of mathematical models of turbulent flow from a turbulence modeling perspective. 

They are used in a wide variety of industrial applications due to their inherent high 

heat transfer rate, which includes: 

 Cooling/Heating of electrical equipment 

 Drying requirements associated with textile and paper industries 

 Cooling of turbine blades and outer combustor wall 

 Freezing of tissues in cryosurgery 

 Processing of both metals and molded plastics 

 Annealing of glass 

 Rapid cooling or heating involved in glass manufacturing 

 Cooling of high efficiency generator coils in aircrafts 

 Cooling of rolling mills in steel making industries etc.,  

 

1.4 Parameters studied in the Jet Impingement 

a. Velocity distribution: From the velocity distribution, we can study the 

direction of fluid flow, vortex formation, interaction between the jets in 

potential core region as well as wall shear region. 

b. Static pressure and Temperature distribution 

c. Wall shear distribution: Wall shear represents the resistance to the fluid flow 

after striking the plate. If wall shear is known to us, we can calculate the 

friction coefficient. 

 

1.5 Statement of the Problem 

This study deals with the numerical investigation of fluid flow characteristics of a 

single jet of air impinging on a flat surface. It comprises of simulation studies to 

investigate the effect of H/D ratio and the nozzle shape (circle, square, rectangle) on 

the velocity distribution, static pressure and wall shear distribution for the given 

Reynold's number. The problem is solved using the CFD tool ANSYS Fluent 15.0. 
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1.6 Objectives of Research 

The main objective of the present research is to compare the distribution of 

parameters like velocity, static pressure and wall shear in the impingement of single 

jets on a flat plate, for given different nozzle shapes, Reynold’s number and varying 

nozzle to plate distance (H/d ratio).  

 

1.7 Organization of the Documentation 

The thesis is organized into five chapters. The brief description of each chapter is 

given below: 

Chapter-1 introduces the concept and applications of jet impingement, description of 

problem statement and objectives of the study. 

Chapter-2 is devoted to the thorough literature review in the relevant area of research. 

Chapter-3 presents the introduction to ANSYS Fluent and the detailed procedure 

followed to solve the problem. 

Chapter-4 presents the results obtained from this study with valid comments. 

Chapter-5 presents the conclusions and scope for future work. 
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CHAPTER – II 

LITERATURE REVIEW 

 

More research has been done and in progress studying the effect of various 

parameters like shape of the nozzle geometry, number of jets and their arrangement, 

flow parameters, various impinging fluids, boundary conditions etc., numerically and 

experimentally. The following review is related to the impinging of multiple circular 

jets: 

 Ravish et. al [1] reported the effect of jet temperature, H/d ratio and nozzle 

shape (circle, square, triangle) on the heat transfer characteristics and effectiveness of 

a single jet impinging on a heated surface, experimentally. It has been observed that 

the effectiveness of impingement is unaffected by the Reynold’s number (5000 – 

23000) and jet temperature; and affected by the nozzle to plate distance and radial 

distance from the stagnation point. In addition, it has been observed that the jet issued 

from the circular nozzle yielded in higher heat transfer coefficient than that issued 

form non-circular nozzles. 

 Kalifa et. al [2] informed the effect of H/d ratio (1-2), Re (1000 – 3000) and 

plate temperature (22
0
C, 54

0
C, 96

0
C) on the impingement of single circular jet 

experimentally. It has been observed that separation of fluid flow depends strongly on 

operating Re, H/d ratio and plate temperature. Also potential core length is decreasing 

with increase of H/d ratio resulting in decrease of jet velocity. 

 Sagot et. al [3] conducted the experiments on impinging hot air jet on a 

circular plate cooled by the circulation of a fluid and proposed a correlation, which 

can be used in the design of systems using singular hot air jets. It has been also 

observed that the turbulent intensity is increasing with increase of distance away from 

the nozzle exit in the free je region, for a given Re. 

 Tu and Wood [4] measured the values of pressure and wall shear stress 

experimentally by impinging a 2-D air jet on a flat plate for various Re and H/d 

values. In this work, they observed that the diameter of the probe has a significant 

effect on the measurements and shear stress distribution is strongly depending on the 

Re and H/d ratio. This work also recommends the criterion to select and locate the 

probes for measuring the pressure and wall shear stress. 
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 Jiang Zhe and Vijay Modi [5] conducted the experiments to measure the mean 

and rms velocities of the jet using hot wire anemometer in wall jet region. Results 

indicated that in the viscous sub-layer, the velocity profile follows the linear behavior 

of wall and the skin friction     coefficient is independent of Re and strongly depends 

on H/b. 

 Jun-Yang San et. al [6] studied the effect of plate dimensions, Re and H/d on 

the heat transfer characteristics in the impingement of single circular jet on a heated 

plate with constant heat flux. Correlations are developed between the stagnation Nu 

and Re, H/d, and Nu and W/d, L/d individually. Results concluded that Nu is 

decreasing with increase in jet plate W/d and L/d ratios at slower rate while the 

pressure difference is increasing thereby enhancing the mixing of flow at stagnation 

point. Also, Nu is reducing with increase in H/d ratio. 

 Anuj K. Shukla and Anupam Dewan [7] reported a review on the literature 

existing in the study of impinging of jets, which includes research conclusions from 

various experimental and numerical works, with an application of impinging of jets to 

industrial needs. 
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Simulation Work: 

Author 
Considerations Jet in 

work 
Nature of work Highlights 

G. Arvind Rao,  

Myra Kitron Belinkov, 

Yeshayahou Levy [8] 

Re <1000,  

Steady Multiple jets 

Capabilities of three variants of k-ω 

(standard, BSL, SST) turbulent model 

are analyzed using commercial CFD 

solver STAR CMM+ 

 SST k-ω model predicts the heat transfer well in 

agreement with experimental results for multiple jets. 

 Interaction between the cross flow and impinging jet 

has a strong effect on the heat transfer in wall jet 

region. 

Herbert Martin 

Hofmann, Rafael 

Kaiser, Matthias Kind, 

Holger Martin [9] 

Re=34000, 12400 

H/d = 2.5, 10 Steady, 

Pulsating single jets 

Effectiveness of 13 existing turbulent 

models excluding LES and DNS 

models are using commercial CFD 

software Fluent 6.0.  

 SST k-ω model predicts the results mapping well with 

experimental values in studying the transition from 

laminar to turbulent, for both steady and pulsating 

jets. 

 All the turbulent models are able to predict the heat 

transfer in wall jet region and unable to predict the jet 

behavior at stagnation region with good agreement. 

B.Sagot, G.Antonini, 

A.Christgen,  

F. Burona [10] 

Re=10,000-30,000 

2<H/d<6  

Single steady hot circular 

jet 

Average Nu is calculated for the 

impingement of hot air jet on the 

circular plate using RNG k-ε, 

Realizable k-ε, k-ω and SST k-ω 

turbulent models for constant heat flux 

conditions. 

 Boundary layer phenomenon was studied by 

performing the Numerical simulations using different 

turbulent models, out of which SST k-ω model proved 

to have good agreement with experimental results, for 

Re - 23000. 

G. Arvind Rao, Myra 

Kitron Belinkov, 

Vladimir Krapp, 

Yeshayahou Levy [11] 

Re = 3500 – 40000 

H/d = 2.5, 5, 7.5 

D = 0.2, 0.4, 0.6, 0.8 mm 

Steady Multiple jets 

Experimental and numerical analysis are 

performed to study the impingement of a 

large square array of circular jets on to a 

heated plate under low Re regime. 

 SST k-ω turbulent model was able to predict the heat 

transfer in the multiple jet impingement under low Re 

regimes within reasonable accuracy. 

 Results also conclude that the jet velocity varied 

linearly from the centre jet to the last jet in stream 

wise direction due to increase in pressure difference. 

 In the array of jets, it has been observed that lower the 

jet diameter, larger will be the heat transfer coefficient 

(gas turbine engine application). 
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 Literature reveals that out of various turbulent and hybrid-models proposed by 

various researchers, SST k-ω model has good mapping with experimental 

results.  

 Hence in this work, k-ω turbulent model is used to study the impingement of 

single jet on a flat plate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Simulation studies on the effect of nozzle shape on the impingement of jet 

on a flat surface 
2019-20 

 

9 
 

CHAPTER – III 

INTRODUCTION TO ANSYS FLUENT 15.0 

 

3.1 Introduction to ANSYS FLUENT 

ANSYS Fluent is a state-of-the-art computer program for modeling fluid flow, 

heat transfer, and chemical reactions in complex geometries. It uses a client/server 

architecture, which enables it to run as separate simultaneous processes on client 

desktop workstations and powerful computer servers. This architecture allows for 

efficient execution, interactive control, and complete flexibility between different 

types of machines or operating systems. 

ANSYS Fluent provides complete mesh flexibility, including the ability to 

solve flow problems using unstructured meshes that can be generated about complex 

geometries with relative ease. Supported mesh types include 2-D 

triangular/quadrilateral, 3-D tetrahedral/ hexahedral /pyramid/wedge/polyhedral, and 

mixed (hybrid) meshes. ANSYS Fluent also enables us to refine or coarsen the mesh 

based on the flow solution. 

ANSYS Fluent provides the flexibility of importing 3-D geometries and our 

own mesh using the meshing mode of Fluent or importing the mesh generated using 

other commercial packages. All remaining operations are performed within the 

solution mode of Fluent, including setting boundary conditions, defining fluid 

properties, executing the solution, refining the mesh, and post-processing and viewing 

the results. 

Solvers used in ANSYS Fluent:  

 The ANSYS Fluent serial solver manages file input and output, data storage, 

and flow field calculations using a single solver process on a single computer. 

ANSYS Fluent also uses a utility called cortex that manages ANSYS Fluent’s 

user interface and basic graphical functions.  

 ANSYS Fluent’s parallel solver enables you to compute a solution using 

multiple processes that may be executing on the same computer, or on 

different computers in a network. Parallel processing in ANSYS Fluent 

involves an interaction between ANSYS Fluent, a host process, and a set of 
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compute-node processes. ANSYS Fluent interacts with the host process and 

the collection of compute nodes using the cortex user interface utility. 

 

3.2 Capabilities of ANSYS Fluent: 

In the solution mode, Fluent allows us to simulate the following: 

 2-D planar, 2-D axi-symmetric, 2-D axi-symmetric with swirl (rotationally 

symmetric), and 3D flows 

 Flows on quadrilateral, triangular, hexahedral (brick), tetrahedral, wedge, 

pyramid, polyhedral, and mixed element meshes 

 Steady-state or transient flows 

 Incompressible or compressible flows, including all speed regimes (low 

subsonic, transonic, supersonic, and hypersonic flows) 

 Inviscid, laminar, and turbulent flows 

 Newtonian or non-Newtonian flows 

 Ideal or real gases 

 Heat transfer, including forced, natural, and mixed convection, conjugate 

(solid/fluid) heat transfer, and radiation 

 Chemical species mixing and reaction, including homogeneous and 

heterogeneous combustion models and surface deposition/reaction models 

 Free surface and multiphase models for gas-liquid, gas-solid, and liquid-solid 

flows 

 Lagrangian trajectory calculations for dispersed phase (particles/ droplets/ 

bubbles), including coupling with continuous phase and spray modeling 

 Cavitation model simulations 

 Melting/solidification applications using the phase change model 

 Porous media with non-isotropic permeability, inertial resistance, solid heat 

conduction, and porous-face pressure jump conditions 

 Lumped parameter models for fans, pumps, radiators, and heat exchangers 

 Acoustic models for predicting flow-induced noise 

 Inertial (stationary) or non-inertial (rotating or accelerating) reference frames 

 Multiple moving frames using multiple reference frame (MRF) and sliding 

mesh options 



Simulation studies on the effect of nozzle shape on the impingement of jet 

on a flat surface 
2019-20 

 

11 
 

 Mixing-plane model simulations of rotor-stator interactions, torque converters, 

and similar Turbo-machinery. 

 

3.3 Design Considerations 

In this work, the analysis is performed over the region containing steel plate 

and air inlet nozzles, with the following considerations: 

 Steel plate    : 100 x 100 mm 

 Hydraulic Diameter of nozzles : 10 mm 

 Shape of nozzles   : circle, square, rectangle 

 H/D ratios    : 0.5, 1, 2, 4 

 Height of the impinging plates : 5, 10, 20, 40 mm 

Here 1000 iterations are taken for analysis. 

For Circle: 

 

Fig 3.1. Circular Nozzle at H/D ratio- 0.5 

 

 Fig 3.2. Circular Nozzle at H/D ratio - 1 
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Fig 3.3. Circular Nozzle at H/D ratio- 2 

 

For Square: 

 

Fig 8. Geometry at H/D ratio- 0.5 

 

 

Fig 9. Geometry at H/D ratio- 1 
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Fig10. Geometry at H/D ratio- 2 

 

Fig 11. Geometry at H/D ratio- 4 

 

For Rectangle: 

 

Fig 12. Geometry at H/D ratio- 0.5 
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Fig13. Geometry at H/D ratio- 1 

 

 

Fig14. Geometry at H/D ratio- 2 

 

 

 

Fig15. Geometry at H/D ratio- 4 
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3.3 Grid Independent Test 

For the better accuracy of the required solution, the size of the mesh should be 

optimized. To achieve this, the analysis is repeated for the same inlet and outlet 

conditions, but with varying mesh size. Beyond one particular value of the number of 

elements, the output parameter will not change. Once this is finalized, the size of the 

element will be finalized and the analysis can be continued further. 

 

In this work, grid independent study is performed to finalize the grid size and 

number of elements. 

Grid independence study
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Fig. 3.1 Grid Independence Study 

 From the fig. 3.1 it has been observed that beyond the size of the element 1 

mm, the variation in static pressure value very less. Hence it is considered as optimum 

mesh.  

 

3.4 Procedure to Solve in ANSYS Fluent: 

Solving of a problem in Fluent should undergo the following procedure: 

1. Model the required geometry of the physical model in ANSYS design modeler 

or import from any CAD packages. 

2. In the MESH, perform the following steps: 

 Perform the mesh 
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 Refine the mesh at the required locations like sharp corners, edges, target 

surfaces etc., 

 Define number of layers for inflation (optional) for the better results like to 

get the data of boundary layer formation etc., 

 Define names selections i.e. position of inlets, outlets, walls, interior of the 

solids, interior of the fluid, heat input region and insulated walls (in 

general the flowing fluid). 

 Update the mesh generated. Meshed view is presented for a plate with 

circular nozzle is presented in fig.  

 

Fig. Mesh view for Circular nozzle, H/D = 1.0 

3. Solve the problem: 

 Set the Solver Settings: 

o Choose the problem dimensionality – 2-D / 3-D. 

o Select the solver type - Pressure Based or Density Based 

o Choose the type of Analysis - Steady or Unsteady. 

 Choose the model of problem:  

 If energy changes are to be determined, keep the setting energy – ON 

otherwise off. 

 Based on the type of flow, choose either Viscous - Laminar or suitable 

Turbulent models. 

 Select the material properties:  

In this work, Air is taken as the fluid. Hence air properties are given. 

 Density  : Incompressible ideal gas (1.225 kg/m
3
) 
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 Viscosity  : 1.789e-05 kg/m-s 

 Specific heat  : 1006.3 J/kg-K 

 Thermal Conductivity : 0.0242 W/m-K 

Steel is taken as the solid. Hence the properties of steel are given. 

 Density              :           8030 kg/m
3
 

 Specific heat               :           502.48 J/kg-K 

 Thermal Conductivity:           16.27 W/m-K   

 Set the boundary conditions: 

 At inlet, select the velocity at inlet. Enter the value = 2 m/s 

 At outlet, select the Pressure at outlet. Enter the value = 0 N/m
2
. (gauge 

pressure) 

 Set the convergence criteria: 

 In the Solution monitors, change the tolerance of residuals to 1e-06. 

 Residuals include continuity, x-velocity, y-velocity, energy and 

turbulent kinetic energy and dissipation (for turbulent flow). 

 Initialize the solution. 

 Choose the proper method to initialize the solution.  

 For standard initialization, start compute from inlet. 

 Check all the inlet values and click on initialize. 

 Run the calculations: 

 Enter the number of iterations and click on RUN. 

 Wait till the convergence of the solution is achieved. 

Results obtained in this study are discussed in detail in chapter-4. 

 

 

 

 

 

 

 

  



Simulation studies on the effect of nozzle shape on the impingement of jet 

on a flat surface 
2019-20 

 

18 
 

CHAPTER – IV 

RESULTS AND DISCUSSION 

Simulations are conducted to study the impingement of three circular in-line arrays of 

jets on a heated flat surface using ANSYS Fluent, under constant heat flux boundary 

condition. Results are presented by taking two section planes and a section line, as: 

 Vertical section plane in the plane of jet normal to the target surface, passing 

through the stagnation point (x-y plane) with location x = 0, y = 0, z = 0.05. 

 Horizontal section plane parallel to and on the target surface (x-z plane) with 

position x = y = z = 0.. 

 Section line taken along the stagnation point, parallel to x-axis with 

coordinates being (0.05, 0, 0) and (0.1, 0, 0). 

The results obtained from the analysis are presented below. 

4.1 Velocity Contours in the Vertical Sectional Plane: 

 

Fig. 4.1 For circular nozzle, H/D = 0.5 
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Fig. 4.2 For circular nozzle, H/D = 2 

 

 

Fig. 4.3 For rectangular nozzle, H/D = 0.5 
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Fig. 4.4 For rectangular nozzle, H/D = 1 

 

 

Fig. 4.5 For rectangular nozzle, H/D = 2 
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Fig. 4.6 For rectangular nozzle, H/D = 4 

 

 

Fig. 4.71 For square nozzle, H/D = 1 
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Fig. 4.8 For square nozzle, H/D = 2 

 

 

Fig. 4.9 For square nozzle, H/D = 4 

 Figures 4.1 - 4.9 represents the velocity distributions in the vertical plane 

taken perpendicular to the plate, along the length of the jet. It can be observed clearly 

that the core velocity remained constant in the potential core region and beyond that 
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the velocity is decreasing gradually. At the point of impingement, the velocity became 

zero called as stagnation point. Away from the stagnation point, the velocity started 

increasing again with decrease of pressure as observed form the pressure plots.  

 At the H/D = 0.5, from fig. 4.1 for circular jet, the jet after striking the plate 

bounced and impinged on the confinement plate, called as upwash flow. The jet 

returned back to the target plate and flow along the wall jet region. For the square jet, 

the same mechanism is observed but for the rectangular jet, due to more lateral jet 

distribution along the longitudinal direction, the upwash flow is not observed clearly 

for H/D = 0.5. Surrounding the jet, vortices are observed in the vertical plane creating 

low pressure zones. This draws the air from the surroundings towards the jet, where it 

gains the kinetic energy from the jet. Due to this entrainment process, the kinetic 

energy of the jet decreases towards the target plate. 

 With increase in the H/D ratio, the length of the potential core region 

decreased due to increase in entrainment losses to surroundings, with minimum 

observed at H/D = 0.4 for all the three nozzles. 

 

4.2 Pressure Distribution on target plate (Horizontal Section Plane) 

 

Fig. 4.10 For circular nozzle, H/D = 0.5 
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Fig. 4.11 For circular nozzle, H/D = 2 

 

 

Fig. 4.12 For rectangular nozzle, H/D = 0.5 
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Fig. 4.13 For rectangular nozzle, H/D = 1 

 

 

Fig. 4.14 For rectangular nozzle, H/D = 2 
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Fig. 4.15 For rectangular nozzle, H/D = 4 

 

 

Fig. 4.16 For square nozzle, H/D = 2 
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Fig. 4.17 For square nozzle, H/D = 4 
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Fig. 4.18 Static Pressure distribution for circular jet 
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Fig. 4.19 Static pressure distribution for rectangular jet 
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Fig. 4.20 Static pressure distribution for square jet 
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 Fig. 4.10 - 4.20 presents the distribution of static pressure along the length of 

the plate. The kinetic energy associated with the jet is converted into dynamic 

pressure at the point of striking the plate termed as stagnation point, where the 

pressure is maximum called as stagnation pressure. Theoretically the stagnation 

pressure should be equal to 
21

2
u but due to loss of kinetic energy to surroundings 

during entrainment process, the obtained maximum value is less than the theoretical 

value. The static pressure distribution is observed to be symmetrical about the 

stagnation point, from fig. 4.18 - 4.20. 

 Also, at the stagnation point the velocity of jet becomes zero. After striking 

the plate the jet moves parallel to the surface called as wall jet, observed from fig. 

4.10 - 4.17. In this region, and as we move away from the stagnation point, the 

pressure is decreasing drastically thus accelerating the fluid (increase in the velocity). 

This trend is observed for all the three nozzles viz., circle, rectangle and square cross 

sections. 

 Form fig. 4.18 and 4.19, maximum peak pressure is observed at the stagnation 

point for H/D = 0.5 due to less kinetic energy loss to surroundings. With increase in 

H/D ratio, the entrainment losses increased, thus reducing the kinetic energy of the jet 

before impinging on the plate. The net effect  is reduction in the value of pressure at 

the stagnation point and it is observed to be low for H/D = 4.0.   

 Of all the three nozzles, jet emanating from the circular nozzle has the 

maximum peak pressure at the stagnation point than the rectangular and square 

nozzles. This is due to the symmetrical distribution of the jet in all direction. Hence it 

we can conclude that the circular jet is more efficient than square and rectangular 

jets. 

4.3 Wall Shear Distribution on Target Surface 

 Wall shear represents the resistance to the flow of air in the wall jet region. Fig. 

4.21 - 4.29 presents the vector representation of variation of wall shear on the target 

plate for circular, rectangular and square jets for all the H/D ratios from 0.5 - 4.0. 
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Fig. 4.21 For circular nozzle, H/D = 0.5 

 

 

Fig. 4.22 For circular nozzle, H/D = 2 
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Fig. 4.23 For rectangular nozzle, H/D = 0.5 

 

 

Fig. 4.24 For rectangular nozzle, H/D = 0.5 

 

 



Simulation studies on the effect of nozzle shape on the impingement of jet 

on a flat surface 
2019-20 

 

32 
 

 

 

Fig. 4.25 For rectangular nozzle, H/D = 1 

 

 

Fig. 4.26 For rectangular nozzle, H/D = 2 
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Fig. 4.27 For rectangular nozzle, H/D = 4 

 

 

Fig. 4.28 For square nozzle, H/D = 1 

 



Simulation studies on the effect of nozzle shape on the impingement of jet 

on a flat surface 
2019-20 

 

34 
 

 

 

Fig. 4.29 For square nozzle, H/D = 2 

 Results show that the maximum value of wall shear is  observed at the 

stagnation point where the velocity is zero. Away from the stagnation point, the wall 

shear is reducing, due to which the velocity in wall jet region is increasing. This 

increases the pressure drop in wall jet region, as observed from fig. 4.18 - 4.20. 

 At H/D = 0.5, maximum wall shear is observed for rectangular jet, whereas 

the minimum is observed for circular jet. With increase in the H/D ratio, the wall 

shear is reducing due to the reduction in the velocity of fluid impinging on the surface 

as well as flowing in wall jet region. The minimum wall shear is recorded for the H/D 

= 4.0 and for the square jet. 
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CHAPTER – V 

Conclusion & Scope for future work 

5.1 Conclusion 

Numerical analysis is conducted to study the effect of nozzle shape and nozzle to 

plate ratio on the flow characteristics in the impingement of single jet on a flat plate 

using commercial CFD tool ANSYS Fluent. Nozzle shapes circle, rectangle and 

square are considered and H/D ratio is varied from 0.5 - 4.0. The following 

conclusions are drawn from this study: 

1. Pressure distribution is symmetrical about the stagnation point, for all jets. 

2. Pressure and wall shear at the stagnation point is observed to be maximum and 

decreases along the wall jet zone, whereas velocity became zero at the 

stagnation point and increases along the wall jet zone. 

3. With increase in H/D ratio,  

 length of the potential core region reduces due to increase in 

entrainment. 

 pressure at stagnation point decreases having maximum at H/D = 0.5 

and minimum at H/D = 4.0. 

 wall shear at stagnation point decreases having maximum at H/D = 0.5 

and minimum at H/D = 4.0. 

4. Results conclude that 

Condition 
Pressure at 

Stagnation point (Pa) 
Wall shear (Pa) 

Maximum Circular jet Rectangular jet 

Minimum Square Circular 

 

5. Circular jet is more efficient than square and rectangular jets. 

5.2 Scope for future work 

1. Experiments can be conducted to study the effect of nozzle on the flow 

characteristics.  

2. Fluid structure interaction inside the boundary layer can be studied 

experimentally and theoretically. 

 



Simulation studies on the effect of nozzle shape on the impingement of jet 

on a flat surface 
2019-20 
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ABSTRACT

The ZA-27 alloy is present in the world as a materialof very good tribological properties

of high loads and same sliding speeds.Hence here in this project we study the ZA27 alloy

with reinforcement with Silcon carbide (SIC).The Composities are fabricated by using

Stir Casting technique and mechanical and metallurgical properties are studied.
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CHAPTER-1

INTRODUCTION

Material is anything made of matter, constituted of one or more substances. Wood, cement,

hydrogen, air and water are all examples of materials. Sometimes the term "material" is used

more narrowly to refer to substances or components with certain physical properties that are

used as inputs to production or manufacturing. In this sense, materials are the parts required

to make something else, from buildings and art to stars and computers. Metal–matrix

composites (MMCs) are known as the most useful and high-tech composite materials in our

world. MMCs are very important because of their high ratio of strength and weight, high

Young modulus and high abrasive properties.

1.1 NEED OF METALMATRIX COMPOSITES

The need for composite materials has become a necessity for modern technology, due to the

improved physical and mechanical properties. Metal matrix composites (MMC) have been

developed in recent years. Metal Matrix Composites have emerged as a class of material

capable of advanced structural, aerospace, automotive, electronic, thermal management and

wear applications. A composite material is a material consisting of two or more physically

and or chemically distinct phases. The composite generally has superior characteristics than

those of each of the individual components. Usually, the reinforcing component is distributed

in the continuous or matrix component. When the matrix is a metal, the composite is termed

a metal-matrix composite (MMC).

1.2 APPLICATION OF METAL MATRIX COMPOSITES

The enhancement of manufacturing sector has somewhere advance to the increase in the use

of particulate aluminium metal matrix composites (PAMMCs). PAMMCs are attracting

considerable interest worldwide for automotive, architectural and aerospace sectors because

of their superior mechanical and tribological properties. PAMMCs possess high specific

strength, greater strength to weight ratio at elevated temperature, greater wear resistance as

compare to matrix phase.

Numerous types of reinforcements in particulate like Sic, Al2O3, B4C, Tic and ZrSiO4 is

used to improve the metallurgical as well as mechanical properties as compared to its base
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matrix. Besides, authors also used industrial and agro waste like fly ash, bauxite residue,

groundnut shell, rice husk ash and bags ash as reinforcement in matrix phase.

Various fabrication processes like solid state (Powder Metallurgy) and liquid state processes

(Stir casting, Compo-casting, Squeeze Casting, in situ casting routes) were adopted by

authors to fabricate PAMMCs. Among these processes stir casting is cheapest and simple

route for fabrication of AMMCs.

Metal composite materials have found application in many areas of daily life for quite some

time Metal Matrix Composites (MMCs) are increasingly found in the automotive industry

these materials are produced in situ from the conventional production and processing of

metals. Metal matrix composites (MMCs) are a class of materials with the ability to blend

the properties of ceramics (high strength and high modulus) with those of metals or alloys

(ductility and toughness) to produce significant improvements in the mechanical properties

of the composite over those of the monolithic metal or alloys. Among the various matrix

materials available, aluminium and its alloys are widely used in the fabrication of MMCs.

Aluminium MMCs exhibit an excellent combination of high specific strength and stiffness,

high wear resistance, good seizure resistance, improved fatigue and creep strength as

compared to the base alloy. The MMC finds various applications in different fields as

follows

1) MMCs represent the Next Generation of solutions for today‘s electronic requirements

2) Prototyping for the Space Shuttle

3) Commercial airliners

4) Bicycles & automobiles

5) Electronic substrates and Aerospace

Comparable construction unit characteristics are attainable only with the application of

powder metallurgical aluminium alloys or when using heavy iron pistons. The reason for the

application of composite materials is, as already described the improved high temperature

properties. Potential applications are in the area of undercarriages, e.g. transverse control

arms and particle-strengthened brake disks, which can be also applied in the area of rail

mounted vehicles, e.g. for undergrounds and railway.
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1.3 MATERIALS AND STRUCTURES

Fig.1.1 Types of Composite Materials

Fig.1.2 Structures of Composites

The difference between a material and a structure is not clearly defined. Many draw the lines

between what you understand as a homogeneous material when you see it with your bare

eyes, and the inhomogeneous material structure that you clearly see is made up of a fixed

geometry or mixing of materials. For instance an alloy is by this definition a material even

though it consists of two or more components, but a honeycomb core built up of two

different components is a structure. Materials are often classified into the six broad classes

that are shown in figure 1.1; metals, ceramics, glasses, elastomers, polymers and composites.

But, when we also include material structures, the number is bigger, and the classification of

the term (materials and structures), even though it is not a conventional way of making a

classification, may look like the one purposed in figure 1.2.
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1.4 COMPOSITE MATERIALS

Composite materials, often shortened to composites or called composition materials, are

engineered or naturally occurring materials made from two or more constituent materials

with significantly different physical or chemical properties which remain separate and

distinct at the macroscopic or microscopic scale within the finished structure. Composite

material is a material composed of two or more distinct phases (matrix phase and dispersed

phase) and having bulk properties significantly different from those of any of the constituents.

Composite materials are materials that combine two or more materials (a selected filler or

reinforcing elements and compatible matrix binder) that have quite different properties that

when combined offer properties which are more desirable than the properties of the

individual materials. The different materials work together to give the composite unique

properties, but within the composite you can easily see the different materials; they do not

dissolve or blend into each other.

The key characteristics of composites is

 Specific strength (the strength to weight ratio)

 Specific stiffness or specific modulus (the stiffness-to-weight ratio)

 Tailored material (since composites are composed of 2 or more phases)

They can be formulated to meet the needs of a specific application with considerable ease)

Composites are not a single material but a family of materials whose stiffness, strength,

density, and thermal and electrical properties can be tailored. The matrix, the reinforcement

material, the volume and shape of the reinforcement, the location of the reinforcement, and

the fabrication method etc. can all be varied to achieve required properties.

1.5 CLASSIFICATION OF COMPOSITE MATERIALS

There are three types of composite materials, thus are

1. Metal Matrix
2. Ceramic Matrix
3. Polymer Matrix

1. Metal Matrix Composites (MMC):

Metal Matrix Composites are composed of a metallic matrix (aluminium, magnesium, iron,
cobalt, copper) and a dispersed ceramic (oxides, carbides) or metallic (lead, tungsten,
molybdenum) phase.

2. Ceramic Matrix Composites (CMC)

Ceramic Matrix Composites are composed of a ceramic matrix and imbedded fibers of
other ceramic material (dispersed phase).
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3. Polymer Matrix Composites (PMC)

Polymer Matrix Composites are composed of a matrix from thermoset (Unsaturated
polyester (UP), Epoxy) or thermoplastic (PVC, Nylon, Polysterene) and embedded glass,
carbon, steel or Kevlar fibers (dispersed phase).

1.6 METALMATRIX COMPOSITE PROCESSING METHODS

Processing of metal matrix composites (MMC) can be classified into three main categories: -

1.Solid State Processing
2.Liquid State Processing
3.In-Situ Processing

Fig.1.3 processing methods of metal matrix composites

Here we have focused on the Liquid state fabrication techniques

1.6.1 Liquid State Processing

The methods of liquid state fabrication of Metal matrix composites are

1) Stir Casting

2) Squeeze Casting

3)Pressure Die Infiltration

4) Gas Pressure Infiltration
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1.6.1.1 Stir Casting

Stir Casting is a liquid state method of composite materials fabrication, in which a dispersed

phase (ceramic particles, short fibres) is mixed with a molten metal matrix by means of

mechanical stirring. Stir Casting is the simplest and the most cost effective method of liquid

state fabrication. The stir casting machine is as shown in fig. 1.4.

The liquid composite material is then cast by conventional methods and may also be

processed by conventional metal forming technologies. Stir casting is characterized by the

following features:

Content of dispersed phase is limited (usually not more than 30 vol. %).

Distribution of dispersed phase throughout the matrix is not perfectly homogeneous.

1. There are local clouds (clusters) of the dispersed particles (fibres).

2. There may be gravity segregation of the dispersed phase due to a difference in the

densities of the dispersed and matrix phase.

Fig.1.4 Stir Casting Machine
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1.6.1.2 Squeeze Casting

Molten metal is introduced into an open die. The dies are then closed so that the molten

metal solidifies under pressure within the dies. The heat is rapidly transferred from the

molten metal to the dies under high pressure and through the contact between the metal and

the die surface. As a result, a fine-grain casting with little to no pore is produced using this

method. Squeeze Casting Infiltration as shown in fig. 1.5

Fig.1.5 Squeeze casting process

1.6.1.3 Pressure Die Infiltration

Pressure Die Infiltration is a forced infiltration method of liquid phase fabrication Metal

matrix, using a Die casting technology, when a preformed dispersed phase (particles, fibres)

is placed into a die (mould) which is then filled with a molten metal entering the die through

a spruce and penetrating into the perform under the pressure of a movable piston

(plunger).the pressure die infiltration is shown in the Fig.1.6.

Fig.1.6 Pressure Die Infiltration
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1.6.1.4 Gas pressure infiltration

Gas Pressure Infiltration is a forced infiltration method of liquid phase fabrication of Metal

matrix composites, using a pressurized gas for applying pressure on the molten metal and

forcing it to penetrate into a preformed dispersed phase. Gas Pressure Infiltration method is

used for manufacturing large composite parts. The method allows using non-coated fibres’

due to short contact time of the fibres with the hot metal. In contrast to the methods using

mechanical force, Gas Pressure Infiltration results in low damage of the fibres. The gas

pressure infiltration is shown in the Fig.1.7

Fig.1.7 Gas pressure infiltration

1.6.2 Solid State Processing

1.6.2.1 Powder Metallurgy

The majority of the structural components produced by fixed die pressing are iron based. The

powders are elemental, pre-alloyed, or partially alloyed. Elemental powders, such as iron and

copper, are easy to compress to relatively high densities, produce pressed compacts with

adequate strength for handling during sintering, but do not produce very high strength

sintered parts. Pre-alloyed powders are harder, less compressible and hence require higher

pressing loads to produce high density compacts. However, they are capable of producing

high strength sintered materials. Pre-alloying is also used when the production of a

homogeneous material from elemental powders requires very high temperatures and long

sintering times. The best examples are the stainless steels, whose chromium and nickel

contents have to be pre-alloyed to allow economic production by powder metallurgy. As a

general rule both mechanical and physical properties improve with increasing density.

Therefore the method selected for the fabrication of a component by powder metallurgy will

depend on the level of performance required from the part. Many components are adequate

when produced at 85-90% of theoretical full density (T.D.) whilst others require full density

for satisfactory performance. Sintering is the process whereby powder compacts are heated

so that adjacent particles fuse together, thus resulting in a solid article with improved
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mechanical strength compared to the powder compact. This fusing of particles results in an

increase in the density of the part and hence the process is sometimes called densification.

There are some processes such as hot Isostatic pressing which combine the compaction and

sintering processes into a single step.

The density of the component can also change during sintering, depending on the materials

and the sintering temperature. These dimensional changes can be controlled by an

understanding and control of the pressing and sintering parameters, and components can be

produced with dimensions that need little or no rectification to meet the dimensional

tolerances. Note that in many cases all of the powder used is present in the finished product,

scrap losses will only occur when secondary machining operations are necessary.

1.6.2.2 Diffusion Bonding

The inter diffusion atoms at the metallic surfaces under pressure creates bonding between the
metal matrix and fibers . This fabrication method is widely used for aluminum or magnesium
MMCs reinforced with continuous/discontinuous fibers. Diffusion bonding is shown in
fig.1.8

Fig.1.8 Diffusion bonding

1.6.2.3 Physical Vapor Deposition:

Fibers are continuously passed through a region of high partial pressure of metal to be
deposited. The vapor is produced and inserted in the process, then the condensation occurs at
this region to produce a coating on the fiber. The rate of deposition is about 5-10 micrometer
per minute. The coated fibers are then consolidated by hot pressing or hot isostatic pressing .
the Physical Vapor Deposition is shown in fig.1.9.
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Fig.1.9 Physical Vapor Deposition

1.6.2.4 Metal Injection Moulding (MIM)

Injection moulding is very widely used to produce precisely shaped plastic components in

complex dies. As injection pressures are low it is possible to manufacture complex

components, even some with internal screw threads, by the use of side cores and split tools.

By mixing fine, typically less than 20 mm diameter, spherical metal powders with

thermoplastic binders, metal filled plastic components can be produced with many of the

features available in injection mounded plastics. After injection moulding, the plastic binder

material is removed to leave a metal skeleton which is then sintered at high temperature.

Dimensional control can be exercised on the as-sintered component as the injected density is

sensibly uniform so shrinkage on sintering is also uniform. Shrinkage can be large, due to

both the fine particle size of the powders and the substantial proportion of polymer binder

used.

1.6.2.5 Hot Forging (Powder Forging)

Cold pressed and sintered components have the great advantage of being close to final shape

(near-net shape), but are not fully dense. Where densification is essential to provide adequate

mechanical properties, the technique of hot forging, or powder forging, can be used.

In powder forging an as-pressed component is usually heated to a forging temperature

significantly below the usual sintering temperature of the material and then forged in a

closed die. This produces a fully dense component with the shape of the forging die and

appropriate mechanical properties.

Powder forged parts generally are not as close to final size or shape as cold pressed and

sintered parts. This result from the allowances made for thermal expansion effects and the

need for draft angles on the forging tools. Further, minimal, machining is required but when

all things are considered this route is often very cost effective.
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1.6.2.6 Hot Isostatic Pressing

Powders are usually encapsulated in a metallic container but sometimes in glass. The

container is evacuated; the powder out-gassed to avoid contamination of the materials by any

residual gas during the consolidation stage and sealed-off. It is then heated and subjected to

Isostatic pressure sufficient to plastically deform both the container and the powder.

The rate of densification of the powder depends upon the yield strength of the powder at the

temperatures and pressures chosen. At moderate temperature the yield strength of the powder

can still be high and require high pressure to produce densification in an economic time.

Typical values might be 1120°C and 100 MPa for ferrous alloys. By pressing at very much

higher temperatures lower pressures are required as the yield strength of the material is lower.

Using a glass enclosure atmospheric pressure (15 psi) is used to consolidate bars and larger

billets.

1.6.2.7 Electroplating / Electroforming

A solution containing metal ions loaded with reinforcing particles is co-deposited forming a

composite material.

1.6.3 In-Situ Processing

In-situ processing involves chemical reactions that result in the creation of reinforcing phase

within a metal matrix. The reinforcements can be formed from the precipitation in liquid or

solid. This method provides thermodynamic compatibility at the matrix reinforcement

interface. The reinforcement surfaces are also likely to be free of contamination and,

therefore, a stronger matrix-dispersion bond can be achieved. The In-Situ Processing is

shown in fig.1.10

Fig1.10 In-Situ Processing
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1.7 Applications:

 Automotive parts, such as the chassis of the Audi A8.

 Aluminium cans for the packaging of food and beverages.

 Used in the production of extrusions—long constant–cross-section structural shapes

produced by pushing metal through a shaped die

 Electrical fittings and connectors

 Aircraft and aerospace components

 Marine fittings
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CHAPTER-2

LITERATURE SURVEY

“A study on processing, characterization and erosion wear behavior of silicon carbide

particle filled ZA-27 metal matrix composites” carried by Srimant Kumar Mishra ,

Sandhyarani Biswas, Alok Satapathy.in this study.failure.Metal matrix composites are

mostly used as such structural engineering components where solid particle erosion is a

common mode of failure. In this article, the study is concentrate on the processing and char-

acterization of ZA-27 metal matrix composite (MMC) reinforced with silicon carbide (SiC)

particle in dif-ferent weight percentage ranging from 0–9 wt% in a step of 3% each and also

reported on their solidparticle erosion wear response. Predominantly influential parameters

affecting the wear rate are identified. The results indicate that erosion wear rate of this

composite is influence more by impact velocity and filler content respectively compare to

others factors. It also shows the good filler characteristics of SiC particles as wear rate

decreases with the increase in filler content in the matrix material.

“Mechanical properties of as-cast and heat-treated ZA-27/silicon carbide particulate

composites” carried by S.C. Sharma, P.R.Rao, B.M.Girish. This paper describes a study of

the mechanical properties of as-cast and heat-treated ZA-27zinc-aluminium alloy particulate

composites containing silicon carbide (SIC) particles of size IOO-150 pm and of contents

ranging from 0% to 5% by weight. increases in the ultimate tensile strength (UTS) and

hardness of the composite, accompanied by reductions in its ductility and impact strength.

“Mechanical properties of cast ZA 27/graphite particulate composites” carried by : K. H.

W. Seah , S. C. Sharma and B. M. Girish.The aim of this present investigation is to study the

mechanical properties of ZA-27zinc-aluminium alloy/graphite particulate composites

containing graphite particles of size 100-150 pm and of content ranging from 0% to 5% by

weight. The results of this study revealed that as graphite composition was increased, there

were significant monotonic increases in the ductility,ultimate tensile strength (UTS),

compressive strength and Young’s modulus of the composite while there was a significant

monotonic decrease in the hardness of the material.
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“Mechanical and Wear Behavior of ZA-27/Sic/Gr Hybrid Metal Matrix Composites”

Carried by Nagavelly Shiva Kumar In this present study, the work is concentrated on the

production of ZA-27 alloy and hybridcomposite reinforced with 1.5 weight percentage of

silicon carbide (Sic) and 0.5 weight percentage of graphite (Gr).The mechanical properties of

the hybrid composite increases as compare to the base metal.

“Preparation and Characterization of ZA27-Alumina sic Reinforced Hybrid

Composites” carried byShravan Kumar Yadava, Karuna Kumar G, R.Vijaya Prakash.In the

present study Experiments have been conducted by keeping weight fraction of alumina at

3% and varying weight fraction of graphite (0%, 1%, 3 %,) .And after that by keeping weight

fraction of graphite 3% and varying weight fraction ofalumina (0%,1%, 3%).Tensile strength

and impact strength have been increased. However hardness decreased with dispersion of

graphite.

“Mechanical properties and fractography of zircon-particle-reinforced ZA-27 alloy

composite materials” carried by S.C. Sharma, B.M. Girish, D.R. Somashekar, Rathnakar

Kamath, B.M. Satish.The mechanical properties and the fracture mechanism of composites

consisting of ZA-27 alloy reinforced with Zircon particles were investigated with the

primary objective of understanding the in uence of the particulate reinforcement on the

behaviour of the ZA-27 alloy. The zircon particle content in the composites ranged from 1 to

5% in steps of 2% by weight.The study revealed improvements in ultimate tensile strength,

yield strength, hardness, and Young's modulus of the composites, but at the cost of ductility

and impact strength, which decreased with increase in zircon content.

“Mechanical properties and fracture mechanism of ZA-27/TiO2 particulate metal

matrix composites” carried by H W Seah, S C Sharma , M Krishna.The mechanical

properties and the fracture mechanism of composites consisting of ZA-27 alloy reinforced

with titanium dioxide particles were investigated with the primary objective of understanding

the inufluence of the particulate reinforcement on the mechanical behaviour of the ZA-27
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alloy. The titanium dioxide particle content in the composites ranged from 0 to 6 per cent, in

steps of 2 wt %.The study revealed improvements in Young’s modulus, ultimate tensile

strength (UTS), compressive strength, yield strength and hardness of the composites as the

titanium dioxide content was increased, but at the expense of ductility and impact strength.

“Stress corrosion studies of tianium dioxide particulate reinforced ZA27 metal matrix

composites” carried by K.Vinutha , P.V.Krupakara , H.R.Radha.The stress corrosion

resistance of ZA-27 / TiO2 metal matrix composites (MMC’s) in high temperature acidic

media has been evaluated using an autoclave.The liquid melt metallurgy technique using

vortex method was used to fabricate MMC’s. TiO2 particulates of 50-80 μm in size are

added to the matrix. ZA-27 containing 2,4,6 weight percentage of TiO2.the ultimate tensile

strength is increased.
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CHAPTER-3

EXPERIMENTAL PROCEDURE

This chapter describes the details of processing of the composites and the experimental

procedures followed for their mechanical characterization. We observed the flow chart fig

3.0.

Fig.3.0 Experimental procedure

3.1 SELECTION OF MATERIALS

1) Base Material – ZA 27

2) Reinforcement – Silicon Carbide (Sic)

Selection of Materials

Weighing of materials for various

proportions

Fabrication of composites by Stir

Casting

Preparation of Standard Test

Specimens

Testing of Specimens
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A. Selection of base material ZA 27

3.1.1 ZA 27

 Z - Zinc

 A - Aluminum

 27 - The number 27 represents the approximate percentage of aluminum. ZA-27 has

the highest aluminum content, highest strength, highest melting point, and lowest

density of the ZA group.

Table 3.1 Chemical Composition of ZA27

Zn Al Cu Fe Mn Pb Cd Sn

Remaining 28 2.5 0.075 0.02 0.006 0.006 0.006

ADVANTAGES OF ZA27 :

 High tensile & yield strength
 Corrosion resistance
 Hardness
 Good bearing and creep properties
 Lightweight
 Easy machinability
 Thermal conductivity
 Environmentally friendly

APPLICATIONS OF ZA 27:

 Bearings

 Die-casting(ZA-27 provides a variety of benefits andsolutions for different die

casting projects. It is known for itswear resistance and high strength properties).

 Thin wall decorations

 suitable for projects with service temperatures of 150 degrees Celsius
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PHYSICAL PROPERTIES:

 Density : 5 g/cm3

 Melting Point : 875-1050 F

 Modulus of Elasticity : 77.9 GPa

 Poisson’s Ratio : 0.32

THERMAL PROPERTIES:

 Co-Efficient of Thermal Expansion(30°C-100°C) : 26 pm/ m°C

 Thermal Conductivity : 125 W/m-K

ELECTRICAL PROPERTIES:

 Electrical conducivity : 29.7 % IACS

Fig.3.1 Pure ZA27 alloy

B. Selection of reinforcement material:

3.1.2 Silicon Carbide:

Silicon Carbide is the only chemical compound of carbon and silicon. It was originally

produced by a high temperature electro-chemical reaction of sand and carbon. Silicon

carbide is an excellent abrasive and has been produced and made into grinding wheels and

other abrasive products for over one hundred years. Today the material has been developed

into a high quality technical grade ceramic with very good mechanical properties. It is used

in abrasives, refractories, ceramics, and numerous high-performance applications. The
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material can also be made an electrical conductor and has applications in resistance heating,

flame igniters and electronic components. Structural and wear applications are constantly

developing.

Fig.3.2 SiC

ADVANTAGES OF SiC:

 High strength

 Low thermal expansion

 High thermal conductivity

 High hardness

 High elastic modulus

 Excellent thermal shock resistance

 Superior chemical inertness

CHEMICAL COMPOSITION:

Table 3.1 Chemical Composition of SiC

Si SiO2 Fe Al C

0.3 0.5 0.08 0.1 0.3
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3.2 STIR CASTING EQUIPMENT

3.2.1 Stir Casting

Stir Casting is a liquid state method of composite materials fabrication, in which a dispersed

phase (ceramic particles, short fibres’) is mixed with a molten metal matrix by means of

mechanical stirring. Stir Casting is the simplest and the most cost effective method of liquid

state fabrication. A typical equipment of stir casting machine is shown in fig 3.3 and 3.4.

The liquid composite material is then cast by conventional methods and may also be

processed by conventional metal forming technologies. Stir casting is characterized by the

following features:

Content of dispersed phase is limited (usually not more than 30 vol. %).

Distribution of dispersed phase throughout the matrix is not perfectly homogeneous.

1. There are local clouds (clusters) of the dispersed particles (fibres).

2. There may be gravity segregation of the dispersed phase due to a difference in the

densities of the dispersed and matrix phase.

Fig.3.3 Stir Casting Methodology Fig.3.4 Stir Casting Machine
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3.2.2 PRE-HEATING:

Preheating of dies and reinforcement materials was done in an oven which can heat

upto a maximum of 7500C .The Preheating temperature of reinforcement is 2500C.

3.2.3 COMPOSITON OF COMPOSITES:

Table 3.2 composition of composites in Wt%

Composition ZA27(Wt%) SiC(Wt%)

ZA 27 100 0

ZA 27+SiC(1%) 99 1

ZA 27+SiC(3%) 97 3

ZA 27+SiC(4%) 96 4

3.2.4 EXPERIMENTAL PROCEDURE:

 The die and reinforcement materials are placed in an oven for preheating at a

temparature of 720C for 30 minutes.

 ZA 27 alloy is placed in the furnace portion of Stir Casting Equipment and allow it to

heat upto 1150-1200 0c
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 Introduce the reinforcement material of SiC into the molten through the injection

chamber in step wise for uniform mixing and set the rotor speed at 600 rpm. Then

introduce the reinforcement into the molten metal through the same chamber

according to weight proportion.

 Allow the molten metal for uniform mixing thorugh rotaion of stirrer and moving up

and down for about 2 min.

 Place the die at the opening of the furnace after taken out from preheating furnace.

 The molten metal is get filled up into the die, when valve is opened, through runner

and riser.

 Allow the die to cool for some time and takeout the cast specimens from the die.

 Finishing operation is made with grinding wheel to remove the unwanted portions.

 Now the specimens are ready for testing and characterization.

 The cast specimens are as shown in fig 3.6, circular rods of 20mm diameter and

300mm length.

Fig.3.6 Casting Specimens
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CHAPTER-4

TESTING EQUIPMENT AND RESULTS

4.1 TESTING EQUIPMENT REQUIRED

The casted specimens are to be tested with the aid of different following equipment for

characterization. They are represented show table 4.1.

Table 4.1.1Testing Equipment Required

Name of the equipment Material property

Density Tester Density

Vicker’s Hardness Testing Machine Micro Hardness

Universal Testing Machine
Tensile and Compression

Strength

Impact testing machine Impact Strength

4.1.2. Determination of Density

The basic method of determining the density of a specimen by measuring the mass and volume of the

specimen was used. The density of the specimen was then estimated from the formula given below:

Density(g/cc) =
����

������

Fig 4.1.2 Density Testing Machine

Measured Density (g/cc)=
����ℎ� �� �������� �� ���

���� �� ����ℎ� �� �����
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4.1.3..IMPACT TEST MACHINE

The impact test is a method for evaluating the toughness, impact strength and notch

sensitivity of engineering materials. ... The quantity usually measured is the energy absorbed

in breaking the specimen in a single blow, as in the Charpy impact test. The impact

toughness of a metal is determined by measuring the energy absorbed in the fracture of the

specimen. This is simply obtained by noting the height at which the pendulum is released

and the height to which the pendulum swings after it has struck the specimen.

Fig 4.1.3 Impact testing machine

Fig 4.1.3.1 Dimensions of Impact test specimen
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4.1.4. COMPRESSION TEST

Compressive Strength is the capacity of a material or structure to withstand loads tending to

reduce size, as opposed to tensile strength which withstands loads tending to elongate. In

other words, compressive strength resists compression (being pushed together), whereas

tensile strength resists tension (being pulled apart). In the study of strength of materials,

tensile strength, compressive strength, and shear strength can be analysed independently.

Fig.4.1.4 Dimensions of Compression Test Specimen

Fig.4.1.4.1 Universal Testing Machine with specifications
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4.1.5. HARDNESS TESTINGMACHINE

The hardness of a material can be determined by Brinnel’s, Rockwell and Vicker’s

hardness test. In Vicker’s hardness test, diamond indentation is used to determine the

hardness. Vicker’s test determines the hardness by the measurement of the depth of

penetration of an indenter under load more than compared to the penetration made by a

preload. There are different scales, denoted by a single letter, that use different loads or

indenters.

The hardness of the ZA27 alloy and composites was determined with Vickers Micro

Hardness Tester (LECOAT700Microhardness Tester). The dimension of each specimen for

hardness testing was 10x10mm and each specimen was grinded and polished to obtain a flat

smooth surface. During the testing, a load of 100gm. was applied for 10s on the specimen

through square based diamond indenter and the hardness readings taken in a standard manner.

Fig.4..1.5 Vicker’s Hardness Testing

Machine

Fig.4.1.5.1 Vickers indentation and Dimensions of Hardness Specimen
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4.1.6.TENSILE TESTINGMACHINE

Tensile testing also known as tension testing, is a fundamental material science and

engineering test in which a sample is subjected to a controlled tension until failure.

Properties that are directly measured via a tensile test are ultimate tensile strength, breaking

strength, maximum elongation and reduction in area. From these measurements the

following properties can also be determined: Young's modulus, Poisson's ratio, yield strength,

and strain-hardening characteristics. Uniaxial tensile testing is the most commonly used for

obtaining the mechanical characteristics of isotropic materials. Some materials use biaxial

tensile testing.

Fig.4.1.6 Tensile Test Specimen (ASTM-E08 Standard)

Fig.4.1.6. Tensile Test Specimen (ASTM-E08 Standard)
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4.2 RESULTS:

4.2.1. Density behaviour of ZA27 with SiC

The density of ZA27 reinforced with SiC for various proportions are as shown in table 4.2.1.

The density of ZA27 was found to be 3.80 g/cc. The density of metal matrix composites

reinforced with 1%, 3%, 5% are very close to ZA27 pure.

Table 4.2.1 Metal Matrix Composite Vs. Density

Specimen No. Composites
Density
(g/cc)

Percentage
increased

C1 ZA 27(pure) 3.80 -

C2 ZA 27 + 1% SiC 3.87 1.8

C3 ZA 27 + 3% SiC 4.05 6.5

C4 ZA 27 + 5% SiC 4.10 8.9

Fig.4.2 Variation of Density (g/cc)

The variation of density variation with percentage of composition is as shown in fig. 4.2.

The percentage of increment for various compositions is determined. The density of

composite at 5% of SiC reinforcement is 4.1 g/cc. The maximum percentage of variation in

the density is 9% only. This resembles there is no much increase in weight of parts

manufactured with composites.
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4.2.2 Impact behaviour of ZA27 with SIC

Impact strength of the composite is determined with ASTM E23 specimen using Impact

testing machine. Impact strength of the composites from C1 to C4 are determined. The

impact strength of ZA27 reinforced with SiC for various proportions are as shown in table

4.2.1. The impact strength of ZA27 was found to be 26 J. The impact strength of metal

matrix composites reinforced with 1%, 3%, 5% are as shown in Fig. 4.3.

Table 4.2.2 Metal Matrix Composition Vs. Impact Strength

Specimen No. Composites
Impact

Strength (J)

C1 ZA 27(pure) 26

C2 ZA 27 + 1% SiC 28

C3 ZA 27 + 3% SiC 32

C4 ZA 27 + 5% SiC 39

Fig.4.3 Variation of Impact Strength (J)

The impact strength of composites reinforced with SiC at 1%, 3%, 5% are in increasing

uniformly. The maximum impact strength is 39 J for the composite reinforced with SiC for

5%.
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4.2.3.Compression behaviour of ZA27 with SiC

Compressive strength of the composite is determined with ASTM E8 specimen using

universal testing machine. Compressive strength of the composite from C1 to C4 is as shown

in Table.4.2.3. The compressive strength of composites with SiC reinforced at 1%,3%,5% is

shown in fig 4.3.

Table 4.2.3 Metal Matrix Composition Vs. Compression Strength

Specimen
No.

Composites
Compression
Strength(MPa)

C1 ZA 27 (pure) 140

C2 ZA 27 + 1% SiC 145

C3 ZA 27 + 3% SiC 155

C4 ZA 27 + 5% SiC 158

Fig.4.4 Variation of Compression Strength (Mpa)

The compressive strength of the composites reinforced with SiC at various proportions are

found to be increasing manner. The maximum Compressive strength of the metal matrix

composite reinforced with SiC at 5% is determined as 158 MPa for C4 composites.
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ZA27 PURE

99% ZA27 + 1%SIC

97% ZA27 + 3%SIC

95% ZA27 + 5%SIC
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4.2.4. Hardness behaviour of ZA27 with SiC

Hardness of the composite is determined with ASTM E10 specimen using Brinell harness

testing machine. Hardness of the composites from C1 to C4 is as shown in Table.4.2.4. The

hardness of composites with SiC reinforced at 1%, 3%, 5% is shown in fig 4.4.

Table 4.2.4 Metal Matrix Composition Vs. Hardness Values

Fig 4.11 Hardness Specimens before and after Testing

Fig.4.4 Variation of Hardness (BHN)

The harness of the composites reinforced with SiC at various proportions is found to be

increasing manner. The maximum harness of the metal matrix composite reinforced with SiC

at 5% is determined as 140 for C4 composites.

Specimen No. Composites
Hardness
(BHN)

C1 ZA 27(pure) 114

C2 ZA 27 + 1% SiC 126

C3 ZA 27 + 3% SiC 133

C4 ZA 27 + 5% SiC 140
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4.2.5 Tensile behaviour of ZA27 with SIC

Tensile strength of the composite is determined with ASTM E8 specimen using universal

testing machine. Tensile strength of the composites from C1 to C4 are as shown in table 4.2.5

Table 4.2.5 Metal Matrix Composition Vs. Ultimate Tensile Strength

Fig 4.12 Tensile Specimens before and after Testing

Fig.4.5 Variation of Ultimate Tensile Strength (MPa)

The ultimate tensile strength of the composites reinforced with SiC at various proportions are

found to be increasing manner as shown in fig. 4.5. The maximum ultimate tensile strength

of the metal matrix composite reinforced with SiC at 5% is determined as 438 MPa for C4

composites. The specimens before and after failure are shown in fig. 4.12.

Specimen No. Composites
Tensile Strength

(Mpa)

C1 ZA 27(pure) 382

C2 ZA 27 + 1% SiC 412

C3 ZA 27 + 3% SiC 425

C4 ZA 27 + 5% SiC 438
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CHAPTER 5

CONCLUSIONS

Metal matrix composites of ZA27 reinforced with SiC at 1%, 3%, 5% are manufactured

using stir casting equipment. Then mechanical properties of the composites like density,

tensile strength, compressive strength, hardness, impact strength are determined.

1. The density of the composite is not increased much which does not increases the weight
of the parts.

2. The hardness of the composite is increased with increase in percentage of reinforcement.
This is due to the presence of SiO2 particles in the matrix phase increases hardness as
there is a uniform distribution of particles in the matrix of ZA27.

3. The ultimate tensile strength and compressive strength of the composite is increased due
to the following observations.
 Presence of particles like SiO2 in the reinforcement, load get transferred from the

matrix to hard reinforcing particles during loading in tensile test.
 As the majority load is taken up by the hard particles and does not allow the matrix to

deformation up to the yield point.
 Continuation of this action beyond post yielding, the composites may not takes

necking and will lead to sudden failure.

4. The impact strength of the composite is increased due to presence of the hard particles in
the reinforcement. The hard particles will absorb maximum energy before the failure.
Hence the impact strength is increased with increase in reinforcement.

The better mechanical properties are exhibits by the composite C4 having 5% reinforcement

with (i) density of 4.1 g/cc, (ii) ultimate tensile strength of 438 MPa, (iii)compressive

strength of 158 MPa, (iv) hardness of 140 BHN, (v) impact strength of 39 J.
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CHAPTER – I 

INTRODUCTION 

 

1.1 Introduction to jet impingement 

Jet impingement is a widely used cooling technique in various industrial applications 

due to their inherent high heat transfer rate, such as cooling of combustion chamber 

walls, gas turbine blades, drying of textiles, food products, leather and paper, 

annealing of steel, cooling of electronics, etc. In recent years, numerous studies have 

been carried out to increase the rate of heat transfer from impinging jets by adopting 

different flow control and blockage techniques. Over the last five decades, many 

experimental and numerical investigations have been carried out with impinging jets 

and a few researchers have reviewed the state of the art on fluid flow and heat transfer 

behaviour of impinging jets 

 

1.2 Flow configurations in jet impingement 

A flow with air jet impingement orthogonally on a flat surface follows some 

distinct regions (Fig. 1). At the nozzle exit, the emerging jet may pass through a 

region where it is sufficiently far-off from the impingement plate so that it acts 

like a free submerged jet or free jet region. In this region, the entrainment of mass, 

momentum and energy occurs due to shear-driven interaction of the surroundings 

with existing jet. The fluid from the surroundings gets entrained in to the jet and 

hence there is a reduction in the jet velocity with an increase in the total mass flow 

rate. In the process, the jet loses kinetic energy and the velocity profile expands in 

the spatial direction and shrinks down in magnitude along the sides of the jet. 

Thus, a non-uniform radial velocity profile develops within the jet. Further the 

free jet can be sub-divided into three regions, namely, the potential core, 

developing and developed regions. 

Potential core region 

 The shear-layer or mixing-layer surrounds a core where the nozzle centerline 

fluid velocity (Um) is approximately equal to the jet exit velocity and this region 

is called the potential core. The potential core is the region in which the velocity 
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of the jet remains largely unaffected by the spreading of the jet due to 

entrainment. 

 

 

Fig.1. Jet impinging – Representation of Zones and Velocity Profiles 

The end of a core region may be defined as the point where Um = 0.95Uexit. After 

the potential core, the axial velocity profile decays due to large shear stresses at 

the boundary of the jet and this region is characterized as the developing zone. 

After the developing zone, a fully developed velocity profile is obtained and it is 

designated as the developed region.The length of the potential core significantly 

depends on the jet exit flow conditions and geometry of the nozzle. 

In the confined case, the fluid heated by the target plate can, in some instances, get 

re-circulated and be entrained back into the impinging jet. In this region the 

velocity of the jet is maximum.  

Stagnation region 

 Stagnation point is the point of jet striking the target surface. At this point the 

velocity is zero, where the flow on the wall is accelerated by a stream wise 

stabilizing pressure gradient (the boundary layer thickness tends to keep constant); 

the wall region, where the pressure gradient effect no longer holds and an even 

steep rise of turbulence can occur. In this region, the axial velocity quickly 

diminishes with a consequent rise in the static pressure. 
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Wall jet region  

After striking the surface, the jet flows along the target surface in different 

directions, with velocity increasing from zero at the stagnation point to the 

maximum and then decreasing to lower value at leaving end. 

  

1.3 Applications of jet impingement 

Impinging jets have received considerable attention over the past few decades. They 

are used in a wide variety of industrial applications due to their inherent high heat 

transfer rate, including tempering of glass plate, annealing of metal sheets, drying of 

textile and paper products, and cooling of heated components in gas turbine engines 

and electronic instruments, which are also employed in mass transfer applications, 

such as mine ventilation, tunneling operations, paint spraying and cavitation drilling. 

Furthermore, they are relevant to vertical/short-takeoff-and-landing (V/STOL) 

aircrafts that take off or land with little or no forward momentum. Impinging jets also 

present an important test case for the development and validation of mathematical 

models of turbulent flow from a turbulence modeling perspective. 

 

1.4 Parameters studied in the Jet Impingement 

a. Velocity distribution: From the velocity distribution, we can study the 

direction of fluid flow, vortex formation, interaction between the jets in 

potential core region as well as wall shear region. 

b. Static pressure and Temperature distribution 

c. Wall shear distribution: Wall shear represents the resistance to the fluid flow 

after striking the plate. If wall shear is known to us, we can calculate the 

friction coefficienct. 

d. Nusselt number: It is the ratio of convective heat transfer to conduction heat 

transfer at the solid boundary when a fluid is flowing over it. 

hL
Nu

k
  

1.5 Statement of the Problem 

This study deals with the numerical investigation of heat transfer from a hot 

rectangular plate supplied with continuous heat flux to the air impinging through a 

single circular nozzle. It comprises of simulation studies to investigate the effect of 
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H/D ratio on the temperature distribution, velocity distribution, static pressure and 

wall shear distribution, Nusselt number and surface heat transfer coefficient in wall jet 

region. The problem is solved using the CFD tool ANSYS Fluent 18.0. 

 

1.6 Objectives of Research 

The main objective of the present research is to determine the distribution of 

parameters like velocity, static pressure, wall shear, wall heat transfer coefficient and 

Nusselt number in the impingement of three circular inline jets on a heated flat plate, 

for a given Reynold’s number and varying nozzle to plate distance (H/d ratio).  

 

1.7 Organization of the Documentation 

The thesis is organized into five chapters. The brief description of each chapter is 

given below: 

Chapter-1 introduces the concept and applications of jet impingement, description of 

problem statement and objectives of the study. 

Chapter-2 is devoted to the thorough literature review in the relevant area of research. 

Chapter-3 presents the introduction to ANSYS Fluent and the detailed procedure 

followed to solve the problem. 

Chapter-4 presents the results obtained from this study with valid comments. 

Chapter-5 presents the conclusions and scope for future work. 
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CHAPTER – II 

LITERATURE REVIEW 

More research has been done and in progress studying the effect of various 

parameters like shape of the nozzle geometry, number of jets and their arrangement, 

flow parameters, various impinging fluids, boundary conditions etc., numerically and 

experimentally. The following literature is related to the impinging of single circular 

jet: 

 Ravish et. al [1] reported the effect of jet temperature, H/d ratio and nozzle 

shape (circle, square, triangle) on the heat transfer characteristics and effectiveness of 

a single jet impinging on a heated surface, experimentally. It has been observed that 

the effectiveness of impingement is unaffected by the Reynold’s number (5000 – 

23000) and jet temperature; and affected by the nozzle to plate distance and radial 

distance from the stagnation point. In addition, it has been observed that the jet issued 

from the circular nozzle yielded in higher heat transfer coefficient than that issued 

form non-circular nozzles. 

 Kalifa et. al [2] informed the effect of H/d ratio (1-2), Re (1000 – 3000) and 

plate temperature (22
0
C, 54

0
C, 96

0
C) on the impingement of single circular jet 

experimentally. It has been observed that separation of fluid flow depends strongly on 

operating Re, H/d ratio and plate temperature. Also potential core length is decreasing 

with increase of H/d ratio resulting in decrease of jet velocity. 

 Sagot et. al [3] conducted the experiments on impinging hot air jet on a 

circular plate cooled by the circulation of a fluid and proposed a correlation, which 

can be used in the design of systems using singular hot air jets. It has been also 

observed that the turbulent intensity is increasing with increase of distance away from 

the nozzle exit in the free je region, for a given Re. 

 Tu and Wood [4] measured the values of pressure and wall shear stress 

experimentally by impinging a 2-D air jet on a flat plate for various Re and H/d 

values. In this work, they observed that the diameter of the probe has a significant 

effect on the measurements and shear stress distribution is strongly depending on the 

Re and H/d ratio. This work also recommends the criterion to select and locate the 

probes for measuring the pressure and wall shear stress. 
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 Jiang Zhe and Vijay Modi [5] conducted the experiments to measure the mean 

and rms velocities of the jet using hot wire anemometer in wall jet region. Results 

indicated that in the viscous sub-layer, the velocity profile follows the linear behavior 

of wall and the skin friction     coefficient is independent of Re and strongly depends 

on H/b. 

 Jun-Yang San et. al [6] studied the effect of plate dimensions, Re and H/d on 

the heat transfer characteristics in the impingement of single circular jet on a heated 

plate with constant heat flux. Correlations are developed between the stagnation Nu 

and Re, H/d, and Nu and W/d, L/d individually. Results concluded that Nu is 

decreasing with increase in jet plate W/d and L/d ratios at slower rate while the 

pressure difference is increasing thereby enhancing the mixing of flow at stagnation 

point. Also, Nu is reducing with increase in H/d ratio. 

 Anuj K. Shukla and Anupam Dewan [7] reported a review on the literature 

existing in the study of impinging of jets, which includes research conclusions from 

various experimental and numerical works, with an application of impinging of jets to 

industrial needs. 
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Simulation Work: 

Author 
Considerations Jet in 

work 
Nature of work Highlights 

G. Arvind Rao,  

Myra Kitron Belinkov, 

Yeshayahou Levy [8] 

Re <1000,  

Steady Multiple jets 

Capabilities of three variants of k-ω 

(standard, BSL, SST) turbulent model 

are analyzed using commercial CFD 

solver STAR CMM+ 

 SST k-ω model predicts the heat transfer well in 

agreement with experimental results for multiple jets. 

 Interaction between the cross flow and impinging jet 

has a strong effect on the heat transfer in wall jet 

region. 

Herbert Martin 

Hofmann, Rafael 

Kaiser, Matthias Kind, 

Holger Martin [9] 

Re=34000, 12400 

H/d = 2.5, 10 Steady, 

Pulsating single jets 

Effectiveness of 13 existing turbulent 

models excluding LES and DNS 

models are using commercial CFD 

software Fluent 6.0.  

 SST k-ω model predicts the results mapping well with 

experimental values in studying the transition from 

laminar to turbulent, for both steady and pulsating 

jets. 

 All the turbulent models are able to predict the heat 

transfer in wall jet region and unable to predict the jet 

behavior at stagnation region with good agreement. 

B.Sagot, G.Antonini, 

A.Christgen,  

F. Burona [10] 

Re=10,000-30,000 

2<H/d<6  

Single steady hot circular 

jet 

Average Nu is calculated for the 

impingement of hot air jet on the 

circular plate using RNG k-ε, 

Realizable k-ε, k-ω and SST k-ω 

turbulent models for constant heat flux 

conditions. 

 Boundary layer phenomenon was studied by 

performing the Numerical simulations using different 

turbulent models, out of which SST k-ω model proved 

to have good agreement with experimental results, for 

Re - 23000. 

G. Arvind Rao, Myra 

Kitron Belinkov, 

Vladimir Krapp, 

Yeshayahou Levy [11] 

Re = 3500 – 40000 

H/d = 2.5, 5, 7.5 

D = 0.2, 0.4, 0.6, 0.8 mm 

Steady Multiple jets 

Experimental and numerical analysis are 

performed to study the impingement of a 

large square array of circular jets on to a 

heated plate under low Re regime. 

 SST k-ω turbulent model was able to predict the heat 

transfer in the multiple jet impingement under low Re 

regimes within reasonable accuracy. 

 Results also conclude that the jet velocity varied 

linearly from the centre jet to the last jet in stream 

wise direction due to increase in pressure difference. 

 In the array of jets, it has been observed that lower the 

jet diameter, larger will be the heat transfer coefficient 

(gas turbine engine application). 
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 Literature reveals that out of various turbulent and hybrid-models proposed by 

various researchers, SST k-ω model has good mapping with experimental 

results.  

 Hence in this work, k-ω turbulent model is used to study the impingement of 

single jet on a flat plate. 
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CHAPTER – III 

INTRODUCTION TO ANSYS FLUENT 18.0 

3.1 Introduction to ANSYS FLUENT 

ANSYS Fluent is a state-of-the-art computer program for modeling fluid flow, 

heat transfer, and chemical reactions in complex geometries. It uses a client/server 

architecture, which enables it to run as separate simultaneous processes on client 

desktop workstations and powerful computer servers. This architecture allows for 

efficient execution, interactive control, and complete flexibility between different 

types of machines or operating systems. 

ANSYS Fluent provides complete mesh flexibility, including the ability to 

solve flow problems using unstructured meshes that can be generated about complex 

geometries with relative ease. Supported mesh types include 2-D 

triangular/quadrilateral, 3-D tetrahedral/ hexahedral /pyramid/wedge/polyhedral, and 

mixed (hybrid) meshes. ANSYS Fluent also enables us to refine or coarsen the mesh 

based on the flow solution. 

ANSYS Fluent provides the flexibility of importing 3-D geometries and our 

own mesh using the meshing mode of Fluent or importing the mesh generated using 

other commercial packages. All remaining operations are performed within the 

solution mode of Fluent, including setting boundary conditions, defining fluid 

properties, executing the solution, refining the mesh, and post-processing and viewing 

the results. 

Solvers used in ANSYS Fluent:  

 The ANSYS Fluent serial solver manages file input and output, data storage, 

and flow field calculations using a single solver process on a single computer. 

ANSYS Fluent also uses a utility called cortex that manages ANSYS Fluent’s 

user interface and basic graphical functions.  

 ANSYS Fluent’s parallel solver enables you to compute a solution using 

multiple processes that may be executing on the same computer, or on 

different computers in a network. Parallel processing in ANSYS Fluent 

involves an interaction between ANSYS Fluent, a host process, and a set of 

compute-node processes. ANSYS Fluent interacts with the host process and 

the collection of compute nodes using the cortex user interface utility. 
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3.2 Capabilities of ANSYS Fluent: 

In the solution mode, Fluent allows us to simulate the following: 

 2-D planar, 2-D axi-symmetric, 2-D axi-symmetric with swirl (rotationally 

symmetric), and 3D flows 

 Flows on quadrilateral, triangular, hexahedral (brick), tetrahedral, wedge, 

pyramid, polyhedral, and mixed element meshes 

 Steady-state or transient flows 

 Incompressible or compressible flows, including all speed regimes (low 

subsonic, transonic, supersonic, and hypersonic flows) 

 Inviscid, laminar, and turbulent flows 

 Newtonian or non-Newtonian flows 

 Ideal or real gases 

 Heat transfer, including forced, natural, and mixed convection, conjugate 

(solid/fluid) heat transfer, and radiation 

 Chemical species mixing and reaction, including homogeneous and 

heterogeneous combustion models and surface deposition/reaction models 

 Free surface and multiphase models for gas-liquid, gas-solid, and liquid-solid 

flows 

 Lagrangian trajectory calculations for dispersed phase (particles/ droplets/ 

bubbles), including coupling with continuous phase and spray modeling 

 Cavitation model simulations 

 Melting/solidification applications using the phase change model 

 Porous media with non-isotropic permeability, inertial resistance, solid heat 

conduction, and porous-face pressure jump conditions 

 Lumped parameter models for fans, pumps, radiators, and heat exchangers 

 Acoustic models for predicting flow-induced noise 

 Inertial (stationary) or non-inertial (rotating or accelerating) reference frames 

 Multiple moving frames using multiple reference frame (MRF) and sliding 

mesh options 

 Mixing-plane model simulations of rotor-stator interactions, torque converters, 

and similar Turbo-machinery. 
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3.3 Design Considerations 

In this work, the effect of H/D ratio (Height / Diameter) affects the value of 

heat transfer coefficient. Thus, by varying the height to diameter ratio from 0.5 to 4, 

analysis will be performed over the region containing steel plate and air inlet nozzles 

Where the dimensions are as followed: 

 Steel plate    : 210mm 

 Diameter of nozzles   : 6mm 

 Height of the impinging plates : 10,20,40,60 mm 

Here 1000 iterations are taken for analysis. 

 

Fig 3.1 Geometry at H/D ratio- 1 

 

 

Fig.3.2 Geometry at H/D ratio- 2 
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Fig3.3 Geometry at H/D ratio- 4 

 

 

Fig3.4 Geometry at H/D ratio- 6 

 

 

4.3 Grid Independent Test 

For the better accuracy of the required solution, the size of the mesh should be 

optimized. To achieve this, the analysis is repeated for the same inlet and outlet 

conditions, but with varying mesh size. Beyond one particular value of the number of 
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elements, the output parameter will not change. Once this is finalized, the size of the 

element will be finalized and the analysis can be continued further. 

In this work, grid independent study is performed to finalize the grid size and 

number of elements. 

Grid independence study

number of elements
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Fig. 3.5 Grid Independence Study 

From this graph, we have observed that with increase in the no. of elements 

corresponding to the element size beyond 5 mm, the static pressure is observed to be 

decreasing. Hence the element size corresponding to this no. of elements is chosen to 

be optimum. 

 

3.4 Procedure to Solve in ANSYS Fluent: 

Solving of a problem in Fluent should undergo the following procedure: 

1. Model the required geometry of the physical model in ANSYS design modeler 

or import from any CAD packages. 

2. In the MESH, perform the following steps: 

 Specify the element size for the solids – 5 mm 

 In this work, number of layers for inflation is defined as 25 at the top wall 

and 40 for the target surface. 

 Names selections are defined i.e. inlets, outlets, walls, interior of the 

solids, interior of the fluid, heat input region and insulated walls (in 

general the flowing fluid) at the required locations. 
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 The mesh is generated as shown in the fig.3.6 . 

 

Fig. 3.6 Mesh at H/D ratio- 4 

3. Solve the problem: 

 Set the Solver Settings: 

o Choose the problem dimensionality – 3-D. 

o Select the solver type - Pressure Based or Density Based 

o Choose the type of Analysis - Steady or Unsteady. 

 Choose the model of problem:  

 Since the heat is supplied and the temperature changes, energy 

equation is – ON. 

 Since the flow is turbulent, choose Viscous - Laminar – In that select 

Standard k-ω model. 

 Select the material properties:  

In this work, Air is taken as the fluid. Hence air properties are given. 

 Density  : Incompressible ideal gas (1.225 kg/m
3
) 

 Viscosity  : 1.789e-05 kg/m-s 

 Specific heat  : 1006.3 J/kg-K 

 Thermal Conductivity : 0.0242 W/m-K 

Steel is taken as the solid. Hence the properties of steel are given. 

 Density              :           8030 kg/m
3
 

 Specific heat               :           502.48 J/kg-K 

 Thermal Conductivity:           16.27 W/m-K   

 Set the boundary conditions: 

 At inlet, select the velocity at inlet. Enter the value = 49.12 m/s 

 At outlet, select the Pressure at outlet. Enter the value = 0 N/m
2
. (gauge 

pressure) 
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 At heat input region, select heat flux. Enter the value = 700 W/m². 

(Thermal) 

 At wall, select the insulated wall condition with heat flux zero an. (This 

indicates the wall is insulated and makes the flow adiabatic as well as 

irreversible). 

 Set the convergence criteria: 

 In the Solution monitors, change the tolerance of residuals to 1e-06. 

 Residuals include continuity, x-velocity, y-velocity, energy and 

turbulent kinetic energy and dissipation (for turbulent flow). 

 Initialize the solution. 

 Choose the proper method to initialize the solution.  

 For standard initialization, start compute from inlet. 

 Check all the inlet values and click on initialize. 

 Run the calculations: 

 Enter the number of iterations and click on RUN. 

 Wait till the convergence of the solution is achieved. 

Results obtained in this study are discussed in detail in chapter-5. 
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CHAPTER – IV 

RESULTS AND DISCUSSION 

Simulations are conducted to study the impingement of three circular in-line arrays of 

jets on a heated flat surface using ANSYS Fluent, under constant heat flux boundary 

condition. Results are presented by taking two section planes and a section line, as: 

 Vertical section plane in the plane of jet normal to the target surface, passing 

through the stagnation point (x-y plane). 

 Horizontal section plane parallel to and on the target surface (x-z plane). 

 Section line taken along the stagnation point, parallel to x-axis. 

The results obtained from the analysis are presented below. 

4.1 Velocity contours: 

 

Fig.4.1 For H/D ratio = 1; Turbulent flow 



Computational analysis of fluid flow and heat transfer characteristics of a 

single circular jet impinging on a Heated flat plate 
2019-20 

 

21 
 

 

Fig.4.12 For H/D ratio = 2; Turbulent flow 

 

Fig 4.13 For H/D ratio = 4; Turbulent flow 
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Fig 4.14 For H/D ratio = 6; Turbulent flow 

 

The velocity contours gives the following information: 

• From the velocity contours, it has been observed that 

– Along the direction of emerging free jet, the jet velocity reduced 

slightly due to energy transfer to the surrounding air. This resulted in 

increase of radial velocity before striking the plate. At the point of 

striking the plate, the jet velocity became zero, called as stagnation 

point and increased along the plate surface called as wall jet. 

– After striking the plate surface, the air gains the heat and moves in 

transverse direction along wall jet region. The jet after striking the 

plate bounced back and hit the confined plate resulting in upwash flow 

and falls back onto the target plate again. This increases the rate of heat 

transfer and thus Nusselt number and heat transfer coefficient.  

– The upwash flow produced the recirculation of the flow creating an 

obstruction to the actual jet exiting from the nozzle. This makes the 

flow rotational resulting in the formation of vortices around the free jet. 

At the outer jets due to the formed vortices, pressure reduces leading to 

more entrainment of air form surroundings. This effect is very much 

less observed at the centre free jet. 
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– At H/D = 0.5, the upwash flow is observed to be more prominent and 

with increase in H/D ratio, the upwash flow is not observed. 

 

4.2 Pressure contours in the Plane of Jet: 

 

Fig 4.21 For H/D ratio = 1; Turbulent flow 

 

Fig 4.22  For H/D ratio = 2; Turbulent flow 
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Fig 4.23 For H/D ratio = 4; Turbulent flow 

 

 

Fig 4.24 For H/D ratio = 6; Turbulent flow 

  

  



Computational analysis of fluid flow and heat transfer characteristics of a 

single circular jet impinging on a Heated flat plate 
2019-20 

 

25 
 

Variation of Static Pressure from stagnation point
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Fig 4.25  For H/D ratio = 1,2,4,6; Turbulent flow 

From the pressure contours, following observations are made: 

– At the stagnation points, peak pressure is observed being maximum over 

the surface termed as primary peak. But this value is less than the 

theoretical possible value obtained from ½(ρu
2
). 

– Parallel to the length of the plate, the static pressure is decreasing from the 

stagnation point towards the edge of the plate and this lead to the increase 

of velocity. 

– The maximum values of primary peak pressure is observed for H/D = 1.0  

– With increase in H/D ratio, entrainment losses increases resulting in lower 

peak pressures at stagnation point. Minimum peak pressure is recorded at 

H/D = 6.0. 
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4.4 Wall shear: 

 

Fig 4.41 For H/D ratio = 1; Turbulent flow 

 

Fig 4.42 For H/D ratio = 2; Turbulent flow 

 

Fig 4.43 For H/D ratio = 4; Turbulent flow 
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Variation of Wall shear from stagnation point
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Fig 4.27 For H/D ratio = 1,2,4,6; Turbulent flow      

Wall shear represents the resistance to the flow of fluid in the wall jet region. From 

the plot of wall shear, following observations are made: 

– At the stagnation points, due to zero velocity wall shear is maximum. 

– Parallel to the length of the plate, the wall shear is decreasing from the 

stagnation point towards the edge of the plate and this lead to the 

increase of velocity. 

– With increase in H/D ratio, wall shear reduces from the maximum 

value at H/D = 1.0 to minimum  at H/D = 6.0. 
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4.5 Temperature Distribution: 

 

Fig 4.51 For H/D ratio = 1; Turbulent flow 

 

Fig 4.52 For H/D ratio = 2; Turbulent flow 
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Fig 4.53 For H/D ratio = 4; Turbulent flow 

 

 

Fig 4.54 For H/D ratio = 6; Turbulent flow 
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Variation of Heat Transfer Coefficient from stagnation point
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Fig 4.26 For H/D ratio = 1,2,4,6; Turbulent flow  

From the temperature and heat transfer coefficient plots, following observations are 

made: 

– At the stagnation points, the temperature of the jet is less, so temperature 

difference is more. Hence more heat transfer takes place from heated plate 

to the jet. So at stagnation point, the plate surface temperature is very less. 

– Parallel to the length of the plate, as the jet moves the temperature 

difference between the plate surface and jet decreases. Hence heat transfer 

decreases leading to higher surface temperature. 

– The lowest temperature at stagnation point is observed for H/D = 1.0 and 

highest for H/D = 6.0. 

– Maximum heat transfer coefficient is observed at stagnation point and 

along the plate length away form the stagnation point heat transfer 

coefficient reduces to lower value. 
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CHAPTER – V 

Conclusion and Scope for Future Work 

5.1 Conclusion 

From the Simulation studies of impinging single circular jet on the heated flat plate 

under constant heat flux boundary condition and for a given Reynold's number, the 

following conclusions are drawn: 

 Because of spread of air jet transverse to the jet axis, the velocity in the 

potential core reduces.  

 At the stagnation point, the static pressure, wall shear and heat transfer 

coefficient are high whereas temperature is low. 

 Away from the stagnation point, the static pressure, wall shear and heat 

transfer coefficient are decreasing whereas temperature is decreasing. 

 With increase in H/D ratio,  

 Maximum peak pressure is observed at H/D = 1.0 but as entrainment 

losses increases resulting in lower peak pressures at stagnation point. 

Minimum peak pressure is recorded at H/D = 6.0. 

 wall shear reduces from the maximum value at H/D = 1.0 to minimum  at 

H/D = 6.0. 

 The lowest temperature at stagnation point is observed for H/D = 1.0 and 

highest for H/D = 6.0.  

 Maximum value of heat transfer coefficient is observed for H/D = 6.0 and 

minimum is for H/D = 1.0. 

 

5.2 Scope for future work 

1. Effect of Reynold’s number can be studied. 

2. Impingement of jet on a roughened surface can be studied. 

3. Impingement of jet on smooth and roughened surfaces can be studied under 

transient conditions. 

4. Implementing the jet impingement for any engineering application can be 

studied in detail, for better design. 
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ABSTRACT 
 

A Ball Bearing is one in which the parts are separated by a ring of small freely rotating 

metal balls which reduce friction. The present work is intended to perform the contact analysis 

of ball bearing using CAE tools like CATIA and ANSYS. Through contact analysis the changes 

could be shown in stress, strain, penetration, sliding distance, friction stress on the roller 

bearing. Furthermore, the simulation will be carried out to reveal whether computational values 

were consistent with theoretical values. The present work helps in providing a scientific basis 

for optimum design of ball bearings under complicated load conditions. Based on Hertz contact 

theory and contact mechanics, the contact stress field between rolling elements and raceways is 

calculated. 
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1. INTRODUCTION 
 

Bearings are mechanical assemblies that consist of rolling elements and usually inner 

and outer races which are used for rotating or linear shaft applications, and there are several 

different types of bearings, including ball and roller bearings, linear bearings, as well as mounted 

versions that may use either rolling element bearings or plain bearings. Ball bearings have 

spherical rolling elements and are used for lower load applications, while roller bearings use 

cylindrical rolling elements for heavier load carrying requirements.   

Linear bearings are used for linear movements along shafts and may also have rotational 

capabilities. Mounted bearings are assemblies in which the bearings are pre-assembled in 

mountings that, in turn, are bolted to frames, stanchions, etc., and are used for supporting the 

ends of shafts, conveyor rollers, etc. In addition to ball and roller bearings in their radial, linear, 

and mounted forms, bearings include those for civil engineering applications, which are called 

slide bearings; those used in small instruments and the like, known as jewel bearings; and very 

specialized bearings known collectively as frictionless bearings which includes air and magnetic 

varieties. Sleeve bearings, journal bearings, and other fluid-film bearings are addressed in the 

Bushings family. 

A bearing is a machine element that constrains relative movement to the desired motion 

and reduces friction between moving parts. 

Rotary bearings hold rotating components such as shafts or axles within mechanical 

systems, and transfer axial and radial loads from the source of the load to the structure 

supporting it. 

 BEARING MATERIALS: 

• Lead or Tin based alloys (Babbit material) 

• Cadmium based alloys 

• Aluminium based alloys 

• Copper based alloys 
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• Silver based alloys 

• Non-Metallic alloys 

 

 

1.1 Types of Bearings and Their Uses 

       1.1.1 Ball Bearings 

Ball Bearings are mechanical assemblies that consist of rolling spherical elements that 

are captured between circular inner and outer races. They provide a means of supporting rotating 

shafts and minimizing friction between shafts and stationary machine members. Ball bearings 

are used primarily in machinery that has shafts requiring support for low friction rotation. There 

are several configurations, most notably shielded or sealed. Ball bearings are standardized to 

permit interchangeability. Ball bearings are also known as rolling element bearings or anti-

friction bearings. Considerations include 

• First choice for high speeds or high precision apps 

• Large range of standardized forms 

• Handle radial and axial loads with specific configurations 

 

1.1.2 Roller Bearings 

 
Roller Bearings are mechanical assemblies that consist of cylindrical or tapered rolling 

elements usually captured between inner and outer races. They provide a means of supporting 

rotating shafts and minimizing friction between shafts and stationary machine members. Roller 

bearings are used primarily in machinery with rotating shafts that require the support of heavier 

loads than ball bearings provide. Tapered roller bearings are often used to accommodate higher 

thrust loads in addition to the radial loads. Types range from cylindrical to spherical rollers. 

Roller bearings are standardized like ball bearings, albeit to a lesser degree. Considerations 

include 

• Higher load capacities than ball bearings 
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• Can withstand high axial loads 

1.1.3 Mounted Bearings 

Mounted Bearings are mechanical assemblies that consist of bearings housed within bolt-

on or threaded mounting components and include pillow blocks, flanged units, etc. They provide 

means of supporting rotating shafts and minimizing friction between shafts and stationary 

machine members. Mounted bearings are used primarily in machinery with exposed rotating 

shafting. They are used as take-up devices on the ends of conveyors and as flanged units along 

intermediate points. The bearings can be rolling element or journal bearing configurations. 

Mounted bearings are designed for bolt-on mounting and ease of replacement. Other varieties of 

mounted bearings include rod end bearings and cam followers. Considerations include 

• Housed units reduce mounting concerns, protection issues 

• Cartridge designs ease replacement 

• Shafts usually held in place with set screws 

• Allow adjustment of the supported components 

• Mainly used for low/mid speed applications 

1.1.4 Linear Bearings 

Linear Bearings are mechanical assemblies that consist of ball or roller elements captured 

in housings and used to provide linear movement along shafts. Linear bearings are used 

primarily in machinery that requires linear movement and positioning along shafts. They 

also may have 

Secondary rotational features depending on the design. Considerations include 

• Lower friction and higher accuracies compared with bushings 

• Costlier and more complex than bushings 

1.1.5 Slide Bearings 

Slide bearings are mechanical assemblies designed to provide free motion in one 

dimension between structural elements. Slide bearings are used primarily in the structural 

support of bridges as well as commercial and industrial buildings. These parts accommodate 

thermal movement, allow for end-beam rotation, and isolate components of the structure against 
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vibration, noise, and shock. Other types of slide bearings include those used on truss base plates, 

heat exchangers, and process equipment. 

1.1.6 Jewel Bearings 

Jewel bearings are mechanical devices used in light rotating applications such as 

watches, meter movements, gyroscopes, etc. where loads are small and the supported rotating 

shafts are tiny. Jewel bearings are constructed from a range of synthetics, with ruby and sapphire 

being particularly common. 

1.1.7 Jewel Bearings 

Jewel bearings are mechanical devices used in light rotating applications such as 

watches, meter movements, gyroscopes, etc. where loads are small and the supported rotating 

shafts are tiny. Jewel bearings are constructed from a range of synthetics, with ruby and sapphire 

being particularly common. 

1.2 Applications and Industries 

Bearing applications span across virtually every industry which employs moving components 

and equipment.  

For example: 

• Ball and roller bearings are used in machinery of all kinds, from boiler feed pumps to 

automotive transmissions. 

• Mounted bearings are especially common on conveyors, in shaft linkages, and 

particularly where long lengths of shafting must be supported by housed units where the 

bearing is not protected by another housing such as a transmission case. 

• Linear bearings are used exclusively in linear applications such as slide tables. 

• Slide bearings are used primarily for load-bearing application in large civil engineering 

projects such as bridges where they accommodate a limited range of movement, unlike 

the other bearings here, where motion—either radial or linear—is the main concern. 

• Jewel bearings are restricted to very small devices and movements and do not rely on any 

rolling elements. 
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• Frictionless bearings are any of the other special-purpose designs that include air 

bearings, magnetic bearings, etc. 

While bearings are used nearly everywhere, there are some industries that use so many or have 

specific requirements for durability, cleanliness, etc. that they warrant mentioning here. Some of 

these industries are: 

• Aerospace 

• Agricultural 

• Automotive 

• Machine Tools 

• Medical 

• Mining 

1.3 Considerations 

 When selecting a bearing for a particular application, there are several considerations to 

keep in mind, including bearing friction, temperature, and lubrication. Along with the specific 

design and construction of the bearing, these three interacting factors can affect the overall 

performance. 

        Radial ball bearings are used primarily for radially loaded shafts and those with light 

axial loads. Angular contact ball bearings are designed to take higher axial loads in one direction 

in addition to their radial capacities. Ball thrust bearings are available which are specifically 

intended to take axial loads alone. The most common configuration for radial ball bearings is the 

single row version, which could be shielded or sealed depending on whether it is to be used 

within a housed area—a transmission, say—or in an exposed environment such as on a bicycle 

wheel. The seals and shields keep lubricant in the bearing and dirt and debris out of it. Ball 

bearings are usually fitted with retainers which space the balls evenly between and around the 

perimeters of their outer and inner races. Full capacity bearings dispense with retainers in order 

to fill as many balls as possible between the races, adding to the bearing’s load handling 

capacity. 

Roller bearings employ a host of different shapes for their rolling elements, including 

straight rollers, needle rollers, tapered rollers, spherical rollers, etc. Roller bearings are able to 
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take higher radial loads than their ball bearing counterparts due to the higher contact area 

between the rollers and the races. Some roller bearings are designed to take high thrust loads 

using tapered elements and races. 

Mounted bearings are ball, roller, or sleeve bearings which are furnished in housings, 

flanges, etc. and usually installed with seals and/or shields for environmental protection. 

Common mounting styles include pillow blocks, flanges, take-ups, etc. They are often used on 

conveyors where take-up assemblies provide adjustment for conveyor belt tension. 

In selecting rolling element bearings, either ball or roller or as mounted units, designers 

usually consider a number of factors including loads, both their quantities and directions, the 

accuracy requirements of the shaft system, misalignment factors, speeds, noise, and friction. 

Where radial loads are high, a designer may opt for a roller bearing over a ball bearing and might 

do the same where high axial loads are anticipated. Where the bearing needs to be able to 

accommodate some shaft misalignment, the designer may elect a ball bearing where loads are 

normal or go to a spherical roller bearing which is also very capable of handling misalignment. 

Ball bearings tend to be better at handling high speeds than roller bearings, and in some cases 

where accuracy and low friction are paramount, such as machine tools, a ball bearing may be the 

only way of meeting the requirements. Of particular interest in considering bearings are their 

static and dynamic load ratings. Bearing that are subject to high loads when they are not rotating 

can undergo a phenomenon known as brinelling, where the balls dent the races in the same place 

repeatedly. The same loads applied to the bearing when running may cause less concern because 

any indentations will distribute around the bearing races and not pile up in the same spots each 

time. 

Bearing makers list bearing rated capacities for their bearings, which for ball bearings are 

identified as extra-light, light-, medium-duty, and so on, where the dimensions of the bore or 

shaft requirements increase to accommodate increasing loads. The rated capacity is based on a 

statistical measure which states that a certain percentage of bearings will complete a stated 

number of revolutions without failing. These catalog numbers can be massaged to better pick the 

bearing suited to the actual conditions of use. 
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Linear bearings are sized according to linear travel, total linear distance, load, precision 

requirements, etc., with many parameters being analogous to the radial bearing considerations. 

Linear bearings are used with ground shafting for dimensional accuracy and low-friction sliding. 

Slide bearings are used to accommodate expansion and contraction in stationary 

structures such as bridges and building. Often they consist of two Teflon plates which are 

sandwich between major structural members. Sometimes stainless steel is used instead of Teflon 

for one of the two facing bearing surfaces. Of principal concern with slide bearings is the force 

per unit area they can withstand. 

Jewel bearings are used in very light loading applications. Jewel bearings provide very 

accurate, hard surfaces which can support lightly loaded shafts that see mostly intermittent 

motion. 

Frictionless bearings are bearings that use air or other gases or magnetic fields to support 

rotating journals and are so-called to distinguish them from anti-friction bearings—another term 

for rolling element bearings, which in itself was coined to distinguish these from original journal 

bearings which used friction developed through shaft rotation to create films of fluid for 

supporting shaft journals. 

1.4 Important Attributes 

 1.4.1 Bearing Type 

          For ball bearings, the Conrad, or non-slot fill bearing is the most common, whose design 

dispenses with a filling slot and instead relies on displacing the inner race to load the balls and a 

cage to keep them evenly spaced. For roller bearings, bearing type requires a selection of roller 

type, be it cylindrical, tapered, spherical, etc.   

Mounted units require a type selection of ball, roller, or spherical, as well, and then an additional 

selection of style, as defined below. Linear bearing types range from ball bearing cages—

essentially bare cages holding balls that are often used as die-post bushings—to recirculating ball 

designs where the balls roll linearly along the shaft and then return to their starting points 

through channels on the non-shaft sides of the bearings. 
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1.4.2 Style 

         This attribute applies solely to mounted units, where a distinction must be made between 

the housing for the bearing, among them the choice of pillow blocks, flanges, take-ups, etc. 

Material choice for ball and roller bearings is generally limited to a few specialty steel alloys, 

some plastics, occasionally ceramics, etc. while mounted units have more material choices 

owing to the additional materials available for housings. 

1.4.3 Seal/Shield 

Ball bearings exposed to the environment can be ordered with seals and/or shields where 

shields provide some protection of the bearing elements from dirt ingress with minimal added 

friction and seals provide shaft contacting lips that exclude moisture but do add to the friction on 

the bearing. Seals and shields can be added on both sides, either side, alone or in combination. 

The image to the right shows a radial bearing in cross section with shields on both sides. 

 1.4.4 Race 

Ball bearings races fall generally into two designs: angular contact and radial. Angular 

contact bearings (image right) load the balls at angles to the perpendicular radial planes, whereas 

radial contact bearings (image above) load the balls through the perpendicular planes. Angular 

contact bearings are generally preferred where axial loading is a consideration. Deep groove 

bearings are commonly associated with radial contact bearings. Cup and cone bearings are 

common on bicycle wheels where the bearings are loosely packed between cones and the cones 

are adjusted for play. 

1.4.5 Locating 

Mounted pillow block units are classified as expandable and non-expandable and in 

situations where two are more pillow block bearings are installed for shaft support one will 

ordinarily be specified as non-expandable and the other as expandable which allows the bearing 

to accommodate slight growth of the shaft. Some units are configured to allow either option. 

1.4.6 Maximum Static and Dynamic Loads 
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Bearing loading is based on static and dynamic values and the choice of which governs is 

a function of the operating conditions the bearing.  
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2. LITERATURE REVIEW 

 

 There are several theories for crack initiation and propagation mechanism in rolling 

contact fatigue. In the 1940s, Lundberg Palmgren considered orthogonal shear stress to be the 

crack controlling stress because he observed arrested cracks lying parallel to the surface on a 

section of bearings after rolling contact fatigue. After that, the most commonly used theory was 

that the crack initiates and propagates by orthogonal shear stress. However, as cited in the 

examples mentioned in the present article, there are failures that cannot be explained by the 

orthogonal shear stress: crack initiation and propagation under the existence of residual stress, 

through rolling element fracture or through inner ring fracture under fitting stress. These failures 

are closely related to the amount of residual stress or fitting stress, but the amount of orthogonal 

stress is not influenced by the existence of residual stress or fitting stress. Therefore, they cannot 

be explained by orthogonal stress. 

 After 1980, various theories emerged. Zwirlein and Schlicht (1) proposed a concept of 

relative tensile stress—that is, the stress in a certain direction subtracted by hydrostatic 

pressure—discussing its influence on crack initiation and propagation under the three principal 

compressive stress states. In rolling contact, the three principal stresses are all compressive, but a 

stress subtracted by hydrostatic pressure can be tensile and this stress is called relative tensile 

stress by Schlicht. Voskamp and Hollox (2) and Voskamp (3) discussed the influence of tensile 

residual stress that has been created by plastic deformation under large contact stress on crack 

initiation and propagation. 

  Recently, Harris and McCool (4) considered von Mises equivalent stress and Zaretsky et 

al. (5) considered von Mises equivalent stress or maximum shear stress to be appropriate because 

the orthogonal shear stress cannot be used to evaluate the influence of residual stress on rolling 

contact fatigue. On the other hand, in 1967, Lyman (6) discussed the role of tensile strain as the 

rolling contact fatigue mechanism, and, in 1996, Muro and Yamamoto (7), (8) tried to explain 

the mechanisms of rolling contact fatigue, such as flaking, pitting, and spalling, by tensile strain 

as a unified theory for crack propagation under three principal compressive stresses. Succeeding 

Muro’s study, the present article explains the crack propagation of rolling contact fatigue by 

tensile strain, using stress and strain calculation programs developed by Muro (9).  
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As examples for the clarifying explanation, rolling element bearing failures, whose involvement 

in the crack propagation mechanism has been difficult to explain, are mentioned. 

 Mr.Noriyuki tsushima in 2016 studied Crack propagation of rolling contact fatigue in ball 

bearing steel due to tensile strain and concluded that Fracture toughness of ball bearing steel and 

its application to bearing failure analysis and residual stress and strain calculation. 

 Mr. Wei guo & laihao yang in 2015 studied Fatigue life analysis of ball bearings based 

on quasistatic modeling and gives the results as The influence of residual stress in radial 

direction upon  contact fatigue life. 
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3. METHODOLGY 

In the present work, the sequence of steps or methodology is as follows 

 

 

 

 

 

 

 

 

 

 

 

 

3.1 Elements Of Ball Bearing 

 

 

ball bearing is mainly consists of  

        Static Condition 

Modelling 

Contact Analysis 

Total Deformation & 

Equivalent Stress 
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inner ring,  

outer ring,  

rolling elements and cage. 

 

Geometric View 

 

 

 

Software Package to be Used: 

▪    Catia V5, Ansys Workbench 
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4. CATIA V5 

CATIA® is the world’s engineering and design leading software for product 3D CAD 

design excellence. It is used to design, simulate, analyze, and manufacture products in a variety 

of industries including aerospace, automotive, consumer goods, and industrial machinery, just to 

name a few. It addresses all manufacturing organizations, from OEMs through their supply 

chains, If you stop and take a look around, CATIA is everywhere. CATIA is in the plane that just 

flew over, the car that just went silently by, the phone you just answered, and the bottle of water 

that you just finished. CATIA is increasingly chosen as the primary 3D design system for many 

companies, the worldwide demand for CATIA designers is difficult to meet. When you learn to 

use with leading-edge technology and play an important role in innovation. You get to put your 

imagination to work at full-speed because with CATIA there are no boundaries. 

CATIA you also learn to work Basic static load rating and static equivalent load  

4.1 Basic static load rating 

Excessive static load or impact load even at very low rotation causes partial permanent 

deformation increases with the load; if it exceeds a certain limit, smooth rotation will be 

hindered. 

The basic static load rating is the static load which responds to the calculated contact 

stress shown below, at the contact center between the raceway and rolling elements which 

receive the maximum load. 

Self-aligning ball bearings  4600MPa   

Other ball bearings          4200MPa 

Roller bearings          4000MPa 

The total extent of contact stress-caused permanent deformation on surfaces of rolling 

elements and raceway will be approximately 0.000 1 times greater than the rolling element 

diameter. 

The basic static load rating for radial bearings is specified as the basic static radial load 

rating, and for thrust bearings, as the basic static axial load rating. These load ratings are listed in 

the bearing specification table, using C0r and C0arespectively. 

These values are prescribed by ISO 78/1987 and are subject to change by conformance to the 

latest ISO standards. 
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4.2 Static equivalent load 

          The static equivalent load is a theoretical load calculated such that, during rotation at very 

low speed or when bearings are stationary, the same contact stress as that imposed under actual 

loading condition is generated at the contact center between raceway and rolling element to 

which the maximum load is applied. 

For radial bearings, radial load passing through the bearing center is used for the calculation; for 

thrust bearings, axial load in a direction along the bearing axis is used.  
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5. ASSEMBLY DESIGN 

The Assembly Design used to create an assembly starting from scratch. Here is 

illustration of the several stages of creation you may encounter for an assembly. 

5.1 Creating an Assembly Document 

             This task will show you how to enter the Assembly Design workbench to create a new 

assembly from scratch. Select the Start -> Mechanical Design -> Assembly Design command to 

launch the required workbench. The Assembly Design workbench is opened. You can see that 

“Product1” is displayed in the specification tree, indicating the building block of the assembly to 

be created. To create an assembly, you need products. The application uses the term “product” or 

“component” to indicate assemblies or parts. You can use parts to create products. Those 

products can in turn be used to create other products. The product document contains: a 

specification tree to the left of the application window, specific toolbars to the right of the 

application window, a number of contextual commands available in the specification tree and in 

the geometry. Note that these commands can also be accessed from the menu bar. 

5.2 Inserting a Components 

5.2.1 Inserting a New Component 

This task will show you how to insert a component into an existing assembly. In the 

specification tree, select Product1 and click the New Component icon The structure of your 

assembly now includes Product1 (Product1.1). 

5.2.2 Inserting a New Product 

            This task will show you how to insert a product in an existing assembly. In the 

specification tree, select Product1 and click the New Product icon. The Product2 (Product2.1) is 

created in the specification tree. 

5.2.3 Inserting a New Part 

              This task will show you how to insert a new part in an existing assembly. In the 

specification tree, select Product1 and click the New Part icon  If geometry exists in the 

assembly, the New Part: Origin Point dialog box is displayed, proposing two options to locate 

the part: Click Yes to locate the part origin point on a selected point, on another component for 

example. Click No to define the origin point of a component based on the origin point of the 

parent component. 
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5.3 Defining a Multi-Instantiation 

             This task shows you how to repeat components as many times as you wish in the 

direction of your choice. Select the component you wish to instantiate. Click the Define Multi-

Instantiation icon . The Multi-Instantiation dialog box is displayed, indicating the name of the 

component to be instantiated. The Parameters option lets you choose between the following 

categories of parameters to define: Instances & Spacing, Instances & Length and Spacing & 

Length. To define the direction of creation, check x-axis. The application previews the location 

of the new components. Click OK to create the components. 

5.4 Fast Multi-Instantiation 

            This task shows you how to repeat components using the parameters previously set in the 

Multi Instantiation command. You will use the Fast Multi-Instantiation command to quickly 

repeat the component of your choice. The operation is very simple. Select the component you 

wish to instantiate. Click the Fast Multi-Instantiation icon . The result is immediate. Three 

components are created according to the parameters defined in the Multi-Instantiation dialog 

box. 

5.5 Using Assembly Constraints  

           This section describes the notions and operating modes you will need to set and use 

constraints in your assembly structure. Constraints allow you to position mechanical components 

correctly in relation to the other components of the assembly. You just need to specify the type 

of constraints you wish to set up between two components, and the system will place the 

components exactly the way you want. Setting constraints is rather an easy task. However, you 

should keep in mind the following: You can apply constraints only between the child 

components of the active component. You cannot define constraints between two geometric 

elements belonging to the same component. You cannot apply a constraint between two 

components belonging to the same subassembly if this subassembly is not the active component. 

The active component is blue framed (default color) and underlined. Double-clicking activates it. 

The selected component is orange frame. 
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5.6 How to use CATIA Assembly module 

           This method is most used globally and it’s very easy to be manipulated be everyone. To 

do an assembly in CATIA V5 it is sufficient to have the Constraints toolbar. The most used 

commands from this toolbars are: 

 

                               

5.7.1 Coincidence Constraint – this command create a coincidence constraint between two 

components of the active component; 

5.7.1 Contact constrain – creates a contact constraint between two components of the active 

component; 

5.7.2 Offset Constraint – creates an offset constraint between two components of the active 

component; 

5.7.3 Angle Constraint – creates an angular, parallelism or perpendicularity constraint between 

two components of the active component. 

5.7.4 Fix Component – Fix the component position in the active component. 
 

5.8 Mechanical contact of a bearing 

Bearings are machine elements that allow components to move with respect to each 

other. There are two types of bearings: contact and non-contact. Contact-type bearings have 

mechanical contact with equipment, which includes sliding, rolling, or flexural bearings. Non-

contact bearings include liquid, air, mixed phase, and magnetic bearings. 

           The lack of mechanical contact eliminates static friction. PE Mechanical exam review 

courses cover industrial applications and material properties of bearings. Every bearing type has 

its own application area. Every mechanical engineer should be aware of the applications and 

limitations of each bearing type as well as the fundamental operating principles of different 

bearings so that the correct bearing for the intended application can be selected Stress on a 

bearing. 

5.9 Modeling in CATIA 

• CATIA software is to design the Ball bearing. 

http://catiav5v6tutorials.com/wp-content/uploads/2015/03/Assembly-Design-Tutorial-CATIA-V5-1.png
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• There are two types of design modules, one is generative shape design and other is part 

design. 

• Depending on we use the assembly design. 

 

5.9.1 Ball bearings inner and outer rings are processed as follows: 

All rings are machined from special sized steel tubing. They are thru-hardened in heat 

treat furnaces. Every surface is fine ground to exacting tolerances. Pathways are honed to even 

finer surface finishes. 

 

 

 

5.9.2 Balls are processed as follows:   

They are cold-headed to a spherical shape from drawn bar. They are soft ground. They 

are heat treated in high temperature furnaces. They are hard ground.  They are lapped to a 

mirror-like finish.  

5.9.3 Assembly of most ball bearings is as follows:  

On a flat surface the inner ring is placed off-center inside the outer ring.  The balls are 

loaded inside the crescent shape that is formed. The inner ring is centered and the balls evenly 

spaced. The separator is installed. 

 

5.10 PART DESIGN OF Ball Bearing 
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6. ANSYS WORKBENCH MODEL 

The Ansys Workbench platform is the framework upon which the industry’s broadest and 

deepest suite of advanced engineering simulation technology is built. An innovative project 

schematic view ties together the entire simulation process, guiding the user through even 

complex multi physical analyses with drag-and-drop simplicity. With bi-directional CAD 

connectivity, an automated project level update mechanism, pervasive parameter management 

and integrated optimization tools, the Ansys Workbench Platform delivers unprecedented 

productivity, enabling simulation driven product development. 

Ansys develops and markets engineering simulation software for use across the product 

life cycle.Ansys Mechanical finite element analysis software is used to simulate computer 

models of structures, electronics, or machine components for analyzing strength, toughness, 

elasticity, temperature distribution, electromagnetism, fluid flow, and other attributes. Ansys is 

used to determine how a product will function with different specifications, without building test 

products or conducting crash tests.For example, Ansys software may simulate how a bridge will 

hold up after years of traffic, how to best process salmon in a cannery to reduce waste, or how to 

design a slide that uses less material without sacrificing safety. 

 

Most Ansys simulations are performed using the Ansys Workbench system, which is one 

of the company's main products. Typically Ansys users break down larger structures into small 

components that are each modeled and tested individually. A user may start by defining the 

dimensions of an object, and then adding weight, pressure, temperature and other physical 

properties. Finally, the Ansys software simulates and analyzes movement, fatigue, fractures, 

fluid flow, temperature distribution, electromagnetic efficiency and other effects over time. 

 

Ansys also develops software for data management and backup, academic research and 

teaching. Ansys software is sold on an annual subscription basis. 

 

Ansys structural analysis software enables you to solve complex structural engineering 

problems and make better, faster design decisions. With the finite element analysis (FEA) 

solvers available in the suite, you can customize and automate solutions for your structural 

http://catiav5v6tutorials.com/wp-content/uploads/2015/03/Assembly-Design-Tutorial-CATIA-V5-2.png
http://catiav5v6tutorials.com/wp-content/uploads/2015/03/Assembly-Design-Tutorial-CATIA-V5-2.png
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mechanics problems and parameterize them to analyze multiple design scenarios. You can also 

connect easily to other physics analysis tools for even greater fidelity. Ansys structural analysis 

software is used across industries to help engineers optimize their product designs and reduce the 

costs of physical testing. 

 

6.1 Uses of ANSYS Software  

The uses of ANSYS are numerous in number, but finally all of them leads to one single 

concept called profitability to the organization. I will explain how, lets consider you are 

manufacturing a product. In the first place you need to manufacture some prototypes of the 

product and test it for all kinds of worse situation that could happen to hamper or damage the 

product. In some cases you need to conduct few tests to optimize the material required, the 

design, the loads if any acting on the product, the natural frequency or its temperature controlling 

mechanism, and many more. In order to know the every detail of your product you need to 

manufacture prototypes. This would eventually lead to increase the cost to company. 

 

                ANSYS does the same. ANSYS uses certain inputs and evaluates the product behavior 

to the physics that you are testing it in. It is a general purpose software used to simulate the 

interactions between various physics like dynamics, statics, fluids, electromagnetic, thermal, and 

vibrations. ANSYS typically creates the user an opportunity to create a virtual environment to 

simulate the tests or working conditions of the products before manufacturing the prototypes. 

This would certainly reduce the cost of producing prototypes and mainly the time. In this 

competitive world the accuracy and time are the most deciding factors for the company or the 

organization to sustain. ANSYS helps in increasing the accuracy and decreasing the time of 

outcome of the final product. 

 

6.2 Advantages: 

ANSYS can import all kinds of CAD geometries (3D and 2D) from different CAD 

software's and perform simulations, and also it has the capability of creating one effortlessly. 

ANSYS has inbuilt CAD developing software's like Design Modeler and Space Claim which 

makes the work flow even smoother. 
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ANSYS has the capability of performing advanced engineering simulations accurately 

and realistic in nature by its variety of contact algorithms, time dependent simulations and non 

linear material models. 

ANSYS has the capability of integrating various physics into one platform and perform 

the analysis. Just like integrating a thermal analysis with structural and integrating fluid flow 

analysis with thermal and structural, etc., 

ANSYS now has featured its development into a product called ANSYS AIM, which is 

capable of performing multi physics simulation. It is a single platform which can integrate all 

kinds of physics and perform simulations. 

ANSYS has its own customization tool called ACT which uses python as a background 

scripting language and used in creating customized user required features in it. 

ANSYS has the capability to optimize various features like the geometrical design, 

boundary conditions and analyse the behavior of the product under various criterion's. 

6.3 Structural analysis for all experience levels : 

From designers and occasional users looking for quick, easy and accurate results, to 

experts looking to model complex materials, large assemblies and nonlinear behavior, Ansys has 

you covered. The intuitive interface of Ansys Mechanical enables engineers of all levels to get 

answers fast and with confidence. Solve on your local machine or on the cloud. You can even 

run hundreds of design points using Ansys distributed compute services (DCS). 
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6.4 Reliable, high-quality, automated meshing : 

Mechanical has intelligent meshing technology so you can rapidly obtain optimal 

meshing on every model. Easily added controls enable you to fine-tune the mesh as needed. 

 

 

 

6.5 Advanced capabilities : 

Simulation of complex materials and material behavior can be achieved using the built-in 

models, user-defined material models or Material Designer in Mechanical to create 

representative volume elements (RVEs). Models with very large deformation need not be 

simplified by switching to explicit solvers unnecessarily. The nonlinear adaptivity (NLAD) 
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capability automatically handles challenging simulations by remeshing the solution as it 

progresses. Splitting morphing adaptive remeshing technique (SMART) fracture technology has 

been added to Mechanical for modeling crack growth in structures where fracture is a concern, 

so complex meshing processes and guesswork can be eliminated. 

Ansys Motion is a next-generation engineering solution based on flexible multi body 

dynamics within the Mechanical interface. It enables fast and accurate analysis of rigid and 

flexible bodies within a single solver. A series of toolkits provides extensions to Ansys Motion’s 

functionality so you can investigate the behavior of a vehicle’s powertrain design, including 

gears and bearings, and systems incorporating chains, belts and continuous tracks. 

 

6.6 Additive manufacturing : 

Ansys provides a comprehensive, scalable software solution which minimizes the risk of 

your additive manufacturing processes and ensures high-quality, certifiable parts. With Ansys’ 

additive solutions, you can go from designing for AM (DfAM) all the way through part 

qualification and certification with the capability to do build-file preparation, metal AM build 

process simulation and material analysis at a microstructure level. 

 

6.7 Complete structural analysis solution : 

A complete range of analysis tools is available to analyze single load cases, vibration or 

transient analysis; you can also examine linear and nonlinear behavior of materials, joints and 

geometry. Advanced solver technology with Ansys Autodyn and Ansys LS-DYNA enables you 

to carry out drop, impact and explosion simulations. Ansys AQWA, along with the offshore 

simulation capabilities in Mechanical, provides industry-specific capabilities for engineers 

designing marine environments. 

 

6.8 Material 

A whole range of material models covering everything from hyperelstics, shape memory 

alloys, soils, concrete, plastic and metallic structures can be accurately modeled; you can even 

add user-defined material models if needed. 
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Material Designer can easily create representative volume elements (RVE’s) based 

around lattice, fiber, weave or user-created geometries to facilitate multiscale modeling of 

complex material structures. 

 

6.9 Dynamics 

 Mechanical Enterprise can cover all of your needs for dynamic analysis, including – for 

linear dynamics – modal, harmonic, spectrum response and random vibration with pre-stress, and 

advanced solver options A whole range of material models covering everything from 

hyperelastics, shape memory alloys, soils, concrete, plastic and metallic structures can be 

accurately modeled; you can even add user-defined material models if needed. 

Material Designer can easily create representative volume elements (RVE’s) based around 

lattice, fiber, weave or user-created geometries to facilitate multiscale modeling of complex 

material structures. 

Acoustic simulations can be carried out to understand the vibro-acoustic behavior of 

systems, with or without structural pre-loading. You can also create waterfall plots to more 

conveniently understand results over varying frequencies. 

 

6.10Additionalvalue 

Mechanical Enterprise has tools such as Ansys ACT to customize your workflow, add 

functionality and accelerate your simulation process, and Ansys DesignXplorer with built in 

optimization technology to get to the best answer in the fastest time ever. The addition of Ansys 

Space Claim means that preparing geometry (mid-surfacing, beam extraction and simplification) 

for analysis, building prototype models or manipulating geometry during design changes is 

intuitive and rapid. 
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7. STEPS FOR CRACK ANALYSIS OF BALL BEARING 

 

7.1 MODELLING OF BALL BEARING: 

By using  CATIA the model will be build and imported into ANSYS, in theory, it is 

feasible that model can be changed with model’s parameters  such as material property, 

restrained displacement and applied load, and so on.  

Engineering Data module is used to define the material properties. 

Geometry module opens the Design  Modeler application, which can be used to import CAD 

models from other software like Solid Works or to sketch a new 2D or 3D geometry. 

Model, Setup, Solution, and Results modules opens the Mechanical application, which can be 

used to set up and solve the simulation (includes meshing, load and boundary condition 

applications, solving, and results). 

 

7.2 CONTACT ANALYSIS: 

The contact analysis can show bearings information under contact, such as contact stress, 

strain, penetration and sliding distance, and so on, which play a significant role in optimum 

design of complicated rolling bearings. 
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8. ANALYSIS IN ANSYS WORKBENCH 

 

8.1 Convert the CATIA Part file into igs. 

1. CATIA natively supports the IGES file format – no extra licenses are needed. In general, to 

save a file as an IGES, it’s as easy as going to File > Save As… and selecting igs (*.igs) from the 

list. 

Of course, things don’t always go perfectly. Here’s a common scenario: A part is made up of a 

mix of solids, surfaces, and other wireframe elements. Unfortunately, when exporting, the 

surfaces don’t show up. 

2. A possible fix here is to modify the export options. Head to Tools > Options > General > 

Compatibility > IGES and set the Representation Mode to “Surface.” 

3. Now, surface elements will be created and exported for the IGES format. 

4. STEP Export 

Unlike IGES files, an add-on license is required to export STEP files. The license: ST1. To 

access this license, you may need to go to Tools > Options > General > Shareable Products and 

select it from the list. 

(In my scenario, I already have the ST1 license, so it’s not selectable as a Shareable Product.) 

Once you’ve got the license, head to File > Save As… and choose the stp (*.stp) option. 

5. For many solid and wireframe parts, this is all that’s needed. However, if 3D annotations and 

other model-based information needs to be exported, then you may need to tweak a couple of 

options. 

Here’s the problem: The default settings typically will not export 3D Annotation data, even 

though the STEP format has this ability. 

6. The solution: Adjust the compatibility options. Head to Tools > Options > General > 

Compatibility > STEP. Make sure that “3D annotations” is enabled in the General section. Under 

Export, set the Application Protocol to either AP203 ed2, AP214 ed3, or AP242. 

7. Now, the 3D Annotation data is saved in the STEP files. 

8. Happy Exporting 

IGES and STEP are two very common and necessary file types when exporting data. With the 

basics out of the way (and a couple of tweaks to help avoid some common pitfalls), you should 



35 
 

have a solid start to CATIA file exports. Of course, there may be a little bit of trial and error 

involved when trying to find the best file type and export settings, so don’t be afraid to play 

around with them to get exactly what you need. 

 

 8.2 Launching ANSYS Workbench 

The ANSYS installation has many packages included. For this tutorial, we will be using ANSYS 
Workbench. 

 
  
The Workbench Project Window will open. 

 

 

8.3 Pre-processing (Setting up the Model) 

Our analysis is a Static Structural analysis. It can be found in the Toolbox on the left, and needs 
to be added to the Project Schematic by either double clicking it, or dragging it into the pane. 

Start menu > ANSYS 15.0 > Workbench 15.0 
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8.4 Import a model from CATIA V5 to ANSYS Workbench 
 

CATIA and ANSYS are the two biggest software in the field of design and 

analysis.CATIA can be used in the high-end applications like Aerospace whereas  ANSYS can 

be used for perfect analysis of a part or product. In this article, I am going to explain How to 

Import a model from CATIA V5 to ANSYS Workbench. 
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Set the static structural and check geometry and import the igs file into geometry. 

Then go to model double click on it open geometry and insert co-ordinate systems. 

And make contacts no separation. 

Insert revolute joint and select one phase apply then go to scope and select another phase 

apply. 

 

 The Static Structural component and all of its modules will be created. The modules are similar 

to those in ANSYS MAPDL. They outline the steps that are required to complete a finite element 

analysis. 

Engineering Data module is used to define the material properties. 

Geometry module opens the DesignModeler application, which can be used to import CAD 

models from other software like SolidWorks or to sketch a new 2D or 3D geometry. 
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Model, Setup, Solution, and Results modules opens the Mechanical application, which can be 

used to set up and solve the simulation (includes meshing, load and boundary condition 

applications, solving, and results). 

8.5 A step by step procedure is to be adopted to Import a model from CATIA V5 to ANSYS 

Workbench. 

Import a model from CATIA V5 to ANSYS Workbench Procedure: 

• To import a file from CATIA to ANSYS Workbench, the model is to be prepared in 
CATIA  so as to analyze it in ANSYS Workbench 

• The file is to be saved in .igs format. 

• Now it is to be imported from the workbench. 

• Click on the Generate button. 

• The model is to mesh now so that the model is to be divided into a number of partitions. 

• Whenever the load is applied on the model, the load is divided by the number of 
partitions so as to get the uniform load on the system. 

• loads are applied to get the deformation of the model. 

• The material is to be checked for deformations. 

• If the stress developed in the material is less than the yield point then it is of safe. If it is 
of vice-versa then we have to optimize it to bear the maximum load. 

 

8.5.1 Geometric Model Analysis 

Geometry modeling in the ANSYS Workbench environment is highly automated and also 

provides users the flexibility to customize according to the type of analysis or application. The 

feature-based, parametric ANSYS Design Modeler software can be used to create parametric 

geometry from scratch or to prepare an existing CAD geometry for analysis. It includes 

automated options for simplification, cleanup, repair and defeaturing. 

Simulation often demands unique modeling capabilities that typical computer-aided 

design (CAD) operations do not require. Therefore, these capabilities are either lacking in CAD 

systems or implemented in a fashion that is not optimum for performing simulation. 
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ANSYS Design Modeler provides unique modeling functions for simulation that include 

parametric geometry creation, concept model creation, CAD geometry modification, automated 

cleanup and repair, and several custom tools designed for fluid flow, structural and other types of 

analyses. 

Parametric Geometry Creation 

ANSYS Design Modeler supports a sketch-and-extrude approach to creating parametric 

geometry. It offers extrude, revolve, sweep, chamfer and other standard geometry creation 

features to create fully parametric models. In addition, it supports primitives and Boolean 

operations for creating a new geometry or adding complementary geometry to an existing model. 

8.5.2 Insert revolute joint 

 Insert revolute joint select one phase apply then go to scope select another phase apply. 

Select individual bodies and inner and outer ring 

8.5.2 Meshing 

Similar to that of ANSYS MAPDL, meshing will discretise the model into elements and 

nodes that will resemble the geometry. The arrangement of these elements and nodes is known as 

a mesh. As you may have figured out from Assignment 1, the mesh can have an effect on the 

results of the analysis. A finer mesh typically gives more accurate results, but at the cost of 

higher computational requirements. Other mesh factors, such as shape, element order and 

distribution, may also influence the accuracy of your results. 

 

In this example, we will set all the elements to be triangles, as this will conform to the 

geometry. The sizing will be set to 0.1m in this tutorial, however this will not be small enough to 

make your simulation accurate enough. You should change this number yourself to evaluate the 

effect of element size on your results. 
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 Workbench provides different selection tools that will allow you to select vertices, edges, faces, 

and bodies. To switch between these, use the buttons at the top of the screen. You also have the 

option to interact directly with the geometry or the mesh by using the dropdown menu for Select 

Type (Geometry/Mesh). 

 

Then go to mesh and insert automatic method and select total geometry apply then select the 

method has Hex Dominant. 
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And then insert body sizing select inner and outer rings apply and  taken  element size was 3.0 

mm then insert sizing select all bearing and apply and given co-ordinate systems are X 

component is 0. mm and Y component is free and  Z component is 0.mm and apply.   

Then select static structural insert fixed displacement select inner ring inner face and apply the 

system displacement is free to rotate. 

Then insert pressure and select outer ring outer face and taken pressure value is 3 mpa and apply. 
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9. FIXED SUPPORT 

 

 

 

9.1 Pressure 

 

 

 

The results of interest may be configured before solving the model. A variety of stress results 

may be visualised in the form of contours on the geometry. It is important to note that the scale 
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of the legend affects the visualisation of the contours. This scale must be consistent when 

comparing plots of the same parameter. 

Then go to solution insert total deformation and equivalent stress and solve. 
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10. TOTAL DEFORMATION 

 

 

10.1 EQUIVALENT STRESS 
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This will tell Workbench to iterate this input parameter according to the design space now 

available in the Project window. 
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11. PROBLEM 

• Radial force F1=8kN 

• Axial force F2=3KN 

• Speed of shaft N=1200rpm 

• Rotating life L1=20000 hrs 

• Diameter of shaft d=75mm 

• Dynamic load carrying capacity ‘c’ 

               L=(C/P)^K*10^6  

               F=(X*V*F1)+Y*F2  

       X-radial load factor 

       Y-axial load factor 

    X,Y=F2/C0,F2/F1 

    To find ‘C0’, 

First we assume a series 

Assumptions trail and error 

For same shaft diameter  i.e, 

Bore of bearing 

Assume bearing series 6415 

• d=75mm 

• D=190mm 

•  B=45mm 

• r=4mm 

• C0=101600N 

• C=120000N 

• Speed=2800rpm 
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• F2/C0=3000/101600 

• =0.02 

• F2/F1=0.37 

• e=0.22 

• e(0.22)=> X=0.56, Y=2 

• F=(X*V*F1)+YF2 

•  =(0.56*1*8000)+2*3000 

•  =10480N 

• C=(L/10^6)^(1/K)*F 

•    =(1440*10^6)^(1/3)*10480 

•     =118344.69N 

•     data book for series 6415 

    c=120000 
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Hertzian Contact Theory 

Hertzian contact stress refers to the localized stresses that develop as two curved surfaces 
come in contact and deform slightly under the imposed loads. This amount of deformation is 
dependent on the modulus of elasticity of the material in contact. 

Based on Hertz contact theory and contact mechanics, the contact stress field between rolling 

elements and raceways is calculated. 

Given data :  

 
Inner ring = 34mm 

Outer ring = 54mm 

Ball diameter  = 25mm 

Ring height  = 30mm 

Ring width = 10mm 

Bore        = 56mm 

Gap length  = 12mm 

No of balls = 12  

Poisons ratio = 0.37 

Elastic modulus = 55 gpa 

Force = 3.12N 

Cage = 44mm 
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13. CONCLUSION 

 

For the standard ball bearing we have determined the contact analysis parameters like 
total deformation, equivalent stress & strain of a ball bearing at static condition and we have 
obtained at required dimensions we have done modelling in CATIA V5 and imported .igs file in 
ANSYS Workbench and analyzed the stress distribution theoretically. And compared with 
Hertzian contact theory obtained values. Therefore the stress distribution we got around 22%. So 
our Modelling and Analysis part is satisfactory.  
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ABSTRACT 

 

Driving is a common activity for most of the people. The number of vehicles is increasing 

day by day. Now a days, the technology has got vast changes which leads increase in speed. 

The speed plays a vital role to maintain time for longer distances. But, this speed also getting 

a major problem for causes of road accidents. The common braking is not sufficient for 

avoidance of accidents when driver is not active. Further improvement has to done in braking 

system in order to brake a vehicle when driver is not able to brake i.e., it may needs automatic 

braking system. This automatic braking system allows the vehicle to apply brakes without 

support of the driver. 

The main objective of our project is to enhance automatic braking system in the vehicle that        

should  apply brakes automatically when the sensors sense the over speed. In this project we 

will apply the skill and knowledge of Programmable Logic Control (PLC) programming in 

designing automatic braking system. 

 



 

 

 
1.1) Introduction 

CHAPTER-1 

INTRODUCTION 

                  Safety is a necessary part of man‘s life. Due to the accident cases reported daily on 

the major roads in all parts of the developed and developing countries, more attention is needed 

for research in the designing an efficient car driving aiding system. It is expected that if such a 

device is designed and incorporated into our cars as a road safety device. 

                  

                   It will reduce the incidence of accidents on our roads and various premises with 

subsequent reduction in loss of life and property. However a major area of concern of an 

engineer should be safety. As it concerns the use of his/her inventions and the accompanying 

dangers due to human limitations. When it comes to the use of a motor vehicle. Accidents that 

have occurred over years tell us that something needs to be done about them from an 

engineering point of view. 

     In this project to enhance automatic braking system in the vehicle that should  

apply brakes automatically  when the sensors sense the over speed. In this project we will 

apply the skill and knowledge of Programmable Logic Control (PLC) programming in 

designing automatic braking system. 

1.2) Problem identification and solution to the problem 

In designing safety systems of an automobile there are different types of braking 

systems and mechanisms to avoid occurrence of accidents. As over speed is major factor for 

the cause of accidents, there are automatic braking systems which tends to apply brakes if they 

sense the obstacles and sometimes there are also chances of  happening accidents due to over 

speed by losing control over the vehicle irrespective of obstacles. 

In previous works related to this project most of them are concentrated on braking 

system which activates when there is a hurdle or obstacle in front of the vehicle. But, most of 

the accidents occurs due to over speed irrespective of obstacle. From our project the speed of 

the vehicle is reduced when it attains higher speed whether there is obstacle or not. 

In order to avoid this factor of risk we are enhancing automatic braking system in the 

vehicle that should  apply brakes automatically when the sensors sense the over speed. In  

apply the skill and knowledge of Programmable Logic Control (PLC) programming in 

designing automatic braking system. 
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1.3) Conventional  ways of Automated braking systems 

 Automatic braking system using ultrasonic sensors by detecting hurdles or obstacles. 

 Automatic braking system using multi sensors. 

 Automatic braking system using RF module. 
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CHAPTER-2 

THE CONCEPT OF PROGRAMMABLE LOGIC CONTOLLER 

PROGRAMMING 

2.1) WHAT IS PLC 
 

A Programmable Logic Controller (PLC) is a small, self–contained, rugged computer 

designed to control processes and events in an industrial environment – that is, to take over the job 

previously done with relay logic controllers. Wires from switches, sensors and other input devices 

are attached directly to PLC. Each PLC contains a microprocessor that has been programmed to 

drive the output (O/P). Terminals in specified manner, based on the signals from the input 

terminals. The PLC program is usually developed on the separate programmer (PG) computer 

such as a Personal Computer (PC), using special software provided by the PLC manufacturer. 

Once the program has been written, it is transferred or downloaded into the PLC. 

The basic function of a PLC is to provide output commands to a machine or process based 

on some combination of a set of input condition of a set of input conditions to that machine or 

process. The PLC is similar to the familiar relay logic panel but with extended capabilities. The 

internal wiring of a PLC is fixed and the logical function that it must perform are programmed into 

a “memory”, hence the name “Programmable Controller”. 

The processor with built in routines scan the input signals and in accordance with the 

“stored programmed in memory” initiates the required output signals. The PLC may perform 

timing, counting and other functions dependent on the design of the PLC. 

2.2) EVOLUTION OF PLC 
 

Programmable logic controller are widely used in automation the process in any type of 

industry. Relay logic was used well before the invention of PLC. A Programmable logic controller 

is a solid state logic control device with a user programmable memory, which is programmed with 

a user-oriented language. So that it can reads input conditions to machine or process. 
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2.2.1 Advantages of PLC 
 

 Programming and modification in the logic is very easy. 

 Easy configuration. 

 Reliability. 

 Maintainability. 

 Fast response time. 

 Expandability. 

 I/O modules to the external world. 

2.2.2 Disadvantages of PLC 

 Function is fixed complicated. 

 Low response time for large programming based process. 

 Up gradation not possible for packaged PLC. 

 

2.3 ) PLC HARDWARE 
 

The PLC is basically a programmed interface between the field input devices like limit 

switches, sensors, transducers, push buttons etc. And the final control elements like actuators, 

solenoid valves, dampers, drives, LED’s, etc. Programmable controller consists of the following 

modules : 

1. Input modules. 
 

2. CPU with processor and program memory. 

 

3. Output modules. 
 

4. Bus system. 
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5. Power supply. 

 

 2.3.1 Input Module 
 

The input module acts as an interface between the field control inputs and the CPU. The 

Voltage or current signals generated by the sensors, transducers, limit switches, push buttons etc. 

are applied to the terminals of the input module. The input module helps in the following way: 

 It converts the field signal into a standard control signal, for processing by the PLC. 

 The standard control signal delivered by input module could be 5V or 9V whereas the field 

signal received by it could be say 24V DC or 230V AC. 

 If required, it isolates the field signal from the CPU. 

 It sends one input at a time to CPU by multiplexing action thus helping in serial 

communication. 

 Depending upon the nature of input signal coming from the field, the input module could be, 
 

 Analog Input Module. 

 Digital Input Module. 
 

The typical analog current input modules are 4 to 20 mA, 0 to 20 mA and analog voltage 

input module are 0 to 500mV and 0 to 10V. The typical digital input modules are 24V DC, 

120V AC and 230V AC. 

2.3.2 Analog Input 
 

 It is a continuous signals either voltage (or) current from the field instruments. 

 Analog input modules convert analog process level signals to digital values, which are then 

processed by the digital electronic hardware of the programmable controller. 

Examples: 

 Pressure Transmitter. 

 Temperature Transmitter. 

 Flow Transmitter. 

 Level Transmitter. 

 Consistency Transmitter. 

 Ph-Transmitter. 
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2.3.3 Digital Input 
 

 It is a discrete signal nothing but ON/OFF either voltage or potential free. 

 The ON/OFF voltage is from the field instruments. 

 It is a discrete signal is nothing but ON/OFF. 

 The digital input module converts the external binary signals from the process to the internal digital 

signal level of programmable controllers. 

Example: 
 

 Proximity Switches. 

 Pressure Switches. 

 Limit Switches. 

 Reed Switches. 

 Encoders. 

 

2.3.4 Output Module 

The output module acts as a link between the CPU and the output devices located in the 

field. The field devices could be relay, contractors, lamps, motorized potentiometers, actuators, 

solenoid valves, dampers etc. These devices actually control the process. 

The output module converts the output signal delivered by CPU into an appropriate voltage 

level suitable for the output field device. The voltage signal provided by CPU could be 5V or 9V, 

but the output module converts this voltage level into say 24V DC, or 120V AC or 230V AC etc. 

Thus the output module on receiving signal from the processor, switches voltage to the respective 

output terminals. This makes the actuators (i.e. contractors, relays etc) or indicating lights etc. 

connected to the terminal, to turn ON or OFF. Like input module, an output module could be 

analog or digital. 

The selection is based on the voltage rating of the field output devices. If the output device 

is analog then analog output module is required and if its digital like contractor coil or a lamp then 

digital output modules have 24V DC, 120V AC, and 230V AC or relay output. 

2.3.5 Analog Output 

 It is a continuous signal either voltage (or) current. 

 The signals are Activate the field Instruments. 

 It is a continuous signal. 

 Analog Output module convert digital Values from the PLC Processor module into a signal 

required by the process. 
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Example: 

 Control Valve 

 Servo Valve 

 Variable Frequency Drives 

 I/P Converters 

 

2.3.6 Digital Output 
 

 It is a discrete signal nothing but on/off either voltage or potential free. And activate the 

field instruments. 

 Digital output modules convert internal signal levels of the programmable controllers into     

the binary signal levels required externally by the process. 

 Output can be AC or DC.  

Example: 

 Solenoid Valves 

 Relays 

 Drives 

 Alarms 

 Motors 

 

2.3.7 Central Processing Unit 

 
The central Processing Unit or CPU consists of the following blocks. 

 

 Arithmetic Logic Unit (ALU) 
 

 Program memory 
 

 Process image memory (i.e. internal memory of CPU) 
 

 Internal timers and counters 

 

 Flags 

 

The      heart      of       CPU       is       its       microprocessor/microcontroller       chip. The 

working of CPU is fully controlled by the instructions / Program stored in user program memory. 

The user program directs and controls the CPU’s working. The user based on the control logic 

required for the control and automation task, prepares this Program. 
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2.4 Arithmetic Logic Unit (ALU) 
 

ALU is the “organizer” of the PLC. The following operations are carried out by ALU,  
 

 It organizes the input of external signals and data. 

 It performs logic operation with the data. 

 It performs calculations. 

 It takes account of the value of internal timers and counters. 

 It takes account of the signal states stored in the flags. 

 It stores the signal states of the input in the “Process Output Image” (internal memory of 

CPU) during the program scan. 

 It organizes the output of the result . 

 

2.5 Power Supply 
 

The power supply module generates the voltages required for the electronic modules of the 

PLC from the main supply. Typically single phase, 230V AC supply is converted into 24V DC 

supply by power supply module. It should be noted that CPU needs 24V DC input, and the CPU 

generates the other voltage required by the PLC hardware such as 5V DC etc. 

2.6 Bus System 

Bus system is a path for the transmission of signals. In the programmable 

controllers, it is responsible for the signal exchange between processor and input / output modules. 

The bus comprises of several signal lines i.e. wires / tracks. There are three buses in PLC named, 

1. Address bus, which enables the selection of memory location or a module. 
 

2. Data bus, which carries the data from modules to processor and vice versa. 
 

3. Control bus, which transfers control and timing signals for the synchronization of the 

CPU’s activities within the programmable controller. 

 In addition to the above listed modules, the other frequently used modules in a PLC system are, 

 Interface Module 

 Communication Processor Module 

 Function Module or Intelligent Periphery Module. 

 

 

 

                                                                     8 

 



2.7 OPERATION OF PLC 
 

2.7.1 Bringing Input Signal Status to the Internal Memory of CPU 
 

As discussed earlier, the field signals are connected to input module. At the output of input 

module the field status is converted into a voltage level that is required by the CPU. At the 

beginning of each cycle the CPU brings in all the field-input signals from input module and stores 

into its internal memory as process image of input signal. This internal memory of CPU is called 

as PII (Process Image Input). The programmable controller operates cyclically i.e. when the 

program has been scanned, it starts again at the beginning of the program. 

2.7.2 Processing of Signals Using Program & Updating PIQ 
 

Once the field-input status is brought into the internal memory of CPU i.e. in PII, the 

execution of user program, statement-by-statement begins. Based on the user program the CPU 

performs logical and arithmetic operation on the date from PII. It also processes times and counts 

as well as flag states based on the instructions. The results of the user program scan i.e. decision 

are then stored in the internal memory of CPU. This internal memory is called Process Image 

Output or PIQ. 

2.7.3 Sending Process Output Image To Output Module 
 

At the end of the program run i.e. at the end of scanning cycle, the CPU transfers the signal 

states in the process image output to the output module and further to field control. 
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Programming Languages in PLC 
 

• Ladder diagram 
 

• Instruction list 
 

• Structured text 
 

• Functional block diagram 
 

• Sequential flow chart 
 

Basic Elements Of Ladder Diagram: 
 

 

 

PROGRAMMABLE LOGIC CONTROLLERS 
 

  DELTA DVP12SA2 

 
MPU points: 

 
12 (8DI + 4DO) 

 Max. I/O points: 

492 (12 + 480) 

 Program capacity: 

 
16k steps 

 

 High-Speed Pulse Output: 

                  

                    Supports 2 points (Y0, Y2) of 100 kHz and 2 points (Y1, Y3) of 10kHz 

independent high-speed pulse output. 
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Extendable to Maximum 8 Modules: 

                 DVP-SA2 is extendable to analog I/O, temperature measurement, input DIP switch,      

PROFIBUS/ Device Net communication modules and single-axis motion control functions. 

APPLICATIONS: 

 
Printing machine, dying machine, container filler (for prescription’s), work station 

monitoring in production line. 

 

DVP-12SA2 

DELTA PLC: 

Programmable logic controller (PLC) is a control system using electronic operations. Its easy 

storing procedures, handy extending principles, functions of sequential/position control, timed 

counting and input/output control are widely applied to the field of industrial automation control. 

Delta's DVP series programmable logic controllers offer high-speed, stable and highly reliable 

applications in all kinds of industrial automation machines. In addition to fast logic operation, 

bountiful instructions and multiple function cards, the cost-effective DVP-PLC also supports 

various communication protocols, connecting Delta's AC motor drive, servo, human machine 

interface and temperature controller through the industrial network in to a complete “Delta 

Solution” for all users. 
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Delta's DVP series programmable logic controllers offer high-speed, stable and highly reliable 

applications in all kinds of industrial automation machines. In addition to fast logic operation, 

bountiful instructions and multiple function cards, the cost-effective DVP-PLC also supports 

various communication protocols, connecting Delta's AC motor drive, servo, human machine, 

interface and temperature controller through the industrial network in to a complete “Delta 

Solution” for all users 

HOW TO FIND ITS SPECIFICATIONS : 

 

 

 

MODEL SPECIFICATION: 
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Miniature Circuit Breakers (MCB): 

 

 An MCB or miniature circuit breaker is an electromagnetic device that embodies complete 

enclosure in a molded insulating material.

 MCBs are used primarily as an alternative to the fuse switch in most of the circuits.

 The main function of an MCB is to switch the circuit, i.e., to open the circuit (which has 

been connected to it) automatically when the current passing through it (MCB) exceeds the 

value for which it is set.

 It can be manually switched ON and OFF as similar to normal switch if necessary.

 It is commonly used in the low voltage networks.
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SMPS: 

 

The power supply circuit in any electrical and electronic circuit plays a vital role to give 

the power to the entire circuit. The different circuits require various kinds of power at 

different ranges and characteristics. So, the power is changed into the required form by 

adopting different power converters. Fundamentally, different types of circuits work with 

various kinds of power supplies such as SMPS. The term SMPS stands for switch mode 

power supply, AC to DC power supply, AC power supply, high voltage power supply 

programmable power supply, and UPS (uninterruptible power supply). 
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The term SMPS is defined as when the power supply is involved with the switching regulator 

to change the electrical power from one form to another form with required characteristics is 

called SMPS. This power supply is used to achieve regulated DC output voltage from the DC 

input voltage (or) unregulated AC. SMPS is a complex circuit such as other power supplies, it 

provides the supply from a source to the loads. 

 

Relay Card: 

 

Relays are switches that open and close circuits electromechanically or electronically. Relays 

control one electrical circuit by opening and closing contacts in another circuit. As relay diagrams 

show, when a relay contact is normally open (NO), there is an open contact when the relay is not 

energized. When a relay contact is Normally Closed (NC), there is a closed contact when the relay 

is not energized. In either case, applying electrical current to the contacts will change their state. 

Relays are generally used to switch smaller currents in a control circuit and do not usually control 

power consuming devices except for small motors and Solenoids that draw low amps. Nonetheless, 

relays can "control" larger voltages and amperes by having an amplifying effect because a small 

voltage applied to a relays coil can result in a large voltage being switched by the contacts. 

Protective relays can prevent equipment damage by detecting electrical abnormalities, including 

over current, undercurrent, overloads and reverse currents. In addition, relays are also widely used 

to switch starting coils, heating elements, pilot lights and audible alarms. 
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OVERALL PLC SETUP: 

 
 

 

Terminal Block: 

 

A terminal block (also called as connection terminal or terminal connector) is a modular block 

with an insulated frame that secures two or more wires together. It consists of a clamping 

component and a conducting strip. 
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The insulating body of a terminal block houses a current carrying element (a metal strip or terminal 

bar). It also provides a base for clamping element. The body has a mounting arrangement so that 

the block can be easily mounted on or unmounted from a PCB or a mounting rail. Most terminal 

blocks are usually modular and mounted on DIN rail. That allows us to increase the number of 

terminals according to the requirements. Terminal blocks keep connections much more secure and 

wires well organized. 

 

  Ground terminal blocks: 

These blocks often look like a single level feed through terminals. The exception is that these 

blocks and the metal connection where the wire is terminated are grounded to the panel or DIN 

rail on which the block is mounted. 

 
  Fused connection terminals: 

These are similar to the pass-through blocks with an exception of the metal connection strip is 

replaced with a fuse. Therefore, the wires will be connected through a fuse providing an added 

protection. 

 

 

 

 

 

Wire Duct (Truff): 

Wire duct is used to route, protect and/or organize electrical cables and wires, typically within a 

control panel. Rigid and flexible duct in a variety of sizes and styles offer installation flexibility; 

spiral wire wrap and braided sleeving allow easy wire grouping and protection. 
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Wiring ducts are rigid trays typically used as raceways for cables and wires within electrical 

enclosures. Wiring ducts, along with conduit, wireways, and cable carriers, are often used as basic 

components of a cable management system. The bulleted list below compares these components 

and their typical uses. 

Wiring ducts are used to organize and protect cables within enclosures. They typically include 

features that allow cables and wires to be easily re-routed and terminated within the enclosure. 

  HOW TO START WITH DELTA PLC: 

 
 Click the delta PLC named as Delta WPL Soft icon in the desktop.

 Then a new page will be open as shown below .
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 Then select a PLC model SA2 and then click ok .
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 Then a blank page will be opened to enter the program.

 

 Then entered the program that to be run the project.
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CHAPTER-3 

PROPOSED SYSTEM 

 

 

 
 

       In the initial step of program, when the speed of the vehicle is in between 1kmph to 40 

kmph it gives output that the vehicle in low speed. 
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In the second step of program, when the speed of vehicle reaches in between 40 kmph 

to 60 kmph i.e., economy speed and  it gives output as the vehicle has less chance of accident 

occurrence. 

 

 

In the third step of program, when the speed of vehicle reaches above 80 kmph it 

gives output as high speed and alerts the driver. 

 

If there is no response from driver the system automatically apply brakes within 

stipulated time after giving the alert. 
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CHAPTER-4 

 

CONCLUSION AND FUTURE SCOPE 

 
                                The soft wiring advantage provided by programmable controllers is Tremendous. 

In fact, it is one of the most important features of PLCs. Soft wiring makes changes in the control 

system easy and cheap. If it want a device in a PLC system to behave differently or to control a 

different process element, all have to do is change the control Program. In a traditional system, making 

this type of change would involve physically changing the wiring between the devices, a costly and 

time-consuming endeavor. In future definitely PLC is dominated on all other controlling methods. 

 

  This project suggests that there may be safety benefits from using this technology and 

Automated safety systems besides enhancing active safety devices due to increased rate of accidents. 

Accidents systems had been incorporated only in high class vehicles and modern vehicles. The 

propose system should be useful for the middle class people and low end vehicles. The proposed 

system would be cost effective. The impact of the vehicle is reduced and the braking efficiency is 

increased during critical situation. The life of driver and co-passenger is saved and injury is reduced by 

using this system.   
 
  As Automation is spreading globally, industries all over the world heading towards it which 

helps in increase of production rate and speed in manufacturing processes by using industrial robots 

and automated guided vehicles . Regarding this, safety is also a key factor for these processes, keeping 

this in mind Programmable logic controller programming helps to makes these processes easier. In 

coming days this technique can be implemented not only in automobiles but also in various industrial 

applications.     
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ABSTRACT

This project aim is to design and develop a robot to rescue children (Infants), who were accidentally slipped in

to the bore well.

In the past few years, there were a some devastating incidents of infants slipped into Bore wells. Most of the

convectional rescue operations went in vain. Every next attempt had an upgraded technology than the previous

rescue operation but all those efforts proved out to be pointless. It is observed that the government had involved

many teams like ONGC, NDRF (National Disaster Response Force) and other agencies, with all the great

efforts the results seems to be very nominal.

The convectional systems to save the child are less effective and priced very high. Thus the society is in need of

a new technique which can be more efficient and effective. In convectional approach, a parallel hole is dug and

then horizontal path is made to reach the child. It’s a huge time consuming.

The bore well rescue robot is capable of moving inside the bore well following the same path where the child

has been. The robot is equipped with a camera interface where we can see the child’s condition in bore well.

The advancement in the field of automation along with mechanical design makes a huge difference in this

rescue operation. This un convectional process reduces the time to rescue the child there by providing

maximum chances of survival, and the salient features of this robot is, it is compact and modular. It can be

altered to any dimension of the bore well.

II.



CHAPTER 1

INTRODUCTION

Indian agriculture sector mostly depends on underground water, As a result we find more bore wells. There are

approximately 27 million bore wells in India some in working condition and a few abandoned due to non

availability of water. Due to water scarcity, low rain fall, drought and depletion of underground water, large

number of bore wells are dug. When the borewell dries up, it is abandoned and left uncovered. Government

report states that 40 such incidents are reported since 2009. Most of the rescue operation deployed are of

convectional type an 70% of the operations went in vein.

India, recently has witnessed some of the most tragic but helpless incidents which touched us deeply and forced

us to look after the matter seriously. As the statistics suggest in the consecutive years starting from 2006, still

more than 33 deaths occurred while stuck in bore well. The most mournful fact in that figure is that 92% of that

victim is under the age of 10. The children were playing around the bore well unaware of the fact that the bore

well was a death trap. After slipping in the rotten congested pitch-black environment they were waiting for the

help to come. But the lack of oxygen and deadly atmosphere has taken their life slowly before the rescue team

can reach them.

The incident of losing lives trapped in Bore well was highlighted in 2006 where a 5-yearsold child named

Prince was rescued after a tough combat which lasted 49 hours. Another incident in Indore took place in the

same year where a child name Deepak stuck in the pit hole and died for the lack of oxygen. After that, there

were number of incidents happened in the various parts of the country of falling of child in a Bore well, where

depth of Bore well varies from 50 feet to 250 feet.

In rural regions of the States, bore wells are widely used due to lack of water supply or unavailability of ponds,

rivers etc. Almost all Government programs seek to supply water through tube wells. With the falling water

level, most of these tube wells are abandoned and are usually left uncapped and open. A survey sponsored by

the Ministry of Water Resources in 2008 discovered that 85 percent of rural, 50 percentage of urban drinking

and industrial needs, and 55 percent of irrigation needs were met through bore wells. Incidents of bore well

deaths will stop only when consistent water supply where needed is ensured.

1.



1.1 CLASSIFICATION OF BOREWELLS

Bore wells are also classified according to yield as under:

i. High Capacity Bore well (HCB): Bore wells of casing pipe diameter 10 or 12 inches and depth >80m

with design yield in the range of 20,000 gph to 45,000 gph.

ii. Medium Capacity Bore well (MCB): Bore wells of casing pipe diameter 8 inches and depth >80m with

design yield in the range of 10,000 gph to 20,000 gph.

iii. Low Capacity Bore well (LCB): Bore wells of casing pipe diameter 6 inches and depth 30m to 50m with

design yield in the range of 1500 gph to 5,000 gph.

gph- Gallons per hour

1 Gallon =3.79kgs

1.2 NO.OF BOREWELL ACCIDENTS

i. NO.OF BOREWELL ACCIDENTS YEAR WISE

Fig 1.1 No. of bore well accidents year wise
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ii. NO. OF BOREWELL ACCIDENTS STATEWISE

State No. of children fell in the
bore well

Rescued/Evacuated Dead bodies retrieved

Maharashtra 10 07 01
Tamil nadu 03 0 03
Rajasthan 09 04 04
Karnataka 03 0 03
Gujarat 04 01 02
Telanagana 02 0 01
Uttar Pradesh 03 01 01
Madhya Pradesh 01 0 01
Andhra Pradesh 01 01 0
Bihar 01 01 0

Total 37 15 16

Fig 1.2 State wise data of Bore well accidents
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1.3 CAUSES OF BOREWELL ACCIDENTS

Fig 1.3 causes of Bore well accidents

1.4 EXISTING METHADOLOGY

Vertical and Horizontal drilling: - In this method a parallel hole is dug adjacent to the bore well depending on

geology of the area and once the vertical digging reaches the depth at which the child is stuck a horizontal hole

is drilled to reach the child and before reaching near stuck child and cover the bore well hole through pointed

Iron rod or wood beneath the child. To ensure that less time is wasted in horizontal drilling, the vertical hole

drilling should always be planned in a manner that it is slanting towards the bore-well, instead of being

perpendicular to earth and parallel to the bore-well. This makes it easier to extricate the child by reaching about

3 feet underneath the child at a distance of 1-2 feet from bore-well. This saves a lot of time in horizontal drilling

and subsequent earth removal. This requires proper centering while drilling to ensure that we at exact place

where the child is stuck.

4.



Fig 1.4 Parallel pit method

1.5 OBJECTIVES OF OUR PROJECT

The main objective of the project is to rescue the children who have fallen inside the Borewell with the help of

robotic arms and safety airbag with minimal time. CCTV camera plays a very important role of continuous

monitoring of the child’s position. The controlling device located at the ground level controls all the actions of

the robot. The Borewell Rescue Robot can replace the currently available techniques. The objectives of this

project include

1. Manually monitoring the child with the help of camera and controlling unit of robot.

2. Communicating with the robot by sending appropriate commands to it and activate the suitable motors.

3. Length of the rope can be determined roughly with the help of IR sensors. Once the robot has reached

proximity of child, it is stopped immediately and is given the commands by the controlling device to perform

the closing of the robotic arms.
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CHAPTER 2

LITERATURE REVIEW
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CHAPTER 3

CALCULATIONS

Fig 3.1 Lead screw shaft (left and right hand thread) and nut
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Load bearing capacity of lead ssrew (W):

Bending Momentum = WL/4

= ((W/2)(L/2))/4

= (WL)/16

=(W(0.2))/16

=0.0125 w-nm

Features of geared motor :

N= 10 rpm

T =25 kg-cm

=2.45 N-m

P= 2ΠNT/60

= (2π (10)(2.45))/60

= 2.56 w

Considering efficiency of gear drive as 95%

Pat L.S = 2.56*0.95

= 2.432 w

Diameter of the pinion(d) = 2cm

Diameter of the gear(D) = 8cm

Gear ratio(G) = d/D

= 2/8

= 0.25

Speed of lead screw(N) = 10*0.25 = 2.5 rpm
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T= P*60/2ΠN

= 2.432*60/2Π*2.5

= 9.28 N-M

Te = √ M2 + T2

=√ (0.0125 W)2 + 9.282

= 9.28 W.N-m

Me= ½ (M + Te)

= ½ (0.0125 W + 9.28 W)

= 4.64 W . N-m

Te > Me

τ = (16 Te)/ ( πd3)

=(16 *9.28 *W)/ π (0.0254)3

=2.87 *106 WN/m2

σb = 32 Me/ πd3

= 32(4.64 W)/ π(0.0254)3

=2.88 *106W N/m2

σb > τ

so consider σb in calculations

σ= 2.88 W Mpa

yield strength of mild steel = 415 Mpa

9.



Load (W) =415/2.88

= 144.1 N

= 14.7 kg

W = 14.7 kg

 i.e. The maximum weight of the child rescued by using this prototype is 14.7 kgs and by changing the

material of the lead screw and following some process like heat treatment can increase the strength of

the equipment to further.

10.



CHAPTER 4

COMPONENTS AND ASSEMBLING OF PARTS

4.1MECHANICAL COMPONENTS

FRAME:-

Fig 4.1 frame

A ‘U’ shaped frame is made with the GI rectangular pipes. It supports the remaining components of the

equipment. They are

 Lead screw with nuts

 Gear train

 Motor

 Wifi camera

 Electronic components

 Load cell
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Lead screw with nuts:-

A lead screw, also known as a power screw or translation screw, is a screw used as

a linkage in a machine, to translate turning motion into linear motion. Because of the large area of sliding

contact between their male and female members, screw threads have larger frictional energy losses compared to

other linkages. They are not typically used to carry high power, but more for intermittent use in low power

actuator and positioned mechanisms. Lead screws are commonly used in linear actuators, machine slides (such

as in machine tools), vises, presses, and jacks. Leads crews are a common component in electric linear actuators.

A square thread is cut on the 1inch diameter mild steel rod. A left and right hand thread

of length 75mm is cut on the left and right sides of the screw. A length of 20mm is turned to 18mm on the both

sides of the shaft for the support of the bearings.

Fig 4.2 lead screw with nuts and bearings
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BEARINGS:-

The term "bearing" is derived from the verb "to bear" a bearing being a machine element that

allows one part to bear (i.e., to support) another.

A bearing is a machine element that constrains relative motion to only the desired motion, and

reduces friction between moving parts. The design of the bearing may, for example, provide for

free linear movement of the moving part or for free rotation around a fixed axis; or, it may prevent a motion by

controlling the vectors of normal forces that bear on the moving parts. Most bearings facilitate the desired

motion by minimizing friction. Bearings are classified broadly according to the type of operation, the motions

allowed, or to the directions of the loads (forces) applied to the parts.

Rotary bearings hold rotating components such as shafts or axles within mechanical systems,

and transfer axial and radial loads from the source of the load to the structure supporting it. The simplest form

of bearing, the plain bearing, consists of a shaft rotating in a hole. Lubrication is used to reduce friction. In

the ball bearing and roller bearing, to reduce sliding friction, rolling elements such as rollers or balls with a

circular cross-section are located between the races or journals of the bearing assembly. A wide variety of

bearing designs exists to allow the demands of the application to be correctly met for maximum efficiency,

reliability, durability and performance.

. Two deep groove ball bearings are used for the rotation of the lead screw with the support of

frame.

Fig 4.3 deep groove ball bearing

Dimensions of the deep groove ball bearing:-

Internal diameter = 18mm

Outer diameter = 38mm

13.



4.2 ELECTRONIC COMPONENTS

GEAR MOTOR:-

“Gear motor" refers to a combination of a motor plus a reduction gear train. These are often

conveniently packaged together in one unit. The gear reduction (gear train) reduces the speed of the motor, with

a corresponding increase in torque. Gear ratios range from just a few (e.g. 3) to huge (e.g. 500). A small ratio

can be accomplished with a single gear pair, while a large ratio requires a series of gear reduction steps and thus

more gears. There are a lot of different kinds of gear reduction.

In the case of a small transmission ratio N, the unit may be back drivable, meaning you can

turn the output shaft, perhaps by hand, at angular velocity w and cause the motor to rotate at angular velocity

Nw. A larger transmission ratio N may make the unit non-back drivable. Each has advantages for different

circumstances. Back drivability depends not just on N, but on many other factors.

For large N, often the maximum output torque is limited by the strength of the final gears, rather than by N

times the motor's torque.

Fig 4.4 Geared motor

Features of the geared motor used:- Speed =1RPM

Torque =25kgf-cm

Voltage =12DC

Current =7.5A

14.



MOTOR DRIVERMODULE:-

This L298N Based Motor Driver Module is a high power motor driver perfect for driving DC

Motors and Stepper Motors. It uses the popular L298 motor driver IC and has the onboard 5V regulator which it

can supply to an external circuit. It can control up to 4 DC motors, or 2 DC motors with directional and speed

control. This motor driver is perfect for robotics and mechatronics projects and perfect for controlling motors

from microcontrollers, switches, relays, etc. Perfect for driving DC and Stepper motors for micro mouse, line

following robots, robot arms, etc.

The L298N is an integrated monolithic circuit in a 15- lead Multi watt and powerso20 packages. It is

a high voltage, high current dual full-bridge driver de-signed to accept standard TTL logic level sand drive

inductive loads such as relays, solenoids, DC and stepping motors. Two enable inputs are provided to enable or

disable the device independently of the in-put signals .The emitters of the lower transistors of each bridge are

connected together rand the corresponding external terminal can be used for the connection of an external

sensing resistor. An additional Supply input is provided so that the logic works at a lower voltage.

Fig 4.5 Motor driver module

 L298 based motor driver module

 An H-Bridge circuit that can drive a current in either polarity can be controlled by pulse width

modulation(PWM).

 It can control 2 dc motors direction of rotation.
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NODE MCU:-

NODE MCU is an open source firmware for which open source prototyping board designs are

available. The name "NODE MCU" combines "node" and "MCU" (micro-controller unit). The term "NODE

MCU" strictly speaking refers to the firmware rather than the associated.

The firmware uses the Lua scripting language. The firmware is based on the elua project, and built

on the Espress if Non-OS SDK for ESP8266. It uses many open source projects, such as lua-

cjson[10] and SPIFFS.[11] Due to resource constraints, users need to select the modules relevant for their project

and build a firmware tailored to their needs. Support for the 32-bit ESP32 has also been implemented.

The prototyping hardware typically used is a circuit board functioning as a dual in-line package (DIP) which

integrates a USB controller with a smaller surface-mounted board containing the MCU and antenna. The choice

of the DIP format allows for easy prototyping on breadboards. The design was initially was based on the ESP-

12 module of the ESP8266, which is a Wi-Fi soc integrated with a Tensilica Xtensa LX106 core, widely used in

iot applications (see related projects).

Fig 4.6 Node MCU

It is an open source firmware and development kit that helps you to prototype or build IoT Product.
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LOAD CELL:-

A load cell is a type of transducer specifically a force transducer. It converts a force such as

tension, compression, pressure, or torque into an electrical signal that can be measured and standardized. As the

force applied to the load cell increases, the electrical signal changes proportionally. The most common types of

load cell used are hydraulic, pneumatic, and strain gauge.

Strain gauge load cells are the kind most often found in industrial settings. It is ideal as it is

highly accurate, versatile, and cost-effective. Structurally, a load cell has a metal body to which strain gauges

have been secured. The body is usually made of aluminum, alloy steel, or stainless steel which makes it very

sturdy but also minimally elastic. This elasticity gives rise to the term "spring element", referring to the body of

the load cell. When force is exerted on the load cell, the spring element is slightly deformed, and unless

overloaded, always returns to its original shape. As the spring element deforms, the strain gauges also change

shape. The resulting alteration to the resistance in the strain gauges can be measured as voltage. The change in

voltage is proportional to the amount of force applied to the cell, thus the amount of force can be calculated

from the load cell's output.

.

Fig 4.7 Load Cell

 A load cell is a transducer that is used to convert force into electrical signal.

 Material- Aluminium

 Capacity-10kg
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WIFI CAMERA:-

Wireless cameras work by transmitting the camera's video through a radio (RF) transmitter.

The video is sent to a receiver that is connected to a built-in storage device or through cloud storage. Through

your monitor or receiver, you'll have an easy link to access all of your image or video clips.

Wireless security cameras are closed-circuit television (CCTV) cameras that transmit a video

and audio signal to a wireless receiver through a radio band. Many wireless security cameras require at least one

cable or wire for power; "wireless" refers to the transmission of video/audio. However, some wireless security

cameras are battery-powered, making the cameras truly wireless from top to bottom.

Wireless cameras are proving very popular among modern security consumers due to their low

installation costs (there is no need to run expensive video extension cables) and flexible mounting options;

wireless cameras can be mounted/installed in locations previously unavailable to standard wired cameras. In

addition to the ease of use and convenience of access, wireless security camera allows users to leverage

broadband wireless internet to provide seamless video streaming over-internet.

Fig 4.8 wifi camera

Features of V380 HD 720P WIRELESS WIFI IP CAMERA

360 Degree rotation

resolution – 720p

Voltage-5V

18.



4.3 ASSEMBLING OF COMPONENTS

Fig 4.9 assembly of components

A lead screw is fabricated by cutting the square thread on the mild steel shaft on the lathe machine. A

3D printed hub is fitted to the center of the shaft y using a press bolt as shown in the above fig. Then a gear is

fitted on the hub. The two bearings are fitted to the both ends of the lead screw. The bearings are welded to the

end of the frame as shown in the above fig.

By using the aurdino programming software the blynk is programmed and this program is fed to the

NODE MCU. Then NODE MCU is connected with the motor driver unit and a load cell. The geared motor is

connected to the motor driver unit. For driving the motor the power is supplied by the two batteries connected to

the motor driver unit. The whole assembly is connected to the frame as shown the fig. A wifi camera is attached

at the top for overall view.
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4.4 ABOUT BLYNK APP

HOW BLYNKWORKS:-

Blynk was designed for the internet of things. It can control hardware remotely, it can display sensor data, it can

store data, vizualize it and do many other cool things.

There are three major components in the platform:

 Blynk app - allows to you create amazing interfaces for your projects using various widgets we provide.

 Blynk server - responsible for all the communications between the smartphone and hardware. You can use

our blynk cloud or run your private blynk server locally. It’s open-source, could easily handle thousands of

devices and can even be launched on a raspberry pi.

 Blynk libraries - for all the popular hardware platforms - enable communication with the server and process

all the incoming and outcoming commands.

WHAT I NEED TO BLYNK:-

1. Hardware.

An Arduino, Raspberry Pi, or a similar development kit.

Blynk works over the Internet. This means that the hardware you choose should be able to connect to the

internet. Some of the boards, like Arduino Uno will need an Ethernet or Wi-Fi Shield to communicate, others

are already Internet-enabled: like the ESP8266, Raspberri Pi with wifi dongle, Particle Photon or sparkfun

Blynk Board. But even if you don’t have a shield, you can connect it over USB to your laptop or desktop (it’s a

bit more complicated for newbies, but we got you covered). What’s cool, is that the list of hardware that works

with Blynk is huge and will keep on growing.

2. A Smartphone.

The Blynk App is a well designed interface builder. It works on both ios and Android.

WIDGENTS:-

Widgets are interface modules. Each of them performs a specific input/ output function when communicating

with the hardware.

There are 4 types of Widgets:

 Controllers - used to send commands that control your hardware

20.



 Displays - used for data visualization from sensors and other sources;

 Notifications - send messages and notifications;

 Interface - widgets to perform certain GUI functions;

 Other - widgets that don’t belong to any category;

Each Widget has it’s own settings. Some of the Widgets (e.g. Bridge) just enable functionality and they don’t

have any settings.
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CHAPTER 5

WORKING

5.1 NO OF MECHANISMS USED

a. Screw mechanism

b. Rope and pulley mechanism

5.2 WORKING OF BOREWELL CHILD RESCUE ROBOT

STEP 1:- PREPROCESSING OPERATION:-

Measure the diameter of bore on which the rescue operation to be performed adjust the gap between

the grippers so that the grippers pas along the edges of the bore. The adjustment of gap between the grippers can

be done by the extra screws available with the rescuer.

Wound the approximate length of the rope to the pulleys see that the rope length is minimum 100fts

more than the bore depth.

Two poles are provided on either side of the bore to place and support the pulley shaft.

Now the robot is ready for rescuing operation.

STEP 2:- PROCESSING OPERATION:-

The pulley shaft is rotated in clockwise direction so that the robot goes into the bore well slowly.

Continue the rotation of pulley shaft until the baby is found. Now adjust the angle of pulley shaft so that the

grippers can get the gap to pass beyond the child. The whole operation can be viewed with the help of camera

attached to the robot again rotate the pulley shaft in clockwise direction to reach the grippers to the child’s

waist.

Now operate the screw driver motor using the control panel provided in the phone. The screw rotates in

clockwise direction the grippers move closer to each other. The load cell attached to gripper shows the force

applied between the grippers to hold the child.
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On reaching the force required to hold the child the motor is stopped once again conform that the

child is holded securely.

Now rotate the pulley shaft in anticlockwise direction to lift the child on to the ground.

The rescuing operation is completed successfully by relieving the child from the grippers.
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CHAPTER 6

ADVANTAGES AND LIMITATIONS

6.1 ADVANTAGES

 The operation simple and easy to be performed so that the child can be rescued in less time.

 The robot is compact and assembly and disassembly can be easy so that it can be easily carried to

anywhere.

 The robot operation is fully wireless so it can be handle any depth of bores.

6.2 LIMITATIONS

 There should be small gap between the child and wall of bore well to pass the gripper up to his

waist.
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CHAPTER 7

RESULTS AND CONCLUSION

The Proposed system is predominantly intended to spare numerous existences of

youngsters who fall inside the drag well. In the previous 15 years, bunches of lives had been lost by tumbling

into the bore well since burrowing a pit adjacent to the drag well is time consuming process. By adapting this

system, we can rescue the life of the child within a short span of time. The Robotic arm will pick the child

appropriately. It additionally incorporates web camera for video surveillance. These robots are lifesaving

machines. It can save many lives of the children, so it is very beneficial to use this robot.
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CHAPTER 8

FUTURE SCOPE

 The control panel of robot drivers and the camera display can be combined for easy handling.

 A rack and pinion mechanism is used for deploying a balloon underneath the child for excess

support.

 The metallic plates can be used below the safety airbag in order to provide extra support to the

child from the bottom.

 A small vacuum unit with appropriate pressure could be used to suck the mud particles that

have been accumulated over the baby and disturbing the proper acquisition of the images.

 Sponge kind of soft material can be used at the inner arms of the robot, taking care that it will

not hurt the baby while holding.

 A mesh structure can be designed in order to prevent the falling of mud over the child.
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ABSTRACT

Force measurement in metal cutting is an essential requirement as it is

related to machine part design, tool design, power consumptions, vibrations,

part accuracy, etc. It is the purpose of the measurement of cutting force to be

able to understand the cutting mechanism such as the effects of cutting variables

on the cutting force, the mach inability of the work piece, the process of chip

formation, chatter and tool wear. This project presents a simulation model for

estimation of cutting forces in turning process. A 3D simulation model was used

for predicting the cutting forces as it is more nearer to practical process than the

two dimensional model, although computing time is very large for a 3D model.

A 3D model for oblique cutting is used and model to analyze turning of

MAGNESIUM ZE41A using a HSS inserts was developed using ANSYS

software. The finite element analysis incorporated the elastic and plastic

properties of the work material in machining and Johnson-cook model is used

for cutting simulation. The results from simulation model were compared with

experimental data. It is found that simulation results were in good agreement

with experimental results.



CHAPTER – 1

INTRODUCTION

ZE41 is a magnesium casting alloy containing zirconium, rare earths and

zinc. Used in aerospace, chemical, automobile and marine applications because

of its high strength to weight ratio, mechanical, thermal shock and fatigue and

high corrosion resistance. Experimental method of obtaining data involves high

cost and wastages; there is strong need for development of other approaches.

Analytical and numerical methods are used to obtain data of cutting process. In

simulation approach models can be modeled in two dimensional or three

dimensional models.

In two dimensional, orthogonal models can be modeled and in three

dimensional both orthogonal and oblique cutting models can be modelled.

Much of the literature on turning models is based on two dimensional approach

because of computing time and complexity in three dimensional models. But

three dimensional simulation models are more nearer to the practical work.

. This alloy is well-suited for high integrity castings that are operated at ambient

temperatures or up to 149°C (300°F). It is easily weldable and pressure-tight.

ZE41 alloy is machined like any other magnesium casting alloys, using

conventional techniques. It is heat-treated at optimum temperatures ranging

from 177-343°C (350-650°F) for 10 to 16 hours. This process is followed by

water quenching. The alloy is welded by TIG process using filler rod of a

similar composition.

.

Fig 1.1 Cylindrical Turning



Forces developed while turning:

• Cutting or tangential force: It acts downward on the tool tip allowing

deflection of the work piece upward. It supplies the energy required for

the cutting operation. The specific cutting force required to cut the

material is called specific cutting force.

• Axial or feed force: It acts in the longitudinal direction. It is also called

the feed force because it is in the feed direction of the tool. This force

tends to push the tool away from the chuck.

• Radial or thrust force: It acts in the radial direction and tends to push

the tool away from the work piece.

A three dimensional fem model which is capable of simulating a cutting

operation was made by etc. Orthogonal cutting operation is simulated. Chip

formation is simulated and experimental and numerical cutting forces are

compared. Model can be developed by the FEA based models using CATIA

that are able to predict the effect of various process variables on the interested

performance measures like cutting forces, Developed a 3D turning model using

ANSYS to evaluate machining forces, stress and temperature variations,

together with chip flow.

Fig 1.2 Merchant circle

Nomenclature of single point cutting tool:



Shank: It is the main body of the tool.

Flank: The surface or surfaces below the adjacent to the cutting edge is

Called flank of the tool.

Face: The surface on which the chip slides is called the face of the tool.

Heel: It is the intersection of the flank and the base of the tool.

Cutting Edge.

Fig 1.3 Single point cutting tool

Machining Parameters

• Cutting speed: It is defined as the speed at which the work moves with

respect to the tool. The speed is usually measured in “m/min”

• Feed: It is defined as the distance the tool travels during one revolution

of the part. It is usually measured in “mm/rev”

• Depth of cut: It is the distance that the tool bit moves into the work.

Usually measured inmillimeters.



Fig 1.4 Angles of Single Point Cutting Tool

Orthogonal cutting: It also referred to as 2D cutting is a type of

metal cutting in which the cutting tool approaches the work piece with

its cutting edge parallel to the uncut surface and at right angles to the direction

of cutting. Thus, tool approach angle and cutting edge inclination are zero.

 Two mutually perpendicular cutting force acts on the work piece

Fig 1.5 Orthogonal cutting:



CHAPTER – 2

LITERATURE REVIEW

Dr. Sandeep Kumar [1] has carried out tests on 3D simulation and experimental

study of cutting forces in turning Inconel- 718

3D oblique turning process and Johnson cook flow stress model have been used

to get the near possible simulation of the cutting forces during turning of

Inconel 718. Cutting forces are mainly affected by depth of cut. Simulation

results obtained from the ABAQUS.

Peta.Anil Kumar [2] Finite Element Analysis of Optimization for Turning

Parameters of Super Alloy Inconel 718

The effect of parameters cutting speed, feed rate and depth of cut while turning

of Nickel alloy Inconel 718 are formulated mathematically using three different

cutting tools Tungsten carbide,Alumina Ceramic KY1615 and Cubic Boron

Nitride.

R. Shivpurib[3] Numerical simulation of finish hard turning for AISI H13 die

steel

As cutting speed, depth of cut and tool-tip radius increase, the workpiece and

tool temperatures increase, which may induce more serious diffusion crater and

flank wears in the tool

Chuanzhen Huanga, [4] 3D FEM simulation of the turning process of stainless

steel 17-4PH with differently texturized cutting tools

The curvilinear micro-grooved tools were more suitable to rough turning. In

finish turning, quantities of burrs and micro-grooves were 428 G. Liu, C. Huang

and R. Su et al. International Journal of Mechanical Sciences 155 (2019) 417–

429 generated on chip back surfaces, which can weaken the benefits of



curvilinear micro-grooved tools, including the tool stress dispersions and

reduction of cutting forces and temperature

Rajashekhar Reddy [5] Temperature study in Turning Inconel-718: 3D

Simulation and Experimentation

A coupled thermo-mechanical model of oblique turning with continuous chip

formation is used for prediction oftemperature distribution for Inconel 718. It is

observed that cutting temperature increases with increase in depth ofcut and

same case with cutting speed.



CHAPTER – 3

MATERIALS

WORKPIECE MATERIAL:

MAGNESIUM ALLOY:

Magnesium alloys have attracted renewed interest as light alloys, to
substitute some conventional structural materials for weight reduction in
vehicles such as cars, trucks, trains and aircrafts. Cast alloys, widely used in
interior and power-train components, account for more than 99% of magnesium
alloys used today, while only a small number of wrought products are utilized.
This is because magnesium alloys lack formability for wrought applications,
and their high cost discourages the use of magnesium alloys for automotive
applications.

CLASSIFICATION OF MAGNESIUM ALLOY:

Magnesium alloys are composites with magnesium other metals often

aluminum, zinc, manganese, silicon, copper, and rare earth materials.

Cast Alloys

Magnesium casting proof stress is typically 75-200 MPa, tensile
strength135-285 MPa and elongation 2-10%. Typical density is
1.8 g/cm3 and Young's modulus is 42 GPa.

• AZ63

• AZ81

• AZ91

• AM50

• AM60

• ZK51

Wrought alloy:



Magnesium wrought alloy proof stress is typically 160-240 MPa, tensile
strength is 180-440 MPa and elongation is 7-40%. The most common wrought
alloys are:

• AZ61

• AZ80

• ZK60

• M1A

• HK31

• HM21

• ZE41

Composition of ZE41 alloy:

• ZE41 is a magnesium casting alloy containing zirconium, rare earths and
zinc.

Mg 95%

Zinc, Zn 3.5-5%

Rare earths 0.8-1.7%

Zirconium, Zr 0.4-1%

Applications

• Aircraft components

• Military equipment

• Video cameras

• Vibration testing equipment

• Motorcycle wheels

• Power tools

• Helicopter gearboxes

Dry machining:



Dry machining is a processing method that consciously does not use cutting

fluid and performs machining without cold liquid, mainly to protect the

environment and reduce costs.

Advantages of dry machining

• A number of advantages can be achieved with dry machining, including

no atmosphere, water, or earth pollution; no occupational danger to health;

and significant cost reduction, as there is no fluid maintenance and

disposal
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FINITE ELEMENT ANALYSIS

Finite Element Analysis

Finite Element Analysis (FEA) is a numerical method for solving problems of

engineering and mathematical physics. It is useful for problems with

complicated geometries, loadings, and material properties where analytical

solutions cannot be obtained.

The various steps followed in solving any engineering problem using this

method are

1. Discretization

2. Selection of the displacement models.

3. Deriving element stiffness matrices.

4. Assembly of overall equations/matrices.

5. Solutions for unknown displacements.

6. Computations for the strains/stresses.

1. Discretization:

The actual problem having infinite degree of freedom is divided in to

small elements having finite degree of freedom, called as discretization.

 Select most appropriate shape and type of the element matching the

physical behavior.

 Component is divided into elements with nodes.

 The element must be small enough to give accurate result and large

enough to reduce computational time.

 To discretize the component, preprocessor in the package can be

used or program for automatic mesh generation can be used.



2. Selection of the displacement models:

Selection of a displacement function plays an important role in deriving

the stiffness matrix and affects the accuracy of the solution.

 It should be a polynomial function with a constant and a linear term.

 Define the function in terms of nodal displacement

 Linear elements will have linear functions, and the quadratic

elements will have quadratic functions.

3. Define strain –displacement and stress- strain relations :

Once displacement function is defined, derive the shape functions. The

strain – displacement relations are given as

{E} =[B] {Se}

{E} = strain vector

[B] = strain displacement matrix

{Se} =nodal displacement vector

After deriving the strain matrix, stress vector is derived using the

following equation.

{σ} = [D] {E} = [D] [B] {Se}

{σ} = stress vector

[D] = elasticity matrix

4. Determine the element equation

The above-mentioned equations are derived for each element. The

stiffness matrix equation for an element is given as

[Ke] {Se} = {Fe}

[Ke] = element stiffness matrix

{Fe} = nodal force vector



Element stiffness matrix is obtained by using any one of the following

methods:

 Direct equilibrium method

 Energy method

 Weighted residual method

The obtained stiffness matrix is symmetrical in nature.

5. Assemble the element matrix to obtain global equation

The stiffness matrix derived for each of the element is assembled to

obtain the global stiffness matrix as shown below:

[K] {S} = {F}

[K] = global stiffness matrix

{S} = global displacement vector

{F}= global force matrix

Boundary conditions are applied to the above global matrix, which results

in the elimination of some equations in the matrix.

6. Solve the algebraic equations to get unknown quantities using numerical

methods

The equations remained after applying the boundary conditions are

solved to obtained the unknown parameter, displacement using any of

these methods.

 Gauss Elimination method

 GuassSiedal method

 Gauss –Jordan method

 Crout’s method



Advantages of FEM

1. Irregular bodies can be analyzed easily.

2. Generalized loading conditions can be incorporated without much

difficulty.

3. Bodies of more than one material can be modulated as element equations

are formulated separately.

4. Unlimited and different types of boundary conditions can be handled

successfully.

5. Size of the element in the mesh can be varied.

6. Alternations and modifications in the model can be done very easily.

7. The dynamic effects may also be studied.

8. Non-linear behavior can also be incorporated easily.

Applications of FEM

The concept of finite element method can be applied to wide variety of

engineering problem to study the behavior of a structural member against the

loads that are acting on them. This helps in identifying the location of failure or

fracture in a component and helps to modify the design before going for

manufacturing. This also reduces the cost of component testing and saves the

time. The following analysis can be done using finite element methods:

 Stress analysis: In this analysis, the objective is to determine the stresses

and strains induced in the materials and the structures subject to various

loads like forces, torques, temperatures, etc.

 Thermal stresses can also be calculated which may induce in the

components having interaction with heat like components of engines,

turbines, bearings etc.

 The fatigue analysis can be performed to study the behavior of the

components subject to cyclic loading like components of engines,

turbine discs, shafts etc.



 Vibration analysis

This is also called as modal analysis, used to study the vibration

characteristics of the structures like natural frequencies and mode shapes

(shape of the structure when it is vibrating at a particular frequency). This

can be applied to structure like buildings, dams, engineering assemblies

like automotive engines, turbines etc.

 Thermal analysis

In this analysis, the behavior of the component subject to various loads

like temperature, heat flux, convection currents and radiation effects are

studied in the components like fins, plates, turbine rotor and blades,

components of engines and heat exchangers including the phase changes

like boilers, evaporators and condensers etc. Results of this analysis

includes temperature gradients, temperature and heat flux distributions

etc.

 Fluid flow problems

This analysis is used to study the problems, which includes the flow of a

fluid involving heat transfer or pressure differentials.

 Electromagnetic analysis

In this analysis, we can study the magnetic and electric flux distribution

in various electric and electronic devices.

APPLICATIONS OF FEA

 Structural engineering (analysis of frames, trusses, bridges etc)



 Aircraft engineering (analysis of aero plane wings, different parts of

missiles and rockets)

 Heat engineering (analysis on temperature distribution, heat flux etc)

 Hydraulic and hydrodynamic engineering (analysis of viscous flow,

potential and boundary layer flows)



POPULAR FEA SOFTWARES

There are varieties of commercial FEA software available over the

market. No single software is supposed to have all the capabilities that can meet

the complete simulation requirements of a design. Hence based upon the

requirements, some other firms develop their own customized versions of

software. Some of the popular commercially available FEA software are as

follows

 Adina

 Abaqus

 Ansys

 MSC/Nastran

 Cosmos

 NISA

 Marc

 Ls-Dyna

 MSC/Dytran

 Star-CD
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ANSYS

ANSYS is a general-purpose finite element-modelling package for

numerically solving a wide variety of mechanical problems. These problems

include: static/dynamic structural analysis (both linear and non-linear), heat

transfer and fluid problems, as well as acoustic and electro-magnetic problems.

It enables engineers to perform the following tasks- build computer models or

transfer cad models of structures, products, components or system, apply

operating loads or other design performance conditions, study physical

responses such as stress levels, temperature distributions or electromagnetic

fields, optimize a design early in the development process to reduce production

costs, carryout prototype testing in environment where it otherwise would be

undesirable or impossible.

HISTORICAL DEVELOPMENT

Development of the finite element method closely parallels the timetable

of the development of the digital computer. Prior to the advent of the digital

computer, work during the 1940’s involved the approximation of continuous

solids as a collection of line elements (bars and beams).

However, due to the lack of computation tools, the number of line

elements had to be kept to a minimum. The first appearance of two-dimensional

elements appeared in a paper published in 1956 by turner, Clough martin, and

top. However, Clough did not use the term finite element until 1960 in a paper.

The 1960’s were an era in which most large corporations began installing

mainframe computers. However, most finite element analysis work was done as

a research exercise, rather than being part of the normal product design cycle.



During the 1970’s several large general purpose finite element programs

running on mainframe computers began to appear. However, due to the

dependence on large computing facilities, finite element analysis was generally

used by only large corporations. Computer graphic displays were not prevalent

until the late 1970’s. This forced the pre- and post- processing steps to rely on

hardcopy graphical displays produced on plotters.

This greatly increased the time required to perform the steps required in

pre- and post-processing phases. During the 1980’s’ many finite element

software packages were running on microcomputers along with highly

interactive graphically oriented pre-and post-processors. The late 1980’s and

1990’s found many of these finite element packages being moved onto personal

computers. However, even today, some finite element analysis is still done on

large scale computers for problems which involve very large models, such as

fluid flow computations, casting solidification and some non-linear structural

analysis.

SPECIFIC CAPABILITIES OF ANSYS

Structural analysis – structural analysis is probably the most common

application of the finite element method as it implies bridges and buildings,

naval, aeronautical, and mechanical structures such as ship hulls aircraft bodies,

and machine housings, as well as mechanical components such as pistons,

machine parts, and tools.

Static analysis – It is used to determine displacements, stresses etc. under static

conditions. ANSYS can compute both linear and nonlinear static analyses.

Nonlinear ties can include plasticity, stress stiffening, large deflection, large

strain, hyper elasticity, contact surfaces, and creep.



Transient Dynamic Analysis – It is used to determine the response of a structure

to arbitrarily time-varying loads. All nonlinear ties mentioned under static

analysis are allowed

Buckling analysis – It is used to calculate the buckling loads and determine the

buckling mode shape. Both linear (eigen value) buckling and nonlinear buckling

analysis are possible.

Thermal analysis – ANSYS is capable of performing both steady state and

transient analysis of any solid with thermal boundary conditions. Steady-state

thermal analysis calculates the effects of steady thermal loads on a system or

component.

Users often perform a steady-state analysis also can be the last step of a

transient thermal analysis; performed after all transient effects have diminished.

ANSYS can be used to determine temperatures, thermal gradients, heat flow

rates, and heat fluxes in an object that are caused by thermal loads that do not

vary over time. Such loads include the following:

a) Convection

b) Radiation

c) Heat flow rates

d) Heat fluxes(heat flow per unit area)

e) Heat generation rates (heat flow per unit volume)

f) Constant temperature boundaries

Fluid Flow – The ANSYS CFD (Computational Fluid Dynamics) offers

comprehensive tools for analyzing two-dimensional and three-dimensional fluid

flow fields. ANSYS is capable of modeling a vast range of analysis types such

as:



airfoils for pressure analysis of airplane wings (lift and drag), flow is

supersonic nozzles, and complex three dimensional flow patterns in a pipe bend.

In addition, ANSYS/FLOTRAN could be used to perform tasks including:

a) calculating the gas pressure and temperature distribution in an engine

exhaust manifold

b) studying the thermal stratification and breakup in piping systems

c) using flow-mixing studies to evaluate potential for thermal shock

Within ANSYS, an acoustic analysis usually involves modeling a fluid

medium and the surrounding structure. Characteristics in question include

pressure distribution in the fluid at different frequencies, pressure gradient, and

particle velocity, the sound pressure level, as well as, scattering, diffraction,

transmission, radiation, attenuation, and dispersion of acoustic waves.

A coupled acoustic analysis takes the fluid-structure interaction into

account. An uncoupled acoustic analysis models only the fluid and ignores any

fluid-structure interaction. The ANSYS program assumes that the fluid is

compressible, but allows only relatively small pressure changes with respect to

the mean pressure.

Also, the fluid is assumed to be non-flowing and in viscid (that is,

viscosity causes no dissipative effects). Uniform mean density and mean

pressure are assumed, with the pressure solution being the deviation from the

mean pressure, not the absolute pressure.

Coupled fields – A coupled-field analysis is an analysis that takes into account

the interaction (coupling) between two or more disciplines (fields) of

engineering. A piezoelectric analysis, for example, handles the interaction

between the structural and electric fields:



it solves for the voltage distribution due to applied displacements, or vice versa.

Other examples of coupled-field analysis are thermal-stress analysis, and fluid-

structure analysis.

Some of the applications in which coupled-field analysis may be required are

pressure vessels (thermal-stress analysis), fluid flow constructions (fluid-

structure analysis), induction heating (magnetic-thermal analysis), ultrasonic

transducers (piezoelectric analysis), magnetic forming (magneto-structural

analysis), and micro-electro mechanical systems (MEMS).

In addition to the above analysis types, several special-purpose features are

available such as fracture mechanics, composite material analysis, fatigue, and

both p-Method and Beam analyses.

STRUCTURE OF ANSYS

In general, a finite element solution may be broken into the following stages.

This is a general guideline that can be used for setting up any finite analysis.

 Preprocessing: this sage deals with defining the problem. The major steps

in preprocessing are given below:

 Define keypoints/lines/areas/volumes

 Define element type and material/geometric properties

 Mesh lines/areas/volumes as required

The amount of details required will depend on the dimensionally of the analysis

(i.e. 1D,2D,axi-symmetric,3D).

 Solution: assigning loads, constraints and solving; here we specify the

loads (point or pressure), constraints (translational and rotational) and

finally solve the resulting set of equations.

 Post processing: further processing and viewing of the results; in this

stage one may wish to see:



 Lists of nodal displacements

 Element forces and moments

 Deflection plots

 Stress contour diagrams

ANSYS INTERFACE

There are two methods to use ANYSYS. The first is by means of the graphical

user interface of GUI. This method follows the conventions of popular windows

and X-Windows based programs. The secondary is by means of command files.

the command file approach has a steeper learning curve for many, but it has the

advantage that an entire analysis can be described in a small text file, typically

in less than 50 lines of commands. This approach enables easy model

modifications and minimal file space requirements.

ADVANTAGES OF ANSYS

ANSYS provides a cost effective way to explore the performance of products or

processes in a virtual environment. This type of product development is termed

virtual prototyping.

With virtual prototyping techniques, users can iterate various scenarios to

optimize the product life before the manufacturing is started this enables a

reduction in the level of risk and in the cost of ineffective designs. The

multiphase nature of ANSYS also provides a means to ensure that users are able

to see the effect of design on the whole behavior of the product, be it

electromagnetic, thermal, mechanical etc.
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MODELING PROCEDURE

Procedure Adopted in this Work

1. Select the required analysis to be performed

Preferences – Structural

2. Select the system of units

Main menu- Preprocessor – Material Props – Material Library – Select

Units – Select SI (MKS) – Ok

3. Select the suitable element for meshing

Main menu – Preprocessor – Element type – Add/Edit/Delete - Add –

Solid – Solid Node 186 – Ok – Close

4. Select the suitable material properties

Main menu – Preprocessor- Material properties – Structural- Linear-

Elastic – Isotropic – Enter values – Ok – Close

5. Modeling of I Beam

Main menu – Preprocessor – Modeling – Volumes – Rectangle – By

block – Enter the values – ok – close

6. Adding the Volumes

Main menu – Preprocessor – Modeling – Operate – Booleans – Add –

Pick all volumes – ok – close

7. Modeling of Openings

Utility menu- Plot controls – Work Plane settings – Offset by WP

settings – snap inrc – enter value - 60 – ok

Work plane – offset WP increment – click on +Y once

Work plane – Work plane setting – type snap incr – 200 – ok

Work plane – offset WP increment – click on +X once



Modeling - operate – Booleans – subtract – volumes – enter Wpx=0 –

Wpy=0 – width = 200 – height = 130 – depth = 10 – ok

8. Meshing

Main menu – Preprocessor – Meshing – Mesh Tool – Global set –

select volumes – tet – free – Mesh – select – volumes – ok – close

9. Select the material for Meshing of Composite Material

Main menu -Preprocessor - Element type - Add/Edit/Delete - Add –

Solid - Brick Node 185 – Ok -Close.

Main menu – Preprocessor – element type - Add/Edit/Delete – Add –

Solid – Brick Node 185 – ok – options – Layered material – ok- close

10.Assigning Orientations to Composite Material

Main menu – Preprocessor – Sections – Shell – Lay up – Add

Layers – 130 – thickness – 1mm – Orientation – 90,60,45,30,0 –

Material Id – 2 – ok- close

11.Modeling of volumes in openings

Main menu – Preprocessor – Modeling – Volumes – Rectangle – By

block – Enter the values – ok – close

Main menu – Preprocessor – Modeling – Copy – Pick the volume –

ok – Enter the value – ok – close

12.Meshing of composite in Openings

Main menu – Preprocessor – Meshing – Mesh Tool – Global set –

Material 2 - select volumes – tet – free – Mesh – select – volumes –

ok – close

13.Modeling of contact between Solid and Composite materials

Main menu – Preprocessor – Modeling – Create – Contact Pair –

Contact Wiz – Pick target – select area – next – pick contact – select

area – ok – next – coefficient of friction – enter 0.01 – optimal

settings – basic – contact algorithm – Lagrange method – behavior of



contact surface – bonded – frictional initial adjustment – automatic

contact adjustment – reduce penetration – ok – create - finish – close

14.Apply the loads

Main menu – Solution – Define Loads – By displacement – on

nodes – pick the box – ok – all DOF – ok – close

15.Applying of force

Main menu – Solution – Define Loads – Force/Moment – on nodes –

Enter the value – 1000 – Fy – ok – close

16.Solving the Problem

Main menu – Solution – Solve – Current LS – ok – close

17.Viewing the Results

Main menu – General Post Proc – Plot Results – Contour Plot – Nodal

Solution – Stress – Deflection by Y-direction –- Select deformed and

undeformed shape - ok – close

Main menu – General Post Proc – Plot Results – Contour Plot – Nodal

Solution – Stress – Vonmises Stress- Select deformed and undeformed

shape – ok – close

Main menu – General Post Proc – Plot Results – Element Solution –

Stress – Vonmises Stress –- Select deformed and undeformed shape -

ok - close

Dimensions of the workpiece

Diameter: Ǿ50 mm

Length: 100 mm

Properties of Magnesium alloy



S.No Properties Value
1 Young’s Modulus 44Gpa
2 Poisson’s Ratio 0.35
3 Density 1738 kg/m3

Cutting tool Material

High Speed Steel

Properties of High Speed Steel Material

S.No Properties Value
1 Young’s Modulus 200GPa
2 Poisson’s Ratio 0.3
3 Density 8050 kg/m3

4 Thermal conductivity 41W/m-k
5 Melting point 1430*c
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RESULTS

Modeling of the components:

Meshing of the components:



Given boundary conditions:

Angular velocity to the workpiece -100rad/sec

Displacement to the cutting tool – 0.9mm/rev

Depth of cut -0.3mm

Dynamic analysis:

Stress analysis of the model:

The maximum stress induced is 29.03 GPa

The developed force = 56.96N



Equivalent stress analysis:

The developed force=115.73N

Equivalent strain analysis:

The maximum developed strain = 2.01



Total deformation analysis:

The maximum total deformation = 0.280mm

The chip flow velocity analysis:

The maximum chip flow velocity = 105.92m/s



Comparison of cutting forces

s.no Angular
velocity in
rad/sec

Feed in
mm/rev

Depth of
cut in mm

Force
developed

(by
analysis) in

N

Force
developed

(by
journal) In

N
1 100 0.943 0.3 56.96 53.45
2 200 0.549 0.4 115.73 107.22
3 300 0.418 0.5 168.04 152.79
4 400 0.354 0.6 215.42 201.91
5 500 0.314 0.7 257.02 220.33

Chart representation of Comparison of cutting forces
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CONCLUSION

The work completed from a parametric study conducted to investigate the

effects of cutting speed, depth of cut and feed on the turning of Magnesium

alloy can be summarized as following:

1. A couple field analysis of mechanical explicit dynamic finite element

model was developed to simulate chip formation process in turning

of .Magnesium alloy.

2. As cutting speed, depth of cut and feed increase, the cutting force is

increasing at the interface of work piece and cutting tool, which may

induce more serious diffusion crater and flank, wears in the tool.

3. The cost of manufacturing and environmental hazards can be reduced by

dry machining.. Optimum quantity of the MQL lubrication can be

investigated with further experiments.

4. All of the cutting conditions, cooling lubrication environments have

effect on cutting temperature. In dry conditions, heat generation causes

temperature rise at higher speeds. Friction increases, chip stick on the

face of the tool and a new shearing geometry created. Build up edge

(BUE) acts as a part of tool,
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       ABSTARCT

Solar energy is an inexhaustible source, to potentially meet the significant portion of the 

world’s future energy needs. Direct utilization of solar energy is one of promising option to 

meet the energy needs.   Effective conversion of energy from low grade to useful high grade 

is one of the most important challenges today. Solar collector is one of the thrust proving 

devices for harvest the solar energy to convert sun light into useful energy.

Numerical analysis has been carried out to understand the performance of solar flat plate 

collector (SFPC) so as to improve its performance. Though SFPCs’ are been using as solar 

thermal collectors over the few decades, their thermal efficiency is considerably low. The 

thermal efficiency can be improved either by changing the geometric parameters or by 

changing its working fluid. The gap between absorber plate and glass, glazing glass thickness 

and number of glazing glasses plays a vital role in the performance of the SFPC. Nowadays 

different nano fluids are used as working fluids to improve the thermal efficiency of solar flat 

plate collector. In this project HYTHERM500 and HYTHERM600 are used as working 

fluids to improve its performance. Heat transfer phenomenon inside the risers of SFPC is 

analyzed numerically by developing a 3D model in commercial CFD software ANSYS 

FLUENT 16. Temperatures of the working fluids are compared.
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  CHAPTER-1

INTRODUCTION TO SOLAR ENERGY

1.1 Introduction.

All life on earth is supported by the sun.  This amazing resource radiates energy and provides 

us both heat and light by fusing hydrogen into helium at its core.  We call this solar radiation. 

Only about half of this solar radiation makes it to the Earth’s surface. The rest is either 

absorbed or reflected by clouds and the atmosphere. Still, we receive enough power from the 

sun to meet the power demands of all mankind millions of times over.  Solar energy the 

power from the sun is a vast, inexhaustible, and clean resource.

Sunlight, or solar energy, can be used directly for heating and lighting homes and businesses, 

for generating electricity, and for hot water heating, solar cooling, and a variety of other 

commercial and industrial uses.  Most critical, given the growing concern over climate 

change, is the fact that solar electricity generation represents a clean alternative to electricity 

from fossil fuels, with no air and water pollution, no global warming pollution, no risks of 

electricity price spikes, and no threats to our public health.

The solar resource is enormous.  According to the US Department of Energy, the amount of 

sunlight that strikes the earth’s surface in an hour and a half is enough to handle the entire 

world’s energy consumption for a full year.  Just 18 days of sunshine on Earth contains the 

same amount of energy as is stored in all of the planet’s reserves of coal, oil, and natural gas.

Solar energy is the energy obtained by capturing heat and light from the Sun. Energy from 

the Sun is referred to as solar energy. Technology has provided a number of ways to utilize 

this abundant resource. It is considered a green technology because it does not emit 

greenhouse gases. Solar energy is abundantly available and has been utilized since long both 

as electricity and as a source of heat.

1.2 Solar Radiation

Solar radiation is radiant energy emitted by the sun from a nuclear fusion reaction that creates 

electromagnetic energy. The spectrum of solar radiation is close to that of a black body with a 

temperature of about 5800 K. About half of the radiation is in the visible short-wave part of 

the electromagnetic spectrum. The other half is mostly in the near-infrared part, with some in 

the ultraviolet part of the spectrum. The average amount of the solar radiation that penetrates 

into the atmosphere and reaches the ground is only 51 % of the total incoming solar energy. 



2

In the remaining, 30 % is reflected back into space and 19 % is absorbed by the atmosphere 

and clouds. The total solar energy absorbed by Earth’s atmosphere, oceans and land masses is 

in one hour more than that of the world energy needs in a year. 

Fig 1.1 Distribution of Solar Energy on Earth Surface

Incident solar radiation is in the form of electromagnetic waves and it is spreads over a wide 

range of solar spectrum. In precise, the irradiation is in the form of ultraviolet, visible and 

infrared waves. However, most of the energy inhibited in solar radiation is filtered before it 

reaches to the earth surface. Fig. 1.2 elucidates the spectral distribution of solar irradiation 

over a range of wavelengths up to 2400 nm. As depicted in Fig. 1.2, the longer wavelengths 

(infrared) have less energy than shorter wavelengths (visible or UV). It can also be observed 

from the Fig.1.2 that, most of the energy is inhibited in the UV and visible region only and 

peak of the spectral irradiance is within the visible region thereby, higher amount of energy 

of the solar radiation is abides in this region only. Therefore, the substance having good 

optical properties like higher absorption and extinction coefficients in visible region would 

absorb more amount of solar energy.

In spite of its low energy intensity and unsteady nature, solar energy has been a prominent 

substitute to meet the consistently raising energy requirements. The solar energy can be 
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effectively harnessed by using the renowned devices called solar collectors. The solar 

collector will absorb the solar radiation incident on their surface and converts this incident 

energy into useful form. The collectors are categorized based on design, working, operating 

range etc. However, the basic motto of all the collectors is to harness the available solar 

energy and transforms into desired form.

Fig1.2 Solar irradiation spectrum over a range of wavelengths

1.3 Definitions

Some of the important definitions related to solar radiation.

Air mass (m) The ratio of the mass of atmosphere through which beam radiation pass 

through if the sun were at the zenith (directly overhead). Thus at sea level m = 1 when the sun 

is at the zenith and m = 2 for zenith angles from 0 º to 70 º at sea level, to a close 

approximation.

m =
1

cos θz

For higher zenith angles, the effect of the earth's curvature becomes significant and must be 
taken into account.

Beam Radiation The solar radiation received from the sun without having been scattered by 
the atmosphere. Beam radiation is often referred to as direct solar radiation.
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Diffuse Radiation The solar radiation received from the sun after its direction has been 
changed by scattering by the atmosphere. 

Total Solar Radiation The sum of the beam and the diffuse solar radiation on a surface. The 
most common measurements of solar radiation are total radiation on a horizontal surface, 
often referred to as global radiation on the surface.

Irradiance The rate at which radiant energy is incident on a surface per unit area of surface. 
The symbol G is used for solar irradiance. Units of irradiance are W/m2.

Radiosity The rate at which radiant energy leaves a surface per unit area combined emission, 
reflection and transmission. Units of radiosity are W/m2.

Emissive Power The rate at which radiant energy leaves a surface per unit area by emission 
only. Units of Emissive power are W/m2.

Direction of Beam Radiation

The geometric relationships between a plane of any particular orientation relative to the earth 

at any time (whether that plane is fixed or moving relative to the earth) and the incoming 

beam solar radiation, that is, the position of the sun relative to that plane, can be described in 

terms of several angles

 Latitude (ϕ), the angular location north or south of the equator, north positive

             (−90º ≤  ϕ ≤ 90º ).

 Declination (δ), the angular position of the sun at solar noon (i.e., when the sun

             is on the local meridian) with respect to the plane of the equator, north positive.

            (−23.45º ≤  δ ≤ 23.45º ).

 Slope (β), the angle between the plane of the surface in question and the horizontal

             (0º ≤  β ≤ 180º) (β > 90 º means that the surface has a downward-facing component).

 Surface azimuth angle (γ), the deviation of the projection on a horizontal plane of 

the normal to the surface from the local meridian, with zero due south, east negative, 

and west positive (−180◦ ≤ γ ≤ 180◦).

 Hour angle (ω), the angular displacement of the sun east or west of the local 

meridian due to rotation of the earth on its axis at 15º per hour; morning negative, 

afternoon positive.

 Angle of incidence (θ), the angle between the beam radiation on a surface and the 

normal to that surface.
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Fig 1.3 (a) Zenith angle, slope, surface azimuth angle, and solar azimuth angle for a 
tilted surface. (b) Plan view showing solar azimuth angle.

Additional angles are defined that describe the position of the sun in the sky:

  Zenith angle (θz), the angle between the vertical and the line to the sun, that is, the 

angle of incidence of beam radiation on a horizontal surface.

  Solar altitude angle (αs), the angle between the horizontal and the line to the sun i.e., 

the complement of the zenith angle.

  Solar azimuth angle (γs), the angular displacement from south of the projection of 

beam radiation on the horizontal plane, shown in Fig 1.3. 

1.4 Solar Energy and its conversion

Solar energy is the energy obtained by capturing heat and light from the Sun. Energy from 

the Sun is referred to as solar energy. Technology has provided a number of ways to utilize 

this abundant resource. It is considered a green technology because it does not emit 

greenhouse gases. Solar energy is abundantly available and has been utilized since long both 

as electricity and as a source of heat.
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Solar technology can be broadly classified as:

 Active Solar - Active solar techniques include the use of photovoltaic systems, 

concentrated solar power and solar water heating to harness the energy. Active solar 

is directly consumed in activities such as drying clothes and warming of air.

 Passive Solar - Passive solar techniques include orienting a building to the Sun, 

selecting materials with favorable thermal mass or light-dispersing properties, and 

designing spaces that naturally circulate air.

Conversion of solar energy

The solar energy is the energy obtained by capturing heat and light from the Sun. The 

method of obtaining electricity from sunlight is referred to as the Photovoltaic method. This 

is achieved using a semiconductor material.

The other form of obtaining solar energy is through thermal technologies, which give two 

forms of energy tapping methods.

 The first is solar concentration, which focuses solar energy to drive thermal turbines.

 The second method is heating and cooling systems used in solar water heating and 

air conditioning respectively.

The process of converting solar energy into electricity so as to utilize its energy in day-to-

day activities is given below.

 Absorption of energy carrying particles in Sun’s rays called photons.

 Photovoltaic conversion, inside the solar cells.

 Combination of current from several cells. This step is necessary since a single cell 

has a voltage of less than 0.5 V.

 Conversion of the resultant DC to AC.

Essential subsystems in a solar energy plant:

1. Solar collector or concentrator: It receives solar rays and collects the energy. It may be    

following types.

 Flat plate type without focusing.

 Parabolic trough type with line focusing.

 Paraboloid dish with central focusing.

 Fresnel lens with centre focusing.
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 Heliostats with centre receiver focusing.

2. Energy transport medium: Substances such as water, liquid metals and gas are used to 

transport the thermal energy from collector to the thermal energy storage.

3. Energy storage: Solar energy is not available continuously. So we need energy storage for 

maintaining the power supply during nights or cloudy periods.

   There are three major types of energy storage:

 Thermal energy storage.

 Battery storage.

 Pumped storage hydro electric plant.

4. Energy conversion plant: Thermal energy collected by solar collectors is used for     

producing team, hot water, etc. Solar energy converted to thermal energy is fed to steam 

thermal or gas-thermal power plant.

5. Power conditioning, control and protection system: Load requirements of electrical 

energy vary with time. The energy supply has certain specifications like voltage, current, 

frequency, power etc. The power conditioning unit performs several functions such as 

control, regulation, conditioning, protection, automation etc.

6. Alternative or standby power supply: The backup may be obtained as power from   

electrical network or standby diesel generator.

1.5 Applications of Solar Energy
Solar energy is most important kind of non-conventional source of energy which has been 

used since ancient times. The actual and proposed applications of solar energy may be 

considered in three general categories.

Direct thermal application: It makes direct use of heat, resulting from the absorption of the 

solar radiation, for space heating, supply heat for agricultural, industrial, and other processes 

that requires only moderate temperatures.

Solar electric applications: Solar energy is converted directly or indirectly into electrical 

energy.

 Solar thermal methods involve production of high temperatures, required to boil 

water or other working fluid for operating turbines which drive electric generators. 

These are considered under solar thermal-electric conversion.

 Photovoltaic: Used to convert solar energy directly into electric energy without 

machinery.

 Thermo electric conversion: Conversion of solar energy into electrical energy 

without use of machinery by utilizing thermo electric effect.
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 Wind energy: A form of solar energy that can be converted into mechanical energy and

hence into electrical energy by means of a generator.

Energy from Biomass and Bio-gas: The conversion of Biomass and Bio-gas into clean fuels 

or other energy related product of organic matter derived directly or indirectly from plants 

which use solar energy to grow. Biomass materials include agricultural, forest, and animal, 

residues, as well as terrestrial and aquatic plants grown especially for the purpose.

Some applications of solar energy:

Solar water heating system:

Fig 1.4 Solar Water Heating System

Solar water heating (SWH) is the conversion of sunlight into heat for water heating using 

a solar thermal collector. A sun-facing collector heats a working fluid that passes into a 

storage system for later use. SWH are active (pumped) and passive (convection-driven). They 

use water only, or both water and a working fluid. They are heated directly or via light-

concentrating mirrors. They operate independently or as hybrids with electric or gas 

heaters. In large-scale installations, mirrors may concentrate sunlight into a smaller collector. 

SWHs are widely used for residential and some industrial applications.

https://en.wikipedia.org/wiki/Sunlight
https://en.wikipedia.org/wiki/Water_heating
https://en.wikipedia.org/wiki/Solar_thermal_collector
https://en.wikipedia.org/wiki/Working_fluid
https://en.wikipedia.org/wiki/Natural_convection
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Solar distillation:

Fig1.5 Solar Distillation

Solar distillation is the use of solar energy to evaporate water and collect its condensate 

within the same closed system. Unlike other forms of water purification it can turn salt or 

brackish water into fresh drinking water (i.e. desalination). The structure that houses the 

process is known as a solar still and although the size, dimensions, materials, and 

configuration are varied, all rely on the simple procedure wherein an influent solution enters 

the system and the more volatile solvents leave in the effluent leaving behind the salty solute 

behind.

Solar distillation differs from other forms of desalination that are more energy-intensive, such 

as methods such as reverse osmosis, or simply boiling water due to its use of free energy.

Photovoltaics:

 Photovoltaic or PV technology employs solar cells or solar photovoltaic arrays to convert 

energy from the sun into electricity. Solar cells produce direct current electricity from the 

sun’s rays, which can be used to power equipment or to recharge batteries. Many pocket 

calculators incorporate a single solar cell, but for larger applications, cells are generally 

grouped together to form PV modules that are in turn arranged in solar arrays. Solar arrays 

can be used to power orbiting satellites and other spacecraft and in remote areas as a source 

https://www.appropedia.org/Solar_energy
https://www.appropedia.org/Water_purification
https://www.appropedia.org/Desalination
https://www.appropedia.org/Solar_still
https://www.appropedia.org/Reverse_osmosis
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of power for roadside emergency telephones, remote sensing, and cathodic protection of 

pipelines.

Fig 1.6 Working of Photovoltaic Solar Panel

Solar dryer:

Solar drying is a traditional method of utilizing solar energy for drying of agricultural and 

animal products. Agricultural products are dried in a simple cabinet dryer which consists of a 

box insulated at the base, painted black on the inner side and covered with an inclined 

transparent sheet of glass. At the base and top of the sides ventilation holes are provided to 

facilitate the flow of air over the drying material which is placed on perforated trays inside 

the cabinet. These perforated trays or racks are carefully designed to provide controlled 

exposure to solar radiations.

Solar drying, especially of fruits improves fruit quality as the sugar concentration increases 

on drying. Normally soft fruits are particularly vulnerable to insect attack as the sugar content 

increases on drying but in a fruit dryer considerable time is saved by quicker drying 

minimizing gap the chances of insect attack.
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Fig 1.7 Solar Dryer

Some other Applications of solar energy:

 Larger solar power plants that collect the heat from the sun, which is subsequently 

used to produce steam for powering a generator.

 Solar energy is harnessed to pump water in remote areas.

 Solar cookers, Solar cars, solar trams, Solar buses and even satellites are also seen to 

operate with the help of solar energy.

 Solar energy can be used to heat residential homes.

 Recreational vehicles and some boats may also run on solar energy.

 Small gadgets that involve little energy, such as calculators and watches, often use 

solar energy.
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CHAPTER 2

LITERATURE SURVEY

Rangababu J A, Kiran Kumar K, Srinivasa Rao S,“Numerical Analysis and Validation of 

Heat Transfer Mechanism of Flat Plate Collectors”, National Institute of Technology, 

Department of Mechanical Engineering, Warangal – 506 004, India.

Numerical and thermodynamic analysis has been carried out to understand the 

performance of solar flat plate collector (SFPC) so as to improve its performance. Though 

SFPCs’ are been using as solar thermal collectors over the few decades, their thermal 

efficiency is considerably low. The thermal efficiency can be improved either by changing 

the geometric parameters or by changing its working fluid. The gap between absorber plate 

and glass, glazing glass thickness and number of glazing glasses plays a vital role in the 

performance of the SFPC. Since nanofluids possesses higher heat transfer coefficients, now-

a-days they are been widely using in different engineering fields. Based on exergy analysis it 

has been shown that efficiency of SFPC has been improved considerably. Al2O3-water and 

CuO-water nanofluids are considered for the comparison. Heat transfer phenomenon inside 

the risers of SFPC is analyzed numerically by developing a 3D model in commercial CFD 

software ANSYS FLUENT 14. It is observed that that the proposed model is predicting the 

heat loss coefficients and fluid temperatures with good accuracy. The thermal efficiency 

obtained with this numerical model is validated against measured data. This paper also 

discusses about the heat transfer enhancement capabilities of nanofluid based SFPC.

Myeong-Cheol Kang , Yong-Heack Kang , Sang-Hoon Lim , Wongee Chun, “Numerical 

analysis on the thermal performance of a roof-integrated flat-plate solar collector assembly”, 

Department of New and Renewable Energy Research, Korea Institute of Energy Research 

(KIER), 71-2 Jang-Dong,Yusong-Gu, Daejon 305-343, Republic of Korea.

A numerical experiment has been carried out to study the thermal performance of a 

large solar collector assembly, which could be integrated as part of the roof structure without 

undue difficulties. The collector assembly consists of a network of riser tubes and headers as 

if rows of flat-plate collectors are connected in series to form a large flat-plate collector. 

Results show that the thermal efficiency of the collector assembly is mainly influenced by the 

number of riser tubes, collector aspect ratio (H/W), mass flow rate, thermal conductivity and 
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thickness of absorber plate. Differences in the range of 2.5%–8% were detected depending on 

the specific parameter tested.

Zhang Jiandong, Tao Hanzhong, Chen Susu, “Numerical simulation for structural parameters 

of flat-plate solar collector”, The College of Energy, Nanjing Tech University, Nanjing 

211816, China. b The Solar Corporation of SOLAREAST, Lian YunGang 222000, China

Based on finite volume method, the steady-state thermal performances of the flat-

plate solar collector are studied by taking account of absorber plate thickness, collector tube 

spacing, collector tube length, collector tube diameter and insulating layer thickness. A 

physical model of gilled flat-plate solar collector is built, then the numerical simulation of the 

model is carried out and the numerical simulation results are compared and analyzed with 

experimental results. The results show that: Either increasing the absorber plate thickness or 

reducing the collector tube spacing can significantly improve the instantaneous efficiency of 

the collector. Setting the solar radiation intensity of 700 W/m2 and the environmental speed 

of 4 m/s, when the absorber plate thickness increases from 0.1 mm to 2.1 mm, the collector 

instantaneous efficiency increases from 46.57% to 64.03%.When the collector tube spacing 

decreases from 170 mm to 50 mm, the collector instantaneous efficiency increases from 

52.81% to 66.01%. Reducing the collector tube length and increasing collector tube diameter 

are both conducive to improve the instantaneous efficiency of the collector. When the 

collector tube length decreases from 2800 mm to 1200 mm, the collector instantaneous 

efficiency increases from 57.50% to 60.12%.When the collector tube diameters increases 

from 8 mm to 20 mm, the collector instantaneous efficiency increases from 56.18% to 

63.97%. When the thickness of insulating layer is 30 mm or more, increasing its thickness 

has no significant effect on improving the instantaneous efficiency of the collector. The 

research results are helpful to optimize the design parameters of the flat-plate solar collector.

Tzu-Chen Hung, , Tsung-Jie Huang , Duen-Sheng Lee ,Chih-Hung Lin , Bau-Shei Pei , Zeng-

Yao Li, “Numerical analysis and experiment validation of heat transfer characteristic for flat-

plate solar air collector”, Department of Mechanical Engineering, National Taipei University 

of Technology, Taiwan.

This study combines both concepts of solar ventilation technology and solar air 

collector. This is a quite innovative and potential facility to effectively use thermal energy 

and reduce the accumulation of heat in the indoor space simultaneously. The purpose of this 
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study is to create a prototype and implement the experiments. Computational fluid dynamics 

(CFD) approach is employed to validate the characteristics of the flow and heat transfer. For 

the accuracy of numerical predictions, the method of Solar Ray Tracing was used for thermal 

radiation flux as boundary condition on the wall. The local heat transfer correlation was 

investigated to predict surrounding wind speed upon device cover. Three sorts of glasses and 

several aspect ratios of flow channels have been compared to conclude the optimal 

configuration. In addition, four important factors, such as the stagnant layer thickness, 

emissivity on the illustrated surface, mass flow rate and the height of the device, are also 

considered and discussed in detail. The result showed that the optimal design is dominated by 

the combination of an aspect ratio of 50mm: 10 mm, and appropriate mass flow rate to the 

height of the device. The present work on thermal energy collection can assist us in designing 

a powerful solar air collector in some potential applications.

Yijie Tong, Hoseong Lee, Woobin Kang, Honghyun Cho, “Energy and exergy comparison of 

a flat-plate solar collector using water,Al2O3 nanofluid, and CuO nanofluid”, Department of 

Electromechanical Engineering, Hangzhou Vocational and Technical College, Hangzhou, 

China.

The performance of a flat-plate solar collector was investigated by using water, 

Al2O3 nanofluid, and CuO nanofluid as the working fluids. The energy efficiency, entropy 

generation, exergy destruction, and exergy efficiency were analyzed and compared. The flat-

plate solar collector exhibited the highest efficiency when theAl2O3 nanofluid was used as 

the working fluid (21.9% higher than the efficiency when water was used). The entropy 

generation was the highest for water and the lowest for 1.0 vol%-Al2O3 nanofluid. The 

exergy efficiency of the solar collector using 1.0 vol%-Al2O3 and 0.5 vol%-CuO nanofluid 

was improved by 56.9% and 49.6%, respectively, compared with that for water. The highest 

exergy efficiency of the solar collector was obtained with1.0 vol%-Al2O3 nanofluid. 

Experimental results showed that the use of Al2O3 and CuO nanofluids in the flat-plate solar 

collector could improve the thermal efficiency compared to the use of water, and the 

maximum performance of the flat-plate solar collector was obtained when 1.0 vol%-Al2O3 

nanofluid was used.

H.U. Helvaci, Z.A. Khan, “Mathematical modelling and simulation of multiphase flow in a 

flat plate solar energy collector”, Bournemouth University, Sustainable Design Research 

Centre (SDRC), Faculty of Science and Technology, Bournemouth BH12 5BB, UK.
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Non-conventional collectors where organic fluid or refrigerant experience a phase 

change have many advantages over conventional collectors which have either air or relatively 

high temperature boiling liquid. Increase in heat transfer coefficient and system efficiency, 

corrosion prevention and freeze protection are the main benefits of the first type. In this 

study, a detailed numerical model of a flat plate collector is developed to investigate the fluid 

mean temperature, useful heat gain and heat transfer coefficient along the collector tube. The 

refrigerant HFC-134a was used in the simulation as the working fluid of the collector. The 

model can both predict the location where the fluid undergoes a phase change in the tube and 

the state at the exit under given inlet conditions. The effect of boiling on the heat transfer 

coefficient of the fluid is also investigated. Simulations were performed at three different 

mass flow rates(0.001, 0.005 and 0.01 kg/s) and three different operating pressures (4, 6 and 

8 bar) to be able to see the effect of mass flow rate and pressure on plate temperature, heat 

loss coefficient, efficiency of the collector and the heat transfer coefficient of the fluid. The 

simulation results indicate that the heat transfer coefficient of the fluid increases from 153.54 

W/m2 K to 610.27 W/m2 K in multiphase flow region. In the liquid single phase region, the 

collector efficiency rises from 60.2% to 68.8% and the heat transfer coefficient of the fluid 

increases from 39.24 W/m2 K to 392.31 W/m2 K with an increased flow rate whereas the 

collector efficiency decreases from 72.5% to 62.3% as the operating pressure increases from4 

bar to 8 bar. In order to validate the simulation model an experimental test rig was built and 

the experiments were performed with HFE 7000 as working thermo-fluid. A new simulation 

model utilizing HFE7000 has been developed and the outlet temperature of the fluid was 

compared with the measured outlet temperature. Both measured and simulated results have 

shown close conformity.
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CHAPTER-3

SOLAR COLLECTORS 

3.1 Introduction
Although solar panels are the most known device when it comes to solar energy, solar 

thermal collectors are also very efficient and are used to collect heat by absorbing sunlight. 

Solar collectors are used to collect the solar energy and convert the incident radiations into 

thermal energy by absorbing them. This heat is extracted by flowing fluid (air or water or 

mixture with antifreeze) in the tube of the collector for further utilization indifferent 

applications.

3.2 Classification of Solar Collectors
Solar collectors are classified as follows:

3.2.1 Non-Concentrating Collectors

In Non Concentrating type collectors, the area collecting the solar energy is the same as the 

area absorbing the solar radiation i.e., absorption and reflective surfaces have the common 

area. These collectors are suitable for heating to temperature below 100º C

Non- Concentrating Collectors are classified as:

Flat Plate Collector

Flat plate collector is a metal box with a glass or plastic cover (called glazing) on top and a 

dark-colored absorber plate on the bottom. The sides and bottom of the collector are usually 

insulated to minimize heat loss. In flat plate collector Sunlight passes through the glazing 

and strikes the absorber plate, which heats up, changing solar energy into heat energy. The 

Solar Collectors

Non-Concentrating Collectors Concentrating collectors

Flat Plate 
Collector

Evacuated Tube 
Collector

Solar Power 
Tower

Parabolic 
Dish

Parabolic 
Trough



17

heat is transferred to liquid passing through pipes attached to the absorber plate by means 

of convective heat transfer. 

Fig 3.1 Flat Plate Collector

Main advantages of flat plate collectors are:

 It utilizes the both the beam as well as diffuse radiation for heating.

 Requires less maintenance.

Disadvantages

 Large heat losses by conduction and radiation because of large area.

 No tracking of sun.

 Low water temperature is achieved.

Evacuated Tube Collector

An evacuated tube collector is a type of collector that can achieve high temperatures, in the 

range 170°F (77°C) to 350°F (177°C) and can, under the right set of circumstances, work 

very efficiently. The Evacuated tube collector consists of a number of rows of parallel 

transparent glass tubes connected to a header pipe and which are used in place of the 

blackened heat absorbing plate.

These glass tubes are cylindrical in shape. Therefore, the angle of the sunlight is always 

perpendicular to the heat absorbing tubes which enables these collectors to perform well even 

when sunlight is low such as when it is early in the morning or late in the afternoon, or when 
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shaded by clouds. Evacuated tube collectors are particularly useful in areas with cold, cloudy 

wintry weathers.

 Evacuated tube collectors are made up of a single or multiple rows of parallel, transparent 

glass tubes supported on a frame. Each individual tube varies in diameter from between 

25mm to 75mm and between 1500mm to 2400mm in length depending upon the 

manufacturer. Each tube consists of a thick glass outer tube and a thinner glass inner tube, 

(called a “twin-glass tube”) or a “thermos-flask tube” which is covered with a special coating 

that absorbs solar energy but inhibits heat loss. The tubes are made of borosilicate or soda 

lime glass, which is strong, resistant to high temperatures and has a high transmittance for 

solar irradiation.

Fig 3.2 Evacuated Tube Collector

Unlike flat panel collectors, evacuated tube collectors do not heat the water directly within 

the tubes. Instead, air is removed or evacuated from the space between the two tubes, forming 

a vacuum (hence the name evacuated tubes). This vacuum acts as an insulator reducing any 

heat loss significantly to the surrounding atmosphere either through convection or radiation 

making the collector much more efficient than the internal insulating that flat plate collectors 

have to offer. With the assistance of this vacuum, evacuated tube collector generally produce 

higher fluid temperatures than they’re flat plate counterparts so may become very hot in 

summer.
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Evacuated-tube collectors are, however, quite expensive, with unit area costs typically about 

twice that of flat-plate collectors. They are well-suited to commercial and industrial heating 

applications and also for cooling applications (by regenerating refrigeration cycles). They can 

also be an effective alternative to flat-plate collectors for domestic space heating, especially 

in regions where it is often cloudy. For domestic hot water heating, flat-plate collectors tend 

to offer a cheaper and more reliable option.

3.2.2 Concentrating Collectors

Concentrating collector is a device to collect solar energy with high intensity of solar 

radiation on the energy absorbing surface. Such collectors use optical system in the form of 

reflectors or refractors. These collectors are used for medium (100-300ºC) and high-

temperature (above 300ºC) applications such as steam production for the generation of 

electricity. The high temperature is achieved at absorber because of reflecting arrangement 

provided for concentrating the radiation at required location using mirrors and lenses.

Concentrating Collectors are classified as:

Parabolic Dish Collector 

A Parabolic dish system consists of a parabolic-shaped point focus concentrator in the form 

of a dish that reflects solar radiation onto a receiver mounted at the focal point. The parabolic 

dish collects the incoming solar energy directly from the sun and concentrates or focuses it on 

a small focal point area positioned in front of the dish.

The parabolic solar dish is covered with many small mirror reflectors all around its shape to 

help concentrate the thermal energy into a single focal point were the heat absorber is located 

producing more overall thermal energy per square meter of dish These concentrators are 

mounted on a structure with a two-axis tracking system to follow the sun. The collected heat 

is typically utilized directly by a heat engine mounted on the receiver moving with the dish 

structure. Dish can attain extremely high temperatures, and holds promise for use in solar 

reactors for making solar fuels which require very high temperatures
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Fig 3.3 Parabolic Dish Collector

Parabolic Trough

In a parabolic trough system, the sun’s energy is concentrated by parabolically curved, 

trough-shaped reflectors onto a receiver pipe, the heat absorber tube running along about a 

meter above the curved surface of the mirrors. The temperature of the heat transfer fluid 

flowing through the pipe increases, and the heat energy is then used in the thermal power 

block to generate electricity in a conventional steam generator.

A trough solar collector field comprises multiple parabolic trough-shaped mirrors in parallel 

rows aligned to enable these single-axis trough-shaped mirrors to track the sun from east to 

west during the day to ensure that the sun is continuously focused on the receiver pipes. The 

trough is parabolic along one axis and linear in the orthogonal axis. For change of the daily 

position of the sun perpendicular to the receiver, the trough tilts east to west so that the direct 

on the receiver. However, seasonal changes in the in angle of sunlight parallel to trough does 

not require adjustment of the mirrors, since the light is simply concentrated elsewhere on the 

receiver. Thus the trough design does not tracking on second axis.
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Fig 3.4 Parabolic Trough

Power Tower

Power towers use large, flat mirrors called heliostats to reflect sunlight onto a solar receiver 

at the top of a central tower. In a direct steam power tower, water is pumped up the tower to 

the receiver, where concentrated thermal energy heats it to around 1,000 degrees Fahrenheit. 

The hot steam then powers a conventional steam turbine. In this case, the medium that 

transfers heat from the receiver to the power block is steam. Some power towers use molten 

salt in place of the water and steam. That hot molten salt can be used immediately to generate 

steam and electricity, or it can be stored and used at a later time.

The advantage of this design above the parabolic trough design is the higher temperature. 

Thermal energy at higher temperatures can be converted to electricity more efficiently and 

can be more cheaply stored for later use. Furthermore, there is less need to flatten the ground 

area. In principle a power tower can be built on the side of a hill. Mirrors can be flat and 

plumbing is concentrated in the tower. The disadvantage is that each mirror must have its 

own dual-axis control, while in the parabolic trough design single axis tracking can be shared 

for a large array of mirrors.
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Fig 3.5 Solar Power Tower

Advantages of concentrating collector over flat collector

 The size of the absorber can be reduced that gives high concentration ratio.

 Thermal losses are less than FPC. However small losses occur in the concentrating 

collector because of its optical system as well as by reflection, absorption by mirrors 

and lenses.

 The efficiency increases at high temperatures.

 In these collectors the area intercepting the solar radiation is greater than the absorber 

area.

 These collectors are used for high-temperature applications.

 Reflectors can cost less per unit area than flat plate collectors.

 Focusing or concentrating systems can be used for electric power generation when not

            used for heating or cooling.

Disadvantages

 Out of the beam and diffuse solar radiation components, only beam component is 

collected in case of focusing collectors because diffuse component cannot be reflected 

and is thus lost.

 In some stationary reflecting systems it is necessary to have a small absorber to track 

the sun image; in others the reflector may have to be adjustable more than one 
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position if year round operation is desired; in other words costly orienting systems 

have to be used to track the sun.

 Additional requirements of maintenance particular to retain the quality of reflecting 

surface against dirt, weather, oxidation etc.

 Non –uniform flux on the absorber whereas flux in flat-plate collectors in uniform.

 Additional optical losses such as reflectance loss and the intercept loss, so they 

introduce additional factors in energy balances.

 High initial cost.

3.3 Flat Plate Collector
Introduction

Flat plate collector is the most important type of Non-Concentrating solar collector. In Non 

Concentrating type collectors, the area collecting the solar energy is the same as the area 

absorbing the solar radiation i.e., absorption and reflective surfaces have the common area. 

These collectors are suitable for heating to temperature below 100º C.

The flat plate collector forms the heart of any solar energy collection system designed for 

operation in the low temperature range from ambient to 60°C, or the medium temperature 

range, from ambient to 100ºC. A well engineered flat plate collector delivers heat at a 

relatively low cost for a long duration. The flat plate collector is basically a heat exchanger 

which transfers the radiant energy of the incident sunlight to the sensible heat of a working 

fluid-liquid or air.

3.4 Principle of Flat Plate Collector
A solar flat plate collector typically consists of a large heat absorbing plate, usually a large 

sheet of copper or aluminium as they are both good conductors of heat, which is painted or 

chemically etched black to absorb as much solar radiation as possible for maximum 

efficiency. This blackened heat absorbing surface has several parallel copper pipes or tubes 

called risers, running length ways across the plate which contains the heat transfer fluid, 

typically water.

These copper pipes are bonded, soldered or brazed directly to the absorber plate to ensure 

maximum surface contact and heat transfer. Sunlight heats the absorbing surface which 

increases in temperature. As the plate gets hotter this heat is conducted through the risers 

and absorbed by the fluid flowing inside the copper pipes which is then used by the 

household.
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The pipes and absorber plate are enclosed in an insulated metal or wooden box with a sheet 

of glazing material, either glass or plastic on the front to protect the enclosed absorber plate 

and create an insulating air space. This glazing material does not absorb the suns thermal 

energy to any significant extent and therefore most of the incoming radiation is received by 

the blackened absorber.

The air gap between the plate and glazing material traps this heat preventing it from 

escaping back into the atmosphere. As the absorber plate warms up, it transfers heat to the 

fluid within the collector but it also loses heat to its surroundings. To minimize this loss of 

heat, the bottom and sides of a flat plate collector are insulated.

Fig 3.6 Solar Flat Plate Collector

3.5 Components of Flat Plate Solar Collector

Insulated Box

The rectangular box is made of wood thin and is insulated from sides and bottom using glass 

wool of thickness 5 to 8 cm to reduce heat losses from conduction to back and side wall. The 

box is tilted at due south and a tilt angle depends on the latitude of location. The face area of 

the collector box is kept between 1 to 2 m2.

There are several thermal insulating materials which can be used to reduce heat losses from 

the absorbing plate pipes are commonly available. The desired characteristics of an insulating 

material are low thermal conductivity, Stability at high temperature (up to 200°C), no 
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degassing up to around 200°C, self supporting feature without tendency to settle, ease of 

application and no contribution in corrosion.

Transparent Cover (Glazing)

This allows solar energy to pass through and reduces the convective heat losses from the 

absorber plate through air space. The transparent tampered glass cover is placed on top of 

rectangular box to trap the solar energy and sealed to prevent the leakage of hot air. It is made 

of plastic/glass but glass is most favorable because of its transmittance and low surface 

degradation. However with development of improved quality of plastics, the degradation 

quality has been improved. The plastics are available at low cost, light in weight and can be 

used to make tubes, plates and cover but are suitable for low temperature application 70º-

120ºC with single cover plate or up to 150ºC using double cover plate. The thickness of glass 

cover 3 to 5 mm commonly used and 1 to 2 covers with spacing 1.5 to 3 cm are generally 

used between plates. The temperature of glass cover is lower than the absorber plate and is a 

good absorber of thermal energy and reduces convective and radiative losses of sky.

Absorber Plate

It intercepts and absorbs the solar energy. The absorber plate is made of copper, aluminum or 

steel and is in the thickness of1 to 2 mm. It is the most important part of collector along with 

the tubes products passing the liquid or air to be heated. The plate absorbs the maximum solar 

radiation incident on it through glazing (cover plate) and transfers the heat to the tubes in 

contact with minimum heat losses to atmosphere. The plate is black painted and provided 

with selective material coating to increase its absorption and reduce the emission. The 

absorber plate has high absorption (80-95%) and low transmission/reflection.

Fig 3.7 Collector absorber plate types
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There are great varieties of successful solar collector-absorber plates. These absorber plates 

can be broadly divided into three basic types as shown in Fig 3.7 depending on the extent of 

wetted surface area relative to the absorbing surface area.

Type1: Pipe and fin type, in which the liquid flows only in the pipe, and hence has 

comparatively low wetted area and liquid capacity.

Type2: Rectangular or cylindrical full sandwich type in which both the wetted area and the 

water capacity are high.

Type3: Roll bond type or semi-sandwich type, intermediate between types 1 and 2.

Apart from these collector plates there are different types of cross sections through collector 

plates as shown in Fig 3.8.

Fig 3.8 Different cross sections through collector absorber plate

Tubes

The plate is attached to a series of parallel tubes or one serpentine tube through which water 

or other liquid passes. The tubes are made of copper, aluminum or steel in the diameter 1 to 

1.5 cm and are brazed, soldered on top or bottom of the absorber water equally in all the 
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tubes and collect it back from the other end. The header pipe is made of same material as tube 

and of larger diameter. Now-a-days the tubes are made of plastic but they have low thermal 

conductivity and higher coefficient of expansion than metals. Copper and aluminum are 

likely to get corroded with saline liquids and steel tubes with inhibitors are used at such 

places.

3.6 Factors affecting the Performance of collector
Incident Solar Radiation

The efficiency of collector is directly related with solar radiation falling on it and increases 

with rise in temperature.

Number of Cover Plates 

The increase in number of cover plates reduces the internal convective heat losses but also 

prevents the transmission of radiation inside the collector. More than two cover plate should 

not be used to optimize the system.

Spacing

The more space between the absorber and cover plate the less internal heat losses. The 

collector efficiency will be increased. However on the other hand, increase in space between 

them provides the shading by side wall in the morning and evening and reduces the absorbed 

solar flux by 2-3% of system. The spacing between absorber and over plate is kept 2-3 cm to 

balance the problem.

Collector Tilt 

The flat plate collectors do not track the sun and should be tilted at angle of latitude of the 

location for an average better performance. However with changing declination angle with 

seasons the optimum tilt angle is kept 15º.The collector is placed with south facing at 

northern hemisphere to receive maximum radiation throughout the day.

Selective Surface

Some materials like nickel black (α= 0.89, ε= 0.15) and black chrome (α= 0.87, ε= 0.088), 

copper oxide (α= 0.89, ε= 0.17) etc. are applied chemically on the surface of absorber in a 

thin layer of thickness 0.1 μm. These chemicals have high degree of absorption (α) to short 

wave radiation (< 4 μm) and low emission (ε) of long wave radiations (> 4 μm). The higher 

absorption of solar energy increases the temperature of absorber plate and working fluid. The 

top losses reduce and the efficiency of the collector increases. The selective surface should be 

able to withstand high temperature of 300º- 400ºC, cost less, should not oxidize and be 

corrosive resistant. The property of material should not change with time.
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Inlet Temperature

With increase in inlet temperature of working fluid the losses increase to ambient. The high 

temperature fluid absorbed the less heat from absorber plate because of low temperature 

difference and increases the top loss coefficient. Therefore the efficiency of collector get 

reduced with rise in inlet temperature.

Dust on cover Plate

The efficiency of collector decreases with dust particles on the cover plate because the 

transmission radiation decreases by 1%. Frequent cleaning is required to get the maximum 

efficiency of collector.

3.7 Advantages of the flat-plate collector

 Some advantages of the flat-plate collectors are

 Easy to manufacture

 Low cost

 Collect both beam and diffuse radiation

 Permanently fixed (no sophisticated positioning or tracking equipment is required)

 Little maintenance

3.8 Working Fluids 
Working fluid

Working fluid is a gas or liquid that primarily transfers force, motion, or mechanical energy. 

In solar flat plate collector working fluid is passed through the tubes provided to transfer the 

heat energy. Different types of fluids and nanofluids like Al2O3 and CuO are used as working 

fluids.

In this project thermic fluids HYTHERM 500 and HYTHERM 600 are used as working 

fluids. 

HPCL markets thermic fluids under the brand names of HYTHERM. These grades are 

developed to provide performance in broad range of application in textile, chemical, paint & 

varnish and petrochemical industries. These grades are formulated from specially derived 

petroleum base stocks having exceptional resistance to degradation during high temperature 

use.

https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Force
https://en.wikipedia.org/wiki/Motion
https://en.wikipedia.org/wiki/Mechanical_energy
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HYTHERM 500

The product is manufactured from petroleum stocks produced by special refining process in 

which the thermally unstable components are removed. Hytherm 500 is recommended in 

service involving maximum bulk oil temperature of 290°C.In addition, it has the following 

benefits.

 Excellent oxidation & chemical stability

 Good heat transfer properties.

 Low volatility

 Non-corrosive and non-toxic

HYTHERM 600

This grade is derived from the finest quality petroleum base stocks and is fortified with high 

performance additives to enhance performance at higher temperatures. It has the following 

outstanding features.

 Ability to provide superior performance in indirect closed fluid heat transfer system 

up to bulk operating temperature up to 320°C.

 Increased life, reduced oxidation and thermal degradation

 Minimal fouling and deposit formation on heat transfer surface. Hence sustained heat 

transfer characteristics.

Application areas

All types of heat transfer applications. The product finds extensive application in textile, 

pharmaceuticals, chemical and processing industries.

Performance benefits

 Excellent oxidation & chemical stability.

 Low volatility, low vapor pressure

 Non corrosive & non toxic

 Excellent thermal conductivity
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CHAPTER - 4

INTRODUCTION TO ANSYS FLUENT

4.1 Introduction

ANSYS  software, used to simulate interactions of all disciplines of physics, structural, 

vibration, fluid dynamics, heat transfer and electromagnetic for engineers.

4.2 ANSYS Workbench

ANSYS Workbench environment is an intuitive up-front finite element analysis tool that is 

used in conjunction with CAD systems and Design Modeler. 

Fig 4.1 ANSYS Workbench layout
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ANSYS Workbench is a software environment for performing structural, thermal, and 

electromagnetic analyses. The class focuses on geometry creation and optimization, attaching 

existing geometry, setting up the finite element model, solving, and reviewing results. 

ANSYS Workbench is an integrated simulation platform that includes a wide range of 

systems in including analysis systems, component systems, custom systems, and design the 

toolbox exploration.

Table1. Available systems in ANSYS Workbench Toolbox

ANSYS Workbench also has a Project Schematic where the details for the process of 

execution of the different analysis systems are available. These details of each analysis 

system in the project schematic include Engineering Data, Geometry, Model, Setup, Solution 

and Results.
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Fig 4.2 Project schematic in ANSYS Workbench 

4.3 ANSYS FLUENT 

ANSYS FLUENT is a state of the art computer program for modeling fluid flow, heat 

transfer, and chemical reactions in complex geometries. Fluent provides complete mesh 

flexibility, including the ability to solve your flow problems using unstructured meshes that 

can be generated about complex geometries with relative ease. Supported mesh types include 

2D triangular/quadrilateral and 3D tetrahedral/hexahedral/pyramid/wedge/polyhedral, and 

mixed (hybrid) meshes. After a meshing all remaining operations are performed 

within FLUENT. These include setting boundary conditions, defining fluid properties, 

executing the solution, refining the mesh, and post processing and viewing the results.
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Fig 4.3 Fluent launcher

Fig 4.4 User Interface of Fluent
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The user interface of Fluent includes the Outline View and the Task Page. The Outline View 

includes Setup, Solution, Results and Parameters & Customization.

Outline view options in Fluent are shown below

Table 2 Outline view options in ANSYS Fluent
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CHAPTER -5

MODELLING AND SIMULATION OF FLAT PLATE COLLECTOR

5.1 MODELLING 
Flat plate collector should be designed in design modeler of fluid flow (fluent) in ANSYS 

Workbench as per the dimensions.

Fig 5.1 Schematic Representation of Flat Plate Collector
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Steps followed in Modeling:

 Open Ansys workbench and click on fluid flow (fluent).

 Fluid flow (fluent) is launched in project schematic.

Fig 5.2 Fluid Flow (Fluent) in Workbench Project Schematic

 Right click on geometry and open design modeler.

Fig 5.3 Fluid Flow (Fluent) - Design Modeler
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 By selecting planes and using draw tools sketch is drawn as per the dimensions.

 After sketch is drawn click on extrude, enter thickness and select the direction in 

which the sketch is to be extruded.

 Extrude appears in the tree outline.

 Right click on extrude and click on generate.

 Sketch is extruded and 3D model is obtained.

Fig 5.4 3D Model of Flat Plate Collector
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5.2 MESHING 
After modeling is completed meshing operations should be performed on the 3D Model.

Steps followed in Meshing

 After completion of modeling close design modeler.

 Click on mesh in fluid flow then meshing window is opened.

Fig 5.5 Fluid Flow (Fluent)-Meshing

 Named selections should be created to the model.

 For creating named selections, select the surface for which named selection should be 

created. 

 After selecting the surface, right click and select create named selections option.

 A dialog box related to named selections is appeared, give name for surface and click 

on Ok. So that the selection is created.

 In the same way required no. of named selections are created.

 Select the type of mesh required.

 Click on sizing and choose mesh sizing.

 Click on mesh control, click on refinement and select the surface on which refinement 

is to be applied and give refinement level and click on apply.

 Finally right click on mesh from the tree and click on generate mesh..

 Therefore Uniform mesh is generated for the modelled solar collector, the 86700 

elements with 108624 nodes by using fluent mesh module. 
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Fig 5.6 Meshing of Flat Plate Collector
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5.3 SIMULATION

Objective of the project

Carrying out Numerical analysis to understand the performance of solar flat plate collector 

(SFPC) so as to improve its performance. Though SFPCs are been using as solar thermal 

collectors over the few decades there thermal efficiency is considerably low. The thermal 

efficiency can be improved either by changing the geometric parameters or by changing its 

working fluid. In this work we are using different working fluids like HYTHERM500 and 

HYTHERM 600 to carryout simulation to improve the performance of solar flat plate 

collector.

Properties of materials and working fluids used

Different materials and working fluids are used for solar flat plate collector. There are 

different properties for these materials and fluids .some of the important properties required 

for simulation are mentioned in the below tabular form.

Material/Fluid
Density

(Kg/m3)

Specific heat

(J/Kg-K)

Thermal 

conductivity

(W/m-K)

Viscosity

(Kg/m-s)

Copper 8978 381 387.6 –––

Glass 2500 800 0.8 –––

Air 1.225 1006.4 0.0242 0.000018

Water 998.2 4182 0.6 0.001003

HYTHERM500 848 3102.41 0.111811 0.000027

HYTHERM600 864 3060.55 0.1163 0.000029

Table 3 Properties of Materials and Working Fluids

Steps followed in Simulation

 After completion of meshing simulation is to be performed.

 Click on setup from fluid flow (fluent) in project schematic to launch fluent launcher.

 Select double precision and click Ok to open fluent.
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Fig 5.7 Fluent Launcher

 After opening Fluent, tree will be appeared which consists of Setup, Solution, Results, 

Parameters & Customizations.

Fig 5.8 Options in Fluent 
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 Click on Models and select the energy model and radiation model so that the solar ray 

tracing is performed by giving coordinates of the place.

 Click on Materials to add new material, editing the properties of the materials 

required for simulation.

 Material library is available in fluent, if required materials are not available create 

new material and add properties.

Fig 5.9 Material Library in Fluent

 Click on cell zone conditions and assign the respective materials to the parts which 

are divided as solids and fluids. In fluids assign working fluid (water) to the collector 

tubes.

Fig 5.10 Boundary Conditions in Fluent
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 Click on boundary conditions so that the tree of boundaries is displayed.

 Boundaries are appeared according to the named selections created in meshing.

 Right Click on each boundary to select the type of boundary like wall, velocity inlet, 

outflow, interface etc.

 Right click on each boundary and click on edit so as to give required input 

parameters.

 Inputs are ambient Tempetarure 300K and inlet velocity of fluid 3m/s, heat flux 

270W/m2. 

 Click on reference values from the tree. Options related to reference values is opened.

 Click on compute and select the boundary on which the temperature is to be applied 

and the process starts.

 As glass surface is the top surface of the collector, sun radiation directly incidents on 

glass surface. So compute from glass surface is selected.

 Click on solution methods from the tree and select the different parameters in solution 

methods.

Fig 5.11 Solution Methods in Fluent

 Click on solution initialization and initialize the solution.

 Click on run calculation and give no. of iterations to run the calculation.

 Click on calculate to complete simulation. 
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 After completing calculation results are noted by clicking on results options from tree.

 Click on graphics and click on contours, a dialog box of contour is displayed.

Fig 5.12 Contours in Fluent

 Select the parameters like temperature, pressure, velocity and the surfaces of collector 

for which the results are to be displayed.

 In surfaces option fluid inlet, fluid outlet and interior fluid are selected one by one 

separately 

 Results of selected surfaces are displayed in minimum and maximum values.

 The contour of the surface is also displayed with different levels of values of the 

respective parameter ranging from minimum to maximum.

 Noted down the values.

 In the same way results of different surfaces with different parameters are obtained.

 For plots click on plot and select the type of plot.

 Select the surface and the respective parameter for which the plot is to be displayed.

 Save the plots.

 In the same way plots of different surfaces with different parameters are obtained.

 All the process of simulation is repeated by changing working fluids i.e., same 

process is repeated by using working fluids HYTHERM 500 and HYTHERM 600.



45

CHAPTER - 6

RESULTS AND DISCUSSIONS
Flat plate collector is modelled in design modeler of fluid flow (fluent) and Numerical 

analysis is carried out by using different working fluids to improve its performance on the 

basis of temperature. Numerical analysis is carried out by using Water, HYTERM 500, and 

HYTHERM 600 as working fluids.

The results obtained from simulation are displayed in the form of contours with Tempetarure 

distribution indicated in different colors.

In contours red zone indicates maximum temperature and blue zone indicates minimum 

temperature

Contours of Flat Plate Collectors with water as working fluid

Fig 6.1 Temperature Profile of Water
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Fig 6.2 Inlet temperature of water

Fig 6.3 Outlet temperature of water
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Contours of Flat Plate Collectors with HYTHERM 500 as working fluid

Fig 6.4 Temperature Profile of HYTHERM 500

Fig 6.5 Inlet temperature of HYTHERM 500
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Fig 6.6 Outlet temperature of HYTHERM 500

Contours of Flat Plate Collectors with HYTHERM 600 as working fluid

Fig 6.7 Temperature Profile of HYTHERM 600
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Fig 6.8 Inlet temperature of HYTHERM 600

Fig 6.9 Outlet temperature of HYTHERM 500
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Results

1) Numerical analysis is first carried out by using water as working fluid. The 

temperatures resulted from the simulation are inlet temperature of water is 308.46K 

and outlet temperature of water is 328.05K.(Refer  Fig 6.2 and Fig 6.3)

2) Numerical analysis is carried out by using HYTHERM 500 as working fluid. The 

temperatures resulted from the simulation are inlet temperature of HYTHERM 500 is 

309.3 K and outlet temperature of HYTHERM 500  is 334.95 K.

(Refer Fig 6.5 and Fig 6.6).

3) Numerical analysis is carried out by using HYTHERM 600 as working fluid. The 

temperatures resulted from the simulation are inlet temperature of HYTHERM 500 is 

309.3 K and outlet temperature of HYTHERM 600  is 338.41 K.

(Refer Fig 6.8 and Fig 6.9).

  Results obtained are tabulated as shown below

Working fluid Tempetarure at inlet (K) Tempetarure at outlet (K)

Water 308.46 328.05

Hytherm500 309.3 334.95

Hytherm600 309.3 338.41



51

CONCLUSIONS
In this project numerical analysis of solar flat plate collector is carried out to by using 

different working fluids to improve its thermal efficiency. The results obtained are analyzed 

both in temperature basis and cost basis.

Result Analysis

 Outlet temperature of HYTHERM 500 and HYTHERM 600 is high when 

compared to water.

 Outlet temperature of HYTHERM 600 is high as compared to HYTHERM 500.  

Hence HYTHERM 600 is more preferable as working fluid than HYTHERM 500.

It is observed that the temperature of the working fluid is increasing along the length of the 

riser and this increase is more for the fluid HYTHERM 600. Thermal efficiency of solar flat 

plate collector can be increased by using HYTHERM 600 as working fluid.
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ABSTRACT 

   

            Vehicle fire hazards or auto fires are one of the scariest things that can happen on the 

road or at any place. In the past and present days the fire hazards in vehicles are gradually 

increasing. These fire hazards results in the death of people or they may cause severe injuries.  

The main cause for accidents is design flaws, electric problems, overheating of engine and 

car accidents. For this reason we are doing a project on Automatic fire safety system in 

vehicles. The main objective of the project is to detect the fire accident in the vehicle 

separately at engine cabin and passenger cabin in earlier stage of time and complete 

shutdown the fire by releasing the fire suppression agent to safe guard the people inside the 

vehicle.  

In this project we provided the fire suppression agent i.e. liquid CO2 tank in the vehicle and 

from this tank fire suppression agent supply lines are connected in between the tank and 

supply lines solenoid valve is takes placed to behave as a barrier and this valve is opened 

when smoke detector detects the smoke in the vehicle. When solenoid valve opens fire 

suppression agent released in the vehicle through supply lines and nozzle. At the same time 

for the purpose of survive of people mask will dropdown from the roof of the vehicle that can 

give sufficient air to the people to breath. 
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Chapter: 1 

Introduction   

1.1 Introduction to fire: 

                 Fire is the visible effect of the process of combustion – a special type of chemical 

reaction. It occurs between oxygen in the air and some sort of fuel. The products from the 

chemical reaction are completely different from the starting material. The fuel must be heated 

to its ignition temperature for combustion to occur. The reaction will keep going as long as 

there is enough heat, fuel and oxygen. Once a fire has started, the resulting exothermic chain 

reaction sustains the fire and allows it to continue until or unless at least one of the elements 

of the fire is blocked. This is known as the fire triangle. 

 

 

 

 

Figure 1.1: Fire Triangle  

 

1.1.1 Fuel: 

In order for a fire to start there must be a material to burn – and this is referred to as the fuel. 

Fuel is any kind of combustible material, including paper, oils, wood, gases, fabrics, liquids, 

plastics and rubber. The fuel for a fire is usually characterised by its moisture content, size, 

shape and quantity and this will determine how easily the fuel will burn and at what 

temperature. 

1.1.2 Heat: 

In addition to a fuel source, heat must be present in order for ignition to take place. All 

flammable materials give off flammable vapours which, when heat is present, combust. Heat 

is also responsible for the spread and maintenance of fire as it removes the moisture from 

nearby fuel, warming the surrounding area and pre-heating fuel in its path, enabling it to 

travel and develop with greater ease. 

1.1.3 Oxygen: 

As well as fuel and heat, fires also need oxygen to stay alight. Ambient air is made up of 

approximately 21% oxygen and, as most fires only require at least 16% oxygen to burn, it 

acts as the oxidizing agent in the chemical reaction. This means that when the fuel burns, it 

reacts with the oxygen to release heat and generate combustion. 
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1.2 Fire safety: 

Fire safety is the set of practices intended to reduce the destruction caused by fire. Fire safety 

measures include those that are intended to prevent ignition of an uncontrolled fire, and those 

that are used to limit the development and effects of a fire after it starts. 

The Importance of Fire Safety 

Fire has many properties which make it beneficial to life. The ability to manage fire has been 

credited as one of the key points in the success of humans as a species. When we think of 

uses for fire, our first thoughts are for cooking and heating, but it has also played an 

important role in managing the natural landscape, propulsion and signaling. 

The issue is that when fire isn’t carefully managed it is extremely hazardous. In the right 

conditions, flames and smoke can spread rapidly and cause considerable damage to people, 

property and the environment. Fires can be accidently or intentionally started, but once alight 

the heat and poor visibility can make it difficult for people to escape or fight the flames. 

1.3 Fire Prevention 
The best way to minimise the risk of fire is to take the threat seriously and put in place fire 

prevention measures. Understanding potential triggers, installing fire alarms, smoke alarms 

and other devices along with making and sharing fire safety plans are all ways to reduce the 

risk. 

1.4 Need of vehicle fire safety: 

 In present days the fire hazards in vehicles are gradually increasing. These fire hazards 

results in the death of people or they may cause severe injuries. 

In India as per the record of NCRB (National Crime Records Bureau) from 2010 to 2014 

more than 1.2 lakh fire accidents are occurred 

 

Figure 1.4.1: Pie chat of number of deaths due to fire accident by cause 

 

 Three fourths (75%) or 85081 deaths were caused by other reasons like fire in vehicle (i.e. 

busses and cars), trains, buildings etc. 
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In 75%, nearby 20% (17016) of the deaths are caused by the vehicle fire according to the 

NFPA  

The following information is taken from the India data base 

 In 2014 Accidental Fire in Vehicles (Automobiles) (Total) is 288. 

Accidental fires in Vehicles sub classified into three categories, they are 

1. Passenger Vehicle (e.g. Bus/Taxi/Auto/etc.) fire accidents is 91 

2. Private Vehicle (e.g. Cars) fire accidents are143 

3. Goods Carriers fire accidents are 54 

 In 2015 Accidental Fire in Vehicles (Automobiles) (Total) is 719. 

Accidental fires in Vehicles sub classified into three categories, they are 

1. Passenger Vehicle (e.g. Bus/Taxi/Auto/etc.) fire accidents is 178 

2. Private Vehicle (e.g. Cars) fire accidents are 287. 

3. Goods Carriers fire accidents are 254. 

Total number of persons injured is 48. 

Total number of person’s death is 715. 

 

 The following graph represents the vehicle fire accidents in sweden from 1998 to 

2015. 

 

Figure 1.4.2: Vehicle fire accidents representing graph 

 

As per the above information we concluded that vehicle fire accidents are increased gradually 

for this reason we need the vehicle fire safety to safe guard the people and lower the damage 

rate of goods and vehicle. 
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Chapter: 2 

Literature Review 

 Neil R Meltzer had carried out the analysis on Motor coach Fire safety.   

         These findings have important implications for reducing risk of motor coach fires 

through improvements in data quality, inspection and enforcement, and vehicle and 

equipment design and training. With these improvements, research should continue efforts to 

identify critical inspection items associated with fire risk. Further recommendations include 

exploring the use of focused fire safety investigations and the development of wheel-well fire 

detection/suppression systems.  

 Jost Gail had carried out the analysis on Fire safety of buses  

          The paper describes which effective and economically reasonable fire safety 

requirements  for interiors of buses would improve the current situation. Proposals for 

amendments of current  requirements are recommended including the  specification of 

appropriate limit values. In particular, it is taken into consideration which  reasonable fire 

safety standards from other transport sectors, especially the rail sector, should be  transferred 

to buses.  

 Anil Kumar Jaswal had carried out the analysis on Aspects of Fire and Thermal 

Safety in Vehicle Development 

         Different materials have different sensitivities to temperature and decomposition 

processes will differ substantially from case to case. High temperatures, hot surfaces and a 

variety of combustible materials make the engine compartment and under body high fire risk 

areas. Under these scenarios it is important for any vehicle designer to consider the hazards 

associated with fire and choose the materials appropriately for avoiding and minimizing the 

fires to pose less risk to the occupants. In this paper the possible fire sources, combustible 

material in vehicles and considerations in design for minimizing the risks related to fire and 

Thermal safety are detailed taking into account. 

 

 

 

 

 

 

 

 



- 6 - 
 

Chapter: 3 

Introduction to fire extinguisher  

3.1 What is fire extinguisher? 

          A fire extinguisher is an active fire protection device used to extinguish or control 

fires, often in emergency situations. Typically, a fire extinguisher consists of a hand-held 

cylindrical pressure vessel containing an agent that can be discharged to extinguish a fire. 

Fire extinguishers manufactured with non-cylindrical pressure vessels also exist but are less 

common. 

                There are two main types of fire extinguishers: stored-pressure and cartridge-

operated. In stored pressure units, the expellant is stored in the same chamber as 

the firefighting agent itself. Depending on the agent used, different propellants are used. With 

dry chemical extinguishers, nitrogen is typically used; water and foam extinguishers typically 

use air. Stored pressure fire extinguishers are the most common type. Cartridge-operated 

extinguishers contain the expellant gas in a separate cartridge that is punctured prior to 

discharge, exposing the propellant to the extinguishing agent. This type is not as common, 

used primarily in areas such as industrial facilities, where they receive higher-than-average 

use. They have the advantage of simple and prompt recharge, allowing an operator to 

discharge the extinguisher, recharge it, and return to the fire in a reasonable amount of time. 

Unlike stored pressure types, these extinguishers use compressed carbon dioxide instead of 

nitrogen, although nitrogen cartridges are used on low temperature models. Cartridge 

operated extinguishers are available in dry chemical and dry powder types and in water, 

wetting agent, foam, dry chemical (classes ABC and B.C.), and dry powder (class D) types in 

the rest of the world. 

           Fire extinguishers are further divided into handheld and cart-mounted (also called 

wheeled extinguishers). Handheld extinguishers weigh from 0.5 to 14 kilograms (1.1 to 

30.9 lb), and are hence, easily portable by hand. Cart-mounted units typically weigh more 

than 23 kilograms (51 lb). These wheeled models are most commonly found at construction 

sites, airport runways, heliports, as well as docks and marinas. 

 3.2 History of Fire Extinguisher: 

The first fire extinguisher of which there is any record was patented in England in 1723 

by Ambrose Godfrey, a celebrated chemist at that time. It consisted of a cask of fire-

extinguishing liquid containing a pewter chamber of gunpowder. This was connected with a 

system of fuses which were ignited, exploding the gunpowder and scattering the solution. 

This device was probably used to a limited extent, as Bradley's Weekly Messenger for 

November 7, 1729, refers to its efficiency in stopping a fire in London. 

The modern dry powder fire extinguisher was invented by British Captain George William 

Manby in 1818; it consisted of a copper vessel of 3 gallons (13.6 liters) of pearl ash 

(potassium carbonate) solution contained within compressed air. 

The soda-acid extinguisher was first patented in 1866 by Francois Carlier of France, which 

mixed a solution of water and sodium bicarbonate with tartaric acid, producing the propellant 

CO2 gas. A soda-acid extinguisher was patented in the U.S. in 1881 by Almon M. Granger. 

His extinguisher used the reaction between sodium bicarbonate solution and sulfuric acid to 

expel pressurized water onto a fire. A vial of concentrated sulfuric acid was suspended in the 

https://en.wikipedia.org/wiki/Active_fire_protection
https://en.wikipedia.org/wiki/Pressure_vessel
https://en.wikipedia.org/wiki/Fire_extinguisher#Types_of_extinguishing_agents
https://en.wikipedia.org/wiki/Fire
https://en.wikipedia.org/wiki/Firefighting
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Air
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Construction_sites
https://en.wikipedia.org/wiki/Construction_sites
https://en.wikipedia.org/wiki/Airport
https://en.wikipedia.org/wiki/Runways
https://en.wikipedia.org/wiki/Heliports
https://en.wikipedia.org/wiki/Dock_(maritime)
https://en.wikipedia.org/wiki/Marinas
https://en.wikipedia.org/wiki/Ambrose_Godfrey
https://en.wikipedia.org/wiki/George_William_Manby
https://en.wikipedia.org/wiki/George_William_Manby
https://en.wikipedia.org/wiki/Gallon
https://en.wikipedia.org/wiki/Potassium_carbonate
https://en.wikipedia.org/wiki/Pneumatics
https://en.wikipedia.org/wiki/Tartaric_acid
https://en.wikipedia.org/w/index.php?title=Almon_M._Granger&action=edit&redlink=1
https://en.wikipedia.org/wiki/Sodium_bicarbonate
https://en.wikipedia.org/wiki/Sulfuric_acid
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cylinder. Depending on the type of extinguisher, the vial of acid could be broken in one of 

two ways. One used a plunger to break the acid vial, while the second released a lead stopple 

that held the vial closed. Once the acid was mixed with the bicarbonate solution, carbon 

dioxide gas was expelled and thereby pressurized the water. The pressurized water was 

forced from the canister through a nozzle or short length of hose. 

The cartridge-operated extinguisher was invented by Read & Campbell of England in 1881, 

which used water or water-based solutions. They later invented a carbon tetrachloride model 

called the "Petrolex" which was marketed toward automotive use. 

The chemical foam extinguisher was invented in 1904 by Aleksandr Loran in Russia, based 

on his previous invention of fire fighting foam. Loran first used it to extinguish a pan of 

burning naphtha. It worked and looked similar to the soda-acid type, but the inner parts were 

slightly different. The main tank contained a solution of sodium bicarbonate in water, whilst 

the inner container (somewhat larger than the equivalent in a soda-acid unit) contained a 

solution of aluminium sulphate. When the solutions were mixed, usually by inverting the 

unit, the two liquids reacted to create a frothy foam, and carbon dioxide gas. The gas expelled 

the foam in the form of a jet.  

In 1910, The Pyrene Manufacturing Company of Delaware filed a patent for using carbon 

tetrachloride (CTC, or CCl4) to extinguish fires. The liquid vaporized and extinguished the 

flames by inhibiting the chemical chain reaction of the combustion process (it was an early 

20th-century presupposition that the fire suppression ability of carbon tetrachloride relied on 

oxygen removal). In 1911, they patented a small, portable extinguisher that used the 

chemical. This consisted of a brass or chrome container with an integrated handpump, which 

was used to expel a jet of liquid towards the fire. It was usually of 1 imperial quart (1.1 l) or 1 

imperial pint (0.57 l) capacity but was also available in up to 2 imperial gallons (9.1 l) size. 

As the container was unpressurized, it could be refilled after use through a filling plug with a 

fresh supply of CTC.  

The carbon dioxide (CO2) extinguisher was invented (at least in the US) by the Walter Kidde 

Company in 1924 in response to Bell Telephone's request for an electrically non-conductive 

chemical for extinguishing the previously difficult-to-extinguish fires in telephone 

switchboards. It consisted of a tall metal cylinder containing 7.5 pounds (3.4 kg) of CO2 with 

a wheel valve and a woven brass, cotton covered hose, with a composite funnel-like horn as a 

nozzle. CO2 is still popular today as it is an ozone-friendly clean agent and is used heavily in 

film and television production to extinguish burning stuntmen. Carbon dioxide extinguishes 

fire mainly by displacing oxygen. It was once thought that it worked by cooling, although this 

effect on most fires is negligible. 

In 1928, DuGas (later bought by ANSUL) came out with a cartridge-operated dry chemical 

extinguisher, which used sodium bicarbonate specially treated with chemicals to render it 

free-flowing and moisture-resistant. It consisted of a copper cylinder with an internal 

CO2cartridge. The operator turned a wheel valve on top to puncture the cartridge and 

squeezed a lever on the valve at the end of the hose to discharge the chemical. This was the 

first agent available for large-scale three-dimensional liquid and pressurized gas fires, but 

remained largely a specialty type until the 1950s, when small dry chemical units were 

marketed for home use. ABC dry chemical came over from Europe in the 1950s, with Super-

K being invented in the early 60s and Purple-K being developed by the US Navy in the late 

1960s. Manually applied dry agents such as graphite for class D (metal) fires had existed 

since WWII, but it wasn't until 1949 that Ansul introduced a pressurized extinguisher using 

an external CO2 cartridge to discharge the agent.  

In the 1940s, Germany invented the liquid chloro bromo methane (CBM) for use in aircraft. 

It was more effective and slightly less toxic than carbon tetrachloride and was used until 

https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Chubb_Fire#Read_and_Campbell_Limited
https://en.wikipedia.org/wiki/Carbon_tetrachloride
https://en.wikipedia.org/wiki/Aleksandr_Loran
https://en.wikipedia.org/wiki/Fire_fighting_foam
https://en.wikipedia.org/wiki/Aluminium_sulphate
https://en.wikipedia.org/wiki/The_Pyrene_Company_Limited
https://en.wikipedia.org/wiki/Carbon_tetrachloride
https://en.wikipedia.org/wiki/Carbon_tetrachloride
https://en.wikipedia.org/wiki/Brass
https://en.wikipedia.org/wiki/Chrome_plating
https://en.wikipedia.org/wiki/Stuntmen
https://en.wikipedia.org/wiki/Ansul
https://en.wikipedia.org/wiki/Bromochloromethane
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1969. Methyl bromide was discovered as an extinguishing agent in the 1920s and was used 

extensively in Europe. It is a low-pressure gas that works by inhibiting the chain reaction of 

the fire and is the most toxic of the vaporizing liquids, used until the 1960s. The vapor and 

combustion by-products of all vaporizing liquids were highly toxic and could cause death in 

confined spaces. 

In the 1970s, Halon 1211 came over to the United States from Europe where it had been used 

since the late 40s or early 50s. Halon 1301 had been developed by DuPont and the US Army 

in 1954. Both 1211 and 1301 work by inhibiting the chain reaction of the fire, and in the case 

of Halon 1211, cooling class A fuels as well. Halon is still in use today but is falling out of 

favor for many uses due to its environmental impact. Europe and Australia have severely 

restricted its use, since the Montreal Protocol of 1987. Less severe restrictions have been 

implemented in the United States, the Middle East, and Asia. 

3.3 Types of extinguishing agents: 

3.3.1 Carbon dioxide (CO2): The CO2 Extinguisher Canisters contain carbon dioxide in 

liquid form, and when the extinguisher is let off the liquid is released into the air neutralising 

the oxygen that the fire is feeding on, disabling the fires ability to spread. This is an effective 

way to put out fires and also prevent fire from reoccurring because of the lack of oxygen and 

the ice cold temperature of the CO2 when released from the extinguisher. 

3.3.2 Dry Chemical: This is a powder-based agent that extinguishes by separating the four 

parts of the fire tetrahedron. It prevents the chemical reactions involving heat, fuel, and 

oxygen (combustion), thus extinguishing the fire. During combustion, the fuel breaks down 

into free radicals, which are highly reactive fragments of molecules that react with oxygen. 

The substances in dry chemical extinguishers can stop this process. 

 Monoammonium phosphate, also known as tri-class, multipurpose, or ABC dry 

chemical, used on class A, B and C fires. It receives its class A rating from the agent's 

ability to melt and flow at 177 °C (351 °F) to smother the fire. More corrosive than other 

dry chemical agents. Pale yellow in color. 

 Sodium bicarbonate, regular or ordinary used on class B and C fires, was the first of 

the dry chemical agents developed. In the heat of a fire, it releases a cloud of carbon 

dioxide that smothers the fire. That is, the gas drives oxygen away from the fire, thus 

stopping the chemical reaction. This agent is not generally effective on class A fires 

because the agent is expended and the cloud of gas dissipates quickly, and if the fuel is 

still sufficiently hot, the fire starts up again. While liquid and gas fires do not usually 

store much heat in their fuel source, solid fires do. Sodium bicarbonate was very common 

in commercial kitchens before the advent of wet chemical agents, but now is falling out 

of favor as it is much less effective than wet chemical agents for class K fires, less 

effective than Purple-K for class B fires, and is ineffective on class A fires. White or blue 

in color. 

 Potassium bicarbonate (principal constituent of Purple-K), used on class B and C 

fires. About two times as effective on class B fires as sodium bicarbonate, it is the 

preferred dry chemical agent of the oil and gas industry. The only dry chemical agent 

certified for use in ARFF by the NFPA. Colored violet to distinguish it. 

 Potassium bicarbonate & Urea Complex (AKA Monnex), used on class B and C fires. 

More effective than all other powders due to its ability to decrepitate (where the powder 

breaks up into smaller particles) in the flame zone creating a larger surface area for free 

radical inhibition. Grey in color. 

https://en.wikipedia.org/wiki/Methyl_bromide
https://en.wikipedia.org/wiki/Fire_triangle
https://en.wikipedia.org/wiki/Combustion
https://en.wikipedia.org/wiki/Free_radical
https://en.wikipedia.org/wiki/Monoammonium_phosphate
https://en.wikipedia.org/wiki/Sodium_bicarbonate
https://en.wikipedia.org/wiki/Purple-K
https://en.wikipedia.org/wiki/Potassium_bicarbonate
https://en.wikipedia.org/wiki/Purple-K
https://en.wikipedia.org/wiki/ARFF
https://en.wikipedia.org/w/index.php?title=Potassium_bicarbonate_%26_Urea_Complex&action=edit&redlink=1
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 Potassium chloride, or Super-K, dry chemical was developed in an effort to create a 

high efficiency, protein-foam compatible dry chemical. Developed in the 60s, prior to 

Purple-K, it was never as popular as other agents since, being a salt, it was quite 

corrosive. For B and C fires, white in color. 

 Foam-compatible, which is a sodium bicarbonate (BC) based dry chemical, was 

developed for use with protein foams for fighting class B fires. Most dry chemicals 

contain metal stearates to waterproof them, but these will tend to destroy the foam 

blanket created by protein (animal) based foams. Foam compatible type uses silicone as a 

waterproofing agent, which does not harm foam. Effectiveness is identical to regular dry 

chemical, and it is light green in color (some ANSUL brand formulations are blue). This 

agent is generally no longer used since most modern dry chemicals are considered 

compatible with synthetic foams such as AFFF. 

 MET-L-KYL / PYROKYL is a specialty variation of sodium bicarbonate for fighting 

pyrophoric (ignites on contact with air) liquid fires. In addition to sodium bicarbonate, it 

also contains silica gel particles. The sodium bicarbonate interrupts the chain reaction of 

the fuel and the silica soaks up any unburned fuel, preventing contact with air. It is 

effective on other class B fuels as well. Blue/red in color. 

 

 

3.3.3 Foam: Applied to fuel fires as either an aspirated (mixed and expanded with air in a 

branch pipe) or nonaspirated form to create a frothy blanket or seal over the fuel, preventing 

oxygen reaching it. Unlike powder, foam can be used to progressively extinguish fires 

without flashback. 

 Aqueous film-forming foam (AFFF), used on A and B fires and for vapor 

suppression. The most common type in portable foam extinguishers. AFFF was 

developed in the 1960s under Project Light Water in a joint venture between 3M and the 

U.S. Navy. AFFF forms a film that floats out before the foam blanket, sealing the surface 

and smothering the fire by excluding oxygen. AFFF is widely used for ARFF firefighting 

at airports, often in conjunction with purple-K dry chemical. It contains fluoro-

tensides which can be accumulated in the human body. The long-term effects of this on 

the human body and environment are unclear at this time. AFFF can be discharged 

through an air-aspirating branchpipe nozzle or a spray nozzle and is now produced only 

in pre-mix form, where the foam concentrate is stored mixed with water. In the past, as 

solid charge model was produced, the AFFF concentrate was housed as a dry compound 

in an external, disposable cartridge in a specially designed nozzle. The extinguisher body 

was charged with plain water, and the discharge pressure mixed the foam concentrate 

with the water upon squeezing the lever. These extinguishers received double the rating 

of a pre-mix model (40-B instead of 20-B), but are now considered obsolete, as parts and 

refill cartridges have been discontinued by the manufacturer. 

 Alcohol-resistant aqueous film-forming foams (AR-AFFF), used on fuel fires 

containing alcohol. Forms a membrane between the fuel and the foam preventing the 

alcohol from breaking down the foam blanket. 

 Film-forming fluoroprotein (FFFP) contains naturally occurring proteins from animal 

by-products and synthetic film-forming agents to create a foam blanket that is more heat 

resistant than the strictly synthetic AFFF foams. FFFP works well on alcohol-based 

liquids and is used widely in motorsports. As of 2016, Amerex has discontinued 

production of FFFP, instead using AR-AFFF made by Solberg. Existing model 252 FFFP 
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units can maintain their UL listing by using the new charge, but only the model 250 will 

be produced in the future. 

 Compressed air foam system (CAFS): The CAFS extinguisher (example: TRI-MAX 

Mini-CAF) differs from a standard stored-pressure premix foam extinguisher in that it 

operates at a higher pressure of 140 psi, aerates the foam with an attached compressed 

gas cylinder instead of an air-aspirating nozzle, and uses a drier foam solution with a 

higher concentrate-to-water ratio. Generally used to extend a water supply in wild land 

operations. Used on class A fires and with very dry foam on class B for vapor 

suppression. These are very expensive, special purpose extinguishers typically used by 

fire departments or other safety professionals. 

 Arctic Fire is a liquid fire extinguishing agent that emulsifies and cools heated 

materials more quickly than water or ordinary foam. It is used extensively in the steel 

industry. Effective on classes A, B, and D. 

 FireAde is a foaming agent that emulsifies burning liquids and renders them non-

flammable. It is able to cool heated material and surfaces similar to CAFS. Used on A 

and B (said to be effective on some class D hazards, although not recommended due to 

the fact that fireade still contains amounts of water which will react with some metal 

fires). 

 Cold Fire is an organic, eco-friendly wetting agent that works by cooling, and by 

encapsulating the hydrocarbon fuel, which prevents it from entering into the combustion 

reaction. Bulk Cold Fire is used in booster tanks and is acceptable for use in CAFS 

systems. Cold Fire is UL listed for A and B fires only, though the manufacturer claims it 

is effective on class D and "grease" fires, which implies class K capability. End users 

should be cautious about agents use on fires outside of their UL listing, despite sales 

claims. Aerosol versions are preferred by users for cars, boats, RVs, and kitchens. Used 

primarily by law enforcement, fire departments, EMS, and the racing industry across 

North America. Cold Fire offers Amerex equipment (converted 252 and 254 models) as 

well as imported equipment in smaller sizes. 

3.3.4 Water Types: 

Cools burning material Very effective against fires in furniture, fabrics, etc. (including deep-

seated fires), but can be safely used only in the absence of electricity. 

 Pump-Type water consists of a 2 1⁄2- or 5-gallon non-pressurized metal or plastic 

container with a pump mounted to it, as well as a discharge hose and nozzle. Pump type 

water extinguishers are often used where freezing conditions may occur, as they can be 

economically freeze-protected with calcium chloride (except stainless steel models), such 

as barns, outbuildings and unheated warehouses. They are also useful where many, 

frequent spot fires may occur, such as during fire watch for hot work operations. They are 

dependent on the user's strength to produce a decent discharge stream for firefighting. 

Water and antifreeze are the most common, but loaded stream and foam designs were 

made in the past. Backpack models exist for wild land firefighting and may be solid 

material such as metal or fiberglass, or collapsible vinyl or rubber bags for ease of 

storage. 

 Air-pressurized water (APW) cools burning material by absorbing heat from burning 

material. Effective on class A fires, it has the advantage of being inexpensive, harmless, 

and relatively easy to clean up. In the United States, APW units contain 2.5 US gal (9.5 l) 

of water in a tall, stainless steel cylinder. In Europe, they are typically mild steel, lined 

with polyethylene, painted red and contain 6–9 l (1.6–2.4 US gal) of water. 

 Water mist (WM) uses a fine misting nozzle to break up a stream of de-ionized 

(distilled) water to the point of not conducting electricity back to the operator. Class A 

https://en.wikipedia.org/wiki/Compressed_air_foam_system
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https://en.wikipedia.org/wiki/Air_pressurized_water
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and C rated. It is used widely in hospitals and MRI facilities because it is both completely 

non-toxic and does not cause cardiac sensitization like some gaseous clean agents. These 

extinguishers come in 1-3/4 and 2-1/2 gallon sizes, painted white in the United States. 

Models used in MRI facilities are non-magnetic and are safe for use inside the room that 

the MRI machine is operating. Models available in Europe come in smaller sizes as well, 

and some even carry a Class F rating for commercial kitchens, essentially using steam to 

smother the fire and the water content to cool the oil. 

3.3.5 Wet chemical and water additives: 

Wet chemical (potassium acetate, potassium carbonate, or potassium citrate) extinguishes the 

fire by forming an air-excluding soapy foam blanket over the burning oil through the 

chemical process of saponification (an alkali reacting with a fat to form a soap) and by the 

water content cooling the oil below its ignition temperature. Generally, class A and K (F in 

Europe) only, although older models also achieved class B and C fire-fighting capability in 

the past, current models are rated A:K (Amerex, Ansul, Buckeye and Strike First) or K only 

(Badger/Kidde). 

 Wetting agents: Detergent based additives used to break the surface tension of water 

and improve penetration of class A fires. 

 Antifreeze chemicals added to water to lower its freezing point to about −40 °F 

(−40 °C). Has no appreciable effect on extinguishing performance. Can be glycol based 

or loaded stream, see below. 

 Loaded Stream An alkali metal salt solution added to water to lower its freezing point 

to about −40 °F (−40 °C). Loaded stream is basically concentrated wet chemical, 

discharged through a straight stream nozzle, intended for class A fires. In addition to 

lowering the freezing point of the water, loaded stream also increases penetration into 

dense class A materials and will give a slight class B rating (rated 1-B in the past), though 

current loaded stream extinguishers are rated only 2-A. Loaded Stream is very corrosive; 

extinguishers containing this agent must be recharged annually to check for corrosion 

 

3.3.6 Class D dry powder and other agents for metal fires: 

There are several class D fire extinguisher agents available; some will handle multiple types 

of metals, others will not. 

 Sodium chloride (Super-D, Met-L-X, M28) contains sodium chloride salt, which 

melts to form an oxygen-excluding crust over the metal. A thermoplastic additive such as 

nylon is added to allow the salt to more readily form a cohesive crust over the burning 

metal. Useful on most alkali metals including sodium and potassium, and other metals 

including magnesium, titanium, aluminum, and zirconium. 

 Copper-based (Copper Powder Navy 125S) developed by the U.S. Navy in the 1970s 

for hard-to-control lithium and lithium-alloy fires. The powder smothers and acts as a 

heat sink to dissipate heat, but also forms a copper-lithium alloy on the surface which is 

non-combustible and cuts off the oxygen supply. Will cling to a vertical surface. Lithium 

only. 

 Graphite-based (G-Plus, G-1, Lith-X, Chubb Pyromet) contains dry graphite that 

smothers burning metals. The first type developed, designed for magnesium, works on 

other metals as well. Unlike sodium chloride powder extinguishers, the graphite powder 

fire extinguishers can be used on very hot burning metal fires such as lithium, but unlike 

copper powder extinguishers will not stick to and extinguish flowing or vertical lithium 
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fires. Like copper extinguishers, the graphite powder acts as a heat sink as well as 

smothering the metal fire. 

 Sodium carbonate-based (Na-X) is used where stainless steel piping and equipment 

could be damaged by sodium chloride-based agents to control sodium, potassium, and 

sodium-potassium alloy fires. Limited use on other metals. Smothers and forms a crust. 

 

3.3.7 Fire extinguishing ball: 

Several modern “ball” or grenade-style extinguishers are available on the market. The 

modern version of the ball is a hard foam shell, wrapped in fuses that lead to a small black 

powder charge within. The ball bursts shortly after contact with flame, dispersing a cloud of 

ABC dry chemical powder which extinguishes the fire. The coverage area is about 

5 m2 (54 sq ft). One benefit of this type is that it may be used for passive suppression. The 

ball can be placed in a fire-prone area and will deploy automatically if a fire develops, being 

triggered by heat. They may also be manually operated by rolling or tossing into a fire. Most 

modern extinguishers of this type are designed to make a loud noise upon deployment.[35] 

This technology is not new, however. In the 1800s, glass fire grenades filled with suppressant 

liquids were popular. These glass fire grenade bottles are sought by collectors.[36] Some later 

brands, such as Red Comet, were designed for passive operation and included a special 

holder with a spring-loaded trigger that would break the glass ball when a fusible link melted. 

As was typical of this era, some glass extinguishers contained the toxic carbon tetrachloride. 

 

 

Chapter: 4 

Causes of Vehicle Fires 

            There's rarely a single cause for any given car fire, even if an investigator can trace all 

the way back to the incident that sparked the blaze. It's more likely that there was a 

combination of causes: human causes, mechanical causes, and chemical causes, and they all 

worked together to create an incredibly dangerous situation. In other words, once a vehicle's 

on fire, any number of additional factors can (and will) complicate things. The National Fire 

Protection Association (NFPA) says that vehicle fires account for about 20 percent of all 

reported fires. 

4.1 Design Flaws: 

A design flaw in a vehicle usually isn't going to cause a car fire on its own, because there's no 

on/off switch for lighting a vehicle ablaze. Design flaws, however, can make conditions 

really ripe for a fire, and sometimes even create conditions in which an eventual fire is 

inevitable. Usually, the manufacturers catch on to these situations before incidents become 

widespread. They issue recalls to get the dangerous cars off the street and fix the problems, 

because no carmaker wants to be known for combusting its customers. Like all automobile 

fires, a design flaw is only the first step leading to a blaze. Not all design flaws result in a 

fire, but any number of problems can make a fire a lot more likely. 
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4.2 Electric system failure: 

Electrical system failures take the second spot on the list because they're the second most 

common cause of car fires. The electrical current passes through wiring from the battery 

provides in the car.  With faulty or loose wiring can produce sparks that can quickly ignite a 

fluid drip or leaked vapors. The electrical system's hazards aren't confined to the area under 

the hood, either. Electrical wiring runs throughout the entire car; through channels, into 

doors, under the carpet and through powered and heated seats, just to name a few places 

where a stray, unnoticed frayed wire could cause havoc. 

4.3 Over heating of engine: 

An engine that overheats and causes a car to catch on fire is an especially good example of 

how one problem can lead to another. A car's engine probably won't overheat enough to 

simply burst into flames all on its own. But what can happen (and pretty easily, by the way), 

is an engine can overheat and make the internal fluids, like oil and coolant, rise to dangerous 

temperatures and begin to spill out of their designated areas of circulation. When that 

happens, they drip, drizzle and spurt throughout the engine bay and onto the exhaust system, 

landing on other hot parts, where they can easily ignite and spread. Generally, though, an 

overheating engine requires mechanical attention. There's often a leaky seal or gasket, or the 

radiator isn't working properly, or any number of other things. 

4.4 Car crash or car accident: 

Depending on the impact site, a car crash can even spark a car fire. Most vehicles' crumple 

zones are designed pretty well, so the sheet metal absorbs the force of a blow and protects 

internal, dangerous spots like the engine, the battery and even the gas tank. But really, there's 

not actually that much of a barrier there, so a hard enough hit is likely to cause fluid leaks and 

spillage, as well as heat and smoke. And, as we know high heat and spilled fluids create 

perfect conditions for a fire. 

4.5 Over heating catalytic converter: 

Overheating catalytic converters are a fire risk that's often overlooked, but think about it: One 

of the consistently hottest parts of your car runs the entire length of the vehicle i.e the exhaust 

system. Catalytic converters usually overheat because they are working too hard to burn off 

more exhaust pollutants than they're designed to process. In other words, if the car's engine 

isn't operating efficiently (due to worn spark plugs or any number of other adverse 

conditions), it doesn't burn the fuel properly, and a lot of extra stuff ends up in the exhaust 

system. The cat then has to work extra hard to do its job, which makes it even hotter than 

usual. An overworked (or clogged) catalytic converter can easily go from its normal 

operating temperature range of about 1,200 to 1,600 degrees Fahrenheit (648.9 to 871.1 

degrees Celsius) to up over 2,000 degrees Fahrenheit (1,093.3 degrees Celsius). This causes 

long-term damage not only to the cat itself, but to the car's surrounding parts. The car's 

designed to withstand the cat's normal temps, but it can't consistently cope with temperatures 

several hundred degrees higher. If the catalytic converter gets hot enough, it could ignite the 

cabin insulation and carpeting right through the heat shields and metal floor pan. 

4.6 Poor Maintenance: 
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Human error probably isn't going to be the direct cause of a fire in your vehicle. But if you're 

sloppy about maintenance, your car is going to be a lot more dangerous, in general, and the 

increased likelihood of a car fire is just part of the greater risks you're taking. It's true, 

forgetting or neglecting to properly take care of your car can indirectly lead to a vicious fire. 

That's because if you let broken parts, leaky seals, or faulty wiring go without repairs, it'll 

make your car a lot more hospitable to the conditions that cause a fire. An engine with a bad 

gasket is more likely to drip hazardous (and flammable) fluids. Frayed wiring is more likely 

to spark and make contact with flammable materials. 

4.7 Spilled Fluid: 

The average car or truck has a number of flammable and highly dangerous fluids under the 

hood: gasoline or diesel fuel, engine oil, transmission fluid, power steering fluid, brake fluid 

and even engine coolant. All of those fluids are circulating when the car is on, and all of them 

can catch fire pretty easily if their lines, hoses or reservoirs take a hit. So even though one of 

the car's vital liquids is unlikely to start spewing or dripping out of nowhere -- generally, 

something else has to go wrong first -- the fact that all of these fluids are flammable to begin 

with is a problem in and of itself. Combined with another aggravating factor, like a car crash 

or a failed part, the result could be a fire. Though such a blaze is most likely to start in the 

engine bay, where all of these dangerous liquids are concentrated, keep in mind that some of 

them, like fuel and brake fluid, are moved along the entire length of the car. 

4.8 Fuel system leak: 

Leaks in the fuel system are the most common cause of vehicle fires, so that's why they take 

the top spot. As we've already seen, any number of complicating factors can cause a fuel leak, 

but they're tricky because fuel leaks can also arise on their own and with very little warning. 

A fuel system leak is really dangerous. We've already discussed that a lot of a car's fluids 

have corrosive, poisonous and flammable properties and these can quickly catch fire from a 

simple spark.  
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Chapter 5 

Classification of passenger vehicles 

Passenger vehicles are classified into three types based on the number of passengers can be 

travelled. They are 

1. Busses 

2. Taxi/cars 

3. Auto 

5.1 Busses:  

A bus is a large wheeled vehicle meant to carry many passengers along with the driver. It is 

larger than a car. Buses can have a capacity as high as 300 passengers. The name is a 

shortened version of omnibus, which means "for everyone" in Latin. Buses used to be called 

omnibuses, but people now simply call them "buses”. Buses are an important part of public 

transport in places all over the world. Many people who do not have cars, especially the third 

world countries, use buses to get around. Buses make it easy for them to get to where they 

want to go. Buses may be used for scheduled bus transport, scheduled coach transport, school 

transport, private hire, or tourism promotional buses may be used for political campaigns and 

others are privately operated for a wide range of purposes, including rock and pop band tour 

vehicles. 

If fire accident is occur in the busses there is more number of persons death because in busses 

more number of passengers are travelled at a time and there is a less chance to escape. 

5.2 Cars: 

A car is a road vehicle used to carry passengers (people). Cars usually have 

four wheels (round things which turn in order to lead to movement), and 

an engine or motor to make them move. Cars can have a capacity as high as10 passengers. 

Many cars were made during the 20th century. 

5.3 Auto: 

An auto rickshaw is a motorized version of the pulled rickshaw or cycle rickshaw. Most 

have three wheels and do not tilt. Auto can have a capacity of 4 to 7 passengers. 

If fire accident is occur in auto there is no persons death because the chance of escape is 

more. 
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Chapter: 6 

Components used in Fire safety system 

6.1 Frame: 

       A vehicle frame is the key part of that car. It is also a part of chassis. All of the other 

motor vehicle components are attached to the frame in one way or the other. Almost every 

vehicle type including small cars, medium, and even buses& Lorries have a frame. However, 

sometimes back some of the vehicles got switched in the way they are created and fitted with 

a uni body design. This sought to decrease the amount of the different parts needed to make 

the frame and chassis. 

 

        

Figure 6.1 Frame 

 6.1.1 Functions of Frame: 

  Supporting the vehicle’s body and mechanical components. 

  Dealing with dynamic and static loads without distortion or deflection. 

  Supporting the weight of the vehicle passengers, cargo loads, and the weight of the 

vehicle’s body 

 Dealing with the torque from the engine and transmission.  

 Dealing with sudden impacts from collisions and longitudinal tensile forces that are 

caused by starting, acceleration, and compression from braking. 
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6.2 CO2 Cylinder: 

A carbon dioxide cylinder contains a liquefied gas i.e. CO2 under pressure. CO2 cylinders 

are generally made of carbon steel. 

 

Figure 6.2: CO2 Cylinder 

In the filling plant, CO2 cylinders must be checked for water prior to filling, and dried if 

necessary. But users should also make sure that liquids do not enter their CO2 cylinders. One 

possible safety precaution is to install a backflow preventer. There is another, very simple 

safety precaution, which can keep moisture out of CO2 cylinders: they should be emptied 

only down to a residual pressure of about 5 bar; then keep the cylinder valves closed. This 

prevents moist air from entering into the cylinder.  

CO2 cylinder valves shall have a overpressure safety device in the form of a bursting disk 

that is secured to the valve with a coupling nut. To prevent inadvertent and dangerous 

discharge of CO2, this device must never be tampered with. 

6.3 Solenoid valve:  

A solenoid valve is an electrically controlled valve. Solenoid valves are used wherever fluid 

flow has to be controlled automatically. 

 

Figure 6.3: Solenoid valve 
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   Solenoid valve works is by controlling the flow of liquids or gases in a positive, fully-

closed or fully-open mode. They are often used to replace manual valves or for remote 

control. The valve features a solenoid, which is an electric coil with a movable ferromagnetic 

core (plunger) in its center. In the rest position, the plunger closes off a small orifice. An 

electric current through the coil creates a magnetic field. The magnetic field exerts an 

upwards force on the plunger opening the orifice. This is the basic principle that is used to 

open and close solenoid valves. Solenoid valves are used in a wide range of applications, with 

high or low pressures and small or large flow rates. These solenoid valves use different 

operating principles that are optimal for the application. 

6.3.1 Constructional details of Solenoid valve: 

 

Figure 6.3.1: Cross sectional view of solenoid valve 

1) Valve body: This is the body of the valve to which the solenoid valve is connected. The 

valve is usually connected in the process flow pipeline to control the flow of certain fluid like 

liquid or air. Ordinarily the flow from the valve is controlled by the handle, but in case of the 

automatic valve the solenoid valve is connected to the valve. 

2) Inlet port of the valve: This is the port through which the fluid enters inside the automatic 

valve and from here it can enter into the final process. 

3) Outlet port: The fluid that is allowed to pass through the automatic valve leaves the valve 

through the outlet port. The solenoid valve controls the flow of the fluid from inlet port to the 

outlet port. The outlet port is eventually connected to the process where the fluid is required. 

4) Coil/ Solenoid: This is body of the solenoid coil. The body of the solenoid coil is 

cylindrical in shape, and it is hollow from inside. The body is covered with steel covering and 

it has metallic finish. Inside the solenoid valve there is solenoid coil. 

5) Coil windings: The solenoid consists of several turns of the enameled wire wound around 

the ferromagnetic material like steel or iron. The coil forms the shape of the hollow cylinder.  

Externally this coil is covered with the steel covering and inside the hollow part there is a 

plunger or the piston, whose motion inside the hollow space is controlled by the spring. 
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6) Lead wires: These are external connections of the solenoid valve that are connected to the 

electrical supply. The current is supplied to the solenoid valve from these wires. When the 

solenoid valve is energized, the current flows through these wires to the solenoid valve and 

when the solenoid valve is de-energized the flow of current stops. 

7) Plunger or piston: This is the solid round metallic part cylindrical in shape and placed in 

the hollow portion the solenoid valve. When the electrical current is passed through the 

solenoid valve, the magnetic field is generated inside the hollow space. Due to this the 

plunger tends to move vertically in the hollow space. When the electrical current is stopped to 

the solenoid valve, the magnetic field is stopped and the plunger is remains the existing place 

due to the force of the spring. 

8) Spring: The plunger moves inside the hollow space due to the action of the magnetic field 

against the action of the spring. The magnetic field generated inside the solenoid valve tends 

to move the plunger, but the spring tends to stop the motion of the plunger in which ever the 

position it is. This action of the spring against the magnetic field helps keeping the plunger in 

the position where the flow of current to the solenoid valve is stopped. The spring performs 

very crucial action inside the hollow space. For one, the plunger is in the vertical position, so 

the spring helps keeping it at the desired position instead of allowing the plunger to fall to the 

bottom due to gravity when the current to the solenoid valve is stopped. Secondly, the spring 

also prevents the movement of the plunger due to force of the fluid flowing through the valve 

body. If the spring was not there the plunger would have moved up when the fluid is present 

and moved down when the fluid is not there. Thus the spring actually forces the plunger to 

carry out the control of the fluid. It allows the movement of the plunger only to the extent 

when the electric current is flowing through the solenoid valve. 

9) Orifice: The orifice is an important part of the valve though which the fluid is flowing. It 

is the connection between the inlet and the outlet port. The flow of fluid from the inlet port to 

the outlet port takes place from this port. In the ordinary valves, this port is covered with the 

valve disc at the bottom of the stem of the valve to which the handle is connected. Thus in 

ordinary valves, the opening of the orifice are controlled by the handle, but in case of the 

solenoid valves, the opening of the orifice is controlled by the plunger. The movement of the 

plunger is in turn controlled by the spring and the current flowing through the solenoid valve. 

6.3.2 Working of the Solenoid Valve: 

Initially current pass through the solenoid valve due to this the valve gets energized and the 

magnetic field is generated which triggers the movement of the plunger against the action of 

the spring. Due to this the plunger moves in upwards direction, which allows the opening of 

the orifice. At this instant the flow of the fluid is allowed from the inlet port to the outlet port. 

 

For a normally closed solenoid valve, the valve is closed when de-energized and the media 

cannot flow through it. When current is sent to the coil, it creates an electromagnetic field 

that forces the plunger upwards overcoming the spring force. This unseats the seal and opens 

the orifice allowing the media the flow through the valve. Figure 5 shows the operating 

principle of a normally closed solenoid valve in the de-energized and energized states. 
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Figure 6.3.2: Working of Solenoid valve 

The solenoid valve explained above is the two-way solenoid valve, since it has only two 

ports. This is also called as the direct acting two-way solenoid valve. There are also direct 

acting three-way and four-way solenoid valves used for different applications. 

 

6.4 Smoke detector: 

A smoke detector is an electronic fire-protection device that automatically senses the presence of 

smoke, as a key indication of fire. 

Types of Smoke detectors: 

1. Ionization smoke detector 

2. Photoelectric smoke detector 

For this project Ionization smoke detector is used  

An ionization smoke detector uses a radioisotope, typically americium-241, to ionize air; a 

difference due to smoke is detected and an alarm is generated. Ionization detectors are more 

sensitive to the flaming stage. 

 

Figure 6.4: Smoke detector 

 

The smoke detector has two ionization chambers, one open to the air, and a reference 

chamber which does not allow the entry of particles. The radioactive source emits alpha 

particles into both chambers, which ionizes some air molecules. There is a potential 

difference (voltage) between pairs of electrodes in the chambers; the electrical charge on 

the ions allows an electric current to flow. The currents in both chambers should be the same 

as they are equally affected by air pressure, temperature, and the ageing of the source. If any 
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smoke particles enter the open chamber, some of the ions will attach to the particles and not 

be available to carry the current in that chamber. An electronic circuit detects that a current 

difference has developed between the open and sealed chambers, and send the signals to 

control unit of fire safety system. 

Ionization smoke detectors are usually cheaper to manufacture than optical detectors. They 

may be more prone to false alarms triggered by non-hazardous events. 

6.5 Spray Nozzle: 

A spray nozzle is a precision device that facilitates dispersion of liquid into a spray. Nozzles 

are used for three purposes: to distribute a liquid over an area, to increase liquid surface area, 

and create impact force on a solid surface. A wide variety of spray nozzle applications use a 

number of spray characteristics to describe the spray. 

Spray nozzles can be categorized based on the energy input used to cause atomization, the 

breakup of the fluid into drops. Spray nozzles can have one or more outlets; a multiple outlet 

nozzle is known as a compound nozzle.  

Compound Nozzle: 

In this project we are using the compound nozzle because compound nozzle have the multiple 

outlets. 

 

At the inlet of the nozzle carbon dioxide may be in liquid or gaseous phase but at the outlet of 

the nozzle the carbon dioxide in completely gaseous phase 

From the nozzle gaseous phase carbon dioxide is released in the multi directions 

(approximately in 360 degree direction)     

 

6.6 Control unit: 

Control unit consist of two parts 

1. Arduino Uno 

2. Relay 

6.6.1Arduino Uno:     

                                       Arduino Uno is an open-source microcontroller board based on 

the Microchip ATmega328P microcontroller and developed by Arduino.cc. The board is 
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equipped with sets of digital and analog input/output (I/O) pins that may be interfaced to 

various expansion boards (shields) and other circuits. The board has 14 digital I/O pins (six 

capable of PWM output), 6 analog I/O pins, and is programmable with the Arduino 

IDE (Integrated Development Environment), via a type B USB cable. It can be powered by 

the USB cable or by an external 9-volt battery, though it accepts voltages between 7 and 20 

volts. It is also similar to the Arduino Nano and Leonardo. The hardware reference design is 

distributed under a Creative Commons Attribution Share-Alike 2.5 license and is available on 

the Arduino website. Layout and production files for some versions of the hardware are also 

available. 

 

Figure 6.6.1: Arduino 

The word "uno" means "one" in Italian and was chosen to mark the initial release of Arduino 

Software. The Uno board is the first in a series of USB-based Arduino boards it and version 

1.0 of the Arduino IDE were the reference versions of Arduino, which have now evolved to 

newer releases. The ATmega328 on the board comes preprogrammed with a boot loader that 

allows uploading new code to it without the use of an external hardware programmer. While 

the Uno communicates using the original STK500 protocol,[1] it differs from all preceding 

boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it uses the 

Atmega16U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial converter. 

 

6.6.2 Relay: 

A relay is an electrically operated switch. It consists of a set of input terminals for a single or 

multiple control signals, and a set of operating contact terminals. The switch may have any 

number of contacts in multiple contact forms, such as make contacts, break contacts, or 

combinations thereof. 
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Figure 6.6.2: Relay  

A relay is classified into many types, a standard and generally used relay is made up of 

electromagnets which in general used as a switch. Dictionary says that relay means the act of 

passing something from one thing to another, the same meaning can be applied to this 

device because the signal received from one side of the device controls the switching 

operation on the other side. So relay is a switch which controls (open and close) circuits 

electromechanically. The main operation of this device is to make or break contact with the 

help of a signal without any human involvement in order to switch it ON or OFF. It is mainly 

used to control a high powered circuit using a low power signal. 

6.6.2.1 Design of a Relay: 

An electromechanical relay is basically designed using few mechanical parts like 

Electromagnet, a movable armature, contacts, yoke, and a spring/frame/stand, these parts are 

showing in the internal pictures of Relay below. All these are arranged logically to form 

into a relay. 

  

Figure 6.6.3: sectional view of Relay 

 

 

Electromagnet: 

An Electromagnet plays a major role in the working of a relay. It is a metal which doesn’t 

have magnetic property but it can be converted into a magnet with the help of an electrical 

signal. We know that when current passes through the conductor it acquires the properties of 

a magnet. So, when a metal winded with a copper wire and driven by the sufficient power 

supply, that metal can act as a magnet and can attract the metals within its range. 
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Movable Armature: 

Movable armature is a simple metal piece which is balanced on a pivot or a stand. It helps in 

making or breaking the connection with the contacts connected to it. 

Contacts: 

These are the conductors that exist within the device and are connected to the terminals. 

Yoke: 

It is a small metal piece fixed on a core in order to attract and hold the armature when the coil 

is energized.  

               

Spring (optional): 

Few relays don’t need any spring but if it is used, it is connected to one end of the armature to 

ensure its easy and free movement. Instead of a spring, a metal stand like structure can be 

used. 

Construction of Relay and its operation: 

The following figure shows how a Relay looks internally and how it can be constructed, 

 

Figure 6.6.4: Electromagnetic Relay 

 

On a casing, a core with copper windings (forms a coil) winded on it is placed. A movable 

armature consists of a spring support or stand like structure connected to one end, and a metal 

contact connected to another side, all these arrangements are placed over the core such that, 

when the coil is energized, it attracts the armature. The movable armature is generally 

considered as a common terminal which is to be connected to the external circuitry. The relay 

also has two pins namely normally closed and normally opened (NC and NO), the normally 

closed pin is connected to the armature or the common terminal whereas the normally opened 

pin is left free (when the coil is not energized). When the coil is energized the armature 
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moves and is get connected to the normally opened contact till there exists flow of current 

through the coil. When it is de-energized it goes to its initial position. 

The general circuit representation of the relay is as shown in the figure below 

 

6.6.2.2 Relay Working: 

Relay in NORMALLY CLOSED condition: 

When no voltage is applied to the core, it cannot generate any magnetic field and it doesn’t 

act as a magnet. Therefore, it cannot attract the movable armature. Thus, the initial position 

itself is the armature connected in normally closed position (NC). 

Relay in NORMALLY OPENED condition: 

When sufficient voltage is applied to the core it starts to create a magnetic field around it and 

acts as a magnet. Since the movable armature is placed within its range, it gets attracted to 

that magnetic field created by the core, thus the position of the armature is being altered. It is 

now connected to the normally opened pin of the relay and external circuit connected to it 

function in a different manner. 

So finally, we can say that when a coil is energized the armature is attracted and the 

switching action can be seen, if the coil is de-energized it loses its magnetic property and the 

armature goes back to its initial position. 

6.7 Blower:   

Blower is a mechanical device which is used to transfer the air of gases from one location to 

another location or Blower is equipment or a device which increases the velocity of air or gas 

when it is passed through equipped impellers. They are mainly used for flow of air/gas 

required for exhausting, aspirating, cooling, ventilating, conveying etc. Blower is also 

commonly known as Centrifugal Fans in industry 

 

                                                         Figure 6.7: Blower 
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 5.7.1Centrifugal fan: 

 Centrifugal fan is a mechanical device for moving air or other gases in a direction at an 

angle to the incoming fluid. Centrifugal fans often contain a ducted housing to direct 

outgoing air in a specific direction or across a heat sink such a fan is also called a blower 

fan, biscuit blower, or squirrel-cage fan (because it looks like a hamster wheel). These fans 

increase the speed and volume of an air stream with the rotating impellers. 

Centrifugal fans use the kinetic energy of the impellers to increase the volume of the air 

stream, which in turn moves against the resistance caused by ducts, dampers and other 

components. Centrifugal fans displace air radially, changing the direction (typically by 90°) 

of the airflow. They are sturdy, quiet, reliable, and capable of operating over a wide range of 

conditions. 

Centrifugal fans are constant-displacement or constant-volume devices, meaning that, at a 

constant fan speed, a centrifugal fan moves a relatively constant volume of air rather than a 

constant mass. This means that the air velocity in a system is fixed even though the mass flow 

rate through the fan is not. 

Centrifugal fans are not positive-displacement devices and centrifugal fans have certain 

advantages and disadvantages when contrasted with positive-displacement blowers: 

centrifugal fans are more efficient, whereas positive-displacement blowers may have a lower 

capital cost. 

The centrifugal fan has a drum shape composed of a number of fan blades mounted around a 

hub. As shown in the animated figure, the hub turns on a driveshaft mounted in bearings in 

the fan housing. The gas enters from the side of the fan wheel, turns 90 degrees 

and accelerates due to centrifugal force as it flows over the fan blades and exits the fan 

housing 

6.7.1.1 Main parts of a centrifugal fan are: 

1. Fan housing 

2. Impellers 

3. Inlet and outlet ducts 

4. Drive shaft 

5. Drive mechanism 

 
Figure 6.7.1: sectional view of centrifugal fan 

Other components used may include bearings, couplings, impeller locking device, fan 

discharge casing, shaft seal plates etc. 
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Drive mechanisms 

The fan drive determines the speed of the fan wheel (impeller) and the extent to which this 

speed can be varied. There are two basic types of fan drives. 

 

Direct 

The fan wheel can be linked directly to the shaft of an electric motor. This means that the fan 

wheel speed is identical to the motor's rotational speed. With this type of fan drive 

mechanism, the fan speed cannot be varied unless the motor speed is adjustable. Air 

conditioning automatically provides faster speed because colder air is denser. 

Some electronics manufacturers have made centrifugal fans with external rotor motors (the 

stator is inside the rotor), and the rotor is directly mounted on the fan wheel (impeller). 

 

Belt: 

A set of sheaves is mounted on the motor shaft and the fan wheel shaft, and a belt transmits 

the mechanical energy from the motor to the fan. 

 

Fan dampers and vanes: 

Fan dampers are used to control gas flow into and out of the centrifugal fan. They may be 

installed on the inlet side or on the outlet side of the fan, or both. Dampers on the outlet side 

impose a flow resistance that is used to control gas flow. Dampers on the inlet side (inlet 

vanes) are designed to control gas flow by changing the amount of gas or air admitted to the 

fan inlet. 

Inlet dampers (inlet vanes) reduce fan energy usage due to their ability to affect the airflow 

pattern into the fan. 

 

Fan blade: 

 

Figure 6.7.2: Centrifugal fan blades 

The fan wheel consists of a hub with a number of fan blades attached. The fan blades on the 

hub can be arranged in three different ways: forward-curved, backward-curved or radial. 

 

Forward-curved: 

Forward-curved blades, curve in the direction of the fan wheel's rotation. These are especially 

sensitive to particulates and commonly are only specified for clean-air applications such as 
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air conditioning. Forward-curved blades provide a low noise level and relatively small air 

flow with a high increase in static pressure. 

 

Backward-curved: 

Backward-curved blades, curve against the direction of the fan wheel's rotation. Smaller 

blowers may have backward-inclined blades, which are straight, not curved. Larger 

backward-inclined/-curved blowers have blades whose backward curvatures mimic that of an 

airfoil cross section, but both designs provide good operating efficiency with relatively 

economical construction techniques. These types of blowers are designed to handle gas 

streams with low to moderate particulate loadings. They can be easily fitted with wear 

protection but certain blade curvatures can be prone to solids build-up. Backward curved 

wheels are often heavier than corresponding forward-curved equivalents, as they run at 

higher speeds and require stronger construction. 

Backward curved fans can have a high range of specific speeds but are most often used for 

medium specific speed applications—high pressure, medium flow applications. 

Backward-curved fans are much more energy efficient than radial blade fans and so, for high 

power applications may be a suitable alternative to the lower cost radial bladed fan. 

 

Straight radial: 

Radial blower has wheels whose blades extend straight out from the centre of the hub. Radial 

bladed wheels are often used on particulate-laden gas streams because they are the least 

sensitive to solid build-up on the blades, but they are often characterized by greater noise 

output. High speeds, low volumes, and high pressures are common with radial blowers, and 

are often used in vacuum cleaners, pneumatic material conveying systems, and similar 

processes. 

 

6.7.1.2Principle of operation: 

The centrifugal fan uses the centrifugal power supplied from the rotation of impellers to 

increase the kinetic energy of air/gases. When the impellers rotate, the gas particles near the 

impellers are thrown off from the impellers, and then move into the fan casing. As a result, 

the kinetic energy of gas is measured as pressure because of the system resistance offered by 

the casing and duct. The gas is then guided to the exit via outlet ducts. After the gas is 

thrown-off, the gas pressure in the middle region of the impellers decreases. The gas from the 

impeller eye rushes in to normalize this. This cycle repeats and therefore the gas can be 

continuously transferred. 

 

  6.8 Respiration mask: 

               A respirator mask is a device designed to protect the wearer from inhaling 

hazardous atmospheres, including fumes, vapours, gases and particulate matter such as dusts 

and airborne microorganisms. There are two main categories: the air-purifying respirator, in 

which respirable air is obtained by filtering a contaminated atmosphere, and the air-supplied 

respirator, in which an alternate supply of breathable air is delivered. Within each category, 

different techniques are employed to reduce or eliminate noxious airborne contaminants. 
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Supplied-air respirator is respiratory protective devices supplying clean air to a user through 

an air-supply hose. Air supplied respirators provide superior protection and ensure easy 

breathing. 

 

Figure 6.8: respiration mask 

 

6.9 Pipe lines: 

6.9.1 CO2 Pipe line: 

 

Figure 6.9.1: CO2 Pipe line with solenoid valve 

 CO2 pipe lines are used to transfer the CO2 from the CO2 cylinder to Nozzles 

 CO2 pipe lines are made up of black steel it can be able to bear high temperature 

6.9.2 Air Pipe lines: 

 

 

Air pipe lines are used to transfer the air from the blower to respirator mask 
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6.10 Air Filter: 

     A particulate air filter is a device composed of fibrous or porous materials which removes 

solid particulates such as dust, pollen, mold, and bacteria from the air. Filters containing 

an adsorbent or catalyst such as charcoal (carbon) may also remove odors and gaseous 

pollutants such as volatile organic compounds or ozone. Air filters are used in applications 

where air quality is important, notably in building ventilation systems and in engines. 

 

Figure 6.10: Air filter 

 

6.11 Battery: 

       An electric battery is a device consisting of one or more electrochemical cells that 

convert stored chemical energy into electrical energy. Each cell contains a positive terminal, 

or cathode, and a negative terminal, or anode. Electrolytes allow ions to move between the 

electrodes and terminals, which allows current to flow out of the battery to perform work. 

Batteries have much lower specific energy (energy per unit mass) than common fuels such as 

gasoline. This is somewhat offset by the higher efficiency of electric motors in producing 

mechanical work, compared to combustion engines. 

 
Figure 6.11: Battery 
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Chapter: 7 

Design layout 

7.1 Line diagram: 

7.1.1 Line diagram of Fire Suppression system 

 

 CO2 cylinder 

 Solenoid valve 

       Spray Nozzle 

       CO2 Supply pipe line 

       Engine 

7.1.2 Line diagram of respirator system: 

 

        Blower 

        Mask 

        Air Supply pipe line 
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7.2 Design calculations: 

We are taking the SUV Car i.e. Bolero dimensional values in this project for a sample 

calculation. 

Parameters: 

Passenger cabin volume of the Car Vc = 3000 liters. 

Pressure in the passenger cabin is Pc = 101 bar. 

When fire accident occur Temperature in the passenger cabin is around Tc = 45 0C. 

   

Liquid CO2 Pressure inside the cylinder P = 56 bar. 

Liquid CO2 Temperature inside the cylinder T = -50 0C. 

Density of liquid CO2 at 56 bar and -50 0C is 1165.8 Kg/m3 

Characteristic gas constant of CO2 R = 0.1889 KJ/Kg K 

               Characteristic gas equation is PV = MRT 

Pc*Vc = m*R*Tc 

          101*3 = m (0.889)(318) 

 m = 5 Kg  

                                                              Density = mass/volume 

       ρ = m/v 

1165.8 = 5/V 

               V = 4.28 liters 

A person can breathe 11000 liters of air in a day. 

In a one minute person can breathe approximately 8 liters. 

For the 4 persons 32 (8*4=32) liters of air is required. 

To supply this amount of air in the vehicle we required 1.2 CFM centrifugal blower. 
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Chapter: 8 

Fabrication of Automatic Fire Safety System in vehicle 

8.1 Attaching the Sheet metal to the frame: 

Initially we construct the frame by using stainless steel hallow bars having square cross 

section. Joining these metal bars with the help of Arc Welding technique. After that attach the 

sheet metal to the frame with the help of screws. Sheet metal covers the whole frame that 

makes the closed body.  

 

8.2 Installing the CO2 cylinder in vehicle: 

Now CO2 cylinder is installed in the back side corner of the vehicle in the vertical position 

with the use of clamps, bolt and nuts. 

 

8.3 Connecting the solenoid valve to CO2 cylinder: 

Now Solenoid valve is connected to the Co2 cylinder with the use of pipes and pipe fittings. 

Solenoid valve inlet port is connected to the cylinder and the outlet port is connected to the 

supply pipe line. 

 

 



- 34 - 
 

8.4 Installing Control unit in vehicle 

Control unit is installed at the back side of the vehicle and control unit connected with the 

battery by the use of cables. From the control unit connections are given to the Smoke 

Detector and Solenoid valve through cables. 

 8.5 Installing Smoke Detector in vehicle: 

In the prototype Smoke Detector is takes placed below the roof of the vehicle. This Smoke 

Detector input and output cables are connected to the control unit. Smoke Detector take the 

power from the control unit. 

8.6 Installing Nozzles in the vehicle: 

Nozzles are installed in vehicle at different locations to cover the whole vehicle for releasing 

the fire suppression agent. In this proto type Nozzles are takes placed in the roof of the 

vehicle. 

8.7 Installing the Blower in the vehicle: 

Blower is installed at the side of the vehicle the position of the blower is opposite to the fuel 

tank. In front of the blower inlet opening is provided in side of the vehicle body without 

affecting the strength of the body. At the outlet of the blower air filter is attached. 

8.8 Installing the Mask dropdown mechanism: 

Mask dropdown mechanism is installed at the top of the every seat in the vehicle. In the proto 

type mask dropdown mechanism is takes placed at the top of the driver seat. In the mask 

dropdown mechanism small capacity solenoid valve is used as a opening slider of the mask 

holding chamber door. When the door opens Respirator Mask is dropdown from the mask 

chamber. 

8.9 Installing the battery in vehicle: 

The battery system is located at the rear side of the vehicle. This is fixed in the vehicle with 

the use of clamp. The capacity of the battery is 12V and 7.5 Ah. It stores the power which is 

coming from the dynamo and it sent this power to the control unit. 
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 Chapter: 9 

Working of Automatic Fire Safety System in Vehicles 

      When a car catches fire due to any type of cause the smoke coming from the engine cabin 

or interior space (passenger or person cabin) can be detected automatically by smoke detector  

(we already ewer of that before the fire smoke will come). From the smoke detector signals 

will passed to the control unit through cables. After receiving the signals from the smoke 

detector ,control unit relay is activated. Through the relay power supply is given to the 

Solenoid valve and Blower. When power supply given to the solenoid valve outlet port of the 

solenoid valve is opened. From the solenoid valve outlet port fire suppression agent (Liquid 

CO2) is released in the vehicle through Nozzles. Within the short span of time fire 

suppression agent (Liquid CO2) is completely occupies the vehicle inner side volume that ill 

suppress the fire in the vehicle. When the fire suppression agent (Liquid CO2) occupies the 

entire vehicle in side passengers are unable to take a breath for this purpose respiration 

system is provided. When the power supply given to the Blower outside atmospheric air is 

supplied to the passengers through pipe lines from Blower outlet to mask inlet port it can give 

the sufficient air to breath. As the result passengers can able to survive within the vehicle. 
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Chapter: 10 

Advantages and Disadvantages of Automatic Fire Safety System 

10.1 Advantages: 

 The main advantage of this system is to safe guard the people life from the vehicle 

fire. 

 The second advantage of this system is to protect the most of the vehicle parts i.e. 

decrease or complete elimination of the vehicle damage when fire accident occur. 

 With this fire safety system death rate due to vehicle fire accident is decreased or 

completely eliminated. 

 Maintenance cost of the Automatic Fire safety system is very low.  

10.2 Disadvantages: 

        Automatic Fire Safety System have two drawbacks they are weight and investment cost 

these must be accounted for to provide safe and reliable operation.  Because they are inherent 

in the system, they will not be eliminated until a new way of providing fire safety in vehicle 

that is both robust and cost effective enough to replace the current technology. 

 

Chapter: 11 

Cost Structure 

11.1 Cost for the proto type preparation: 

 Frame preparation – 2500/- 

 Body assembly – 1500/- 

 CO2 cylinder(4.5 kg) – 4200/- 

 Solenoid valve(1/2 inch) – 700/- 

 Smoke detector – 130/- 

 CO2 Piping(1/2 inch) – 500/- 

 Respiratory pipe line – 120/- 

 Air filter – 100/- 

 Compound nozzle – 200/- 

 Arduino – 650/- 
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 Relay – 250 /- 

 Battery – 850/- 

 Blower – 100/- 

 Mask – 500/- 

Total amount for preparing the proto type is 12300/- 

11.2 Cost for installing in actual vehicle: 

If the vehicle is car the following is the cost estimation   

 CO2 cylinder(6 kg) – 6000/- 

 Solenoid valve(1/2 inch, 2 items) – 1400/- 

 Smoke detector (8 items) – 1040/- 

 CO2 Piping(1/2 inch) – 1000/- 

 Respiratory pipe line – 760/- 

 Air filter – 200/- 

 Compound nozzle (8 items) – 800/- 

 Arduino – 650/- 

 Relay – 250 /- 

 Blower – 400/- 

 Mask (4 items) – 2000/- 

 Mask opening unit – 500/- 

Total amount for installing in actual vehicle is 15000/- 
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Chapter: 12 

Results 

 The amount of CO2 is required to suppress the fire in the vehicle (SUV car) is 4.28 

litres. 

 The capacity of the blower required to supply the sufficient air to the person in 

vehicle (SUV car) is 1.2 CFM 

 

Chapter: 13 

Conclusion  

Finally we concluded that by implementing Automatic Fire Safety system in vehicle, we can 

avoid the vehicle fire accident deaths of the people and decreasing the damage of the vehicle 

due to fire accident.  

 

 

Chapter: 14 

Future Scope 

The performance of the Automatic Fire Safety system will increase by incorporating the 

following features 

 Incorporating the thermal sensor. If we implement in the automatic fire safety system, 

it will give the caution in vehicle when increase in the temperature at fire accident 

causing zones. By this greater safety is provided before the fire accident. 

 Making the whole process wire Lesley, with the wireless connection signals from the 

sensors are reached to the control unit in quick manner and we can able to install the 

sensors at required position without any problem.     
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Bibliography 

 Automobile Engineering Volume-1 by Kripal Singh 
 Automobile Engineering Volume-2 by Kripal Singh 
 Internal combustion Engine by V.Ganesan 
  International Journals on fire safety 
 https://www.beyondcarlton.org/worst-fire-accidents-india-2019/ 

 https://auth.mygov.in/?group=mygov 

 https://www.fike.com/products/co2-fire-suppression-system/ 

 https://www.epa.gov/snap/carbon-dioxide-fire-suppressant-examining-risks 

 https://auto.howstuffworks.com/car-driving-safety/accidents-hazardous-conditions/10-

causes-of-car-fires3.htm 

 https://circuitdigest.com/article/relay-working-types-operation-applications 

  

 http://mospi.nic.in/publication/statistical-abstract-india-2007 

 
 

 

 

 

 

 

 

 

 

https://www.beyondcarlton.org/worst-fire-accidents-india-2019/
https://auth.mygov.in/?group=mygov
https://www.fike.com/products/co2-fire-suppression-system/
https://www.epa.gov/snap/carbon-dioxide-fire-suppressant-examining-risks
https://auto.howstuffworks.com/car-driving-safety/accidents-hazardous-conditions/10-causes-of-car-fires3.htm
https://auto.howstuffworks.com/car-driving-safety/accidents-hazardous-conditions/10-causes-of-car-fires3.htm
https://circuitdigest.com/article/relay-working-types-operation-applications
http://mospi.nic.in/publication/statistical-abstract-india-2007


 
 

A Main Project Report on 

EXPERIMENTAL ANALYSIS OF SOLAR ASSISTED LIQUID 

DESICCANT DEHUMIDIFIER 

Submitted to 

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY, KAKINADA. 

in partial fulfilment of the requirements for the 

Award of the degree of 

BACHELOR OF TECHNOLOGY IN MECHANICAL ENGINEERING 
 

by 
 

                 G.BHARATH RAJ 17485A0335 

P.PUNEETH 16481A03C0 

R.SUNDAR SINGH 16481A03D2 

 

SD.ISMAIL 16481A03E4 

 

 

 
Under the supervision of 

Sri P.TEJOMURTHI, M.Tech 

Assistant Professor 
 

 

 
DEPARTMENT OF MECHANICAL ENGINEERING 

GUDLAVALLERU ENGINEERING COLLEGE 

(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada) 

SESHADRI RAO KNOWLEDGE VILLAGE 

GUDLAVALLERU - 521356 

 2019-2020 



 
 

GUDLAVALLERU ENGINEERING COLLEGE 

(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada) 

SESHADRI RAO KNOWLEDGE VILLAGE 

GUDLAVALLERU - 521356 

DEPARTMENT OF MECHANICAL ENGINEERING 
 

 

 

CERTIFICATE 

This is to certify that the mini project report entitled as “” is a bonafied record of work 

carried out by 
 

G.BHARATH RAJ (17485A0335) 
 

P.PUNEETH (16481A03C0) 
 

                 R.SUNDAR SINGH (16481A03D2) 

                   SD.ISMAIL                                                                                           (16481A03E4) 

 

 
                      

Under my guidance and supervision and submitted to Jawaharlal Nehru Technological 
University, Kakinada, in partial fulfilment of the degree of Bachelor of Technology in 
Mechanical Engineering during the year 2019-2020. 

 
 
 
 
 
 
 
 

Project guide External examiner Head of department 

Sri p. Tejo murthi(PHd) 
PhD 

signature Dr.M.R.Ch. Sastry, M.Tech, 



 
 

ACKNOWLEDGEMENT 

 

 
The satisfaction that accompanies the successful completion of any task would be 

incomplete without the mention of people who made it possible and whose constant guidance 

and encouragement crown all the efforts with success. 

 
We would like to express our deep sense of gratitude EXTERNAL EXAMINER and 

sincere thanks to Sri P.Tejo Murthi for her constant guidance, supervision and motivation in 

completing the project work. 

 

We feel happy to extend our floral gratitude to Dr. M. R. Ch. Sastry, M.Tech, PhD, 

Head of the Department, for his encouragement all the way during the analysis of project. His 

annotations and criticisms are the key behind the successful completion of the project work. 

 
We would like to take this opportunity to express our profound sense of gratitude to 

our beloved Principal, Dr. P. Ravindra Babu, M.Tech, PhD, for providing us all the required 

facilities. 

 
And we also express our thanks to Teaching and Non-Teaching Staff of Mechanical 

Engineering who helped us directly or indirectly in completion of our project work. 

 
Project Associates 

 

 

 
G. Bhrath Raj 17485A0335 

P. Puneeth 16481A03C0 

R .Sundar Singh 16481A03D2 

Sd. Ismail 16481A03E4 



 
 

TABLE OF CONTENTS 
 

 

 

Chapt

er No. 

Title Page No. 

 List of figures I 
 List of Tables Ii 
   

Chapter 1 Introduction 1-12 
 Introduction to desiccant cooling technology 1-2 
 Conventional Cooling System 3-4 
 Types of Desiccant Dehumidification Systems 5 
 Solid Desiccant Cooling System 6 
 Liquid Desiccant Cooling System 6-7 
 Hybrid Desiccant Cooling System 7 
 Solar based Desiccant cooling Sytem 8 
 Benefits of Desiccant Cooling System 9 
 Applications of Desiccant Cooling System 10 

       Supermarket                   10 
 Hotels & Restaurants 10 
 Ice Rinks 10 
 Hospitals 11 
 Schools & Theatres 11 
 Candy & Sugar 11 



 
 

 Pharmaceutical Plants 11 
 Water treatment process 11 

Chapter 2 Literature Review 12-13 
 Liquid Desiccant materials 13-14 
 Experimental studies on liquid desiccant systems 

Packing materials 
14 

14 
Chapter 3 Experimental set up 18 

 Details of Experimental set up 18-19 
 Methodology 20 
 Dehumidification of air 20 
 Regeneration of desiccant 20 
 Description of various components and Instruments 21 
 Absorber 22 
 Liquid Desiccant 23 
 Duct 24 
 Blower 24 
 Desiccant contact Surface 25 
 Measurement of humidity and temperature using DHT11 25 
 Working of DHT11 26 
        Circuit working process 27-28 
   
         Pump 29 
 Solution Drum 30 
 Hot air Input 30 
 Digital thermometer 31 

 



 
 

 Pipes 32 
 Mass flow rate measurement 33 
 Mathematical model 34 
 Energy balance across the dehumidifier 34 
 Mass balance equation for desiccant solution 34 
   

   Chapter 4 Results and discussions 36-39 

Chapter 5 Conclusions 40-41 

Chapter 6 References 42-43 
 



 
 

LIST OF FIGURES 
 

 
 

FIGURE NO. DESCRIPTION PAGE 

NO. 

1.1 Vapour pressure versus temperature and water content for 

desiccant and air 

2 

1.2 Vapour compression air conditioning system 3 

1.3 Dehumidification and heating process 4 

1.4 Solid desiccant cooling system 6 

1.5 Liquid desiccant cooling system 7 

1.6 Hybrid desiccant cooling system 7 

1.7 Solar based desiccant cooling system 8 

2.1 Humidity Vs Month for the year 2017 16 

2.2 Humidity Vs Month for the year 2018 17 

3.1 Constituents details of Experimental set up 18 

3.2 Actual view of Experimental set up 19 

3.3 Absorber 22 

3.4 Anhydrous calcium chloride solution 21 

3.5 Duct 24 

3.6 Centrifugal Blower 24 

3.7 Desiccant contact surface 25 

3.8 DHT11 sensor 25 

3.9 DHT11 humidity sensing 26 
 
 
 
i



 
 

3.10 Schematic Diagram of working process 27 

3.11 Submersible pump 28 

3.12 Desiccant solution Drum 29 

3.13 Solar Air Heating System 29 

3.14 Digital Thermometer 30 

3.15 Pipes 31 

3.16 Model for Measuring Mass flow rate        31-32 

3.17 Output 35 

4.1 Desiccant Concentration Vs Dehumidifier Effectiveness 36 

4.2 Air flow rate Vs Dehumidifier effectiveness 37 

4.3 Desiccant Temperature Vs Dehumidifier effectiveness 38-39 
 



 
 

LIST OF TABLES 
 

 

 
 

Table 

No. 

Description Page 

No. 

2.1 Year 2017 Data 16 

2.2 Year 2017 Data 17 

3.1 Properties of calcium Chloride(cacl2) Hydrates 28 

3.2 Properties of Calcium Chloride Solutions at 25 oC 28 

4.1 Performance of dehumidifier by variable desiccant 
concentration 

35 

4.2 Performance of dehumidifier by variable Air flow rate 36 

4.3 Performance of dehumidifier by variable desiccant 
temperature 

37 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ii 



 
 

ABSTRACT 

 

Desiccant cooling systems are eco-friendly in comparison to conventional vapour 

compression systems (VCS). In VCS, humidity is controlled by cooling of the air below dew 

point temperature. Therefore, evaporator in conventional air conditioning systems is required to 

work at lower temperature to fulfill the requirements of latent cooling load. Energy consumption 

of the vapour compression based systems is too high, thus, it is necessary to find alternative 

sustainable cooling system, which saves high grade energy. Desiccant cooling technology is one 

of the emerging methods to use low grade energy and to control humidity of the air. Absorber and 

regenerator are the crucial components of the liquid desiccant system. Absorber is the component 

where dehumidification of air takes place and moisture is absorbed by the desiccant, therefore, it  

is also known as dehumidifier. 

Desiccant solution becomes weak in the dehumidifier by absorbing vapors from the 

moist air due to vapour pressure difference between the air and solution, hence it is to be 

regenerated in the regenerator for its reuse. Air picks up moisture from desiccant solution in the 

regeneration process and desiccant solution becomes strong. Desiccant cooling systems have been 

studied by a number of researchers in last two decades. Many researchers have worked with try 

ethylene glycol as liquid desiccant but a limited research is available in which calcium chloride 

(CaCl2) has been used as desiccant. Counter flow arrangement of the air and desiccant solution 

has been used in both the components; absorber and regenerator. The effectiveness of Solar 

Assisted Liquid Desiccant Cooling System (SALDCS) decreases by air flow rate due to less 

moisture condenses. The SALDCS effectiveness proportionally acts with desiccant concentration 

with indirect cooler the cooling rate increase, because of more moisture condense at the contact 

surface of desiccant solution. 



1 
 

CHAPTER I 

INTRODUCTION TO DESICCANT COOLING SYSTEMS 
 

Energy conservation has become an area of wide attention due to global energy crisis. 

Energy consumption of air conditioning systems can be reduced with the application of 

desiccant based cooling technology. This technology improves indoor air quality and develops 

environment friendly systems. It provides a tool for monitoring humidity levels for conditioned 

air places. Air is dehumidified in desiccant systems in coincidence with conventional air 

conditioning systems. Desiccant materials are used in desiccant cooling systems to attract the 

moisture due to vapour pressure difference between air and desiccant solution. People are 

mostly aware with solid desiccants such as silica gel, activated alumina which are contained 

within packets in many new products. These desiccants selection are carefully done based on 

their capability to grasp amount of water, their capability to be regenerated and cost. Desiccant 

systems contain mainly two processes: dehumidification and regeneration. Vapour pressure of 

the desiccant is kept lower than the vapour pressure of air passing over it in dehumidification 

process, therefore, and moisture is absorbed by desiccant materials. In the  regeneration 

process, vapour pressure of the solution is kept more than vapour pressure of the air, hence 

there is regeneration of the desiccant. 

In conventional vapour compression systems, air is cooled below its due point to 

achieve control of humidity. This method of controlling humidity is ineffective because 

reheating is required after dehumidification of the air so that air could achieve designed supply 

temperature before it is to be sent to the conditioned space. The evaporator in the conventional 

compression system requires working at a lower temperature to fulfill the requirements of 

latent cooling load. It leads to a lower COP and, therefore, greater energy requirements. 

Control of humidity puts an additional load on conventional systems. A number of other 

techniques are discovered to save high-grade energy. Desiccant cooling system is one of 

foremost suitable methods amongst them. Desiccant systems are used efficiently as a 

complement to conventional vapour compression systems to eliminate latent cooling load. 

Oberg and Goswami explained that when humidity and temperature are controlled separately by 

using desiccant, such system becomes energy saving method and control over humidity is also 

improved. Desiccant systems are used efficiently as a counterpart to conventional vapour 

compression based air conditioning systems to eliminate the latent heat of the cooling load. 

Evaporator in conventional vapour compression system is effective to control the 
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sensible heat load by reducing the temperature of air while latent part of the cooling load 

is carried by desiccants. 

 
 

THERMODYNAMICS OF DESICCANT COOLING TECHNOLOGY 

 
Vapour pressure plays major role in desiccant based cooling systems as shown by 

figure 1.1. When vapour pressure of air is more than the desiccant solution, the moisture from 

the air is transferred to the desiccant solution due to vapour difference between air and desiccant 

solution. This process of transferring moisture from the air to desiccant solution is known as 

dehumidification. 
 

 
 
 
 

Figure 1.1 Vapour pressure versus temperature and water content for desiccant and air 

Vapour pressure of desiccant is increased when moisture is absorbed and its concentration is 

decreased. Regeneration of the desiccant is required to reactivate it for reuse. When vapour 

pressure of desiccant is more than the air, moisture from the desiccant is transported to the air 

and this process is known as regeneration. The moist air is exhausted to the atmosphere and 

regenerated desiccant is sent back to the absorber for the dehumidification of the air. 
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CONVENTIONAL COOLING SYSTEM 

 
The temperature of air is lowered when it passes over a cooling coil in a  

conventional air conditioning system. The most traditional air conditioner works on the  

principal of vapour compression refrigeration cycle, known as conventional system. These 

systems use CFCs/HCFCs as refrigerant and these refrigerants deplete ozone layer. These 

common systems are based on mechanical closed system where a fixed amount of refrigerant is 

circulated through evaporator, compressor, condenser and expansion valve as shown in 

figure 1.2. 
 
 

 
 

Figure 1.2 Vapour compression air conditioning system 
 
 

In basic operation of vapour compression system, refrigerant enters in the compressor  in 

vapour phase where it is compressed in the compressor, so its temperature as well as pressure 

becomes high. Then it enters in the condenser which is either water cooled or air cooled, here 

vapours are cooled and change into the liquid phase. Refrigerant in liquid phase goes through 

expansion valve where pressure is reduced from condenser to evaporator pressure. As this 

liquid refrigerant enters the evaporator, it takes heat from the space to be cooled. The 
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refrigerant into vapour state leaves the evaporator and finally it goes to the compressor, thus 

completing the thermodynamic cycle of simple vapour compression system. 

Figure 1.3 Dehumidification and heating Process 
 

Heat load from the air is removed by sensible cooling and latent cooling. Dry bulb 

temperature of process air is reduced in sensible cooling while moisture is removed the 

moisture from air during latent cooling. The air is cooled below the dew point 
 

temperature in latent cooling. The moisture in air is condensed which perform latent 

cooling air is carried out below its dew point. The air is then heated to the desired supply 

air temperature as per design. The whole procedure is demonstrated on the psychometric 

chart as shown in figure 1.3 and described below. 

State 1 to State 2: Moist air is cooled to its dew point temperature. 
 

State 2 to State 3: When air is cooled below its dew point, condensation of the air 

takes place. 

State 3 to State 4: The designed supply temperature of the air is achieved by heating 

the air. 
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TYPES OF DESICCANT DEHUMIDIFICATION SYSTEMS 

 

 

Air dehumidification is attained by mainly two approaches. Air is cooled below its dew 

point in first approach as in the case of conventional cooling explained above in section 1.3. 

Second approach utilizes the principal of sorption by using desiccant materials. Desiccants are 

mainly of two types; liquid desiccant and solid desiccant. Both types of desiccants have great 

affinity for removing moisture from the air. Heat is released from the desiccant when moisture 

is removed from the air with the application of desiccant. The air is heated and latent part of 

heat is converted to sensible heat. This hot air is cooled to desired comfort conditions by heat 

exchangers or evaporative coolers. Desiccant is reactivated by regeneration process utilizing 

heat from high grade energy source such as waste heat, natural gas, or solar energy. 

The desiccant cooling systems are designed on the bases of desiccant materials to 

achieve the dehumidification of humid air. Moisture is attracted by two processes in desiccant 

cooling systems. First process is based upon the principal of adsorption in which moisture  

from the process air is trapped within the desiccant material itself. Solid materials are mainly 

used in adsorption process. Second process is based on absorption in which moisture is trapped 

by a chemical process and desiccant felt a chemical change. Different desiccant materials 

utilized in desiccant cooling systems are CaCl2, LiBr, TEG, LiCl, silica gel, activated alumina, 

titanium silicate and blends of two different desiccants. The main types of desiccant cooling 

systems are: 

 
 

• Solid desiccant cooling system 

• Liquid desiccant cooling system 

• Hybrid desiccant cooling system 

• Solar based desiccant cooling system 
 
 

All types of above mentioned desiccant cooling systems are briefly 

described in the coming sub-sections. 
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Solid Desiccant Cooling System 

 
Solid form of desiccant is used as desiccant material in such desiccant cooling systems. 

These cooling systems utilize dual-column packed-bed dehumidifiers for industrial 

applicatioQns. Solid desiccant in the form of rotary wheel is mainly used in these systems as 

shown in figure1.4. The process air enters the desiccant wheel from upper half side and gets 

dehumidified and becomes hot and dry. Reactivation air is supplied to the dehumidifier from 

the other side as shown in the figure 1.4. Desiccant wheel is rotated and moisture filled part 

comes into contact with the hot reactivation air hence moisture from the rotary wheel is 

removed. The dehumidified hot air is cooled to desired temperature using cooling coil. 

Figure 1.4 Solid desiccant cooling system 
 
 

 
 
 
 

Liquid Desiccant Cooling System 

 
 

Figure 1.5 describes the working of liquid desiccant based 

dehumidification/regeneration system. Two separate towers are used; one as the dehumidifier 

and second as the regenerator. The process air is dehumidified in the presence of desiccant 

solution in the dehumidifier while passing through packing material. Desiccant concentration 

gets lowered and comes as a weak solution. Weak desiccant solution is then passed through a 

heat exchanger (regenerative in nature) and supplied to the second tower which acts as a 

regenerator. Regeneration of weak desiccant solution takes place inside the regenerator and its 

concentration is increased. The process air after the dehumidifier is carried through heat 

exchangers and evaporative coolers to attain supply conditions. 
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Figure 1.5 Liquid desiccant cooling systems 
 
 

Hybrid Desiccant Cooling System 

Hybrid type cooling systems consist of two cooling systems as shown 

First cooling system is desiccant cooling system which takes care of the latent 

cooling load and second is vapour compression based cooling system which handles 

sensible part of cooling load. Desiccant  solution  cooled  by  a  vapour  

compression based system is supplied to the dehumidifier where cooling as well as 

dehumidification takes place at same time. The coefficient of performance is high in 

hybrid cooling systems because cooling coil is retained at greater apparatus dew 

point. Hybrid cooling systems are energy saving systems because heat released from 

condenser is used for desiccant regeneration. 
 

 
 

Figure 1.6 Hybrid desiccant cooling system 
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Solar Based Desiccant Cooling System 

 

 
Figure 1.7 shows the working of solar based liquid desiccant system, where solar 

energy is used for regeneration of the desiccant. These systems are similar to the liquid 

desiccant cooling systems with solar heaters arrangement for weak desiccant. Researchers 

(Oberg and Goswami, 1998a; Chengjuna and Yida, 2011) studied solar based desiccant 

dehumidification system and promised energy saving units. 
 

 
Figure 1.7 Solar based desiccant cooling system 
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BENEFITS OF DESICCANT COOLING TECHNOLOGY 

 

Desiccant cooling technology has a number of benefits comprising less use of high 

grade energy, utilizing waste heat or renewable energy, no usage of chlorofluorocarbon, and 

improves quality of indoor air. Bhatia (2000) discussed that when the level of specific 

humidity is high and better control of the humidity is required, desiccant based technology 

must be considered. This technology is advantageous to meet high electricity demand during 

peak hours. 

 
 

The advantages of desiccant based systems are discussed by Davanagere et al. (1999). 

Leading advantage is possibility of independent control of humidity and temperature in these 

systems. Desiccant unit controls humidity and conventional cooling system controls 

temperature. Operating cost of desiccant cooling system is low as compared  with 

conventional cooling systems because desiccant based systems can use waste heat, natural gas 

or any other low grade energy. 

 
 
 

Desiccant systems are ecofriendly because such systems do not use 

chlorofluorocarbon and ozone depletion potential is zero. Indoor quality of the air can be 

improved by using suitable levels of fresh air and reduced levels of air borne bacteria. 

Chemicals may also be used with liquid desiccants for treatment of air. Desiccant solution in 

the liquid desiccant cooling system can be pumped easily from one place to another and it is 

possible to attach numerous small desiccant dehumidifiers to a larger regeneration unit which 

is especially beneficial in large buildings. Using a liquid desiccant also enables more efficient 

heat transfer since highly efficient liquid-liquid heat exchanger is employed in liquid  

desiccant cooling systems. 
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APPLICATIONS OF DESICCANT COOLING SYSTEM 

 
Desiccant dehumidification systems have been used effectively for several years in 

institutional and industrial applications [(Bhatia (2000), Elsarrag (2006)]. Utilization of such 

systems has also been started for commercial applications. Different areas of applications of 

desiccant cooling systems are supermarket, ice rinks, hotels, hospitals, offices, theaters and 

restaurants etc. 

This technology will mostly be used in future because of lower cost and improved air 

quality. The air conditioning mass market needs more perfection in efficiency and reliability, 

decrease in size of the system and lesser cost. Investments in advance research and 

development in materials, constituents, and schemes are required which can be justified 

seeing the potential of the desiccant base cooling systems. 

 
A few of the above mentioned applications of liquid desiccant systems are discussed below: 

 
 

Supermarket 

The conventional air conditioning methods have a tendency to cycle on and off. 

Due to this reason specific humidity inside the building gets increased and frost is also 

formed. A conventional air-conditioning system is not able to handles both  loads  

efficiently. A liquid desiccant dehumidification system is used in supermarkets which 

controls the humidity independently with decreasing better dry bulb temperature. 

 
Hotels and Restaurants 

Generally hotels and restaurants have problems of mold, mildew and musty 

orders in humid seasons. Wallpapers and carpets of hotels and restaurants are removed in 

the presence of humid air because moisture is stuck on the back faces and origins mold and 

mildew on these surfaces. Therefore, air humidity should be controlled under 60% specific 

humidity to evade the development of mold and mildew. The desiccant dehumidification 

system eliminates the problem of mold, mildew in hotels and restaurants. 

Ice Rinks 
An ice arena has a great deal of humidity, but the cooling coil has to cool below the 

freezing point. In such environment, desiccant dehumidification plays a major role to 

improve ice quality by preventing the rust and mildew. It also stops the development of fog 

in ice rinks. 
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Hospitals 
 

Hospitals require flexible temperature range and humidity controls in operation 

theaters. The rise in humidity causes condensation on the walls and ceilings, creates 

potentially hazardous conditions and patient discomfort. Here the liquid desiccant 

dehumidification technology sustains a fresh, controlled temperature and humidity level for 

the required comfort. It works as an air scrubber to eliminate and counterbalance air-borne 

bacteria, viruses, mold and allowing both patients and staff to enjoy clean air and comfort. 

Schools and Theaters 

Classrooms in school’s building struggle with a musty odor and high 

humidity. Such an environment can be potentially harmful to students and staff. Thus 

desiccant dehumidification technology controls the odor and high humidity and 

provides an environment where students and faculty feel additional comfort with dry 

and clean air. 

Candy and Sugar 
Candy and sugar applications require uniform sugar coating which is 

affected by the condensation and the presence of moisture in the air. This problem is 

tackled by desiccant dehumidification technology by eliminating frost and sticking of 

products to equipment, thus preventing clogged equipment. 

Pharmaceutical Plants 
The pharmaceutical plant's saline compression area required precise, maintained conditions 

of temperature of about 24⁰C and relative humidity of about 50% on the production floor. 

This could be achieved with conventional cooling and dehumidification but that would not 

be economical. Thus the desiccant dehumidification is a cost-effective solution for the air 

treatment. It supplies treated air to the compression room and adjacent spaces after mixing it 

with the bypass air stream. It eliminates the need for special refrigeration to achieve desired 

humidity. It also helps in utilizing a chemically stable effective biocide which does not 

vapourize. 

Water Treatment Plants 
Water treatment plants are often affected by condensation, rusting and 

deterioration of pipe lines, thus insulation of the pipe lines is required to avoid 

rusting. The desiccant dehumidification technology eliminates condensation, stops 

rusting and deterioration. Therefore, this technology removes the necessity to  

insulate piping. 
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CHAPTER 2 

LITERATURE REVIEW 

Desiccants are materials that can attract and hold moisture. Recently desiccants are used 

for dehumidification of air. In humid climates, cooling can be accomplished by non- 

conventional methods where the air to be conditioned is first dehumidified by means of a 

suitable desiccant followed by adiabatic evaporative cooling [1]. Desiccant technology has the 

potential to make major contributions to energy conversation, improve indoor air quality 

through reduced microbial growth and by removing air pollutant [2]. 

Two types of desiccants, namely solids and liquids, are widely used to dehumidify the 

air . The use of liquid desiccant may be advantageous compared to solid desiccants. The 

regeneration temperature required for liquid desiccant is lower than solid desiccants. The 

pressure drop through a liquid desiccant system is smaller than the pressure drop through a 

solid desiccant wheel. Another advantage of using liquid desiccants is that they can be used as 

a heat transfer medium in a heat exchanger. Hence the desiccant can be pre-cooled or pre- 

heated when required. Also, dehumidifying with a liquid desiccant usually scrubs the air 

stream, not only conditioning but also cleaning and disinfecting the air. Finally, the energy is 

stored as chemical energy rather than thermal energy. These reasons make liquid desiccant 

dehumidification system more attractive [3]. However one should consider that some liquid 

desiccants might be expensive, corrosive, unsafe, or unstable. 

Different types of liquid desiccants are available in the market. In  most 

applications the general properties requirements are low vapor pressure, the capability of 

maintaining dehydrating ability over a considerable range of concentration, non-corrosive, 

low viscosity, high density, low crystallization point, low regeneration temperature, low cost 

and safe. These requirements are not fully answered by any single desiccant, but  after  

making some compromises, the aqueous solution of mixtures of lithium chloride and calcium 

chloride are considered to be the best neutral salts for use today. 

Desiccant cooling systems have been studied by many researchers in last two 

decades. Liquid desiccants can either absorb moisture from or add moisture to the air which 

depends upon the difference of vapour pressure between the air and the desiccant solution. 

The vapour pressure of the solution depends on its temperature and concentration. The 

higher the concentration and lower the temperature, lower will be the vapour pressure 
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and higher will be the moisture absorbed from the air. Absorber and regenerator are the most 

crucial components of the liquid desiccant cooling system. Absorber is the component where 

dehumidification of air takes place and moisture is absorbed by the desiccant. Desiccant 

solution becomes weak in the absorber and it is to be made strong in the regenerator for reuse 

where the air picks up moisture from the hot solution due to vapour pressure difference. A 

good contact of air and desiccant is necessary to absorb maximum moisture from air or to 

desorb the same from desiccant in the air-desiccant contact equipment i.e., absorber and 

regenerator. Liquid desiccant systems are designed to carry large amount of process air and 

low flow rates of the desiccant. Packing density in dehumidifier/regenerator should be high 

with small pressure drop. 

 
 

Types of Desiccant Materials 

 

 
The design and operation of a desiccant system is based on the desiccant material used to 

accomplish the dehumidification. Desiccant materials attract moisture through the process of 

either adsorption or absorption. Adsorption is the process of trapping moisture within the 

desiccant material similar to the way a sponge holds water through capillaries. Most adsorbents 

are solid materials. Absorption is the process of trapping moisture through a chemical process 

in which the desiccant undergoes a chemical change. Most absorbents are liquids. 

 
 

Types of materials used as a basis for desiccant systems include the following 

mate- rials: 

• Silica Gel 

• Lithium Chloride (Liquid or Dry) 

• Lithium Bromide 

• Activated Alumina 

• Titanium Silicate 

• Molecular Sieve 
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LIQUID DESICCANT MATERIALS 

 
The liquid desiccants materials are characterized by their low vapour pressure which 

leads to moisture transfer due to vapour pressure difference between air and desiccant solution. 

The criteria for the choice of desiccant material for a specific application are determined by a 

number of factors which includes cost, chemical properties, energy storage density and 

regeneration temperature. Liquid desiccants should have less viscosity and good heat transfer 

characteristics. It is desirable that these materials should be non-corrosive, non-inflammable, 

stable, readily available and inexpensive. The surface tension of the liquid desiccant effects 

static hold up and surface wetting in the dehumidifier. 

Different liquid desiccants generally utilized are calcium chloride, tri-ethylene glycol, 

lithium chloride, lithium bromide and mixture of these solutions. Other desiccants include 

KCOOH, glycols like MEG, DEG and propylene glycol. Vapour pressure of these desiccants is 

function of temperature and concentration 

 
EXPERIMENTAL STUDIES ON LIQUID DESICCANT 

SYSTEMS 

Dehumidifier and regenerator are required as desiccant-air contact equipment in liquid 

desiccant cooling systems. In dehumidifier, air is brought in contact with the liquid desiccant 

and water is absorbed from the air into the desiccant. As the water is absorbed, the latent heat of 

condensation of the water, as well as the heat of mixing, is evolved. The desiccant solution 

absorbs the moisture and its concentration reduces. 

During the process of absorption, water vapour in air gets condensed and becomes a part 

of desiccant solution, releasing the latent heat of condensation and heat of mixing. A 

regenerator is used to re-concentrate the weak desiccant solution flowing out of the absorber. 

Here, the desiccant solution is heated so as to reverse the mass transfer potential. Due to the 

higher water vapour pressure of desiccant, it loses moisture to the scavenging air  passed 

through the regenerator. In adiabatic designs, the solution or air is heated before it enters the 

regenerator. 
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PACKING MATERIALS 

 

 

Packing material surface is a medium for interaction of air and liquid desiccant in 

the absorber and regenerator. The desirable properties of different types of packing used in 

these columns are listed below: 

• large void volume to avoid excessive pressure drop 

• chemically inert 

• large surface area per unit volume of packing 

• light weight and strong 

• good distribution of liquid 

• good wettability 

• low cost 

Mainly four types of packing materials are used in liquid desiccant cooling systems. These 

are structured type packing, random packing, spray type packing and falling film type 

packing. A brief study of these packing materials has been studied to seek better packing 

material for the desiccant-air contact equipments. 
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Data is analyzed in machilipatnam area for the year 2017 
 

 
 Year 2017  Data 

1 January 60.66 

2 February 67.22 

3 March 68.33 

4 April 63.55 

5 May 69 

6 June 71.33 

7 July 70.16 

8 August 69.66 

9 September 67.66 

10 October 64.33 

11 November 61.83 

12 December 69.83 

Average 66.96333333 

Table 2.1 Year 2017 data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2.1 Humidity Vs month for the year 2017 
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Humidity percentage is more in the month of June and less in the month of February. 

The average Humidity is 66.96 

 

 

 

 

 

 

 
 

Data is analyzed in machilipatnam area for the year 2018 
 

 

Year 2018 Data 

S.No. Month Humidity 
1 Jan 61.66 
2 Feb 68.33 
3 Mar 67.16 
4 Apr 65.5 
5 May 70.66 
6 Jun 67.6 
7 Jul 79.16 
8 Aug 73.16 
9 Sep 58.66 
10 Oct 70 
11 Nov 72 
12 Dec 66.5 

Average 68.36583333 
 

Table 2.2  Year 2018 data Fig 2.2 Humidity Vs month 
 
 
 
 

Humidity percentage is more in the month of July and less in the month of 

September. The average Humidity is 68.36 
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CHAPTER 3 

Experimental setup 
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METHODOLOGY 

Dehumidification of the moist air and regeneration of the weak desiccant solution 

are two important processes of the liquid desiccant cooling system. 

In the regeneration process, temperature of solution is kept high to have greater vapour 

pressure than the air, thus the desiccant shed of moisture to the air. 

The air is introduced at the bottom of the regenerator through the duct using centrifugal 

blower. An electric heater with temperature controller is used to heat up the desiccant solution 

at required temperature. 

DEHUMIDIFICATION OF AIR 

 
The air is introduced at the bottom of the regenerator through the duct using centrifugal 

blower. An electric heater with temperature controller is used to heat up the desiccant solution 
at required temperature. 

Desiccant solution and air flow in counter direction with respect to each other. Vapour 
pressure of desiccant solution is more than the air in regeneration. 

The desiccant solution is interacted with the air, evaporation of water takes place from the 
desiccant solution at the contacting interface, therefore, concentration of the solution increases, 
called regeneration process. The strong desiccant solution falls into the storage tank by gravity 

Vapour pressure plays an important role for dehumidification of humid air. When vapour 
pressure of hot and humid air is more than desiccant solution, condensation of vapour present 
in moist air takes place. So when humid air comes into contact with desiccant solution, 
condensation takes place at the interface and concentration of solution decreases. The weak 
desiccant solution flows by gravity to the storage tank 

 
 
 

REGENERATION OF DESICCANT 
 

Vapour pressure plays an important role for dehumidification of humid air. When vapour 

pressure of hot and humid air is more than desiccant solution, condensation of vapour present 

in moist air takes place. So when humid air comes into contact with desiccant solution, 

condensation takes place at the interface and concentration of solution decreases. The weak 

desiccant solution flows by gravity to the storage tank 
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DESCRIPTION OF VARIOUS COMPONENTS AND 

INTRUMENTS 

• Dry bulb and wet bulb temp set 
• Humidity measurement device 
• Anemometer 
• Thermocouple 
• Blower Regulator 
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ABSORBER 

There are many possible techniques for the utilization of solar energy in refrigeration and 

air-conditioning machines. These include the vapour compression, the vapour absorption and 

the thermoelectric methods. Figure 1 gives an option tree of the alternative schemes. When the 

energy of the vapour compression machine is solar, the electrical power for driving the 

compressor can be provided by photovoltaic panels. Alternatively, a concentrating or flat plate 

solar collector may be used to replace the boiler in a rankine cycle engine which produces the 

mechanical power for the compressor. In the refrigerator. absorption refrigerator, the motor- 

compressor combination of the vapour compression system is essentially replaced with an 

absorber compound and solar collector. The absorbent, which may be liquid or solid, absorbs 

the refrigerant exothermically at low pressure and releases it endothermically at high pressure 

while absorbing solar energy. In the solar powered thermoelectric refrigerator working on the 

peltier principle, either a solar powered thermoelectric generator working on the see- beck 

effect, or a photovoltaic cell, may be used to provide the electric current required by the 

Photovoltaic generators are quite expensive, and have low efficiencies of 8% - 10%. The more 

efficient thermoelectric and Rankine power units require high solar collection temperatures, 

and hence need concentrating collectors. The collector/ generators of absorption plants can 

operate at temperatures around 100C which are possible with simple flat plate solar collectors. 

The absorption system therefore lends . 

A closed cycle solid absorption intermittent refrigerator, using CaC12 absorbent and NH3 

refrigerant, was constructed and tested to obtain the instantaneous and cumulative available 

overall COP. The combined collector/absorber/generator unit had double glazing of 1.14 m2 

exposed areas. The system was fitted with a stagnant passive evaporative condenser with 

porous sandcrete wall, which produced condenser water temperatures varying from 3 – 10 deg 

C below ambient, during NH3 generation and condensation. 

The instantaneous available overall COP rose to a peak which depended on the solar fluxes and 

starting pressure, as well as on the condenser and ambient temperatures. The peak varied from 

          to 0.08. It fell as solar flux decreased towards late afternoon, but rose again slightly due   to the         

         combined effect of decreasing collector plate temperature and solar flux. The cumulative  

          overall COP rose steadily to peak values in the range of 0.07 to 0.08, by the end of the                                                                                

        . The COP was a strong function of starting generator pressure or evaporating temperature, and   

           fell as   the pressure decreased. The cumulative overall COP is much lower 
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LIQUID DESICCANT 

Desiccant cooling system operates on the principle of adsorption dehumidification and 

evaporation cooling .such systems use a natural working fluid and can be driven by low-grade 

thermal energy, which makes them especially useful for integration with solar collector system. 

Because of these merits , solar powered desiccant cooling system are widely recognized as 

good alternatives to conventional vapour compression ,air condition systems and have  

attracted increasing interest in the past years 

The operation of a desiccant cooling system is based on the use of a rotary dehumidifier 

(desiccant wheel) in which air is dehumidified. The resulting dry air is somewhat cooled in a 

sensible heat exchanger (rotary regenerator), and then further cooled by an evaporative cooler. 

The resulting cool air is directed into a room. The system may be operated in a closed cycle or 

more commonly in an open cycle in ventilation or recirculation modes. A heat supply is needed 

to regenerate the desiccant. Low-grade heat at a temperature of about 60–95°C is sufficient for 

regeneration, so renewable energies such as solar and geothermal heat as well as waste heat 

from conventional fossil-fuel systems may be used. 

As for the solar-powered liquid desiccant systems, they are being used either as stand-alone 

units or as hybrid units in conjunction with vapour compression systems (VCS) or vapour 

absorption systems (VAS), the hybrid ones being more in use. In a hybrid system, the desiccant 

dehumidifier handles the latent cooling load and VCS/VAS handles the sensible cooling load. 

In addition, the photovoltaic–electrodialysis regeneration method for liquid desiccant cooling 

systems is also a good choice for some weather conditions. 

A heat supply is needed to regenerate the desiccant. Low-grade heat at a temperature of 

about 60–95°C is sufficient for regeneration, so renewable energies such as solar and 

geothermal heat as well as waste heat from conventional fossil-fuel systems may be used. The 

system is simple and thermal coefficient of performance (COP) is usually satisfactory. 

https://www.sciencedirect.com/topics/engineering/desiccant
https://www.sciencedirect.com/topics/engineering/heat-exchanger
https://www.sciencedirect.com/topics/engineering/evaporative-cooler
https://www.sciencedirect.com/topics/engineering/recirculation
https://www.sciencedirect.com/topics/engineering/coefficient-of-performance


24 
 

DUCT 

Ducts are conduits or passages used in heating, ventilation, and air conditioning (HVAC) to 

deliver and remove air. The needed airflows include , for example, supply air, return air, 

and exhaust air.Ducts commonly also deliver ventilation air as part of the supply air. As 

such, air ducts are one method of ensuring acceptable indoor air quality as well as thermal 

comfort. 

A duct system is also called ductwork. Planning (laying out), sizing, optimizing, detailing, 

and finding the pressure losses through a duct system is called duct design 

MATERIAS 

• Aluminium (Al) 

• Polyurethane and phenolic insulation panels (pre-insulated air ducts) 

• Fiberglass duct board (pre insulated non-metallic ductwork) 

• Flexible ducting 

• PVC low-profile ducting 

• Waterproofing 

BLOWER 

Air conditioner blower or fan is one of the key components that is needed as part of the air 

conditioning system. The function of the blower is to produce air movement to the space  

that is being conditioned. There are basically four types of fan that are commonly used in  

the   HVAC   equipment.   They   are   the propeller    fan, centrifugal    fan, vane-axial 

fan and tube-axial fan. 

TYPES OF BLOWER :- 
 

Propeller Fan You will probably encounter this type of fan in your daily life. It has a 
disk type wheel mounted on a plate with a direct drive or belt driven motor connected to it. 
When it is operating, it is noisy and is only used in applications where noise is not a factor. 

 
Centrifugal Fan This type of fan is also known as radial fan as the air flows 
perpendicularly to the axis of rotation of the fan 

 
Backward Inclined with flat and single thickness metal blade is another design which is 
used for smaller units applications. 

 
Backward Curved with curve and single thickness metal blade is used in medium and 
high static pressure applications.

https://en.wikipedia.org/wiki/HVAC
https://en.wikipedia.org/wiki/Ventilation_(architecture)
https://en.wikipedia.org/wiki/Indoor_air_quality
https://en.wikipedia.org/wiki/Thermal_comfort
https://en.wikipedia.org/wiki/Thermal_comfort
https://en.wikipedia.org/wiki/Duct_(flow)#Aluminium_(Al)
https://en.wikipedia.org/wiki/Duct_(flow)#Polyurethane_and_phenolic_insulation_panels_(pre-insulated_air_ducts)
https://en.wikipedia.org/wiki/Duct_(flow)#Fiberglass_duct_board_(preinsulated_non-metallic_ductwork)
https://en.wikipedia.org/wiki/Duct_(flow)#Flexible_ducting
https://en.wikipedia.org/wiki/Duct_(flow)#PVC_low-profile_ducting
https://en.wikipedia.org/wiki/Duct_(flow)#Waterproofing
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          DESICCANTS   CONTACT SURFACE 

Desiccant is a substance, either solid or liquid, which absorbs water molecules from air and 

dehumidifies it. The desiccant, initially used to absorb moisture from the air, is later 

regenerated by heating the desiccant so that it releases the absorbed moisture. This phase 

change cycle is a continuous process that drives the operation of desiccant systems. 

 

Two basic categories of desiccant systems are: 
 

1. Open desiccant systems where desiccant comes into direct contact with the air for 

the process of dehumidification. 

2. Closed desiccant systems where desiccant is confined to a closed chamber and 

dehumidifies air indirectly. 

Based on the type of desiccant used, desiccant systems can be categorized as solid and liquid 

desiccant systems. In solid desiccant systems, a dry solid desiccant like silica gel or zeolite, 

is used in a rotating bed or impregnated into honeycomb-form wheel within the system. 

Liquid desiccant systems are a new emerging technology consisting of a contact surface, 

which is either a cooling coil or cooling tower, wetted with liquid desiccant like lithium 

chloride or calcium chloride. 

           Physical properties: Calcium chloride is found as an odorless white powder, granules or    
              flakes. It has a density of 2.15 g/m, melting point of 782 °C and a high boiling point over 1600 °C 

           Chemical properties: CaCl2 is highly water soluble, hygroscopic (absorbs moisture from     

               air) and deliquescent (absorbs enough water to turn into liquid). Calcium chloride dissolves in       

               water in a very exothermic manner (releasing a large amount of heat). Calcium chloride fully  

               dissociates in water to give calcium cations and chloride anions. In aqueous solutions, the       

              calcium  ions can displace other ions in exchange reactions, such as the conversion of potassium   

               phosphate into calcium phosphate:3 CaCl2 + 2 K3PO4 → Ca3(PO4)2 + 6 KCl 

Measurement of humidity and temperature using DHT11 

The DHT11 is  a basic, ultra low-cost digital temperature and humidity sensor. It uses  

a capacitive humidity sensor and a thermistor to measure the surrounding  air, and  spits 

out a digital signal on the data pin (no analog input  pins  needed).  Its fairly simple to 

use, but requires careful timing to grab data. The only real downside of this sensor is 

you can only get new data from it once every 2 seconds. 
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TECHNICAL  DETAILS :- 

• Low cost 

• 3 to 5V power and I/O 

• 2.5mA max current use during conversion (while requesting data) 

• Good for 20-80% humidity readings with 5% accuracy 

• Good for 0-50°C temperature readings ±2°C accuracy 

• No more than 1 Hz sampling rate (once every second) 

• Body size 15.5mm x 12mm x 5.5mm 

 
WORKING OF  DHT11 :- 

For measuring humidity they use the humidity sensing component which has two electrodes 

with moisture holding substrate between them. So as the humidity changes, the   

conductivity of the substrate changes or the resistance between these electrodes changes. 

This change in resistance is measured and processed by the IC which makes it ready to be 

read by a microcontroller. 
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WORKING PROCESS 

The input fluid is stored in a storage tank hear is a cycle that runs in between the storage tank 

and solar flat plate collector when the fluid raised it temperature then it gets transferred to 

heater section hear the first cycle is completed .then the exchanges in between first and second 

cycle 

where the heat is transferred to the regenerator , In the regenerator the liquid desiccant fluid 

is heated up to  require  temperature  then  the  fluid  is  transferred to  the  dehumidifier 

through pump , Through the pump the fluid is regulated by using a regulator or by a valve here 

,the dehumidifier the atmospheric air comes contact to it by using a blower, The moisture 

content in the air which is passed by the blower is hold or absorbed by liquid desiccant then the 

passed liquid desiccant is stored back ,the air is dehumidified in the regenerator the less moist 

air is passed to the indirect evaporative cooler hear we introduce a cooling water from the 

refrigeration system and the flow is regulated by using a valve or regulator .in indirect 

evaporative cooler, the air is entered is less moist but hot in condition then we cool the air  in 

this chamber .Hence, we finally get chilled or cold dehumidifier air as needed. 
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Properties of Calcium Chloride Solutions at 25 oC 

  By depressing the freezing point of water, calcium chloride is used to prevent ice 

formation and is used to de-ice. This application consumes the greatest amount of 

calcium chloride. Calcium chloride is relatively harmless to plants and soil. As a 

deicing agent, it is much more effective at lower temperatures than sodium chloride. 

When distributed for this use, it usually takes the form of small, white spheres a few 

millimeters in diameter, called prills. Solutions of calcium chloride can prevent freezing 

at temperatures as low as −52 °C (−62 °F), making it ideal for filling agricultural 

implement tires as a liquid ballast, aiding tractionincoldclimates. Calcium chloride is 

used in concrete mixes to accelerate  initial setting, but chloride ions lead to corrosion 

of steel rebar, so it should not be used in reinforced concrete.[20] The anhydrous form of 

calcium chloride may also be used for this purpose and can provide a measure of 

moisture in concrete.[ 

 

https://en.wikipedia.org/wiki/Freezing-point_depression
https://en.wikipedia.org/wiki/De-icing
https://en.wikipedia.org/wiki/Prills
https://en.wikipedia.org/wiki/Cement_accelerator
https://en.wikipedia.org/wiki/Rebar
https://en.wikipedia.org/wiki/Reinforced_concrete
https://en.wikipedia.org/wiki/Calcium_chloride#cite_note-20
https://en.wikipedia.org/wiki/Calcium_chloride#cite_note-21
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Pump 
 

 

A submersible pump pushes water to the surface by converting rotary energy into kinetic energy 

into pressure energy. This is done by the water being pulled into the pump: first in the intake, 

where the rotation of the impeller pushes the water through the diffuser. From there, it goes to 

the surface. 

       The submersible pump includes a series of impellers that are stacked to lift the water. When the               

motor starts, these impellers turn like a boat propeller to force the water to move. Because the fluid is 

pushed, the submersible pump moves fluids over large differences in vertical height. To further 

improve the lift, it is possible to include additional submersible pumps along the line. 

 
 
 

Submersible pumps have use in many applications other than supplying water. Single-stage 

pumps with specially designed impellers pump sewage, sludge and drainage. They also offer an 

effective means of mining petroleum from a deep well. 

http://thepondboss.net/pumps/
http://thepondboss.net/pumps/
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Solution Drum 
 

A drum is a cylindrical container used for shipping bulk cargo. Drums can be made of  
steel, dense paperboard (commonly called a fiber drum), or plastics, and are generally used for 
the transportation and storage of liquids and powders. 

It is used as storage drum for mixing and storage our desiccant 
 

Hot Air Input 
 

1. It is a solar thermal technology in which the energy from the sun, insulation is 
captured by an absorbing medium and used to heat air. 

2. Solar air heating is a renewable energy heating technology used to heat or condition 
air for buildings or process heat applications. 

3. Here we required temperature is below 50℃ 
 
 

 
 

Where 

 
 
 

Q=heat 

m=mass flow 

Heat Q=mCpdT 

Cp=specific heat capacity 
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Digital Thermometer 
 
 

 
Digital thermometers are temperature-sensing instruments that are easily portable, have 

permanent probes, and a convenient digital display. The way a digital thermometer works 

depends upon its type of sensor. Sensor types include resistance temperature detector (RTD), 

thermocouple and thermostat 

The Digital Thermometer is a battery-operated thermometer with connected measuring 

sensor and easy to read LCD display. It generates great accurate temperature readings It is 

made of durable plastic materials and suitable for all kinds of refrigerant equipments such as 

refrigerant cabinet, display cabinet and so on. The size of the Digital Thermometer makes it 

ideal for any situations where you need an accurate reading and the easy-to-read screen 

displays the temperature of the environment in Celsius.. 
 

Specifications 
 

• Power supply: Two button batteries (LR44, 1.5V) 

• Temperature measurement range: -50°C ~ + 70°C\ 

• Usage temperature: -10°C ~ +50°C 

• Accuracy:±1°C 
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Pipes 

A flexible pipe is a configurable product made up of several layers. The main components are 

leak proof thermoplastic barriers and corrosion-resistant steel wires. The helically wound steel 

wires give the structure its high-pressure resistance and excellent bending characteristics, 

providing flexibility and superior dynamic behavior. This modular construction, where the 

layers are independent but designed to interact with one another, means each layer can be made 

fit-for purpose and independently adjusted to meet specific field development 

requirements.Product Description. PVC Transparent Flexible Hose are made of specially 

formulated PVC compounds. These flexible PVC transparent tubing’s are physically tough, 

abrasion-resistant, non-ageing and self-extinguishing. The Smooth bore of the tubing prevents 

interior build-up and provides outstanding flow characteristics. 
 
 
 

 
Mass Flow Rate Measurement 

This meter is a digital anemometer for measuring the ambient temperature, humidity, dew 

point temperature, wet bulb temperature, wind speed, and air volume.... It does measure wind 

speed, provides max/min, and volumetric flow when user inputs flow area 

An anemometer is a device used for measuring wind speed and direction. It is also a common 

weather station instrument. The term is derived from the Greek word anemos, which means 

wind, and is used to describe any wind speed instrument used in meteorology. 

A mass flow meter, also known as an inertial flow meter is a device that measures mass flow 

rate of a fluid travelling through a tube. The mass flow rate is the mass of the fluid travelling 

past a fixed point per unit time. 
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This meter is a digital anemometer for measuring the ambient temperature, humidity, dew 

point temperature, wet bulb temperature, wind speed, and air volume.... It does measure 

wind speed, provides max/min, and volumetric flow when user inputs flow area 

An anemometer is a device used for measuring wind speed and direction. It is also a 

common weather station instrument. The term is derived from the Greek word anemos, 

which means wind, and is used to describe any wind speed instrument used in meteorology. 

A mass flow meter, also known as an inertial flow meter is a device that measures mass flow 

rate of a fluid travelling through a tube. The mass flow rate is the mass of the fluid travelling 

past a fixed point per unit time. 
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. . . 

Mathematical model 

 
 

Energy Balance Across The Dehumidifier 

ma (h
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− h
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−
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Effectiveness of the Dehumidifier: 
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equilibrium 1.013x105 − p 
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OUTPUT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mass air  (kg/min) 

 Dehumidifier effectiveness 

without IDEC with IDCE 

0.5 38.4 59.4 

1 28.1 58.7 

1.5 24.4 57.7 

2 19.7 54.8 

2.5 16.27 52.4 

Desiccant 

concentration  

 Dehumidifier effectiveness 

without IDEC with IDCE 

5% 8.92 19.3 

10% 32.1 45.8 

15% 54 61.9 

20% 65.8 68.8 

25% 69.7 72.5 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

Case 1: performance of dehumidifier by variable desiccant 

concentration 
 

Fig 4.1 Desiccant Concentration Vs Dehumidifier Effectiveness 
 
 
 

S.No. Desiccant Concentration, 

kg/kg 

Of Solution 

Dehumidifier Effectiveness 

Without 

intercooler 

With 

intercooler 

1 0.3 8.89 8.89 

2 0.349 31.9 31.9 

3 0.401 53.9 53.9 

4 0.448 65.3 65.3 

 
 

Table 4.1 Performance of dehumidifier by variable desiccant concentration 
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The effect of desiccant concentration on the performance parameter such as 

Dehumidifier effectiveness with and without intercooler is shown in figure 4.1. It 

has been observed form the figure that the effectiveness of the dehumidifier 

increases with increase in the desiccant concentration both in with and without 

intercooling process. When inlet concentration of the desiccant solution is increased 

change in specific humidity (dω) across the packing is increased due to increased 

vapour pressure difference between the air and desiccant solution at higher 

concentration. Therefore, more moisture is absorbed by solution with increased 

concentration. Mass transfer potential from air to desiccant solution is increased 

with increasing inlet desiccant concentration. Vapour pressure of solution gets 

decreased with increasing inlet concentration of the desiccant which is responsible 

for the increase in mass transfer coefficient 

 
 

Case 2: Performance of dehumidifier by variable Air flow rate 
 

 

 

Fig 4.2 Air flow rate Vs Dehumidifier effectiveness 
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S.No. Air Flow Rate 

kg/s 

Dehumidifier 
Effectiveness 

Without 

intercooler 

with intercooler 

1 0.045 59.5 37.5 

2 0.07 58.4 27.9 

3 0.09 58.1 23.7 

4 0.11 55.2 19.6 
 
 

Table 4.2 Performance of Dehumidifier by Variable Air flow rate 

The variation of Air flow rate with the effectiveness of the dehumidifier with and without 

intercooler is shown in the figure4.2. The effectiveness of the dehumidifier decreases with 

air flow rate. The change in specific humidity across the dehumidifier decreases for the air 

flow rate variation. When air mass flow rate is increased, the outlet specific humidity 

increases due to the reduced residence time between air and desiccant solution. With 

increasing air flow rate, mass transfer coefficient between air and desiccant solution is 

increased. Outlet temperature of the air seems to be marginally increased with increasing air 

flow rate 

Case 3: Performance of Dehumidifier by Variable Desiccant 

Temperature 
 
 

Fig 4.3 Desiccant Temperature Vs Dehumidifier Effectiveness 
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S.No. Desiccant 

Temperature 
oC 

Dehumidifier Effectiveness 

Without 

intercooler 

With 

Intercooler 

1 25.1 69.3 57.8 

2 28 68.4 48 

3 31.1 54.9 37.9 

4 34 36.3 26.2 

 
 

Table 4.3 Performance of dehumidifier by variable desiccant temperature 

 

 
The variation of inlet solution temperature on different dehumidifier effectiveness is shown 

in figures 4.3. The effectiveness of the dehumidifier decreases with the Desiccant 

temperature.When temperature of the desiccant solution is increased change in specific 

humidity is decreased. Basically increased solution temperature causes increase in vapour 

pressure of the desiccant and decrease in absorption of moisture from the air, which in turn 

gives lesser change in the specific humidity in the dehumidifier. The effectiveness is 

decreased with increasing the desiccant temperature. 
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CHAPTER 5 

CONCLUSION 

 

 
The experimental analysis of solar assisted liquid desiccant cooling system (SALDCS) 

having indirect evaporator cooler was investigated experimentally operated variable 

parameters, air flow rate, desiccant concentration and desiccant temperature. 

The following results are obtained 
 

• The effectiveness of SALDCS decreased by air flow rate due to less moisture 
condenses. 

• The SALDCS effectiveness proportionally acts with desiccant concentration 
with indirect cooler the cooling rate increase, because of more moisture 
condense at the contact surface of desiccant solution. 

 
 

The following conclusions are emerging from the present research work: 
 

The change in specific humidity through the absorber is found increasing with increase in 

solution flow rate, inlet concentration of the desiccant and inlet specific humidity while same 

is found decreasing with increase in air mass flow rate, inlet air temperature  and  inlet 

solution temperature. Solution flow rate and inlet specific humidity have shown the major 

effect on the change in specific humidity. 

For the regenerator, change in specific humidity is found increasing 

with increase in air inlet temperature, solution inlet temperature and solution flow rate while 

same is found decreasing with increase in other inlet parameters; air flow rate, concentration 

of the desiccant and specific humidity. Here, inlet temperature and flow rate of the desiccant 

solution are emerged as the main parameters of the regenerator and shown an increase for  

the change in specific humidity across it. 

 
Air-desiccant interface mass transfer coefficient in the dehumidification 

process is increased with increasing air mass flow rate, inlet air temperature, solution flow 

rate, inlet concentration of the desiccant and inlet specific humidity while it is  decreasing 

with increase in temperature of the solution at inlet of the dehumidifier. 

For the regenerator, mass transfer coefficient from the desiccant solution to air 
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is increased with increasing mass flow rate of the air, inlet temperature of the air, 

solution inlet temperature and mass flow rate of the desiccant solution while same is 

decreased with increasing inlet concentration of the desiccant and inlet specific 

humidity of the air. 

Mass transfer coefficient of the absorber and regenerator is found highly 

dependent upon the air flow rate and inlet temperature of the desiccant solution. 

It is important in conclusion that previous studies have mainly studied the 

moisture removal rate and the effectiveness of the absorber as performance parameters 

and in the regenerator, the main performance parameters have been studied are the 

water evaporation rate and regenerator effectiveness. Only a few researchers have 

studied mass transfer coefficient. 

In the present work, change in specific humidity, mass transfer coefficient, 

outlet temperature of the air and desiccant solution which are outlet parameters of the 

main components; dehumidifier and regenerator, have been studied along with the 

performance parameters. 
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ABSTRACT 

                                                               
A recent increase in the use of ecofriendly, natural fibers as reinforcement for the 

fabrication of light-weight, low cost polymer composites can be seen globally. One such material of 

interest currently being extensively used is basalt fiber, which is cost-effective and offers exceptional 

properties over glass fibers.The prominent advantages of these composites include high specific 

mechano-physico-chemical properties, biodegradability, and non-abrasive qualities to name a few. 

This report presents a short review on basalt powder used as a reinforcement material for composites 

and discusses them as an alternative to the use of glass fibers. Apart from this, an attempt to showcase 

the increasing trend in research publications and activity in the area of basalt fibers is also covered. 

Further discuss the improvement in mechanical, thermal and chemical resistant properties achieved 

for applications in specific industries. 

There is a great need to engineer multi-phase (i.e., composite) materials that combine the advantages 

exhibited by each component of the material. The report concentrates on preparation of composites 

contain different types of nanoparticles with polymer matrices. Special attention is paid to the 

preparation of nanocomposites with individual nanoparticles because dispersion of nanofillers is a 

key problem in nanotechnology industrialization 
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                                                          CHAPTER 1 

INTRODUCTION 

1.1 INTRODUTION  

In recent years increase in the use of eco-friendly, natural fibers as reinforcement for the 

fabrication of lightweight, low cost polymer composites can be seen globally in many applications. In 

particular, both industrial and academic world are focusing their attention toward the development of 

sustainable composites, reinforced with natural fibres. Among the natural fibres basalt ones represents 

the more interesting properties, which is cost-effective and offers exceptional properties over glass 

fibers. This report presents a review on basalt powber used as a reinforcement material for polymer 

matrix composites and as an alternative to the use of glass fibers. 

BASALT FIBER : 

Basalt is a natural material that is found in volcanic rocks. It is mainly used (as crushed 

rock) in construction, industrial and high way engineering. One can also melt basalt (1300-1700°C) 

and spin it into fine fibers or grind into nano powder. 

Comparison of mechanical properties of basalt fiber with other fibers  

Table1.1 

POLYMER MATRIX COMPOSITES  

Most commonly used matrix materials are polymeric. The reasons for this are two-fold. 

In particular their strength and stiffness are low compared to metals and ceramics. These difficulties 

are overcome by reinforcing other materials with polymers. Secondly the processing of polymer matrix 

composites need not involve high pressure and doesn’t require high temperature. Also equipment’s 

required for manufacturing polymer matrix composites are simpler. For this reason polymer matrix 

composites developed rapidly and soon became popular for structural applications. Composites are 

used because overall properties of the composites are superior to those of the individual components 

for example polymer/ceramic. Composites have a greater modulus than the polymer component but 

aren’t as brittle as ceramics. 

 

Properties Basalt fiber Glass fiber Carbon fiber 

Breaking strength (Mpa) 3000-4800 4020-4650 3500-6000 

Modulus of elasticity (Gpa) 79.3-93.1 83-86 230-600 

Breaking extension (%) 3.1 5.3 1.5-2.0 

Fiber diameter (µm) 6-21 6-21 5-15 

Linear density (tex) 60-4200 40-4200 60-2400 

Temp. Withstand (˚C) -260….+700 -50…..+300 -50……+700 
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1.1. a.LITERATURE REVIEW / BACKGROUND INFORMATION 

 Lopresto et al. has compared the Mechanical properties of basalt fibre and E-glass fiber 

reinforced plastics manufactured by vacuum bag method. By comparing the results of the mechanical 

tests carried out on equivalent basalt and E-glass fibre reinforced plastic laminates, the author 

concluded that it was possible to replace glass fiber with basalt fiber in the epoxy matrix. The results 

showed that basalt material has high performance in terms of young modulus, compressive bending 

strength, impact force and energy. Also the short-beam strength tests has been carried out and results 

confirmed that a quite good interfacial adhesion between basalt fibres and epoxy matrix are not worse 

than the one between E-glass and epoxy matrix. 

Dorigato et al. has studied the effect of Fatigue resistance of basalt Fibers reinforced 

laminates. Hand layup process is used to prepare the epoxy laminates were Carbon, basalt, and E-glass 

balanced woven fabrics has been utilized. Mechanical characterization of laminates reinforced with 

fabrics having the same areal density demonstrated that Basalt Fiber composites possess an elastic 

modulus higher than the corresponding glass fiber laminates, while their tensile strength approaches 

that of corresponding Carbon fibers laminates. The investigation of the fatigue behaviour confirmed 

the better performances of basalt Fiber laminates with respect to the corresponding glass fiber 

laminates, with a higher stiffness retention at low fatigue loads and better damping properties. It was 

concluded that the potential of basalt Fiber as replacement of glass fibers for the production of 

structural composites combining good mechanical performances and interesting energy dissipation 

capabilities. 

Wei et al. has investigated Degradation of basalt fibre and glass fibre/epoxy resin 

composites in seawater with different periods of time. Both the mass gain ratio and the strength 

maintenance ratio of the composites were examined after the treatment. The tensile and bending 

strengths of the seawater treated samples showed a decreasing trend with treating time. In general, the 

anti-seawater corrosion property of the basalt fibre reinforced composites was almost the same as that 

of the glass fibre reinforced ones. Based on the experimental results, possible corrosion mechanisms 

were explored, indicating that an effective lowering of the Fe2+ content in the basalt fibre could lead 

to a higher stability for the basalt fibre reinforced composites in a seawater environment. 

Sabet et al. has studied The Effect of Thermal Treatment on Tensile Properties of Basalt 

Fibers. In this paper author studies the tensile strength of basalt fibers at room temperature and also 

after exposure to 300 °C, 350 °C, 400 °C, 450 °C and 500 °C in a furnace for the durations of 5, 10, 

15 and 20 min. The results indicate that the residual strength of basalt fibers were drastically decreased 

after 20 min exposure at 300 and 400 °C and it is only about 57% and 35% of that of fibers at room 

temperature, respectively. But at 450 and 500 °C, this drastic decrease occurs after 5 min of exposure. 

These results indicate the optimum conditions for processing of basalt fibers and the composites based 

on them. 

Chairman et al. has investigated the Mechanical and Abrasive Wear Behaviour of Glass 

and Basalt Fabric-Reinforced Epoxy Composites. Basalt fiber fabric and glass fiber fabric reinforced 

epoxy composites were prepared by hand layup technique. The experimental results showed that the 

basalt fiber fabric reinforced epoxy composite had better tensile, inter laminar shear  
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strength and compressive property than glass fiber fabric reinforced epoxy composite. Young’s 

modulus test shows that basalt fiber fabric reinforced composite had a positive/better influence on the 

abrasive wear behaviour. Whereas glass fiber fabric reinforced composites were detrimental to 

abrasive wear behaviour due to its poor bonding between fibres and resin.  

1.2 MOTIVATION OF THE WORK 

The designing of new material and its studies with definite properties are required for 

easy manufacturing of high quality products in various industrial applications. In this project, the 

investigations were carried out by blending the basalt powder with the polymer matrix to find out the 

mechanical properties of glass fiber-reinforced epoxy composites. The mechanical  properties on this  

composite were found by means of tensile test, flexural test, Charpy impact strength method. 

1.3 OBJECTIVE OF THE WORK 

 By choosing an appropriate combination of reinforcement(fillers) and matrix material, 

manufacturers can produce properties that exactly fit the requirements for a particular structure 

for a particular purpose. 

 To produce strong product at resonable price. 

  We need composite materials to versatality in their properties which enables them to be applied 

in large number of fields. 

 Produce the product by utilising natural assests which leads to eco-friendly grazy. 

 To enchance the mechanical and thermal properties of the polymers. 

1.4 ORGANISATION OF THE WORK 

                              In chapter-1, we had disscused about the reqirement to set the this polymer in the 

application. In chapter-2, about the materials required for the fabrication of the samples and selection 

of process & action of work to do. In chapter-3, about the process involved in the fabrications of 

samples, along with their calculations and their construction, mechanism used for mixing of basalt 

powder in epoxy resin. In chapter-4, about the tests to be conducted to examine the samples.  Finally 

in chapter-5, about the conculsions made after the completion of the work. 
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CHAPTER-2 

SELECTION OF THE MATERIALS 

 

2.1 MATERIAL REQUIREMENT 

 Epoxy resin (LY 556) 

 Hardener (HY 951) 

 Basalt fiber (flakes) 

  

EPOXY RESIN 

 

                              

 (Fig.no:2.1)                                                                    (Fig.no:2.2) 

Epoxy resin form an important and versatile class of cross-linkable polymers made 

from monomers containing at least two strained-ring groups called oxiranes. These rings contain one 

oxygen and two carbon atoms and are attached to a large variety of other aliphatic or aromatic organic 

molecules. 

Epoxy refers to any of the basic components or cured end products of epoxy resins, as 

well as a colloquial name for the epoxide functional group. Epoxy resins, also known as polyepoxides, 

are a class of reactive prepolymers and polymers which contain epoxide groups. Epoxy resins may be 

reacted cross linked either with themselves through catalytic homopolymerisation, or with a wide range 

of co-reactants including polyfunctional amines, acids and acid anhydrides , phenols, alcohols 

and thilos usually called mercaptans. These co-reactants are often referred to as hardeners or curatives, 

and the cross-linking reaction is commonly referred to as curing.  Reaction of polyepoxides with 

themselves or with polyfunctional hardeners forms a thermosetting polymer, often with favorable 

mechanical properties and high thermal and chemical resistance. Epoxy has a wide range of 

applications, including metal coatings, use in electronics/electrical components/LEDs, high tension 

electrical insulators, paint brush manufacturing, fiber-reinforced plastic materials, and adhesives for 

structural and other purposes. 
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The main difference between epoxy and epoxy resin are both adhesive types is the drying 

time. Both epoxy and epoxy resin adhesives require mixing before use, but epoxy hardens much faster 

than resin glue. Resin glues take longer to cure, about 8-10 hours, while epoxy adhesive only takes 

about 6-30 minutes. Epoxy is generally more expensive than resin, due to its strength and formulation 

requirements. Resin is more popular for craft and jewelry making, due to its lower cost. Remember, 

however, that you get what you pay for. Epoxy is very moisture resistant, and certain formulations can 

even be applied underwater. 

The global epoxy resin market was valued at approximately $10 billion in 2018. The 

epoxy resin market is dominated by the Asia-Pacific region. China is the major producer and consumer 

globally, contributing to almost 50% of the global resin global capacity in 2018. The global market is 

made up of approximately 50–100 manufacturers of basic or commodity epoxy resins and hardeners. 

In Europe, the largest markets for epoxy resins are Germany, Italy, France and the UK. 

These commodity epoxy manufatures mentioned above typically do not sell epoxy resins 

in a form usable to smaller end users, so there is another group of companies that purchase epoxy raw 

materials from the major producers and then compounds (blends, modifies, or otherwise customizes) 

epoxy systems from these raw materials. These companies are known as "formulators". 

 

 The majority of the epoxy systems sold are produced by these formulators and they 

comprise over 60% of the dollar value of the epoxy market. There are hundreds of ways that these 

formulators can modify epoxies—by adding mineral fillers like talc, silica,alumina,etc, by adding 

flexibilizers, viscosity  reducers, colorants, thickeners, accelerators, adhension promoters, etc. These 

modifications are made to reduce costs, to improve performance, and to improve processing 

convenience. As a result, a typical formulator sells dozens or even thousands of formulations—each 

tailored to the requirements of a particular application or market. 

The raw materials for epoxy resin production are today largely petroleum derived, although some plant 

derived sources are now becoming commercially available e.g. plant derived glycerol used to 

make epichlorohydrin. 

 

Applications of epoxy resin 

 Paints and coatings 

 Adhesives 

 Industrial tooling and composites 

 Wind turbine composites 

 Leisure and marine 

 Electrical insulation 

 Aerospace 

 Automative components 

 Petroleum and petro-chemical 

 Biology 

 Arts 
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PROPERTIES OF EPOXY RESIN (LY556) 

Anhydride-cured, low-viscosity standard matrix system with extremely long pot life. The 

reactivity of the system is adjustable by variation of the accelerater content. The system is easy to 

process, has good fibre impregnation properties and exhibits excellent mechanical, dynamic and 

thermal properties. It has an excellent chemical resistance especially to acids at temperatures up to 80 

°C. This epoxy system fulfills MIL specifications R 9300. 

 

 

                                                                          Table2.1 

HANDLING PRECAUTIONS 

 Mandatory and recommended industrial hygiene procedures should be followed 

whenever our products are being handled and processed. For additional information please consult the 

corresponding product safety data sheets and the brochure "Hygienic precautions for handling plastics 

products" 

 

PERSONAL HYGIENE  

 

                                                            Table 2.2 
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STORAGE 

 Provided that Araldite LY 556, Hardener HY 917 and Accelerator DY 070 are stored in 

a dry place in their original, properly closed containers at the above mentioned storage temperatures 

they will have the shelf lives indicated on the labels. Partly emptied containers should be closed 

immediately after use. Araldite LY 556 which has crystallized and looks cloudy can be restored to its 

original state by heating to 60 - 80 °C. 

 

HARDENER (HY 951) 

                    Hardner (HY 951) is an anhydride hardner. Epoxy resins are very stable fluids with 

relatively long shelf lives. It is only when mixed with an epoxy hardeners that they can cure properly. 

If applied onto a floor without the hardener, the resin would remain a near liquid indefinitely and 

could not transform into a durable flooring system. 

                       In some mixtures a hardener is used simply to increase the resilience of the mixture once 

it sets. In other mixtures a hardener is used as a curing component. A hardener can be either a reactant 

or a catalyst in the chemical reaction that occurs during the mixing process. A hardener may also be 

known as an accelerator. 

                       Epoxy resin comes in two parts: a resin and a hardener. Mixing 

the resin and hardener together prompts a chemical reaction between the two, transforming them from 

a liquid into a solid. Measuring accurately and mixing thoroughly is essential to making sure 

your epoxy resin cures properly. 

Off ratio: Too much or too little hardener will affect the cure time and thoroughness of 

the cure. Remove epoxy. Do not apply additional material over non-curing epoxy. ... DO NOT add 

extra hardener for a faster epoxy cure. 

Use a toothpick or wooden craft stick to thoroughly mix the resin and hardener. Stir 

gently to minimize the formation of air bubbles. TIP: To pop air bubbles, pierce them with a pin. Or, 

exhale over the surface of the resin; carbon dioxide pops the air bubbles. 

A polyepoxide such as epoxy is made up of unreacted epoxide. This basically means 

that pure epoxy is extremely susceptible to reactions with other chemicals. The other chemical in the 

case of epoxy is a hardening or curing agent which works to cure it into a very strong adhesive. 

 

TYPES OF HARDENERS 

                        There are many different types of hardeners available and polyamine 

based hardeners are a common type. Polyamine hardeners are made up of an organic molecule 

containing two or more amine groups. Other types of hardeners include polyamide hardeners and 

anhydride hardeners, although these types react only with heat. 

 

Applications 

Aradur HY 951 is a hardener which is used with the epoxy resin which is used 

for the encapsulation or coating of low voltage and electronic components. 

Features 

ARADUR HY 951 Viscosity at 25°C : 10-20 mPa*s / Specific Gravity at 25°C : 

0.98 g/cm³/ Appearance : Clear liquid / Flash point : 110°C / Mix ratio : 100:10 
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Properties 

ARADUR HY 951 is good mechanical strength, good resistance to atmospheric 

and chemical degradation, excellent electrical properties and also as follows 

 

                                                     Table 2.3 

 

BASALT FIBERS (FLAKES) 

 

                          

                                                          (Fig.no:2.3) 

                Basalt fiber is a material made from extremely fine fibers of basalt, which is composed of 

the minerals plagoclase, pyroxene, and olivine. It is similar to fiberglass, having better 

physicomechanical properties than fiberglass, but being significantly cheaper than carbon fiber. It is 

used as a fire proof textile in the aerospace and automotive industries and can also be used as 

a composite to produce products such as camera tripods. 

 

https://en.wikipedia.org/wiki/Pyroxene
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MANUFACTURE 

                  The technology of production of BCF(Basalt Continuous Fiber) is a one-stage process: 

melting, homogenization of basalt and extraction of fibers. Basalt is heated only once. Further 

processing of BCF into materials is carried out using "cold technologies" with low energy costs. 

Basalt fiber is made from a single material, crushed basalt, from a carefully chosen 

quarry source. Basalt of high acidity (over 46% silica content) and low iron content is considered 

desirable for fiber production. Unlike with other composites, such as glass fiber, essentially no 

materials are added during its production. The basalt is simply washed and then melted. 

  

The manufacture of basalt fiber requires the melting of the crushed and washed basalt 

rock at about 1,500 °C (2,730 °F). The molten rock is then extruded through small nozzles to produce 

continuous filaments of basalt fiber. 

The basalt fibers typically have a filament diameter of between 10 and 20 micro 

meter which is far enough above the respiratory limit of 5 μm to make basalt fiber a suitable 

replacement for asbestos. They also have a high elastic modoulus, resulting in high specific strength—

three times that of steel. Thin fiber is usually used for textile applications mainly for production of 

woven fabric. Thicker fiber is used in filament winding, for example, for production of CNG cylinders 

or pipes. The thickest fiber is used for pultrusion, geogrid, unidirectional fabric, multiaxial fabric 

production and in form of chopped strand for concrete reinforcement. One of the most prospective 

applications for continuous basalt fiber and the most modern trend at the moment is production of 

basalt rebar that more and more substitutes traditional steel rebar on construction market. 

 

USES OF BASALT FIBERS   

 Heat protection 

 Friction materials 

 Windmill blades 

 Lamp posts 

 Ship hulls 

 Car bodies 

 Sports equipment 

 Speaker cones 

 Cavity wall ties 

 Rebar 

 Load bearing profiles 

 CNG cylinders and pipes 

 Absorbent for oil spills 

 Chopped strand for concrete reinforcement 

 High pressure vessels (e.g. tanks and gas cylinders) 

 Pultruded rebar for concrete reinforcement (e.g. for bridges and buildings). 
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2.2 BALL MILLING 

                              

                                  

                                                       (Fig.no:2.4)  Planetary ball milling machine 

 

PLANETARY BALL MILL WORKING PRINCIPLE: 

                    The grinding jar is arranged eccentrically on the sun wheel of the planetary ball mill. The 

direction of movement of the sun wheel is opposite to that of the grinding jars in the ratio 1:-2. 

 The grinding balls in the grinding jars are subjected to superimposed rotational movements, the so-

called Coriolis forces. The difference in speeds between the balls and grinding jars produces an 

interaction between frictional and impact forces, which releases high dynamic energies. The interplay 

between these forces produces the high and very effective degree of size reduction of the planetary 

ball mill. 

 

                      Planetary mills with a single grinding station require a counterweight for balancing 

purposes. In the Ball Mill PM 100 this counterweight can be adjusted on an inclined guide rail. In this 

way the different heights of the centers of gravity of differently-sized grinding jars can be compensated 

in order to avoid disturbing oscillations of the machine. 

                    Any remaining vibrations are compensated by feet with some free movement (Free-Force 

Compensation). This innovative FFCS technology is based on the d’Alembert principle and 

allows very small circular movements of the machine housing that result in an automatic mass 

compensation. The laboratory bench is only subjected to minimal frictional forces generated in the 

feet. 

 

                 In this way the PM 100 ensures a quiet and safe operation with maximum compensation of 

vibrations even with the largest pulverization forces inside the grinding jars and therefore can be left 

on the bench unsupervised. 
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FEATURES: 

Applications pulverizing, mixing, homogenizing, colloidal milling, mechanical 

alloying 

Field of application agriculture, biology, Chemistry, construction materials, 

engineering / electronics, environment / recycling, geology / 

metallurgy, glass / ceramics, medicine / pharmaceuticals 

Feed material soft, hard, brittle, fibrous - dry or wet 

Size reduction principle impact, friction 

Material feed size* < 10 mm 

Final fineness* < 1 µm, for colloidal grinding < 0.1 µm 

Batch size / feed quantity* max. 1 x 220 ml, max. 2 x 20 ml with stacked grinding jars 

No. of grinding stations 1 

Speed ratio 1: -2 

Sun wheel speed 100 - 650 min-1 

Effective sun wheel diameter 141 mm 

G-force 33.3 g 

Type of grinding jars "comfort", optional aeration covers, safety closure devices 

Material of grinding tools hardened steel, stainless steel, tungsten carbide, agate, sintered 

aluminium oxide, silicon nitride, zirconium oxide 

Grinding jar sizes 12 ml / 25 ml / 50 ml / 80 ml / 125 ml / 250 ml / 500 ml 

Setting of grinding time digital, 00:00:01 to 99:59:59 
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Interval operation yes, with direction reversal 

Interval time 00:00:01 to 99:59:59 

Pause time 00:00:01 to 99:59:59 

Storable SOPs 10 

Interface RS 232 / RS 485 

Drive 3-phase asynchronous motor with frequency converter 

Drive power 750 W 

Electrical supply data different voltages 

Power connection 1-phase 

Protection code IP 30 

Power consumption ~ 1250W (VA) 

W x H x D closed 640 x 480 (780) x 420 mm 

Net weight ~ 86 kg 

Standards CE 

Patent / Utility patent Counter weight (DE 20307741), FFCS (DE 20310654), Safety 

Slider (DE 202008008473) 

                                                                    Table 2.4 
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PLANETARY BALL MILL WORKING: 

                Planetary Ball Mills consist of several cylindrical grinding jars (positioned on the sun wheel 

as shown on the figure) which are filled with loose grinding balls. Two superimposed rotational 

movements move the grinding jars: 

               Like in a planetary system the grinding jar rotates on a orbit around the center. This rotational 

movement is the self-rotation of the grinding container superimposed. The resulting centrifugal and 

acting acceleration forces lead to strong grinding effects. Furthermore, there are forces working 

according to the Coriolis acceleration. The result is an intensive grinding effect between the grinding 

balls and the sample. 

               There are different rotational ratios. With a rotation ratio of 1: -2 the grinding jar rotates twice 

during a sun wheel turn. The minus of this case indicates the opposite rotation direction. 

                Depending on the speed ratio different movement patters of the grinding balls / media can 

be achieved. It can be achieved that the grinding media are crossing the grinding jar and loosen from 

the wall. At hitting the wall of the grinding jar the sample will be stressed. At a different motion pattern 

the grinding balls roll over the sample and stress the ground material. 

 

 

 

                                                                       (Fig.no:2.5) 

Zirconium balls: these are the balls used in milling process for batter results. Zirconium is hard 

material and by using this balls we can reduce the addition of forgen elements (matter of the balls) into 

the end product. 
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Zirconium Balls Properties (Theoretical): 

Molecular Weight               91.22 

Appearance  White 

Melting Point 1852 °C 

Boiling Point 3580 °C 

Density 6506 kg/m3 

Solubility in H2O N/A 

Electrical Resistivity 40.0 microhm-cm @ 20 oC °C 

Electronegativity 1.4 Paulings 

Heat of Fusion 5.50 Cal/gm mole 

Heat of Vaporization 120 K-Cal/gm atom at 4377 °C 

Poisson's Ratio 0.34 

Specific Heat 0.0671 Cal/g/K @ 25 °C 

Tensile Strength 230 MPa 

Thermal Conductivity 0.227 W/cm/K @ 298.2 K 

Thermal Expansion (25 °C) 5.7 µm·m-1·K-1 

Vickers Hardness 903 MPa 

Young's Modulus 88 GPa    

                                                                Table 2.5 

            Zirconium (atomic symbol: Zr, atomic number: 40) is a Block D, Group 4, Period 5 element 

with an atomic weight of 91.224. Zirconium Bohr Model The number of electrons in each of 

Zirconium's shells is 2, 8, 18, 10, 2 and its electron configuration is [Kr] 4d2 5s2. The zirconium atom 

has a radius of 160 pm and a Van der Waals radius of 186 pm. Zirconium was discovered by Martin 

Heinrich Klaproth in 1789 and first isolated by Jöns Jakob Berzelius in 1824. In its elemental form, 

zirconium has a silvery white appearance that is similar to titanium. Zirconium's principal mineral is 

zircon (zirconium silicate). Elemental Zirconium is commercially produced as a by product of titanium 

and tin mining and has many applications as a opacifier and a refractory material. It is not found in 

nature as a free element. The name of zirconium comes from the mineral zircon, the most important 

source of zirconium, and from the Persian wordzargun, meaning gold-like. 

 

Conversion of continuous fibers into nano partials: 

            A portion of fiber is placed in jar and to 10 to 15 balls are placed in the jar milling process will 

be stared and the process will be continuous for every hour SEM analysis will done. The milling 

process has done for six hours to get required size of the nano partials. 
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SEM Analysis: Scanning Electron Microscopy (SEM) is a test process that scans a sample with an 

electron beam to produce a magnified image for analysis. The method is also known as SEM analysis 

and SEM microscopy, and is used very effectively in microanalysis and failure analysis of solid 

inorganic materials. 

Results of SEM analysis: 

                                            

Sl.No 
Milling Time 

(Hrs) 

Particle Size 

(Microns) 

1 Raw Material 3170 

2 1 334.25 

3 2 217.42 

4 3 56.5 

5 4 54.53 

6 5 49.5 

7 6 35.48 

 

                                                                               Table: 2.6       

1.Particle size of the raw material: 

 

    

                                         
                                                                              (Fig.no: 2.6) 
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2.Particle size after milling for one hour: 

 

 

                                      
                                                                                      (Fig.no: 2.6.1) 

 

 

3.Particle size after milling for two hours: 

 

 

                                  
                                                                        (Fig.no: 2.6.2) 
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4.Particle size after milling for three hours: 

 

 

 

                                 
                                                                                     (Fig.no: 2.6.3) 

 

 

5.Particle size after milling for four hours: 

 

 

 

 

 

                               
                                                                             (Fig.no: 2.6.4) 
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6.Particle size after milling for five hours: 

 

 

 

 

 

                           
                                                                           (Fig.no: 2.6.5)                                                                 

 

 

 

7.Particle size after milling for six hours: 

 

 

 

                        
                                                                  (Fig.no:2.6.6) 
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Graphical representation of milling time vs particle size: 

 

 

 

  
 

 

 

Conclusion for SEM analysis: 

                 By doing SEM analysis we had known the actual size of the particle. The big one among 

the particle has consider the actual size of the particle. 

 

    After milling for six hours and knowing the actual size of the particle the fabrication process will be 

started.   
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CHAPTER -3 

FABRICATION 

 

3.1 INTRODUCTION: 

 

                       For the fabrication of the sample pieces hardener and resign are mixed in ratio of 1:10 

and with the help of sonication process powdered fiber material are mixed with different weight 

rations and converted into the sample pieces with the help of moulding process 

 

3.2 SONICATION PROCESS: 

                        

                      Sonication is a process in which sound waves are used to agitate particles in a medium. 

Sonicators either produce sound waves in a water bath, where samples are placed, or they can be in 

the form of probes directly attached to the sample to be sonicated. 

 

 

                                                                 

                                          
                                                                     (Fig.no: 3.1) 

 

 

                        By using this sonication process resign, hardener and fiber is mixed with a prob 

placed in it. By this we would have a well-mixed material. The fiber material is mixed at different 

weight ratio to know the most effective mixture. After preparing the proper mixture samples are 

prepared according to the ASTM standards.                           
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3.3 SAMPLE PREPARATION: 

 

                            For the preparation of sample multiple cavity moulds are used. Cavities were made 

according the ASTM standards. 

                             As we are making different tests on samples, we need different dimensions of the 

samples. They are: 

 

 

 

                       

 

 

 

 

      . 

 

 

       

 

                                                                      Table 3.1 

             According to this dimension’s cavities are created on a rubber sheet with an allowance, and 

the mixture is filled in cavities. 

 

 

 

               
 

                                                                   (Fig.no: 3.2) 

SAMPLE FOR 

TEST 

   THICKNESS 

       (mm) 

   WIDTH 

      (mm) 

THICKNESS            

       (mm) 

Tensile 250 25 5 

Flexural 125 12.7 3.2 

Impact 55 10 10 
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                                                          (Fig.no: 3.3) 

 

After pouring the mixture in the slots it will take 24 hours to get form a prefect specimen, and then 

samples are taking out from the mould and excess material is removed from the sample. Then the 

specimens will be: 
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Specimens prepared for Tensile test:  
                                          For the preparation of five specimens 250gr of resign is used.  

 

 

 

 

 

                          
                              

                                                  (Fig.no: 3.4)                                                                                                                                                        
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Specimens prepared for Impact test: 

                             For the preparation of five specimens 100gr of resign is used. 

 

 

 

 

                                 

                                                                (Fig.no: 3.5) 
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Specimens prepared for Flexural test: 

                          For the preparation of five specimens 150gr of resign is used.   

 

                                                                                                                                          

                

 

                                                                 (fig.no: 3.6) 
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                                            CHAPTER -4 

TESTING 

 

4.1 TENSILE TEST: 

                      Tensile testing, also known as tension testing, is a fundamental materials science and 

engineering test in which a sample is subjected to a controlled tension until failure. Properties that 

are directly measured via a tensile test are ultimate tensile strength, breaking strength, maximum 

elongation and reduction in area. From these measurements the following properties can also be 

determined: Young's modulus, Poisson's ratio, yield strength, and strain-hardening characteristics. 

Uniaxial tensile testing is the most commonly used for obtaining the mechanical characteristics of 

isotropic materials. 

 

    Test procedure:  

                    Uniaxial tensile test is considered to be the most effective technique for the mechanical 

characterization of fibers. During the course of a tensile test, a sample of fiber is pulled at a given 

rate and the ensuing reaction force is determined.     

                     Since the initial dimensions of the sample is already known, the measured force and 

displacement can be used to determine a number of major engineering parameters. Ultimate tensile 

strength, failure strain, yield strain, yield stress, and Young’s modulus are some of these parameters. 

Today, increasing amounts of fibers, particularly nano and micro-fibers are being recommended for 

structural applications, and tensile parameters are essential for better design and simulation of 

structures that use these kinds of fibers. 

 

Experimental set up: 

                  

                
                                                                    (Fig.no: 4.1) 
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4.2 FLEXUAL TEST: 

 

                     Flexural strength, also known as modulus of rupture, or bend strength, or transverse 

rupture strength is a material property, defined as the stress in a material just before it yields in a 

flexure test. The transverse bending test is most frequently employed, in which a specimen having 

either a circular or rectangular cross-section is bent until fracture or yielding using a three point 

flexural test technique. The flexural strength represents the highest stress experienced within the 

material at its moment of yield. 

 

  Test procedure: 

                         Procedure a three-point loading system for center loading. Most commonly the 

specimen lies on a support span and the load is applied to the center by the loading nose producing 

three-point bending at a specified rate. 

 

 

 Experimental set up:  
 
 
 

 
                                                                      (fig.no: 4.2) 
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4.3 IMPACT TEST: 

                    Impact test is used to observe the mechanics that a material will exhibit when it 

experiences a shock loading that causes the specimen to immediately deform, fracture or rupture 

completely.  

 

  Test procedure: 

              Impact testing is an ASTM standard method of determining the impact resistance of 

materials. A pivoting arm is raised to a specific height (constant potential energy) and then released. 

The arm swings down hitting a notched sample, breaking the specimen. 

 

  Experimental set up: 
                          

 

              

                                                                                 (Fig.no: 4.3)                                    
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Chapter-5 

RESULTS AND DISCUSSIONS 

5.1 RESULTS & CONCLUSIONS 

 

RESULTS: 

TEST PURE RESIGN 

     MPa 

3%(Wt) OF 

BASULT FIBER 

WITH RESIGN 

       MPa 

4%(Wt) OF 

BASULT FIBER 

WITH RESIGN 

     MPa 

5%(Wt) OF 

BASULT FIBER 

WITH RESIGN 

     MPa 

TENSILE 

STRANGTH 

(Mpa) 

90.56  94.55 92.25 91.38 

FLEXUAL 

STRENGTH 

(Mpa) 

130.28 145.84 168.22 150.69 

IMPACT 

STRENGTH 

(KJ/m^2) 

12.8 15.3 16.2 14.3 

                                                                         Table 5.1 
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Graphical representation of Tensile strength: 

 

 

 

Graphical representation of Flexural strength: 
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Graphical representation of Impact strength: 

 

 

CONCLUSIONS 

                      From the project report it is understood that basalt powder will be a potential to chance 

the mechanical properties in the polymer matrix and we can produce the wide range of composites to 

meet the needs of both industrials and commercial fields.  

 It is cost effective and eco-friendly material. Basalt powder reinforced polymer having 

wide range of applications due to their great mechanical property and thermal stability. 

A single-phase material does not always provide all the essential features and therefore, 

there is a great need to engineer multi-phase materials (composites). The basic challenge encountered 

for reaching the unique nanocomposite properties is to effectively disperse the nanoparticles as 

individuals in the polymer matrix.  

This review has highlighted the problem of dispersion of different types of nanofillers in 

polymer matrices and has discussed approaches to overcome this problem, e.g., special techniques (in 

situ polymerization, biomimetic process), additional procedure (grounding, ultrasonic blending, and 

high energy sonication), nanoparticle surface modifications and chemical functionalization’s.  

Homogeneously dispersed nanofiller particles in the polymer matrix play a key role, 

mainly in mechanical properties. The interfacial strength between filler and polymer is a very 

important factor, because lack of adhesion between two phases will result in early failure. Other 

physical properties such as optical, magnetic, electronic, thermal, wear resistance, barrier to diffusion, 

water resistance or flame retardancy can be strongly affected by nanoparticle dispersion in polymer 

matrices. Regarding the bio composites, nanoscale-organized composite with perfect dispersion 
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provides a better substrate condition for cellular interaction, particularly in the cell adhesion and 

proliferation state, when compared with the conventional composite. 
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FIRST AID 

           Contamination of the eyes by resin, hardener or mix should be treated immediately by flushing 

with clean, running water for 10 to 15 minutes. A doctor should then be consulted.  

Materials  meared or splashed on the skin should be dabbed off, and the Contaminated area 

then washed and treated with a cleansing cream (see above). 

          A Doctor should be consulted in the event of sever eirritation or burns. Contaminated Clothing 

should be changed immediately.  

Any one taken ill after inhaling vapours should be moved out of doors immediately. In all -

+*cases of doubt call for medical assistance. 
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ABSTRACT:

Today,therearegrowing challengeson businessenvironmentbecauseofincreasein

competitionandcustomerexpectations.Naturalresourcesarepastdepleting.Governments,

OrganizationandCivicSocietyareputtingtheireffortsinrecycling,reuseofproduct.This

waytheproductcantravelfrom forwardsupplychaintoreversesupplychain.

Inthispresentworkeffortismadetoidentifytheissueofcollectingfrom supplier,

reclaimers,distributorsandcustomersandoptimizethesame.

Supplierselectionandlaterorderallocationareanimportantsubjectmatterinthe

areaofsupplychains.Thisdecisionisofteninfluencedbydifferentplayersinvolvedinthe

supplychain.Greensupplychainshavethebasiccharacteristicslikemultipleconflicting

criteria,demanduncertainties,leadtimeanddeliveryuncertainties.Intheliteratureisolated

studiesonsupplierselectionusingmathematicalmodels,multiplecriteriadecisionmaking

techniquesandmultiplestakeholderrequirementsarecommonlyfound.Thecriteriaexhibit

hierarchalstructure.Thecorrelationbetweencriteriaisnormallyobservedinthereallife

situation.ThecorrelatedAnalyticHierarchyconsidersthecorrelationeffectbetweencriteria

intheAnalyticHierarchyprocess.LinearPhysicalProgramming(LPP)isamulti-objective

optimizationmethodthatdevelopsanaggregateobjectivefunctionofthecriteriaina

piecewise,goal-programmingfashion.LPPmodelenablesdecisionmakertothinkabout

multiple criteria (i.e.,cost,customerservice,and rejections)and to express criteria

preferencesintermsofdegreesofdesirability.Amodelisdevelopedtoidentifythebest

suppliersandquantitytobeorderedoneachsupplier.

Inthepresentworkaneffectivestrategyproposedtorecycleindustry,Ithasthree

phases,infirstphaseselectionofeligiblesupplier,secondphaseselectionofreclaimerand

quantitytobeorderedtothem,inthefinalphaseinventorycostminimizationisdoneusing

fuzzycostdata’s.

Economicgrowthandenvironmentalprotectionaremutuallyconflictinginnature.

Bothissuesaretobeaddressedsimultaneouslyinordertosustaingreensupplychain

management.Suppliersand customershaveto focustheseaspectsindeterring their

businessrelationship.Aneffortismadeinchapter4toascertainthequantitytobeordered

onreclaimer/reprocessorbyapplyingmulticriteriatechniquefuzzyAHP,Taguchiloss

functionandfuzzymultiobjectivetechnique.

Distributorsplaya pivotalrolein green supplychain management.Theycollectused

products,getreprocessedatreprocesscentersandselltocustomers.Theirexistence

dependsonhow welltheinventoryisoptimizedbythem.Aneffortismadetoformulate

inventoryoptimizationtechnique.

Inthepresentworkacasestudyisconductedintheoilrecyclingindustry.
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ASTRATEGYFOREFFECTIVERECYCLINGIN

GREENSUPPLYCHAINMANAGEMENT

CHAPTER–1

INTRODUCTION

1.1 TheSupplyChain

TheSupplyChainisthemovementofmaterialsastheymovefrom their

sourcetotheendcustomer.Itproducesvalueintheform ofproductsandservices

to the end customers through differentprocesses and activities,which are

performedbythenetworkoforganizationsfrom theupstream anddownstream

linkages.Often,asupplychainisdescribedbytheterm valuechain,whichreflects

theconceptthatvalueisaddedalongthechain.Thenetwork,processandactivities

may consists of suppliers,purchasing,manufacturing centers,warehouses,

transportation,distributioncenters,andretailoutlets,aswellasrawmaterial,work-in

-processinventory,andfinishedproductsthatflow betweenthefacilities.Here,

information,materialland services flow from raw materialsuppliers through

manufacturesanddistributioncenters,andfinallytotheendcustomer.

Supply Chain Management(SCM)entered business environmentin the

relativelyrecentyearsbuthasbecomeoneofthemostreviewedtopicsbymanagers

forinvestigatingthewaysofitsimprovement.Todaycompetitivenessdependson

farmorefactorsthanjusttheactivitiesthatoccurwithinanorganization.

Thenotionthatsupplierselectionisacriticalstepindevelopingacompetitive

supplychainhasbeenaroundsincetheearlydaysofthesupplychainthinking.This

importanceisrootedinthecriticalnatureofpurchasingdecisions.Inindustrial

companies,theshareofraw materialpurchasinginthetotalturnovertypically

rangesbetween50% and90%.Selectingtherightsupplierstoform asupplybase

thatallowsacompanytopurchasetheirrawmaterialseffectivelyandefficientlyis

somethingthatwilldirectlysupportthebusinesscontinuity

Inthesupplychain,theflow ofmaterialgoodsandinformationisfrom one

endtoother.Thereisalimitedintegration.Theresourcesarescarceinnature.
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Resourcedepletionisthemajorconcernglobally.Duringtheconversionofraw

materialintocustomerdesiredproductenvironmentaldegradationtakesplaceinthe

form ofgreenhousegasemissions/hazardouswastegenerationetc.Theneedfor

minimizationofthepollutantgeneration,identificationofalternateproductuse,

recyclingoftheproductafteritslifecycleetc;arebeinganalyzedpresentlyinthe

world.Also,aneffortforintegratingtheenvironmentalissuesinthewholesupply

chainisrequired.Thisistermedas“Greensupplychain”.

1.2 GreenSupplyChainManagement

“Green supply chain is a conceptthatcombines green procurement,

environmentalmanagementofmanufacturingmaterials,environmentalcirculation,

marketing,andreverselogistics”.

“A combinationoftheactivitiesthatencompassproductdesign,various

stagesofmanufactureanddistribution,aspectsofreverselogistics,andinthe

processemphasizethelatter’simportance”.

“Green supplychain managementcan be defined as the integration of

environmentalconservationthoughtintosupplychainmanagementthatincludes

productdesign,supplierselectionandmaterialsourcing,manufacturingprocess,

product packaging,delivery of the product to consumers,and end-of-life

managementoftheproductafteritsuse”.

Greensupplychainmanagement(GSCM)isanemergingfieldthatstandsout

ofthetraditionalsupplychainperspectiveduetovariousfactorslikeglobalwarming,

scarcityofresources,growingsocialpressure.Increasingawarenessamongpeople,

Constitutionofstrictgovernmentallaws,etc.add weightto theimportanceof

implementingenvironmentfriendlystrategiesinmanagingthesupplychain.The

qualityrevolutioninthelate1980’sandthesupplychainrevolutionintheearly

1990’shavesparkedbusinessestobecomeenvironmentallyconscious.Whatis

more,therecenteconomicglobalcrisishasacceleratedtheneedforsustainable

growthwherebetterusageofnaturalresourcescreatesthepotentialtodevelopa

greenereconomy.

GSCM hasbecomepopularwithbothacademicsandpractitionerswithan

aim to reduce waste and preserve the qualityofproduct-life and the natural

resources.Co-efficiencyandremanufacturingprocessesarenowimportanttoolsto

achievebestpractices.Globalmarketdemandsandgovernmentalpressuresare

pushingbusinessestobecomemoresustainable,claim that“increasinggovernment

regulation and strongerpublic mandates forenvironmentalaccountabilityhave
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broughttheseissuesintotheexecutivesuitesandontostrategicplanningagendas”.

Buthardly,veryfewofthem haveactuallystartedworkingtowardsgreenificationof

the supplychain and mostofthem stillcontinue to use toxic substances &

transportationpracticesthatproducegreenhousegases.Accordingly,greeningthe

supply chain has become a majorchallenge in today’s competitive business

operations.

Theenvironmentalaspectofsustainabilitywhenstudyingbothsupplychains,

andarethususingtheterm “greensupplychainmanagement”canbedefined“green

supply chain is a conceptthatcombines green procurement,environmental

managementofmanufacturingmaterials,environmentalcirculation,marketing,and

reverselogistics.Thesupplychainisasystem inplaceinordertotransform theraw

materialintoafinalproduct.Greensupplychainmanagement(GSCM)isabout

makingtheentiresupplychainmoreenvironmentalsustainable.Companiesmay

choosetoadoptGSCM formanydifferentreasons:onemaybeforcedduetolaws

andregulations,onemayuseGSCM todifferentiateoneselfinacompetitiveindustry

bybeingenvironmentalfriendlyandlastlyonemightneedtoimplementGSCM to

staycompetitiveifyourcompetitorsalreadyhaveadoptedGSCM.Environmental

effectscausedbytheindustriesisthemainproblem thatmankindfaceseveryday.

Thetraditionalsupplychainpracticedintheindustriesinearly1990’s,focusesonthe

costreductionandimprovingofdifferentflowswithintheorganizationbutthe

environmentalconsiderationisignored.Sotheresearchersandindustriesstartedto

redefinethetraditionalsupplychainbyincludingtheenvironmentalfactorsintothe

supplychainandalsomakingtheindustrieseconomicallyprofitablebyusingthis

extended supply chain.In the presentglobalized and competitive marketthe

industriesarepressurizedtofollowtheenvironmentalmanagement,thesepressures

arederivedfrom theinternalandexternalsourcesintheorganization(Zhuetal,

2008[29]).Sotheneedofinterestofpracticingisincreasedamongtheindustriestill

totheendcustomer.Withincreasingtheconcernsaboutenvironmentinthelast

decade,shouldalsoconsiderenvironmentalpollutantsalongsidethedevelopmentof

industryandinSCM operationalprocess.Allsolutionofthisissuearebettertobe

compoundintoacomprehensivesupplychainprocedure.Supplychainmanagement

isanimportantfactoranditisdirectlylinkedtoproductivityandcompetitiveposition.

Makinggreenthesupplychainisanewconcept.Accordingthisconceptbuyerwill

usehisbuyingpowertodemandbetterenvironmentalperformancethansuperior

supplieratsupplychainthismeansthatbuyer(whichismostlyabigfirm)ithas

facilitator’sroleforsuppliers(thissupplierareusuallysmallandmedium-sized
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companies)andhelpsthem inturningtoanenvironmentalfriendlyorganizations.

GreenSupplyChainManagementhasitsrootsfrom Greenmanagementandsupply

chainmanagement.Thisindicatesthattheenvironmentalaspectsareconsideredin

everyprocessoftheproductlifecycle.Greensupplychainaimsforcontinuous

improvementsofindustrialprocessesandproductstoreduceorpreventpollutionto

air,waterandland.Theyalsosuggestedthatbytheseimprovements,thereisa

possibilityofminimizing risks to humans and otherspecies.There are some

challengesinassociatingwiththeGreenmanufacturingwhicharemeetingthe

customerdemandsforenvironmentallysoundproducts,developmentofrecycling

schemes,minimizingthematerialsuse,andselectingthematerialscausinglow

environmentalimpacts.Addingtheconceptofgreentothesupplychaininvokesthe

considerationofnaturalenvironmentintotheprocess.Similartothesupplychain,

thegreensupplychainhasitsboundaryandscoperangingfrom greenprocurement

to integrated greensupplychainto greendistributionflowing from supplierto

manufacturertocustomer.(ZhuandSarkis,2004[24])evenincludedtheconcept

ReverseLogistics(RL)intotheGreenSupplyChainManagement.GreenSupply

ChainManagementisabroadterm inwhichalltheindustriesworkwiththeir

suppliers and customers to improve theirenvironmentalperformance.These

environmentalperformancescanbepracticedbydifferentfocuses(GreenBusiness

Network,2001).

 Focus on reducing or eliminating the excess materials used in the

manufacturingprocessesorproducts.

 Focus on the supplier’s environmentalcompliance status during the

operations.

 Jointventurefordevelopingthenew materials,productsandsolutionsfor

environmentalissues.Requiringsupplierstoimplementandpossiblycertify

environmentalmanagementsystems.

 Educatingthesuppliersregardingthematerialuse,preventionofpollutionand

toolsofinteresttothecustomercompany.

 Refiningthesupplierswouldhelpindevelopingnew materials,partsand

processwithenvironmentalconcern.

 Auditingsuppliers’compliancestatus

Greensupplychainoriginsfrom theideaofsupplychainmanagementand

sustainabledevelopmenttheory.Itisanewsubject;peoplehavenotstudieditdeep

enough.Theintegrationofenvironmentalactionsandorganizationalperformance

hasgainedincreasingattentionoverrecentdecades.Climatechange,thedepletion
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ofnaturalresources and environmentalpollution are the main drivers behind

internationaleffortstogreeningnotonlyorganizationsbutalsoentiresupplychains.

Untilnow,thereisstillnounified,clear,authoritativedefinition.Thegreensupply

chainmanagementisasystem.Itincludestheprocessofmaterialacquisition,

processing,packaging,warehousing,transportation,saleandusetotheendoflife

treatment,recycling.Theprocessisguidedbytheprincipleofoptimizationallocation

ofresources,enhancingbenefits,achievingthegoalofthecompatibilitywiththe

environment.Generallyspeaking,itisagreensystem combinesbythesuppliers,

manufacturers,distributors,retailers,consumers,environment,rulesandcultural

element.Itis also the combination oflogistics,information flow,cash flow,

knowledgeflow.

Generallyspeaking,greensupplychainmanagementisasupplychainthat

guidedbythesustainabledevelopmenttheories.Thepurposeofitistoachievethe

goalofimprovingwelfare,achievecompatibilitywiththeenvironmentandmaterial

optimizationbyimprovethespeed,certaintyandotherrelatedchannel.Asaresult,

short-term benefits and long-term benefits cannotbe welldealtwith.So itis

necessarytoestablishgreensupplychainmanagement,sothattheenterprisecan

havesustainabledevelopment.

Theimplementationofgreensupplychainmanagementisacomplexsystem,

from theaspectofparticipants;itincludessuppliers,manufacturers,distributors,

retailers,customersandlogisticsproviders.Greensupplychainmanagementmainly

beganfrom productdesign,andendinfinalproductrecycle.Itmainlyincludesthe

following 5 aspects.We callthem green design,green procurement,Green

Production,green distribution,Green marketing and Green transportorgreen

logistics,andgreenrecyclingandareexplainedbelow.

1.3 DriversofGSCM

Inordertosetthecontextforthisresearchitisimportanttodeterminethe

drivers ofgreen supply chain management.Consequently,the section below

highlightsthemaindriversmotivatingbusinessestoimplementgreenpractices.

Firmsmaypursuedifferentstrategieswhenitcomestotheadoptionofgreensupply

chain practices in response to tougherenvironmentalstatutes to complywith

legislation.Theapproachcategorizedgreensupplychainstrategiesintofourtypes;

compliance-based,eco-efficient,innovationcenteredandclosed-loop.

Globalwarming,carbonemissionsandthedepletionofnaturalresources

haveheraldedsignificantchangesinthewayorganizationsproduceanddeliver
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productsandservices.Withinthiscontextthegreeningofsupplychainshavegained

theattentionofpractitionersinmanycountries.Insomecountries,forexample,

carbontaxationhasbeenintroducedasamandatoryrequirement.However,the

implementationofgreensupplychainmanagementpracticesandtheimpactof

thesepracticesoncorporateperformancearestillinanascentstage.Itcanbe

clearlyobservedthatgreeningmustspantheentiresupplychainthroughoutall

stagesandthereforeitcanbereasonablyclaimedthatagreensupplychainisa

supplychainthatproducesadegradableproductusingminimum resourceswhile

generatingminimalwaste.Attheindividuallevel,itcausestocertaincompetitive

advantagessuchaslowerprices,greenerproducts,and betterintegrationwith

suppliersandattheGSCnationallevelitcancreatemarketsforgreenproductsand

itcancausetobetteradoptionofsupplierwithenvironmentalissues.Makinggreen

thesupplychaincancauseto improvethecompany’scompetitivepositionby

reducingcosts.Forindustrialfirmsattheirprivatesectionwithlowerprofitmargins,

supplychaincostscanimprovetheirmarketsituation.Atnationallevel,greensupply

chainarealsoimportantforgovernmenttoachieveinternationalcompetitionattheir

industrialsector of the country.While economics are seeking for solving

sustainabilitychallenges,themainissueisinthemaintenanceofmarketsituation

whichistheabilityofanation’sindustryindesigningandproductionofgreen

productsthatminimizesdemandingforresourcesGreensupplychainsavesenergy

costs,reducesoperationalcosts,maintainssteadysupplyofmaterialsandcreatesa

safer,secureworkingenvironmentforyourbusiness.Thiscontributestohigher

revenuesforthecompanythat’sincreaseinrevenues.

1.4 Remanufacturing

Remanufacturing isaprocesswhereaparticularproductistakenapart,

cleaned, repaired, and then reassembled to be used again. Today, the

remanufacturingofexpensive,long-livinginvestmentgoods,e.g.,machinetools,jet

fans,militaryequipmentorautomobileengines,isextendedtoalargenumberof

consumergoods with shortlife cycles and relativelylow values.Reuse is an

alternativetomaterialrecyclingtocomplywithrecoveryratesandquantitiesaswell

asspecialtreatmentrequirements“Thelisttodayincludesmobilephones,tires,

furniture,lasertonercartridges,computers,andelectricalequipment.Essentiallyany

productthatcanbemanufacturedcanalsoberemanufactured.

 Conservationofmaterials(ofincreasingimportanceasrawmaterialsbecome

scarcerandmoreexpensive)
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 Reducedenergyconsumptionduringmanufacturing

 Reducedwaste(andassociateddisposalcosts)

 Lowerpriceforcomparablequality

1.5 Recycling

Recyclingistheprocessofconvertingwastematerialsintonewmaterialsand

objects.Itisanalternativeto“conventional”wastedisposalthatcansavematerial

andhelplowergreenhousegasemissions.Recyclingcanpreventthewasteof

potentiallyusefulmaterialsandreducetheconsumptionoffreshraw materials,

therebyreducing:energyusage,airpollution(from incineration),andwaterpollution

(from landfilling).

Recyclingisakeycomponentofmodernwastereductionandisthethird

componentofthe“Reduce,Reuse,andRecycle”wastehierarchy.Thus,recycling

aimsatenvironmentalsustainabilitybysubstitutingraw materialinputsintoand

redirectingwasteoutputsoutoftheeconomicsystem.

TherearesomeISO standardsrelatedtorecyclingsuchasISO 15270:2008for

plastics waste and ISO 14001:2015 forenvironmentalmanagementcontrolof

recyclingpractice.

Recyclablematerialsincludemanykindsofglass,paper,cardboard,metal,

plastic,tires,textiles,batteries,andelectronics,aluminum.Aluminum cansare100

percentrecyclable,andtheycanberecycledoverandoveragain,PETPlasticBottles,

Newspapers,Corrugated Cardboard,Steel,plastic bottles,Glass containers.

Computers,andinwasteoil.Thecompostingorotherreuseofbiodegradablewaste

-suchasfoodorgardenwaste-isalsoaform ofrecycling.Materialstoberecycled

areeitherdeliveredtoahouseholdrecyclingcenterorpickedupfrom curbsidebins,

thensorted,cleaned,andreprocessedintonewmaterialsdestinedformanufacturing

newproducts.

Therearenumerousbenefitstorecycling,andwithsomanynewtechnologies

makingevenmorematerialsrecyclable,witheveryone’shelpwecancleanupour

Reduce

ReuseRecycle
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Earth.Recyclingnotonlybenefitstheenvironmentbutalsohaveapositiveeffecton

theeconomy.Recyclingisreportedthroughouthumanhistorybuthascomealong

waysincethetimeofPlatowhenhumansre-usedbrokentoolsandpotterywhen

materialswerescarce.Today,thereisamultitudeofbenefitsthatcomefrom

recyclingaswellastonsofitemsthatcanberecycled.

Theconceptofreducingwhatisproducedandwhatisconsumedisessential

tothewastehierarchy.Thelogicbehinditissimpletounderstand–ifthereisless

waste,thenthereislesstorecycleorreuse.Theprocessofreducingbeginswithan

examinationofwhatyouareusing,andwhatitisusedfor.

Torecyclesomethingmeansthatitwillbetransformedagainintoaraw

materialthatcanbeshapedintoanew item.Thereareveryfew materialsonthe

earththatcannotberecycled.Oneoftheissuesfacingcommunitiesthatwantto

becomemoreinvolvedwitharecyclingeffortisthatwhiletherelyingcollectionand

sortingprocessmaybeaffordabletoimplement,therestillhastobeafacilityto

receiveandtransform thediscardedwasteintoaraw material.Moreprogressis

beingmadetowardunitingrecyclingplantswithindustriesthatcanprocessthe

wastematerialthroughagreementsandincentivecredits.

Oneneedstolearnastowhatproductscanberecycledandwhatnot.By

carefullychoosingtheproductsthatcanberecycled,canbeafirststeptowards

efficientrecycling.

1.Buyproductsfrom marketthataremadeupofrecycledmaterialsi.e.the

productshouldbeenvironmentfriendly.

2.BuyproductsthatcanberecycledsuchasUsedoil.

3.Inventnewwaystorecycledifferentitems.

4.Avoidbuyinghazardousmaterialsthatcouldposedifficultyforyoutorecycle.

Buynon-toxicproducts,wheneverpossible.

1.6 Reuse

Reuseistheactionorpracticeofusingsomethingagain,whetherforits

originalpurpose(conventionalreuse)ortofulfilladifferentfunction(creativereuse

orrepurposing).Itshouldbedistinguishedfrom recycling,whichisthebreaking

downofuseditemstomakerawmaterialsforthemanufactureofnewproducts.

Reusenotonlyreprocessingpreviouslyuseditemsandalsoithelpssavetime,

money,energyandresources.

Entitiesthatownthegoodsatvariousstagesofthesupplychainaredirect

stakeholders.Thisgroupincludesthefinalconsumersorendusersofthegoods,
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retailers,distributors,manufacturers,andsuppliers.Entitiesthatsupporttheflowof

materials,information,andmoneyaresupplychainfacilitators.

1.7 StagesofSupplyChainManagement

Atypicalsupplychainmayinvolveavarietyofstages.Thesesupplychain

stagesinclude:Customers,Retailers,Wholesalers/Distributors,Manufacturers,Raw

materialsuppliers.Eachstageinasupplychainisconnectedthroughtheflow of

products,information,andfunds.Theseflowsoftenoccurinbothdirectionsand

maybemanagedbyoneofthestagesoranintermediary.

Stagesofsupplychain

Theword“Waste”normallyemphasissomethingarounduswhichshouldbe

re-cycle,re-used,reducedoreveneliminated,ifpossible.Agiantamountofwaste,

suchas:electronics/electricalitems,manufacturingscrap,discardedconstructional

materials,polymersfrom dailyneeds,contaminatedoiletc.,isbeinggeneratedday-

by-day,whereasitstreatmentislagging.Wastedisposalarealltheactivitiesand

actionsrequiredtomanagewastefrom itsinceptiontoitsfinaldisposal.This

includesamongstotherthingscollection,transport,treatmentanddisposalofwaste

togetherwith monitoring and regulation.Italso encompasses the legaland

regulatoryframeworkthatrelatestowastemanagementencompassingguidanceon

recycling.Recyclingofwastepreventsthedepletionofearth’sresources.Paper

madewithnorecycledcontentuseswoodpulpbycuttingtrees.Recycledpaper

meansfewertreesarecutdown.Recycledaluminum meanslessneedforaluminum

mining.Materialssuchasglassbottlesandsteelcanscanberecycledmanytimes

over.Simplyput,recyclingmakessense.Manyrecyclingprocessesofwasteuse

FLOW OFGOODS

FLOW OFINFORMATION

FLOW OFFUNDS

ManufacturerSupplier Distributor Retailer Customer
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lessenergythanmanufacturingthesamethingfrom virginmaterials,whichrequire

extractionandprocessing.Theexactamountofenergysaveddependsonthetype

ofmaterialandtheprocessesused.However,almostallrecyclingprocessesare

moreenergyefficientthantheprocessesusedforbrandnewmaterials.Forexample,

recyclingaluminum saves95%oftheenergyrequiredtomakethesameamountof

aluminum from itsvirginsourcebauxite.Byrecyclingjust1tonofaluminum cans,

weconservemorethan207millionBtu,theequivalentof36barrelsofoilor1,665

gallonsofgasoline.Domesticemploymentinagrowingindustryissomethingtobe

proudof.Manystudieshaveshownthattherecyclingindustrygeneratesjobs–

almostsixtimesasmanyjobsaslandfilldisposal.Inmanycommunities,diverting

wastefrom thetrashbinsavesmoneybecauseyouarepayingforlessdisposal

costs.Particularlyformunicipalitieswhoareresponsibleformanagingsomuch

trash,recyclingcansavecroresofrupees.Theterm zerowaste(ZW)iscontinuously

encouragingbothproducersandconsumerstoadoptsustainableapproachesin

ordertoreducetheirexpendituresaswellastohelpinmakingabetterworld.Zero

WasteManufacturing(ZWM)isbelievedasaroadmapforfutureofmanufacturing

bywhichtheburningissueof“Waste”canbetackled.However,ZWM canbe

supported with recycling and reusability ofthe produced wastes in another

manufacturingprocess,useofoptimizationtoolsandsustainablemanufacturing

theories,developmentofprecisionmanufacturingsystems,etc.

Themanufacturingcompaniesshouldlookforwardtosustainabilitygoalsand

protect the environment. Therefore, green initiatives within supply chain

managementshouldbeeffectivelyoptedtoretainenvironmentalsustainability.The

green supply chain activities include recycling,just-in-time inventory system,

remanufacturing, lean production, applications of six-sigma practices, and

environmentalcomplianceembeddedwithproductend-of-lifepractices,totalquality

environmentalmanagement,greenprocurement,environmentallyfriendlypackage,

greendesign,aswellaseffectivetransportationrouting.Thetextileandautomotive

industriesinIndiaaremovingintoanadvancederaofexpansion,stronglyneeding

sustainability in the manufacturing concerns.The study described a strong

motivationtowardsgreenmanufacturingandgreensourcing.Suchaspectsconsider

superiorgreen initiatives to protectand secure the environment.Atlast,the

manufacturing companies in world should adoptgreen operations and lean

manufacturing tools to foster business processes as wellas saving the

environmentalpractices
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1.8 TheIndustrieswhereRecyclingcanbeadopted

Plasticrecyclingindustries,metalrecyclingindustries,wasteofelectricaland

electronicequipmentrecyclingindustries,glassrecyclingindustries,bricksandinert

wasterecyclingindustries,wasteoilrecyclingindustries,rubberrecyclingindustries,

foodrecyclingindustries,paperrecyclingindustries,woodrecyclingindustries,tyres

recyclingindustriesarewhiledevelopingthemodelsforeffectivemanagementof

greensupplychain

1.8.1 Productsonwhichrecyclingcanbeadoptedindustrywise:

Sl.No. Industry Product

1. Steel
Steelproducts,scrap,spares,lubricants
oils,refractory,rubber,batteries

2. Transportsector
Oil,tires,usedspares,brassitems,
batteries

3. Papermills
Pulp,Papershavings,Woodwastes
andPaperboards

4.
Fruitsand
vegetable
processingunits

Pulpwastes

5. DairyPlants WheyandMilkcream

6. SugarMills
Sugarbaggage,Pressmud,Sugar
molasses
FermentativeYeastbiomass

waterbottles,plastic,metals,usedoils,rubber,wood,usedwater,paper,tires,waste

food,rottenvegetablesandfruits,electronicgadgets,glass..;etcaretheproducts

aredevelopingthemodelsforeffectivemanagementofgreensupplychain.

Oilisnaturallyscarce.Mostoftheindustriesuseoil.Amoreoilusageis

pollutantcreator.Itis feltsuitable area ofapplication is oilindustry after

developmentofsuitablemodels.

1.8.2 Studyofusedoil

AspertheHazardousWaste(Management,HandlingandTranboundary

Movement)Rules,2008(HW Rules)“hazardswaste“anywastewhichbyreasonof

anyofitsphysical,chemical,reactive,toxic,flammable,explosive orcorrosive

characteristicscausesdangerorislikelytocausedangertohealthorenvironment,

whetheraloneorwhenincontactwithotherwastesorsubstancesperSchedule-IV

ofthe Hazardous Waste Rules,2008,both used oil& waste oilhave been

categorizedashazardswastealsolistedinSchedule-Iundertherules.Motoroilis

usedforlubricatingvariousinternalcombustionenginestoreducefriction,protect

againstwearandtearandhelpsindistributionofheat.Duringnormaluse,many
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impuritiessuchassoot,water,acids,dirt,metalscrapings,andchemicalscanget

mixedintheoil,andbecomesineffectiveforfurtherapplication.Thecurrentdisposal

practiceofjustdumpingusedoilsindrains,riversandlagoonsposesserious

environmental and health hazards. Thus, it is imperative to find more

environmentallysustainablewaystodisposeusedlubricatingoilsthroughrecycling.

Recyclingofthewastelubricatingoilisnowregardedasthemostviableoptionto

addresstheenvironmentaldangersposedbytheindiscriminatewasteengineoil

disposal.In addition,recycling is also considered as an effective means of

conserving the depleting world crude reserve and job creation through the

constructionandoperationofrecyclingplants.Severalmethodsofrecyclingwaste

lubricatingoilhaveevolvedovertimefrom theperiodwhichrecyclingofwasteoil

beganduringthelate1930s.Thesemethodsinclude;acidmethod,distillation/clay

method,acid/claymethod,activatedcharcoal/claymethodamongothers.Sincethe

inceptionofwastelubeoilrecycling,clayhasbeenoneofthemostimportantand

widelyusedabsorbentmaterialsfortherenewaloftheoil.Engineoilrecyclingchainl

compriseswasteoilsuppliers,distributors,reclaimers;customerswarehouseagents

etc.eachsectionofsupplychaindesirestooptimizetheirresourcessuchthatentire

system can be optimized.The planetbenefitsfrom lessmethane and carbon

monoxideintheair.Wasteemitstheseharmfulgases,butwasterecyclingcan

reducetheimpact.Wasterecyclingalsohelpstoreducetheamountoffossilfuels,

aswellasexistinglandfillsandincinerations,helpingtocreateagreenerandcleaner

environmentforall.

Usedoil(sometimescalledwasteoil)from vehiclelubricationandawide

varietyofindustrialapplicationsisamajorliquidwastestream.Ifnotmanaged

properly,usedoilcancausesignificantenvironmentalproblems.However,itcan

alsobeavaluableresource.Somecanberegeneratedandreusedandmuchis

reprocessedorre-refinedintoeither:avarietyoffuelproducts;orbaseoil.

UsedoilisclassifiedashazardouswasteinmanycountriesandinIndia,also

formanyyears,therehasbeenconsiderabledebateabouttherelativemeritsof

alternativebeneficialusesofusedoil.Manylifecyclestudieshavebeenconducted,

withconflictingresults.

Inparticular,thestudyconcludesthat:

 To increasing consciousness ofenvironmentalissues and being under

pressurefrom customers’,

 Demand,
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 The company tends to incorporate environmentalcriteria into supplier

selectionprocess,

 Theimpactsoftheusedoilmanagementsystem aregreatlyaffectedbythe

amountofuncollectedandimproperlydisposedusedoil,

 Increasingcollectionresultsinreducedimpacts,

 Fora given collection rate,the environmentalimpacts,and the benefits

achieved,ofalternativedispositions(beneficialuses)forusedoilarehighly

sensitiveto severalkeyfactors--particularlythemixofvirgin products

displacedbythosefrom theusedoilmanagementsystem andthelevelof

pollutioncontrolthatisused,especiallyforcombustionofRecoveredFuelOil

(RFOisusedoilburned,typicallywithminimalpretreatment)andnosingle

disposition shows consistently lowerimpacts underallconditions,with

greaterbenefitsgenerallyflowingfrom increasingcollection,ratherthanfrom

changingdisposition.

 Engineoilisbeingchangedregularlyatvehicleservicecenters.Suchservice

centerscollectwasteoil.Distributerscollectsuchoilfrom servicecentersand

sendtoreclamationcentersintheirvehicles.Reclaimedoilispurchasedback

andselltocustomers.Distributorsalwaysaim tobringdownthecosts.The

costsinvolvedaretransportationandinventorycosts.

Arrangementsforthemanagementofusedoils(sometimescalledwasteoils)

from arangeofsourcesincludingvehicleandindustrialapplicationsneedtobe

made in all countries. Poorly managed used oil can cause considerable

environmentalharm.Properlymanagedusedoilisavaluableresourcethatcanbe

used asafeedstockforbaseoilsorotherproducts,predominantlyfuels.The

impactsoftheusedoilmanagementsystem aregreatlyaffectedbytheamountof

uncollected and improperly disposed used oil;Increasing collection results in

reducedimpacts;foragivencollectionrate,theenvironmentalimpacts,andthe

benefitsachieved,ofalternativedispositions(beneficialuses)forusedoilarehighly

sensitivetoseveralkeyfactors-particularlythemixofvirginproductsdisplacedby

thosefrom theusedoilmanagementsystem andthelevelofpollutioncontrolthatis

used,especiallyforcombustionofRecoveredFuelOil(RFO isusedoilburned,

typicallywithminimalpretreatment);andnosingledispositionshowsconsistently

lowerimpactsunderallconditions,withgreaterbenefitsgenerallyflowingfrom

increasingcollection,ratherthanfrom changingdisposition.

Astheproductsdisplacedcannotbecontrolled,andlevelsofpollutionmaybe
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difficulttoinfluence,theclearmessageforpolicymakersandregulatorsisto

increasecollectionrates.Anyreductionincollectionrates,howeverthisiscaused,

shouldbeavoided.Thisisbecausethebenefitsofcollectionareclearandnoone

single disposition can be said to resultin a clearly and consistently better

environmentalprofileforthewholesystem inallsituations.

Itfollowsthatamixofrecoveryroutes,withappropriatecontrolsonthe

processesandproductuses,candeliverthesameorgreaterbenefitsasemployinga

singleroute.Althoughnotexplicitlyconsideredinthisstudy,amixoftreatment

options may also offersystem resilience and the advantages offlexibility.

Consequently,policiesthatencourageahealthyportfolio ofbeneficialused oil

dispositions(e.g.thosethatdonotbanorpunitivelydisadvantageonetreatment

optionoveranother)andthatmaythereforeleadtoanincreaseintheoverallmarket

demandforusedoil,inturn,deliverincreasedcollectionrates,resultinginanoverall

significantreductioninenvironmentalimpacts,thereisnoinherentadvantagefor

‘closedloop’recyclingover‘openloop’recycling(e.g.re-refiningtobaseoiloverfuel

use),whenalloftheproductsareused.Toprotecttheenvironment,theactual

performanceofeachelementofthesystem needsto becontrolled to ensure

minimum andacceptableimpactsforthesystem.

Improvingcollectionyieldsimportantbenefits;thechoiceofdispositionis

lessimportant;andtheimpactsdependcriticallyonensuringeffectivecontrolat

eachstage.Theaim forapolicymakershouldbeanefficientusedoilmanagement

system,withmaximum collectionrates,treatmentroutesforallusedoilarisingand

effectivepollutioncontrolsateachstage.

Usedoil(sometimescalledwasteoil)from vehiclelubricationandawide

varietyofindustrialapplicationsisamajorliquidwastestream.Ifnotmanaged

properly,usedoilcancausesignificantenvironmentalproblems.However;itcan

alsobeavaluableresource.Somecanberegeneratedandreusedandmuchis

reprocessedorre-refinedintoeither:avarietyoffuelproducts;orbaseoil.

Usedoilisclassifiedashazardouswasteinmanycountriesandinthestate

ofAndhraPradesh,whilstthisisnotthecaseinvirtuallyallotherIndianstates.For

manyyears,there has been considerable debate aboutthe relative merits of

alternativebeneficialusesofusedoil.Manylifecyclestudieshavebeenconducted,

withconflictingresults.

Thestudyspecificallyaddressesthefollowingquestions:

 Whataretheenvironmentalimpactsifpolicychangesresultedindifferent
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usedoilcollectionrates?

 Whataretheenvironmentalimpactsifpolicychangesresultedinchangesto

theamountsofusedoilgoingtodifferentrecoveryoptions?

Thekeycontributionstoeachimpactareidentifiedintermsoftheemissions,

i.e.whichsubstancesmakethecontribution,andtheirsourcesfrom withinthe

system studied.Reducing collection would resultin a significantincrease in

environmentalimpact,whileincreasingcollectionwouldreducetheenvironmental

impact.Increasingcollectionfrom 74%to85%andmaintainingthesamedisposition

forcollectedoilastheBaselinewilldeliverasavingof149000tonesCO2and1800

TJoffossilreserves.Themostsignificantbenefitsareseenfortheeco-toxicityand

human toxicity impactcategories.This reduction is associated primarily with

avoidingthereleaseofmetalandorganiccompoundstowaterandsoilfrom the

informalmanagementofusedoil.

1.8.3 Crudeoilandusedoilasfeedstock’sforpetroleum products

Itisbeyondthescopeofthisreporttoprovideadetaileddescriptionofthe

complexfieldofpetroleum products(includingthosethatprovidelubrication)and

the raw materialsforproducing such products(including crude oilsand used

oils).However,alittlebackgroundinformationwillprovidecontextforpolicymakers

andotherreaders.

Thereisalargerangeofpetroleum productsthataretradedallovertheworld,and

servemarketsglobally.

Twofundamentaltypesofpetroleum productsare:fuel/energyproducts,and

lubricationproducts.InthecontextofthisLCA,itisinstructivetounderstandthat

thesetwotypesofpetroleum productscanbederivedfrom alternaterawmaterials,

including:crudeoils,andusedoils.

Aprimaryoilrefineryusesaseriesofchemicalandphysicalprocessesto

convertthecrudeoilraw materialinto,often,bothtypesofpetroleum products

(sometimesalongwithasphaltsandchemicalfeedstocks.)Theproductsfrom a

primaryoilrefineryareoftencalled“virgin”products.

A re-refinery (orreprocessing plant)uses fewerchemicaland physical

processestoconvertausedoilrawmaterialinto,typically,amorefocused/limited

setofpetroleum products.

Thereisalargerangeofpetroleum productsthatservemarketsgloballyand

usedoilisaminorflowincomparisonwithtotalpetroleum productoutput.Market
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demand forpetroleum products (fueland lubrication)is notaffected by the

feedstockthatisusedtoproduceit(beitfrom crudeoilsorfrom collectedusedoil),

orbytherateofcollectionofusedoil.Saidinanotherway,ifmoreofthemarket

demandforlubricantsismetbyre-refinedusedoil,andlessornofuelisproduced

from usedoil,thenmorevirginfuelproductionisrequiredtocompensatetomeet

commercialdemandandviceversa.Regardinglubricationproducts,lubricationisan

essentialfunctioninthemodernworld and ahugerangeofsuchproductsis

available to serve a wide range offunctions forboth vehicularand industrial

equipmentproducts.Differentlubricantproductsmayhavequitedifferentproperties

dependingontheirultimateapplication.Thedifferentend-useapplicationswillgive

risetodifferentamountsofusedoilwhichmayvaryinqualitiesandcomposition.

Itisimportanttorememberthatthetechnologyoflubricationisevolvingwith

newproductsbeingdevelopedandnewdemandsbeingplaceduponLubricantsand

Industrialoils.

Therearemanydifferenttermsinusetodescribeandclassifylubricantsand

related products.Legaldefinitionsofused oiland splitsofautomotive/engine

lubricantsandindustrialoils(moredetailcanbefoundhere:Theexactmixof

applicationswillvaryfrom countrytocountryandwithinacountryandthevolumes

and types ofused oilgenerated willdepend on the particularcountryunder

considerationandshouldbetakenintoaccountbyapolicymaker.

Intermsoftheoverallmarketautomotiveoilsusuallyexceedindustrialoils,

processoils,metalworkingfluidsandgreasesasillustratedbelow.

Typicalsplitofoverallglobalmarket(source“Lubes’nGreases”)

Theoverallmarketofautomotiveoils

Usedoilisusuallydefinedasautomotivelubricantorindustrialoilthathas

serveditspurposeandisremovedfrom equipment.Clearly,inadditiontodrained



24

usedoiltheremaybelossesinuse.Forexample:

 Ininternalcombustionenginessomeoilentersthecombustionchamberand

isburned,

 Manyprocesseswillshowsomedegreeofleakagewithdripsontotheground,

 Withothersthereisconsiderablelossinuse–suchaschainsawoiland

 Insomeprocesses,lubricantsmaybetotallyconsumed–forexamplein

2strokeengines.

Inthiswork,weareconcernedwithusedoilgeneratedthatcouldbecollected

andrecovered.Lossesinusearenotconsideredandadditionalworkwouldbe

neededtoaddresstheenvironmentalimpactsoftheselosses.

Uptonow,bio-basedbaseoils(oftenestersderivedfrom plant-basedoils)

havenotformedasignificantpartofthemarketandthereforeoftheusedoilstream.

Itisbeyondthescopeofthisworktoconsiderhowusedoilsfrom bio-basedbase

oilsorvegetableoilsshouldorcouldbemanaged.Usedoilissometimesreferredto

aswasteoil.

Transformerandelectricaloilstendtobeaspecialtymarketandtheseare

excludedfrom analysishere.

Someusedoilsmayhavebecomecontaminatedthroughmixingwithwaste

streams,suchthattheyshouldnotbecollectedandprocessedwiththeusedoil

stream.Itisimportantthatcareistakentosegregateusedoilstreamsfrom waste

fluidstoensurethatusedoilforcollectionandprocessingisnotadulteratedor

contaminatedinsuchawayastorenderitunsuitableforre-useorrecovery.

1.8.4 Processingandrecoveryofusedoil

Asnotedearlier,andillustratedinFigure2.4,usedoilisavaluableresource

thatcanbeusedasarawmaterialforavarietyofpetroleum productpurposes.

Historically,muchusedoilhasbeenre-usedorreprocessedforitsenergy

contentandburnedasafuel/energypetroleum product.Thishashappenedeitheron

site,withminimalornoreprocessing,oroff-site,withsomereprocessing.

Insomecountriesusedoilmaybeusedforspaceheating,forexample,ata

vehiclerepairworkshop.Anumberofpurpose-designedcombustionsystemsare

availableandinuseinsuchworkshops.

Thereclaimingofusedoiltorecoveredfueloil,sometimesknownasrecycled

fueloil(RFO),thatismadeavailabletothemarketiscommonacrosstheworld.The

productionofRFOtypicallyinvolvesminimalprocessingevengiventhattheproduct

wouldusuallyhavetomeetasetofspecificationstoallowittobeusedinsuitable

processes.
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IntheUS,thelargestuseofRFO,historically,wasreportedtobeasafuelfor

theproductionof‘hotmixasphalt’.RFO mayalsobeusedinlargercombustion

plantssuchaspowerstations.SomeRFOmaybeblendedwithconventionalfuels

andsoldintothefuelmarketwherethisispermitted.

Otherpotentialusedoildispositionpathwaysincludeproductionofadistilled

fuel-suchasthemarinedieseloilproduct(MDO)inCalifornia.IntheUnited

Kingdom,processedfueloil(PFO)ismadethroughnon-distillationpretreatmentof

usedoiltoreducecontaminantstomeetrequiredspecifications.

Usedoilmayalsoberegeneratedtoproducea‘re-refinedbaseoil’(RRBO).A

numberofre-refineryprocesseshavebeendevelopedandappliedovertheyears

usingdifferentprocesstechnologies.Theserangefrom relativelysimpleacid-clay

processesproducing,often,lowqualitybaseoils,tostateoftheartdistillationand

hydrotreatingsystemsthatconsistentlyproducegroupIIbaseoils.Thebaseoils

canbeusedinarangeofapplicationsandwouldbeblendedwithsuitableadditives

by formulators to meet required specifications for automotive or industrial

lubricatingoils.

ArecenttrendhasbeentheincreasingproductionofVacuum GasOil(VGO)

from used oil.This process involves distillation.The VGO maybe sold as a

feedstocktoaprimaryoilrefineryormaybesoldtothefuelsmarket.

Itisimportanttorecognizethatnotallusedoilwillbesuitableforalltypesof

recoveryanditisimportanttomatchthefeedstockandcontrolqualityofthe

process feed to ensure effective performance and reduce adverse effects on

processoperationandproductquality.

1.8.5 Volumesofusedoilgenerated

Inconsideringausedoilmanagementsystem (ormakingchangestoan

existingsystem),sufficientinformationisneededonthevolumesofusedoilarising.

Asnoted above,theamountofused oilthatisgenerated and maybe

collected forreprocessing willdepend on the particularmarketthatis being

considered and themixofdifferentprocessesthatareserved bythemarket.

Importantly,thevolumes,themixandthequalityofusedoilcanbeexpectedto

changeovertime.CalRecyclenotedthatanumberoftrendscouldbeidentified,and

forecastingvolumesofusedoilisdifficult.Wedonotattempttoforecastvolumesin

thiswork,butadviseapolicymakertoconsiderfuturedevelopments–suchas:

 increasingqualitydemandsinmanyapplications(impactingonadditivesand
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baseoilqualityandsource),

 developmentsinbaseoilproduction–includingbio-basedbaseoils,

 trendstolongerdrainintervals,

 developmentsintechnologyaffectingqualityandquantityofgeneratedused

oil,

 industrialfiltrationsystemsthatextendtheusablelifeoftheoriginalfreshoil

and

 otherdevelopmentsinthelubricationtechnologyand chemistrythatwill

affectcomposition.

Exactvolumesofusedoilgeneratedarenotknown.Soestimateshavetobe

made.Theseestimatesareusuallybasedonsalesofautomotivelubricantsand

industrialoilsandestimatesoflossesinuse–thedifferencebeinggeneratedused

oil.Informationonsalesandspecificapplicationsisoftenincompleteandestimates

arenecessarilyuncertain.

1.8.6 Closedloopversusopenlooprecycling

AspartoftheirworkontheusedoilLCA,UCSBassessedtherelativemerits

of‘open’and‘closed’looprecycling.Theiranalysisshowsthat,providedthedemand

forthesecondaryresourceequalsorexceedsthesupply,openandclosedloop

recycling lead to the“sameamountofprimaryresourceconsumption”and “In

summary,we(UCSB)concludethatclosedlooprecyclinghasnointrinsichigher

environmentalbenefitthanopenlooprecycling”.

Therelativeenvironmentalperformancethendependsontheenvironmental

performance ofthe alternative recoverytechnologies and use options forthe

petroleum productsproduced.

TheUCSB team publishedanddevelopedthisanalysisinthe2015paper

‘CommonMisconceptionsaboutRecycling’.

Theiranalysisshowsthat,whereproductsofreprocessingorre-refiningdo

notexceedthemarketdemandforpetroleum products,thereisnofundamental

environmentalbenefitfrom simplyrecyclingwastebackintothesameproduct.The

actualcomparativeenvironmentalimpactwilldependontheprocesses,yieldsand

pollutioncontrolsappliedtoeachoption.Inthecaseofusedoil,thereisnoinherent

orautomaticbenefittorecoverytobaseoilascomparedtoVGOorfuelproducts;

eachprocessingsystem anduseshouldbecomparedtoevaluaterelativeimpacts.
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Ofcourse,ifthevolumesofrecovered petroleum productsexceed themarket

demand,thenthismustbereflectedintheanalysis.

Themarketsforbaseoil,VGO andfuelproductsgenerallyfarexceedthe

supplies ofthese products thatcan be satisfied through processing used oil.

However,ifamarketisconstrainedtoasmalllocality,thismaynotbethecase.

Usually,each ofthese products can be readily traded,both nationally and

internationally,accessingmuchlargermarkets.

Becauseofunavoidablelosses,consumptioninuse,incompletecollectionofused

automotivelubricantsandindustrialoils,andre-refiningyieldsofRRBO lessthan

100%,alargepartofthemarketdemandforbaseoilwillalwaysbesatisfiedthrough

productionofvirginbaseoilfrom aprimarycrudeoilrefinery

Thesystem startswiththegenerationofusedautomotivelubricants(also

called,more simply,“lubricants”or“lubes,”consistentwith the CA Code)and

industriallubricatingoilsinthestateofCAthatcouldbecollectedandprocessed.As

noted,the Legalcode in CA distinguishes between automotive lubricants (eg

passengercarmotoroilsthatarecalled‘lubricants’inCA)andindustriallubricants

(eghydraulicoilsorpapermachineoils).Manyotherjurisdictionsandthepetroleum

industry tend to considerthem togetheras ‘finished lubricants.’The impacts

associatedwiththefirstmanufacture,blendingandtheuseoflubesandindustrial

oilsthatgiverisetotheusedoil

1.8.7 Usedoilcollectionandstorage

Thisincludesthecollectionofusedoilbyhaulersandits’storageincollection

centersorwastehandlingfacilities.

 Wastedisposal:

Thisincludesthedirectdisposalofused oilnotsuitableforprocessing

becauseitisoff-specificationorisdeemedinlocalregulationtocontainhazardous

components with prescribed (limited)disposition options.The formaldisposal

routesincludehazardouswasteincinerationandhazardouswastelandfilling.

1.8.8 Regenerationandreprocessingofusedoil

This includes the operations on used oil raw material to produce

commerciallymarketablepetroleum products(valuablesubstances):RRBO byre-

refining,and RFO,MDO or VGO by reprocessing (reclaiming or distillation

processes).Thesepathwaysproduceanumberofrecoveredpetroleum products.
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1.8.9 Crudeoilandrefinerysystem

Dependingonthemanagementroute,thepetroleum productsmarket(both

lube and fuelcomponents of that market) is satisfied either through the

reprocessing/regenerationofUO,orthroughproductionbyconventional(primary

oil/virgin)refineries.Asaresultofthisapproach,thesystem boundariesincludethe

productionofpetroleum productsmanufacturedusingeitherusedoilastheprimary

feedstock/rawmaterial,orusingcrudeoilastheprimaryfeedstock/rawmaterial.

1.8.10 Lubricantmanufacturingassumptions

Thetotallubeoutputtocommercialmarketisheldconstantthroughoutthe

baselineandeachofthecomparisonscenariosinthisPhaseIIstudy.However,akey

assumption(arguablylimitation)ofthisstudyisanassumptionthatthelubebaseoil

performanceandtoxicologicalqualitiesofvirginandre-refinedproductionroutesis

alwaysequivalent.Thequantityandqualityofvirginlubebaseoilnecessaryto

produceaquantityoffinishedlubricantproductmeetingcertainperformanceand

toxicologicalspecifications(safelyprovidingagivendurationoflubricationtoa

designatedpieceofequipment)isnotnecessarilyequivalenttothequantityand

quality ofre-refined lube base oilneeded to produce the same lubrication

performancewiththesamelevelsofproducthandlingsafety.

1.9 TheRoleofSuppler

1.9.1 Sourcingtherightsuppliers

The difficultyofsourcing good qualitynew suppliers means relying on

suppliersthathaveletyoudowninthepast. Youneedvisibilityofreliabilityandany

riskstoappointsupplierswhofityourrequirements(Soh,etal.,2016[123]).Many

buyerswouldliketoaddmoresuppliersbutcan’tmanagethecostandcomplexity.

Becausesomesuppliersrequireacomplexexchangeofinformation,buyersmaynot

havethesystemsinplacetogrowtheirsupplierbase.

1.9.2 Poorcommunicationwithsuppliers

Information sharing is a key success factorin wellmanaged supplier

relationships.

Usingtechnologytoenhancesuppliermanagementcreatesmutualstandards
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toensureaconsistentandreliableservice. 

Byhaving communication lines open and sharing clearexpectations of

servicelevelsandperformancestandards,buyerscanstandardizecollaborationwith

suppliersandpreventbusinessdisruptions.

1.9.3 Stayinguptodatewithcompliance

Supplierportalsprovideacommunicationforum forbuyingorganizationto

improve supplierrelationship and focus on improvement.This allows them to

monitorqualityandsafetyandidentifynon-compliantsuppliers.

Mandatory quality and technicalspecifications must be tracked and

maintainedfrom allsuppliersforcompliancewithprocurementpoliciesandKPIs.

1.9.4 Consistencyofsupply

Toachieveaconsistentsupplyoftherightproductsattherightprice,it’svital

toknowwhichproductshavebeenordered,whentheyaregoingtoarriveandwhat

the costofownership is Meeting the supply chain fundamentals ofproduct

availability,bestpriceandspeedrequiresbothcontrolandflexibilityinsupplier

relationships.

1.9.5 Lackofsupplychainvisibility

Whatmanybusinesseslack,whenitcomestogainingbettersupplychain

visibility,isasystem torationalizehowinformationiscapturedanddistributed.

1.9.6 Theroleofvendors

Vendormanagementsystemsprovide clean data and accurate business

intelligencetoexposeinadequaciesinthesupplychainandhelpspotpotentialgaps.

(Ageron,B.etal.,2013.Poorvisibilityofthesupplychainpreventscompaniesfrom

understandingrisks,makingimprovementsandbuildingstrongertradingcapabilities.

1.9.7 Accurateproductinformation

It'svitaltohaveaccesstoinformationlike:

 Productnamesanddescriptions

 Suppliercodesandbuyercodes

 Pricinginformation

 Supplierandproductavailability

 Allergeninformation
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 Promotioninformation

Anychangesmustbetransparentsothatcustomersalwaysreceivehigh-quality

productsandservice. 

1.9.8 Gettingreliabledata

Tosolveproblemswithsuppliersandmakebetterdecisions,it'sessentialto

gatherintelligenceandhaveaccuratereportingacrossyourbusiness. It'sagood

ideatohaveasupplierserviceorderreporttoviewallsuppliersandtheservicelevels

theyaremaintaining. 

1.9.9 Havingaconsistentprocess

Somelargersuppliershavecomplicated,integratedcommunicationsthatare

difficultytoengagewith.Attheotherendofthescale,smallersupplierscouldhave

limitedback-officecapabilities. 

From smallartisan producers to multi-nationals with ofthousands of

products,thecriticalissueforbuyersisstandardizinginteractionswithallsuppliers

toincreaseefficienciesandmakedoingbusinesssimpler. 

Thefocusofsupplychainmanagementistodeliversuperiorcustomervalue

atlesscosttothesupplychainasawhole. It’sachievedbycreatingcooperationand

trustwithsuppliers.(Babu,S.2005).Improvingcollaborationwithsuppliersisthe

keyto streamlining procurementpracticesto lowercosts,driveinnovationand

respondbettertochangingcustomerneeds.

 Stressedsupplier

Suppliersdealwithmanyorganizationsatonce.Oftentheorderisdelivered

latebythesupplierbecauseoftheunavailabilityoftheproduct.Thesetypesoflate

deliveriescanweakentherelationship.Forecastingtherequirementsofthecompany

canhelpinrunningtheSRM processsmoothly.

 Damageddelivery

Attimes,thedeliveredproductturnsouttobedamagedorflawed.Aggressive

steps atsuch times can ruin a relationship.One should notify the supplier

respectfullyandaskhim toreplaceit.Ahealthybalancemaintainedwhiletaking

steps againstsuppliers who are underperforming.A healthybalance manages

underperformingsuppliers.

 Conflictsovercontract
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Signingabiasedcontractcanbeveryunpleasantforthesupplier.Oneshould

makesurethatthecontracthasbenefitsforboththesides.Acontractmustbe

reviewedverycarefullybeforeitgetsfinalized.

Many organizations are now realizing the importance ofBuyer-Supplier

RelationshipManagement.Effortshavetobemadeonacontinuousbasistobuild

harmoniousBuyer-supplierrelationships.SRM isalong-term approachtosustained

success.

 Thetopproblems,whichretailers/distributorsfacingare

LackofContinuity: Retailersgenerallyfacetheproblem ofdiscontinuityof

business,whichsomewherehamperstheirworkflow.

InventoryManagement:Managinginventorytokeepatrackofproductssold,

remainingstock,productdamaged,etc.isessential,butmanagingeverythingon

ownisacomplextask.

Accounting and bookkeeping: Most of the retailers and distributors

sometimesforgetabouttheirbooksincludingrevenuegenerated,dailysales,etc.

whichleadstobusinessfailure.

 Changingrelationships

Allbusinessesmustremaincompetitivewhileincreasingefficiency-orsimply

put,allofusaretryingtodomorewithless.Indistributionthatmeansmany

businessprocesseshavebecomeautomated,andhighlevelsofprocessautomation

arechangingtherelationshipbetweensuppliersandcustomers.

 EmployeeRetention

Speakingofpersonnel,findingandkeepingqualifiedstaffisoneofthemost

challengingtasksforanybusiness;atthesametime,specializationandindustry

consolidationhavenecessitatedarelianceonhard-to-findskillsfordistributors.

Fewerandfewerpeoplehavetheskillsandexperienceforanyparticularjob,soit

hasbecomemission-criticaltotrainandretainyourbestemployees.

 CustomerExpectations

Lastbutnotleast,inaworldrunseeminglyrunoniPhonesandAmazon,it's

nosurprisethattoday'scustomerexpectseverythingfaster,cheaper,andbetter.

Inthiscase,thesolutionisquiteclear-thebestwaytomeetyourcustomers'
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expectationsiswithanECommercewebsitesolutionthatsimplifiesbothbrowsing

andpurchasing;it'snolongerenoughtohavestaticpresenceontheweb.

 Connectingwiththecompany

The most important issue faced by expected entrepreneurs in the

distributorship business is to getin contactwith the decision makers ofthe

company.Ithasbeennotedthatinmostofthecasesdistributorsarenotabletodo

thebusinessintherequiredwayduetoimpropercommunicationandassociation

withthecompany.Evenifanyoneisinterestedindistributorshipopportunities,the

inabilitytocommunicatewiththedecisionmakerofthecompanycanspoilthe

lucrativeoffer.

 Althoughsomeofthereuseandrecyclingalternativesaretechnicallysound,

thecostsinvolvedinthere-refiningprocessandcombustionofusedoilscan

beveryhigh.Sourcereduction,inthisregard,shouldbeseenasaprimary

objectiveinastrategyforhazardouswastemanagement.Itisalsoobvious

thattheeconomicsofthereuseandrecyclingofusedoilsasapreferred

option mustbe examined before considering finaldisposal.In certain

circumstanceshowever,forinstancere-refining,maynotprovideanadequate

returnoninvestment.Viableandecologicalsoundalternativesshould,inthis

particularcase,beinvestigatedbeforeconsideringfinaldisposaloptions.The

directburningofusedoilsinconventionalcombustiondevicescancreate

serious pollution problems and,although this can be reduced byfitting

pollutionabatementequipment,thisisnot,inmostcases,verypracticable.

Theburning in speciallydesigned wasteincineratorscan diminish these

problems;however,theprocessisveryexpensive,particularlyiftheydonot

provideforenergyrecovery.

 Inordertoidentifysuitableandacceptablereuseandrecyclingoptions,a

numberofcriterianeedtobeconsideredbeforedecidingonwhichtreatment

technologytoselect;theseinclude:

 Theextenttowhichusedoilcanbetreatedtoobtainspecificproducts;

 Potentialofharm tohumanhealthandtheenvironment;

 Economicbalanceandmarketopportunities;

 transportrequirements/costs;

 Locationoftreatmentfacilities;

 processingofthehazardouswastecontaminantsandby-productsofthe

processitself;
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 Workersafety.

Environmentalsustainabilityistheneedofhourwhichcanbeachievedby

implementingpropergreensupplychainmanagement.Recycling/remanufacturingis

oneofwaywhichcanbeeffectivelyusedingreensupplychainmanagement.This

thesisisfocusingonrecyclingaspects.

Aftergoing through various issues concerned with green supply chain

managementandfossiloilconsumptionitisfeltthereisascopeforimplementation

ofgreensupplychaininitiatesinoilreclamationindustries.

1.10 IssuesConcernedwithOilReclamation

1.Hazardouswastehandling.

2.Alternateusesofusedoil.

3.Usesofreclaimedoil.

4.Effectivereclamationprocedures.

5.Inventorymanagement.

6.Optimum transportationcostetc.

1.11 ResearchScopeandContributions

Inthisresearchaneffectivestrategyisproposedinrecyclingoilindustryfor

optimizationofcostduring collectionofused oil,reclamationand selling .The

specificcontributionsofthethesisisdevelopmentofthreemodelswhichcoversthe

used oilsupplierselection process considering the multi-criteria nature ofthe

problem,selectionofReclamierandquantitytobeorderedtothem &inventorycost

minimization.

 A numericalcasestudyisdoneausedoilindustrylocatedinVijayawada

(Amaravati),fourpossiblesuppliershavebeendetermined,threeReclamier

selectedasapartofgreensupplychainforreclamationofwasteoilonthe

proposedmethodandfoundtheresultsareimpressiveandmathematically

solvedratherthanintuitivebasis.Environmentalcriteriaisincorporatedin

greenReclamierselectionprocess.

1.12 Objectivesofourresearch

1.The objective ofthe study includes Identifying the criteria forsupplier

selection

2.Studyofthefactorswhethertheyinfluenceeachotherandexistenceof
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correlation.

3.Identificationofprioritiesofcriteriabydeterminingofweights

4.Allocatingofquantitytobeorderedonsuppliersconsideringthecriteria’s

scoreandcapacitiesinstalled

5.ThestudyistoselecttheoilreclaimerandquantitytobeorderinGreen

supplychainusingimprecisedata.

6.Identifyingthecriteriaforreclaimerselection.Calculationsofpriorityweights

whenfuzzinesstheirdata

7.Allocationofquantitiestoreclaimerconsideringmultiobjectives

8.theminimizingthetransportationcostbyassigninghowmuchquantityfrom

therespectivesourcestobedispatchedtothevariousendterminalstaking

into consideration the units available at the supply centers and the

requirementatthecustomercenters.

1.13 Organizationoftheproject

In thispresentstudyconsidered problemsin themanagementofGreen

SupplyChain,andproposedthreemodelsinthisareaofresearch..Thefirstchapter

isapresentationoftheintroductionto theproblem area(GreenSupplyChain

Management–GSCM);secondchaptercoversthereviewofpertinentliterature.

Thefirstmodel,presentedinchapter3,anintegratedmethodfordealingwith

such problems using correlated Analytic Hierarchy– and linear physical

programming techniques. The method proposed demonstrates selection of

appropriatesuppliersandallocatesordersoptimallyamongthem Theeffectiveness

oftheproposedmodelhasbeendemonstratedthroughmodelcalculation,theuseof

CorrelatedAnalyticHierarchyProcess(C-AHP),LinearPhysicalProgramming(LPP)

and Multi-Objective Programming (MOP)in the selection ofvendors and the

allocationofquantitiestopurchasefrom thevendors.

Thesecondmodel,presentedinchapter4,proposestheuseofFuzzyAHP

andMOPindeterminingthequantitiesofitemstoorderfrom reclaimersofusedoil.

The third modelproposed in chapter5 proposes the use FuzzyLinear

Programmingtodeterminethequantityofitemstoorderfrom somesuppliersby

balancingthreemaincosts:transport,holdingandpurchasingcosts,whichare

consideredtobefuzzythesecondchapteristhereviewofsomepertinentliterature,

whiletheinchapter6istheresultsandconclusionoftheresearchwork.
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CHAPTER–II

LITERATUREREVIEW

Asanimportantpartofsupplychainmanagement,supplierselectionand

orderallocationinfluencetheefficiencyandsuccessofsupplychainandproduction

toalargeextent.Thereforeextensiveresearchduringthepasttwodecadeshas

focusedonthisarea.(DeBoer,2001[1])introducedasupplierselectionframeworkin

whichdividedtheselectionprocessinto4steps:problem definition,formulationof

criteria,qualificationandfinalselection.Problem formulationlooksattheultimate

goalsandhelpsdecidewhatkindofselectionstrategyissuitableforthisspecific

situation.Then criteria forselecting suppliers are determined based on the

experienceofmanagersanddecisionmakers.Thesecriteriaarefurtherappliedin

thethirdandfourthsteps.Inthequalificationprocess,thenumberofavailable

suppliersisreducedaccordingtotheirpreviousperformanceandthesecriteria,

wheresuppliersarechosenafterthequalificationprocessinthefinalselection

processfororderallocationand optimization.Thisthesisthuscategorizesthe

literaturesaccordingtothesupplierselectionframework.

The definitions ofgood suppliers are always changing alone with the

developmentofeconomyandmarket.Themostcommoncriterionincludesprice,

quality,lead-timeanddelivery.Buttheirprioritieshavechangedfrom timetotime.In

1978,(Dempsey,1978[2])demonstrated the influence of18 criteria on supplier

selectionprocess.Thedecreasednumberofcriteriashowedtheinherentlymulti-

objectivenatureinselectionprocess.(Weber,1991[3])hasreviewed74related

articlesrelatedtothistopicandfoundoutthechangesofimportanceforeach

criteriononthetraditionalenvironmentandthenewJust-In-Time(JIT)system.The

mostsignificantchangesaretheincreasingimportanceofproductionfacilities&

capabilities and geographicallocations.This is due to the emphasis on local

suppliers and flexible production abilities.Vendorselection criteria were firstly

summarizedby(Dickson,1996[4]).Resultsgatheredfrom experiencedmanagers

indicatedthatQualityandDeliveryaremoreimportantthantherest21criteriasuch

ascost,geographiclocationandfinancialpositions.Theleastimportantcriteria

wereamountofpastbusiness,trainingaidsandreciprocalarrangements.Nowadays,

theemergingofcommunicationtechnology,globalizationandcompetitivemarket

drivesthechangesofcriteriaandtheirranks.(Cheraghi,2004[5]comparedthe

criteriabetween1966-1990and1990-2001basedonthepreviousresearch.Criteria
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suchasrepairservice,communicationsystem,proceduralcomplianceandfinancial

position havebecomemoreand moreimportant.WhiletheprioritiesofPrice,

packagingabilityandoperationcontrolsdecreasedtosomeextentrespectively.

Pricewasusedtobeviewedasthemostimportantcriterionbutnow qualityhas

takentherole.Newcriteriaarealsoadded,forexample,reliabilityandflexibility.And

intermsofglobalsupplychainmanagement,economicstatus,traderestrictionand

governmentstabilityaregenerallyacceptedbymanagersasimportantcriteriain

selectionprocess(Chanetal,204[6]).Differencesoncriteriaalsoarereflectedat

differentindustriesand production typeswith theirspecialcharacteristics.The

differences ofsupplierselection criteria among three types ofproducts were

discussedby(Shipley,1993[7]).Hisresearchaimedtoidentifytheinheritselection

preferenceinthosethreetypesofproduct.Ashisresearchshowed,thepriorityof

eachcriterionvariesnotonlyfrom thetypeofproductionbutalsofrom countries.

Economicenvironmentandcultureofacountryalsoplayapartinformingthe

selectioncriteria.Inelectronicmarketplaces,remedyforqualityproblem istaken

intoconsiderationforselectingsuppliers(Chamodrakasetal,2010[8]).Evenfor

singleresourceand multi-resourcepurchasing modes,differencesexiston the

criteriaofprice,reliabilityandtechnicalsupport(Swift,1995[9]).Asdiscussedabove,

these two steps involve reducing the numberofsuppliers by evaluating the

performanceofsuppliersanddecidingtheoptimum quantityofordersforeach

supplier.Firstly,forevaluatingtheperformanceofsupplier,thereareseveralpopular

techniquesnamelyAHP,ANP,Dataenvelopmentanalysis(DEA),Clusteranalysis

(CA),Multi-attribute-utilize-technique (MAUT)and ANN.(Talluri,2006 [10]and

Narasimhanetal,2001[11])employedDEAtomeasuretheperformanceofsuppliers

inwhichevaluationisbasedontheefficienciesofalternativesuppliers.Those

suppliersratedashighperformanceandefficiencyisusuallyselectedintheend.

AHPandANParealsocommonmethodsthatareusedtodeterminetherelative

importance between differentcriteria aswellassuppliersasshown in (Chan,

2007[12]).Integratedmethodswerethendevelopedtocompensatetheweaknesses

ofeachsinglemethod.AnintegratedfuzzyAHPandclusteranalysismethodwas

developedby(BottaniandRizzi,2008[13]).Suppliersarerankedandgroupedwhich

helpsreducethenumberofalternativesandselectionisbasedonthemostsuitable

cluster.(Choyetal,2003[14])presentedanovelHybridArtificialNeuralNetwork

(ANN)and case based reasoning (CBR)method.CBR was applied to choose

suppliersusingpreviousexperienceandcases.Thenfordeterminingtheoptimum

allocationofproductionamongsuppliers,therearetwocategoriesofapproachesto
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dealwiththeproblem:Singleobjectiveandmultiobjective.Forsingleobjective

approach,linearorintegerprogrammingisoftenapplied.Butformulti-objective

problem,methods such as Genetic algorithms,goalprogramming and multi-

objective programming are among the common techniques and modeled the

supplierselection problem using weighted linearprogramming which aims to

maximizingthesupplierscoreforanorder.(Hongetal,2005[15])utilizedaninteger

nonlinearprogrammingforthisproblem.Theoptimum allocationofproductscould

bedecidedtoreducethetotalcost.Multi-objectiveprogrammingwasappliedto

optimizethreeobjectivefunctionsincludingprice,leadtimeandrejectsby(Wadhwa

andRavindran,2007[16]).

(KongarandGupta,2002[17])presentedamulti-criteriadecisionmaking

approachwheretheobjectivewastofindthebestcombinationofEOLproducts.

(Imtanavanich and,Gupta 2005 [18])modelled the supply chain problem with

stochasticyieldsusingmulti-criteriadecisionmakingapproach.

Supplierselectionistheprocessoffindingthesuitablesupplierswhocan

providethebuyerwiththerightqualityproductsand/orservicesattherightprice,in

therightquantitiesandattherighttime,(Dickson,G.W.,1996[4],Memari,A.,etal.,

2013[19],Zhang,D.,etal.,2009[20]).Existingresearchesinthefieldofsupplier

selectioncanbedividedintotwomajorcategories:thosefocusingonisolating

differentsupply source selection criteria and assessing the degree oftheir

importancefrom thepurchasingfirm’spointofview andsecondthoseaimingto

identifydifferentalternativesuppliersbydevelopingandapplyingspecificmethods,

(Lin,R.H.,2009[21]).Inordertoselecttheappropriatesupplierrecentproblem

solvingmethodshouldbeutilized.Theseproblem solvingmethodcontributetothe

problem definition,formulationofcriteria,qualification,andfinallychoiceofsuitable

supplier,(Shyur,H.J.,2006 [22]).Supplierselection measures may be both

quantitativeandqualitative.Thiscanjustifytheneedofintegratingbothqualitative

andquantitativemeasuresinauniqueframework.Inaddition,companies’desires

arenotthesameregardingallcriteria.Theymayincreasetheweightofonemeasure

anddecreasetheotherone.Multi-criteriadecisionmakingapproaches(e.g.AHP,

ANPandetc.)seem tobeapropertoolfortheaim ofweightingthesecriteria.Finally,

consideringalltheseissuescanbeagoodcontributiontowardssupplierselection.

Sincethe1990s,theoptimizationofthesupplychainmanagementtotake

environmentalissuesintoaccounthasbeenpaidincreasingattention,includingthe

issueofenvironmentalinvestmentrecovery,internalre-designofthesupplychain
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network,greencoordinationamongupstream anddownstream enterprises,and

greeninitiatives(Zhuetal.,2010[23]).Environmentalinvestmentrecoveryaimsto

encouragewastereductionandfosteranattitudeofreuseandrecyclebymeansof

reverselogisticsandremanufacture(ZhuandSarkis,2004[24]).(Sheuetal.,2005

[25]),proposedalinearmulti-objectiveprogrammingmodeltomaximizethenet

profitofintegratedlogisticsandthecorrespondingused-productreverselogistics.

Resultsindicatedthattheaggregatenetprofitsincreasedby21.1%,comparedwith

theexistingoperationalperformance.Furthermore,(Yangetal.,2009[26]),developed

a closed-loop supply chain network consisting of raw material suppliers,

manufacturers,retailers,consumersandrecoverycenters.Thevariationinequality

approachwasusedtoobtaintheoptimalrecyclableratiooftheusedproductsand

thetransformationratefrom recycledproducttoreusablematerialonthesupply

chainnetwork.Thesameapproachwasemployedby(Qiangetal.,2013[27]),who

addressedtheissuethatconsumersbenefitedfrom alowermarketpricewhenthe

expected yield rate ofthe recycled productincreased.(Kim etal.,2001 [28]),

proposedamodelbasedonastochasticmodelofthereturnlead-timeofreturnable

transportitems(RTIs)fordeterioratingproducts,whichidentifiedthatthereturnlead

-timewaspositivelycorrelatedwiththeprobabilityofdelaysinreturningRTIstothe

supplier.Moreover,excessivebackorderswouldresultintheincreaseofthecostof

productionanddistribution.Theinternalre-designofthesupplychainnetworkis

mainly based on the implementation of cleaner production in the involved

enterprises(Zhuetal.,2008[29];TestaandIraldo,2010[30]).(Wangetal.2011[31]),

developedamulti-objectivemodeltooptimizeenvironmentalinvestmentdecisions

usingmixed-integerprogramming.Withthegoalofminimizingeconomiccostand

carbonemissions,thebesthierarchyofenvironmentalprotectionwasidentified.A

similarstudywasconductedby(Abdallahetal.,2012[32]),whodevelopedamixed

integerprogrammingmodeltominimizecarbonemissionsinthesupplychainby

meansofgreenprocurement.(Mallidisetal.,2012[33]),builtastrategic-tactical

decisionsupportmodeltooptimizethedesignoftheportofentryandtransportation

modes.Thismodelindicatedthattheshareduseoftransportationoperationswas

effectivein reducing thegeneration ofcarbon dioxideand particulatematters.

(TsengandHung,2014[34])proposedastrategicdecision-makingmodelbytaking

intoaccountbothoperationalandsocialcostscausedbythereductionofcarbon

emissions.This approach indicated thatthe socialcostrate was negatively

correlated with carbon emissions.Green coordination among upstream and

downstream enterprisesincludesgreenpurchasingandgreenselectionforsuppliers
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(Zhuetal.,2008[29]).(Coskunetal.,2015[35]),proposedagoalprogramming

modeltore-designsupplychainnetworkbasedonconsumers'greenexpectation.

Whenthesegmentofgreenconsumersisexpanded,theretailerwasincooperation

with suppliers to re-design the supply chain to fitthe consumers’expected

greennesslevel.Asimilarstudywasimplementedby(Ghoshetal.,2015[36]),who

furtherverified thatgreen consumermarkets provided betteropportunities for

supplychainstakeholderstolaunchgreeninitiatives.Additionally,acost-sharing

contractmightgiverisetoahighergreeningofthesupplychainnetwork.However,

mostmanufacturedmaterialsinthesupplychainwouldbeconsideredhazardousto

somedegreeiftheyarebadlymanagedordisposedofinappropriately(Zhaoet

al.,2012b[37]).Thisfactisrarelyconsideredintheliterature.Thus,whileeconomic

andenvironmentalperformanceisimportant,thesafetyandpotentialrisksposedby

thesupplychainnetworkarealsoimportant(Manglaetal.,2014[38]).

Henry (Mensah-Brown, 2013 [39]) has presented technique for the

optimizationoftheproductionoflubricatingoilfrom re-refinedusedlubricatingoil

usingresponsesurfacemethodologySincethe1990s,theoptimizationofthesupply

chain managementto take environmentalissues into accounthas been paid

increasing attention,including the issue ofenvironmentalinvestmentrecovery,

internalre-designofthesupplychainnetwork,greencoordinationamongupstream

and downstream enterprises,and green initiatives (Zhu et al.,2010 [23]).

Environmentalinvestmentrecoveryaimstoencouragewastereductionandfosteran

attitudeofreuseandrecyclebymeansofreverselogisticsandremanufacture(Zhu

andSarkis,2004[24]).(FatemehEzzati,2018[40])furnishedpaperonOptimization

ofmultimodal,multi-period and complexbiodieselsupplychain systemsmulti-

objectivemathematicalmodelispresentedtoselectsuppliersandallocateordersto

suppliersunderuncertaintyconditionsby(AliMohtashamiandAlirezaAlinezhad,

2017[41]).

Vendorselection orevaluation is a common problem foracquiring the

necessarymaterialstosupporttheoutputsoforganizations.Theproblem istofind

andtoevaluateperiodicallythebestormostsuitablevendor(s)fortheorganizations

basedonvariousvendors’capabilities.Thisusuallyhappenswhenthepurchaseis

complex,high-dollarvalue,andperhapscritical,(D.W.Dobleretal.1996[42]).Also,a

processofformalvendorevaluationandrankingisnecessary.Theprocessfor

vendorselectionisindeedaproblem-solvingprocess,whichcoverstheworksof

problem definition,formulationofcriteria,qualification,andchoice,(H.S.Shih,et

al.2004[43]).However,mostarticlesdealwithqualificationandchoicephasesto
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whichoperationsresearchrelatedtechniquesareadapted,(L.deBoer,etal.2001

[44]).Duetothefactthattheevaluationalwaysinvolvesconflictingperformance

criteriaofvendors,thetechniquesofMCDM arecoherentlyderivedtomanagethe

problem.Wecanroughlydividethesequantitativeapproachesintofourcategories:

multi-attributedecisionmaking(orageneralviewoflinearweightingmodels),multi-

objective optimization (ora generalview ofmathematical/linearprogramming

models),statistics/probabilisticapproaches,intelligentapproaches,andothers,(A.

Petroni,etal.2000[45]).Fivecategories,eachwiththeirownrelatedapproachesand

examples,arelistedinTable1.Additionally,thefirstcategoryconcentrateson

selectionactivities,whichadoptalimitedandcountablenumberofpredetermined

alternativesthroughmultipleattributesorcriteria.Thealternativesassociatewith

them thelevelofachievementoftheattributes.Thoughitmaystillbeindoubt

whethertheyarequantifiableornot,thoseattributeswillactasaplatform upon

whichthefinalchoiceistobemade,(C.L.Hwang,etal.1981[46]).Mostapproaches

utilized,suchasAHP,conjointanalysis,thelinearweighting(orscoring)method,and

theoutrankingmethodcanbeclassifiedintothiscategory.Thesecondcategory

involvesthedesignforthebestorrequiredalternativebytakingintoconsideration

thevariousinteractionswithinthedesignconstraintsthatbestsatisfythedecision

makerbywayofattainingsomeacceptablelevelsofasetofsomequantifiable

objectives.Itsalternativeshavebeenimplicitlyexpressedinthefeasiblezoneofa

constraintset,sothatthemostsatisfactoryobjectivescanbeobtained,(C.L.Hwang,

etal.1979[47]).Thethirdcategoryfocusesontheevaluationwhichreliesonalarge

numberoftestsorsurveysordealswiththestochasticuncertaintyrelatedtothe

vendorchoice,(C.A.Weber,etal.1991[48]).Thefourthcategorywillexploresome

newly developed intelligenttechniques,such as case-based reasoning,expert

systems,geneticalgorithms,andneuralnetworks,toprocesstheactivitiesofvendor

selection.Sinceproblemsinthevendorevaluationprocessarewidelyexaminedfor

variousmaterialsandservicespurposes,somespecifictechniquesareproposed

andgroupedintothefifthcategorycoveringwhathasbeenleftoutintheprevious

fourcategories.Inaddition,sincerankingandselectionarethemajorconcernsfor

ourproblem,thisstudywilldevotemucheffortonthefirstcategory,withadeliberate

accountoftheprocessinvolved.Toovercometheproblem ofdependence,wetake

advantageofANP,(T.L.Saaty,1996[49]insteadofAHPT.L.Saaty,1980[50])toelicit

theweightsofcriteriaduetotheircapabilityofprocessingtheinterdependence

betweencriteria.Furthermore,wealsoutilizeTOPSISforfurtherevaluationtoavoid

rankingreversalandtoeaseaccommodatingagreatmanycandidates,(H.S.Shih,et
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al.,2001[51]).Afterachoicemodelisidentified,theprocessstartswithobtaininga

setofcriteriaorattributestodescribevendorperformance,whichwillbeevaluated

accordingly.Sincetheevaluationisusuallyundermultipleattributes,mostformal

vendorselectionschemestracevendorperformanceonquality,price,delivery,and

service,(M.R.Leenders,etal.2002[52]).From thepracticalviewpoint,asetof

criteriacanbedefinedtofittherequirementforspecialpurposes.Dicksonfirst

proposed23criteriaforvendorselection,(C.A.Weber,etal.1991[48]).

NumerousapplicationofFAHPisutteredbydifferentresearchersfrom its

introduction.FAHP is used to determine preference weighting ofcriteria’s for

decisionmakerbysubjectiveperception(Shaverdietal,2012[53]).Thissection

presentssoleapplicationofFAHPbasedoncollectedarticlesfrom reputedJournals

toguideresearchersandpractitionerstounderstandapplicabilityofFAHPinvarious

decisionmakingdomains.EvaluatessuccessfactorofEcommercewebsiteusing

fuzzy AHP approach,considering trust,system quality,contentquality,online

qualities,useascriteriaandsecurity,privacy,visualappearance,responsetime,

pageloadingspeed,24hrsavailability,uptodate,understandability,timeliness,

precision,tracking order status,account maintenance,payment alternative,

information,transaction,thedisabledserviceandFAQsassubcriterions.Teaching

performance evaluation is one ofthe main instruments to improve qualityof

teachingandalsostrengthenmanagementofhighereducationinstitute(Doand

Chen,2013[54])usesfuzzyAHP toidentifyteachingperformanceindexalong

factors and sub factors weightcalculation,based on weightframe work was

developedtoevaluateteachingperformance.Thepaperdemonstrateapplicationof

fuzzyAHP forcomparing catering firms and selectbestfirm providing most

customersatisfaction.Paperusesinterview approachwithdesignedquestionnaire

togetdata(Kahramanetal,2004[55]),paperusesfuzzyAHPmodelwith32listed

criteriafrom productand managementaspectsforERP selectionproblem and

appliesmodeltosemiconductorandeducationindustry,paperconcludestheirexist

diversityinprioritiesbetweenweightsofcriteriafortwocases(LeinandChan,2007

[12]).FuzzyAHPwasusedforselectionofwastewaterfacilitiesatprefecturelevel.

Criteriaconsideredforpairwisecomparisonincludedlandplanning,environmental

and techno economic consideration.Generic developed modelwas applied in

municipalityofNewVissa(Anagnostopoulosetal,2007[56]).FuzzyAHPdetermines

weightsofcriteriaandsubcriteria.CriteriaincludesQuality,Cost,Safety,Duration,

Shapeandsubcriteriaincludesdurability,suitability,damagecost,constructioncost,

trafficconflict,sitecondition,constructability,weathercondition,landscapeand
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geometryenvironmentalpreservation(Pan,2008[57]).

AlthoughtherearemanyapplicationsofF-AHPinvariousfieldsincluding;

personnelselection,(Gungor.,etal.2009[58]),weaponselection,(Dağdeviren,M.,et

al.2009[59]),energyalternativesselection,(Kahraman,C.,etal.2010[60]),job

selection(Kilic,H.S.,et al.2011[61])andperformanceevaluationsystems(Kilic,H.S.

2011[62]),(Kilic,H.S.,etal.2012[63])onlytherecentFuzzyAHPapplicationsfor

supplierselectionproblemswillbeelaboratedinforthcomingparagraphs.

In2010,aFuzzyAHP methodisusedforsupplierselectioninelectronic

marketplaces(Chamodrakas,I.,etal.2010[64]).Accordingtotheirtwophase

methodology,atthe firstphase,initialscreening ofthe suppliers through the

enforcementofhardconstraintsontheselectioncriteriaisperformed.Inthesecond

phase,finalsupplierevaluationisperformedthroughtheapplicationofamodified

variantofFuzzyAHP.Thismethodologyfacilitatesaneasierelicitationofuser

preferences through the reduction of necessary user input (i.e.pair wise

comparisons)andreducescomputationalcomplexity.

In2011,FuzzyAHP approachisusedforsupplierselectioninawashing

machinecompany(Kilincci,O.,etal.2011[65]).Firsttheydeterminethecriteria

providing the mostcustomersatisfaction and design the hierarchy structure

includingthemainattributesandsub-attributesforsupplierselection.Theweights

oftheattributesandalternativesarecalculatedusingpairwisecomparisonmatrices.

In2012,acombinationoffuzzyAHPandfuzzyobjectivelinearprogramming

isusedtoselectthebestsuppliertodevelopalowcarbonsupplychain(Shaw,K.,et

al.2012[66]).Atfirst,FuzzyAHPisusedtodetermineweightsofpredetermined

criteria,which are cost,quality,rejection percentage,late delivery percentage,

greenhousegasemissionanddemand.Then,bythehelpoffuzzyobjectivelinear

programming,thebestsupplierisdetermined.

In2013,aninteractivesolutionapproachisproposedformultipleobjective

supplier selection problems. Their methodology includes three objectives;

minimizingtotalmonetarycost,maximizingtotalqualityandmaximizingservice

level.Bythe provided interactivity,the decision makerhas the opportunityto

incorporatehispreferencesduringtheiterationsoftheoptimizationprocess.Based

on comprehensive literature review,considering multicriteria structure ofthe

supplierselectionproblem andthevaguenessinrealenvironment,fuzzyAHPis

thoughttobeasuitableandsimpleenoughforselectingthebestsupplier.

In2014,Servicequalityisdriverformarketingandfinancialperformance.

Evaluatingservicesatisfactionismulticriteriadecisionproblem withqualitativeand
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quantitativecriteriaandfuzzyAHPcanbeeffectivemethodologyforevaluationof

servicequality(Li,2014[67]).QFDintegratedwithfuzzywasusedtoselectbest

supplieramongtendifferentsupplier(Patiletal,2014[68]).

In2015FuzzyAHPusedtoselectlearningmanagementsystem forWEBD

considering9differentcriteria’sand10differentalternatives(Isiketal2015[69])

BusinessunitprioritizationcanalsobedoneusingfuzzyAHP(Noori,2015[70]).

In2016FuzzyAHPisappliedtoprioritizelow carbontechnologytodevelop

electricity(Promentillaetal,2016[71]).

In 2017 Fuzzy AHP combined with GRA is used forselection ofcar

consideringqualitativeandquantitativecriteria.Carisselectedfrom shortlistedfive

carsandshortlistingisdoneconsideringcustomerbudget(Patiletal,2017[72]).

Asecondkeyareainreverselogisticsisinventorymanagement.Theproducer

meetsdemandfornew productsandreceivesusedproductsreturnedfrom the

market.Hehastwo alternativesforfulfillingthedemand.Eitherheordersthe

requiredraw materialsexternallyandfabricatesnew productsorheoverhaulsold

productsandbringsthosebackto‘asnew’conditions.Theobjectiveofinventory

managementistocontrolexternalcomponentordersandtheinternalcomponent

recoveryprocesstoguaranteearequiredservicelevelandtominimisefixedand

variable costs.The proposed inventory models mainly differwith respectto

assumptionsondemandandreturnprocessesandontherecoveryprocess.Amajor

classificationcanbemadeintodeterministicversusstochasticmodels.(DiazandFu,

1997[73])studiedatwoechelon,repairableitem inventorymodelwithlimitedrepair

capacity. Inthissection,differentwaysinwhichresearchershaveincorporated

thetransportationcostinto inventorymanagementdecisionsareexamined.(S.

AngelRaphella,etal.2014[74])hasdoneacasestudyon,“InventoryManagement”.

(DennisEBlumenfeldetal.1985[75])conductedastudythatidentifiedtheoptimal

strategiesofdeliveringgoodsonafreightnetwork.Theyanalyzedtherelationship

betweentransport,warehousing,andproductionset-upcostsinordertominimize

thetotalcosts.Thecorrelationbetweenthecostsofinventoryandtransportcosts

wasalsoexaminedwiththepurposeofoptimizingcostsinthesupplyofvarious

products.(Srikrishna,S.,etal.2014[76])haspresentedpaperoncarselectionusing

TOPSIS.Optimizingtransportationinthelogisticssystem,whichisthebiggest

contributor towards environmentalpollution with different methodologies is

explained(KarunaKumar,etal.2012[77]).Theimpactofvehiclesforachievinggreen

logisticsforbetterGSCM isdiscussedaspertheliteratureoptimizingtransportation

andotherinventorycostswithfuzzinessandsimultaneouslyoptimizingsupplieras
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wellasreclamationcostsisaninterestingtopic.

Fig.2.1:Frameworkforpresentstudy

CaseStudy:

Inatypicalgreensupplychainmanagementusedthings(oils,plastic,metal

itemsetc.arecollectedbydistributors.itemsarethenreprocessed/reclaimedby

distributorsthroughreprocessingcenters.Usedthingsandreprocesseditemsare

storedbydistributorsattheirwarehouses.Reprocesseditems/recycleditemsare

soldinsecondarymarkets.

Engineoilisbeingchangedregularlyatvehicleservicecenters.Suchservice

centerscollectwasteoil.Distributerscollectsuchoilfrom servicecentersandsend

toreclamationcentersintheirvehicles.Reclaimedoilispurchasedbackandsellto

customers.Distributorsalwaysaim tobringdownthecosts.Thecostsinvolvedare

transportationandinventorycosts.

WasteOilsuppliers/reclaimedoilunitownersshallfollow environmental

standardsincollectinganddisposingtheoil.Hencesuppliersshallbeevaluatedon

multicriteriatechnique.

InIndia,thereare36,165industries,generating62,32,507MetricTonnesof

HazardousWaste(HW)everyyear.However,GenerationofrecyclableHW isthe

highestinthecountry.RecyclablewasteattributestothedominantHW treatment

option 49.55% followed byland disposable (43.78 %)and incineration (6.67%)

respectively.UndertheHazardousWastes(Management,Handling&Transboundary
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Movement)Rules,2008 the processes generating HW were finalized,yetthe

differentiationofquantum ofHW generationbasedontypesofHW,i.eused/waste

oil,leadwaste,zincwasteetc.hasbeenhighlightedfirstofitskindasaninventory

inthepresentstudy.Thereareabout257Spentoil(Used/WasteOil)registered

recyclingfacilitiesdistributedacross124districtsspreadover19statesinIndiawith

thetotalspentoilrecyclingcapacityas1.39MMT.ThusIndiahasahugerecycling

potentialwithagreateryieldwhileconsideringthegenerationofusedoilandwaste

oilfrom automotivesectorandmanufacturingindustries.Themajorconstraintfaced

in recycling waste/used oilis costofthe collection,storage & subsequent

transportationofthewastetotherecyclingunit.

Supplier:SupplyWaste Oil((Service Centre/Maintenance Shop (vehicle service

centers,i.e.,cargarages,commercialgarages))andindustries(guidingprinciples).

Thefollowingcriteriaandsubcriteriaaremoreinfluenceforoilrecyclingindustries

forselection ofpotentialsupplierOperating efficiency,Cost,Technologylevel

satisfaction,Service Quality,Operating Speed,Operating readiness,Operation

Accuracy,Transportationcost,Storagecost,OrderProcessingcost,Information

Technology,StorageTechnology,Transportationtechnology,CustomerSatisfaction,

CompatibilityandFinancialeasiness.

ReprocessingCenters:Cleantheusedoils.Purifytheoilwasted

Distributor:CollectedWasteOilfrom suppliers.Distributerscollectsuchoilfrom

servicecentersandsendtoreclamationcentersintheirvehicles.Reclaimedoilis

purchasedbackandsellstocustomers.Distributorsalwaysaim tobringdownthe

costs.Thecostsinvolvedaretransportationandinventorycosts.

Customers:PurchasedReprocesseditems/recycleditemsareinsecondarymarkets.

During normaluse,impurities such as dirt,metalscrapings,water,or

chemicals,cangetmixedinwiththeoil.

Usedoilincludes;motoroils,greases,emulsions,machineshopcoolants,

heatingmedia,brakefluids,transmissionfluids,otherhydraulicfluids,electrical

insulatingoils,metalworkingfluids,andrefrigerationoils.Usedoilssuchasengine

lubricationoil,hydraulicfluids,andgearoilsusedincars,bikes.Usedoilisexactly

whatitsnameimplies:anypetroleum-basedorsyntheticoilthathasbeenused.Oil

keepsourcars,lawnmowers,andmanyothermachinesrunningsmoothly.However,

duringnormaluse,impuritiessuchasdirt,metalscrapings,water,orchemicals,can

getmixedinwiththeoil,sothatintime,theoilnolongerperformswell.Eventually,

thisusedoilmustbereplacedwithvirginorre-refinedoiltodothejobcorrectly.The

disposalofusedEngineoilisamajorenvironmentalproblem ifitisnotprocessed
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safelyasthedisposalwillcausepollutiontowaterbodiesandlandfillings.Used

Engineoilisamajorenvironmentalproblem ifitisnotprocessedsafelyasthe

disposalwillcausepollutiontowaterbodiesandlandfillings.

TheUsedLubeOiliscollectedattheServiceCentre/MaintenanceShop(car

garages,commercialgarages),industries,differentindustries and automobiles,

properhandlingandcollectionofthehazardousused/wasteoilsinasafemanner.

Theseused/wasteoilsincludesengineoils,hydraulicoils,gearoils,thermicoils,

transformeroils,machinery oils,etc.which have been used in industries or

automobiles.

CHAPTER–III

With the emerging trend ofgreen supply chain management,supplier

selectionandorderallocationbasedongreencriteriahavebecomeveryimportantin

this competitive world.During the selection process ofthe eligible suppliers,

qualitativeaswellasquantitativefactorsshouldbeconsideredmulticriteriaare

appliedinchoosingthesuppliercum reclaimers.Inventorycostminimizationisdone

usingfuzzycostdata’s.Theapplicationoftheproposedmodelisconductedinoil

reclamationindustry.

Distributorscollectsproductsfrom thesuppliers,Optimizationofinventory

willsustainthefunctionofdistributors

3.1 Introduction

Thetransportationproblem ingeneralhasanobjectiveofminimizingthe

transportationcostbyassigninghowmuchquantityfrom therespectivesourcesto

bedispatched to thevariousend terminalstaking into consideration theunits

availableatthesupplycentersandtherequirementatthecustomercenters.The

sourcecenters(Si)maybeproductioncenters,plants,warehousesetc.,whereasthe

customercenters(Dj)maybedistributors,wholesaleunits,retailoutletsetc.

Iftheinventoryoftherequiredraw materialsisnotavailableintimethe

productionprocesswillbedisturbed.Ontheotherhandinadequatestockoffinished

productsgivesraiseto reputation loss,orderslossetc.henceoptimization of

inventorylevels is a mustforsmooth and profitable running oforganization.

Sometimestransportationcostalsoplaysavitalroleifsourcesofsupplyandend

centersaremultipleinnumbers.Optimizationoftransportationcostshallnotbe

ignored.

Trucks,akindofvehicles,aremeantfortransportinggoodsandincorporate
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thetransportationcostasafunctionoftheshipmentquantity.Companiesoften

needtodetermineifitismorecost-effectivetoordersmallershipmentsfrom

selectedsuppliersmorefrequentlyatahigherperunitshippingcost,ortoorder

larger shipments less frequently,which increases the holding cost at the

manufacturingfacility.Sometimestransportagencieschargeunittransportation

costperunitweightorvolumeperdistancetravelled.Insituationswheregoodsare

movedinsmallersizetransportingcostwillbechargedasunittransportcost.Hence

in such cases selecting the besttransporteris the discretion oforganization.

Inventorypolicieswhichdeterminehowmuch,howoftenandfrom whichsuppliers

to order,purchasing,holding,and transportation costs are eithermanaged by

suppliers,customersordistributorsbasedonthemeritofcase.

Intraditionalmathematicalproblems,theparametersarealwaystreatedas

deterministicinnature.Butinrealityparameterscannotbeaccuratelyspecified.

Thereiseverychanceofvaguenessoruncertaintycalledasfuzzyorstochastic.

Fuzzinesscanalsobecalledaspossibilityofdata.

Inventorymodels generallydealwith economic orderquantity(EOQ)or

economicbatchmanufacturedquantity.(EBQ).IntheclassicalEOQ model/EBQ

models the demand rate is constantand deterministic.Fuzziness is rarely

considered.Greensupplychainmanagementsdealswithsupplychainagentslike

suppliers,distributors,plant,ware house,customers with a view to minimize

resourcesto make the system environmentfriendly.Lubrication oilisused in

automobiles.Theoilloosesitspropertiesaftercertaintime.Itneedsreplacement

withfreshoilinautomobile.Sucholdoilwasteoilcanbereclaimedandreused.Here

aneffortismadetointroduceonesuchsupplymanagementsystem.

Thisarticleconsiderstheeffectoftransportationcostsprocurementcost,

inventorycarryingcostetc.withfuzzinessoninventoryoptimizationdecisions.Multi-

Criteriadecisionmaking(MCDM)techniquesareappropriatetoolstoprioritizeunder

sophisticatedenvironment,andareabletorankalternativesindecisionproblems

withconflictingcriteria.

Insection5.2preliminarydefinitionsoffuzzyset,intervalnumber,basic

interval arithmetic optimization in interval situation and nearest interval

approximation is brieflydescribed.Section 5.3 contains modelformulation.In

section5.4theprocessisillustratedbyanumericalexampleandinthelastsection

theentireworkisconcluded

3.2 Preliminaries
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Definition1:

Afuzzysetischaracterizedbyamembershipfunctionmappingelementsofa

domain,space,oruniverse ofdiscourse X to the unitinterval[0,1].(i.e)A =

here :X [0,1]isamappingcalledthedegreeofmembership

functionofthefuzzysetAand iscalledthemembershipvalue inthefuzzy

setA.

Definition2:

LetRbethesetofallrealnumbers,aninterval(wolf,maybeexpressedas)

= = (3.1)

Whereandarecalledthelowerandupperlimitsoftheinterval,respectively.

If then = isreducedtorealnumbera,wherea=

alternativelyaninterval canbeexpressedinmean-widthorcenter-radiusform as

ā= .Where = ( and = ( arerespectivelythe

mid-pointandhalf-widthoftheintervalā.Thesetofallintervalnumbersinis

denotedbyI(R).

Optimizationinintervalenvironment

Nowwedefineageneralnon-linearobjectivefunctionwithcoefficientsofthe

decisionvariablesasintervalnumbersas

Minimize = (3.2)

Subjecttoxj>0,j=1,2,…..,nandXS

WhereSisafeasibleregionofx.o< .o< andri,qiarepositive

numbers,now weexhibittheformulationoftheoriginalproblem (2)asamulti–

objectivenon-linearproblem,

Now canbewrittenintheform [ZL(x),ZR(x)],where

ZL(x)= (3.3)

ZR(x)= (3.4)

ZC(x)= (3.5)

Thisproblem (2)istransformedinto

Minimize{ZC(x),ZR(x);xS} (3.6)

According to (Grzegorzewski,P,2002 [78]) we determine the interval
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approximationofafuzzynumberas:letÃ=(a1,a2,a3)beanarbitrarytriangularfuzzy

numberwithaα-cuts[AL(α),AR(α)]andwiththefollowingmembershipfunction

= (3.7)

Thenbynearestintervalapproximationmethod,thelowerlimitCLandlimitCRofthe

intervalare

CL= = (3.8)

CR= = =

Therefore,theintervalnumberconsider astriangularfuzzynumberis .

Hencetheproposedmodelcanbestatedas

Minimize (3.9)

Generally,themulti-objectiveoptimizationproblem (14),incaseofminimization

problem,canbeformulateinaconservativesensefrom (3)as

Minimize (3.10)

SubjecttoQ≥0,where =

Heretheintervalvalueproblem (14)isrepresentedas

Minimize (3.11)

SubjecttoQ≥0

Fuzzyprogrammingtechniqueforsolution:

Foreachoftheobjectivefunction ,wefirstfindlowerbounds

LL-LC-LR(bestvalues)andtheupperboundsUL,UC,UR (worstvalues)whereLL-LC-LR

aretheaspiredlevelachievementandUL,UC,UR arethehighestacceptablelevel

achievementfortheobjectives respectively,formedafuzzymodel

andthentransform thefuzzymodelintoacrispmodel.

3.3 Methodology

Inatypicalgreensupplychainmanagementusedthings(oils,plastic,metal

itemsetc.)arecollectedbydistributors.Itemsarethenreprocessed/reclaimedby

distributorsthroughreprocessingcenters.Usedthingsandreprocesseditemsare

storedbydistributorsattheirwarehouses.Reprocesseditems/recycleditemsare

soldinsecondarymarkets.

Themethodologyadoptedhereforoptimizingthecostofinventory.

 Formulationofmultiobjectivefunction’
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 Supplier/reclaimerselection

 Calculationofeachsingleobjectivefunctionformaximum andminimum

values

 Preparationoffuzzymembershipfunctions

 Conversionintosinglecrispmodelwithconstraints

Step-1:Hencesuppliersshallbeevaluatedonmulticriteriatechnique.Thecriteria

thatarechosenarepackaging,quality,cost,financialsoundness.

Step-2:solvethemulti-objectivecostfunctionasasingleobjectivecostfunction

usingoneobjectiveatatimeandignoringallothers.Foreachobjective,thebestLk

andworstUkvaluecorrespondingtothesetofsolutionscanthenbestated,interms

oftheaspirationlevels:

Findcostsatisfyingfk Lk,k=L,C.Rsubjecttothenon-negativelyconditions

Step-3:Definefuzzylinearmembershipfunction( ;k=L,C,R)foreachobjective

functionisdefined

By (3.12)

Step-4:theproblem canbeformulatedanequivalentcrispmodelandsolve.

Maxα (3.13)

α≤ (x);

k=L,C,R

3.4 CaseStudy

Engineoilisbeingchangedregularlyatvehicleservicecenters.Suchservice

centerscollectwasteoil.Distributerscollectsuchoilfrom servicecentersandsend

toreclamationcentersintheirvehicles.Reclaimedoilispurchasedbackandsellto

customers.Distributorsalwaysaim tobringdownthecosts.Thecostsinvolvedare

transportationandinventorycosts.

Formulationofequations:

Minimizetotal_cost

Totalquantityofwasteoil(ts)tobecollected

≤ts,where isquantityofoiltobecollectedfrom supplieri(3.14)

≥0
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<usi

usiistheupperlimitforwasteoilsupplyfrom supplieri

>lsi

lsiisthelowerlimitforwasteoilsupplyfrom supplieri

Totalquantityofwasteoil(tp)tobesenttoreclamationunit

≤tpwhere isquantityofoiltobecollectedfrom supplieri(3.15)

≥0

<upi

upiistheupperlimitforwasteoilsupplytoreclamationuniti

>lpi

lpi=lowerlimitforwasteoilsupplytoreclamationuniti

Totalwasteoilsenttoreclamationunitshallbelessthanorequaltototal

wasteoilcollectedfrom servicecenters

tp≤ts;

tp<ubtp

whereubtpistheupperboundoftotalquantitytobesuppliedtoreclaimer

tp>lbtp

wherelbtpisthelowerboundoftotalquantitytobesuppliedtoreclaimer

ts<ubts

whereubtsistheupperboundoftotalquantitytobeprocuredfrom supplier.

ts<lbts

wherelbtsisthelowerboundoftotalquantitytobeprocuredfrom supplier

Totalreclaimedoilretuned(xrpi)from reclamationunitishallbeafractionof

wasteoilsenttoit.

xrpi=yi* foralli,whereyiistheyield

TotalTransportcost(str)from suppliertodistributor

tri=transportcostfrom supplieritodistributor

*tri≤str (3.16)

TotalTransportcost(ftr)from distributortoreclamationunit

tpi=transportcostfrom supplieritodistributor

*tpi≤ftr (3.17)

TotalTransportcost(rftr)from distributortoreclamationunit

*tpi≤rftr (3.18)
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str<ubstr

where ubstr isthe upperbound ofTotalTransportcost(str)from supplierto

distributor

ftr<ubftr

whereubftristheTotalTransportcost(ftr)from distributortoreclamationunit

rftr<ubrftr

whereubrftristheTotalTransportcost(rftr)from reclamationunittodistributor

Closingstock(cs)=(xrp1+xrp2+xrp3) (3.19)

Unitcarryingcostapproximatelyccforfinishedgoods

Fh=reclaimedinventoryholdingcost=cc*cs/2

Unitcarryingcostapproximatelyccrforrawmaterials

Rh=wasteoilinventorycarryingcost=(tp–ts/2)*ccr

Inventorycarryingcost=Icc=Fh+Rh

Procurementcost

psi=unitpurchasecostofwasteoil

ppi=unitpurchasecostofreclaimedoil

Purchasecost(pc)= *ppi+ si (3.20)

Pc=xs1*ps1+xs2*ps2+xs3*ps3+xp1*pp1+xp2*pp2+xp3*pp3 (3.21)

Transportcost=str+ftr+rftr (3.22)

Total_cost=transportationcost+pc+Inventorycarryingcost (3.23)

Waste oilsuppliers/reclaimed oilunitowners shallfollow environmental

standardsincollectinganddisposingtheoil.Hencesuppliersshallbeevaluatedon

multicriteriatechnique.Thecriteriathatischosenarepackaging,quality,cost,

financialsoundness,sixsuppliersareevaluatedandtopthreeareselectedfor

furtherevaluation.

3.5 InputDataUsedintheMethod

Table-3.1:Quantitytobeorderedonsuppliers

Supplier
Quantity

(lts.)
Reclaimer

Quantityto

bereclaimed

(lts.)

S1 37500 P1 38000

S2 35000 P2 38000

S3 38000 P3 40000

Totalsupplierupper 100000 Totalreclaimerupper 100000
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bound bound

Totalsupplierlower

bound
85000

Totalreclaimerlower

bound
90000

Table-3.2:Maximum expenditurethatcanbemade

Totaltransport

costtocollect

from suppliers

(Rs)

Totaltransport

costtocollect

toreclaimers

(Rs)

Totaltransport

costtocollect

from

reclaimers(Rs)

Carryingcost

(ccr)(Rs)

Carryingcost

finished

goods(cfh)

(Rs)

75000 13500 12000 0.7 22.2

Table-3.3:Fuzzyvaluesofcosts

S.

No.

Transportfrom

supplier

(Rs)

Transportcostfor

wasteoil/reclaimed

oil(Rs)

Purchasecost

from supplier

(Rs)

Purchasecost

from vendor(Rs)

1 0.4,0.6,0.8 0.07,0.13,0.15 4,6,12 175,225,275

2 0.7,0.9,1.1 0.13,0.15,0.17 3,9,11 185,215,305

3 0.55,0.85,0.95 0.07,0.09,0.15 7.5,8.5,11.5 160,240,300

3.6 ConversionofFuzzyCostsintoIntervalCostApproximation

Table-3.4:Fuzzyvaluesofcostinterval

S.

No.

Transport

from supplier

(Rs)

Transportcostfor

wasteoil/reclaimed

oil(Rs)

Purchasecost

from supplier

(Rs)

Purchasecost

from vendor(Rs)

1 0.5,0.7 0.1,0.14 5,9 200,250

2 0.8,1 0.14,0.16 6,10 200,260

3 0.7,0.9 0.08,0.12 8,10 200,270

Table-3.5:Fuzzycentralvaluesofcost

S.

No.

Transport

from supplier

(Rs)

Transportcostfor

wasteoil/reclaimed

oil(Rs)

Purchasecost

from supplier

(Rs)

Purchasecost

from vendor(Rs)

1 0.6 0.12 7 225

2 0.9 0.15 8 230
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3 0.8 0.10 9 235

3.7 FormulationofEquations

totalcost1=pc1+tc1+icc; (3.24)

tc1=str1+ftr1+rftr1; (3.25)

xs1*0.5+xs2*0.8+xs3*0.7=str1; (3.26)

xs1*0.5+xs2*0.8+xs3*0.70; (3.27)

str1<75000; (3.28)

xp1*0.1+xp2*0.14+xp3*0.08=ftr2; (3.29)

xp1*0.1+xp2*0.14+xp3*0.080; (3.30)

ftr1<13500; (3.31)

rftr1<12000; (3.32)

xrp1*0.1+xrp2*0.14+xrp3*0.08=rftr1; (3.33)

xrp1*0.1+xrp2*0.14+xrp3*0.080; (3.34)

pc1=xs1*5+xs2*6+xs3*8+xp1*200+xp2*200+xp3*200; (3.35)

total_cost2=pc2+tc2+icc; (3.36)

tc2=str2+ftr2+rftr2; (3.37)

xs1*0.6+xs2*0.9+xs3*0.8=str2; (3.38)

xs1*0.6+xs2*0.9+xs3*0.80; (3.39)

str2<75000; (3.40)

xp1*0.12+xp2*0.15+xp3*0.1=ftr2; (3.41)

xp1*0.12+xp2*0.15+xp3*0.10; (3.42)

ftr2<13500; (3.43)

rftr2<12000; (3.44)

xrp1*0.12+xrp2*0.15+xrp3*0.1=rftr2; (3.45)

xrp1*0.12+xrp2*0.15+xrp3*0.10; (3.46)

pc2=xs1*7+xs2*8+xs3*9+xp1*225+xp2*230+xp3*235; (3.47)

total_cost3=pc3+tc3+icc; (3.48)

tc3=str3+ftr3+rftr3; (3.49)

xs1*0.7+xs2*1+xs3*0.9=str3; (3.50)

xs1*0.7+xs2*1+xs3*0.90; (3.51)

str3<75000; (3.52)

xp1*0.14+xp2*0.16+xp3*0.12=ftr3; (3.53)

xp1*0.14+xp2*0.16+xp3*0.120; (3.54)
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ftr3<13500; (3.55)

rftr3<12000; (3.56)

xrp1*0.14+xrp2*0.16+xrp3*0.12=rftr3; (3.57)

xrp1*0.14+xrp2*0.16+xrp3*0.120; (3.58)

pc3=xs1*9+xs2*10+xs3*10+xp1*250+xp2*260+xp3*270; (3.59)

Objectivefunctionvalues:eachsingleobjectivevaluesarementionedinthe

Table-5.6bysolvingaboveequationsusingLingosoftware,version8.

Table-3.6:Objectivefunctionvalue

Cos

t
fl(rs) fc(rs) fr(rs)

Differenc

e

(max-

min)

Max

fl 1957269

0

1956283

0

1961977

0

56940 1961977

0

fc 2244747

0

2231809

8

2239768

0

129372 2244747

0

fr 2533224

0

2507136

0

2517559

0

260880 2533224

0

Optimizationofcrispequationα

max=α; (3.60)

total_cost1+(α*56940)19619770; (3.61)

total_cost2+(α*129372)22447470; (3.62)

total_cost3+(α*260880)25332240 (3.63)

andalltheequationsmentioned.

TheresultsareshowninthetableaftersolvingthecrispequationusingLingo

software.Answersatisfactionlevel(α)l:0.33

Table-3.7:Theresultsaftersolvingthecrispequation

S.No Orderqty.waste

collection(lts.)

Suppliedqty.to

Reclamier(lts,)

Qty.collected

from reclaimer

(lts.)

Totalcost

Interval

fuzzy

number(Rs

)

1 37500 38000 35720 (19600760
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2 15000 24205 22995 -

25207780)3 37500 27795 26683

3.8 Conclusion

In thischapter,an inventorymodelisproposed.The transportation and

purchasecostsareassumedfuzzyareassumedasfuzzynumbersinsteadofcrisp

orprobabilisticinnaturetomaketheinventorymodelmorerealistic.Suppliersare

selectedusingmulticriteriatechniquemethod.Atfirst,expressionforthetotalcost

isdevelopedcontainingfuzzyparameters.Theneachfuzzyquantityisapproximated

byintervalnumber.Latertheproblem ofminimizingthecostfunctionistransformed

intoamulti-objectiveproblem,wheretheobjectivefunctionsareleftlimit,rightlimit

andthecenteroftheintervalfunction.Fuzzyoptimizationtechniqueisthenusedto

foundouttheoptimalresults.Anumericalcasestudyisdoneasapartofgreen

supplychainforreclamationofwasteoilontheproposedmethodandfoundthe

resultsareimpressive.Thismodelcanbeextendedtootherareasofapplicationand

stochasticdatacanbemixedintheproposedmethod.

CHAPTER–IV

RESULTSANDCONCLUSIONS

Results

Thedataiscollectedfrom thesupplierslocatedinVijayawadadetailsare

furnishedbelow.

Supplier-1:(MithraAutoagencies)

MithraautoagenciesisanauthorizedMaruthicarservicecentrelocatedat40

-17-3,PichaiahStreetGandhiColony,KavirajuNagar,Vijayawada,AndhraPradesh

520010.Itprovidesservicetonearly500-700vehicles(Suzukiertiga,Suzukiciaz,

SuzukiDzire,Altok10)permonth.Throughthisitcollectswasteoilincludingusedoil,

engineoil,lubricantoiletc.Thewasteoilproducedintheservicescentersissoldto

thereclaimer,forcostof35rupeesperliterofwasteoil.

Supplier-2:(VarunMotors)

VarunMotorsisanauthorizedMaruthicarservicecentrelocatedatPoranki,

OpptoPriyaPickles,BandarRoad,Vijayawada,andAndhraPradesh521108.It

providesservicetonearly400-500vehicles(Suzukiertiga,Suzukiciaz,SuzukiDzire,

Altok10)permonth.Throughthisitcollectswasteoilincludingusedoil,engineoil,
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lubricantoiletc..,Thewasteoilproducedintheservicescentersissoldtothe

reclaimer,forcostof31-34rupeesperliterofwasteoildependsonit’spurity.

Supplier-3:(SriMotorServices)

SriMotorServicesisacarservicecentrelocatedat2(B),DoorNo55-1-29,B12,

PlotNo276,AbdulAjijRoad,New AutoNagar,AutoNagar,Vijayawada-520007,

SRMT Road.Itprovidesservicetonearly400-500vehicles(Suzukiertiga,Tata,

Mahindra,Toyota,SuzukiDzire,Altok10)permonth.Throughthisitcollectswaste

oilincludingusedoil,engineoil,lubricantoiletc..,Thewasteoilproducedinthe

servicescentersissoldtothereclaimer,forcostof34rupeesperliterofwasteoil

dependsonit’spurity.

Supplier-4:(BetterCastings)

BetterCastingsisa gasketmanufacturing companylocated atRD Tata

IndustrialEstate,Kanur,Vijayawada,AP-520007,India.Itmanufactures Ring Type

Joint,BonnetGaskets,SolidMetalRing,LensRing,PlugGaskets,PressureSeals,

MetalShims,SpiralWound,CamprofileGaskets,CorrugatedMetalGaskets.Inthese

manufacturingprocesstheyusedifferenttypesofheavylathesandmachinerywhich

requires continuous lubrication.Through this itcollects waste oilincluding

lubricatingoil,gearoil,solubleoiletc.,Thewasteoilproducedintheservicescenters

issoldtothereclaimer,forcostof33-38rupeesperliterofwasteoildependsonit’s

purity.

Supplier-5:(PratapIndustries)

PratapindustriesisamanufacturingcompanyofcastironcastingsforRice

andSugarMill,Cement,Steel,andpowerplantsandotheralliedindustrieslocatedat

D.No.11-88, Enikepadu,Vijayawada-521108, Andhra Pradesh, India. In these

manufacturingprocessestheyusedifferenttypesofheavylathesandmachinery

whichrequirescontinuouslubrication.Throughthisitcollects10-13barrelsofwaste

oilincludinglubricatingoil,gearoil,solubleoiletc.,Thewasteoilproducedinthe

servicescentersissoldtothereclaimer,forcostof33-38rupeesperliterofwaste

oildependsonit’spurity.

Sometimes,mostofthewasteoilwasimproperlydisposed that percolates

andcreatesgroundwatercontamination, causedamage tosurfaceofgroundsoil,

mixeswithwaterresources,killingplantsetc.,Thisresultsinsevereenvironmental

damagewhichalsoeffectsagricultureduetopollutingsoil.

Inaneffortofconductingasurvey30-40questionnairesweremadeandsenttothe

10-12companies.Basedonthedesignationandqualificationofpersonsinthe

company like plant engineer,plant manager,technicians etc.,The survey
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questionnairearebased on thecriterialiketechnologyupdated,importanceof

methodology,transportationcost,qualitylevel,storagecost,.Thequestionnaireof

service quality evaluation mainly was composed oftwo parts:questions for

evaluating the relative importance of criteria and industry performance

correspondingtoeachcriterion.

Aftergettingresponsesfrom thecompaniesandtheirexperts,usingAHP

methodtheranksweregiventothecompanies.Theevaluationprocedureofthis

studyconsistsofseveralsteps.First,weidentifythecriteriaandattributesthat

reclaimersconsiderthemostimportant.Afterconstructingtheevaluationcriteria

hierarchy,wecalculatethecriteriaweightsbyapplyingAnalyticHierarchyProcess

(AHP)method.Themeasurementofperformancecorrespondingtoeachcriterionis

conducted under the setting of fuzzy set theory.As for the performance

correspondingtocriteriaofeverycompanyweusedlinguisticexpressiontomeasure

the expressedperformance. In order to establish the membership function

associatedwitheachlinguisticexpressionterm,weaskedrespondentstospecify

the range from 1 to 100 corresponding to linguistic term ‘very dissatisfied’,

‘dissatisfied’,‘fair’,‘satisfied’and‘verysatisfied’.Thesescoreswerelaterpooledto

calibratethemembershipfunctions.Basedontheanalysisthetop4companies

weretakenintoevaluation.

Reclaimer-1:(LakshmiLubs)

LakshmiLubsisawasteoilreclaimingcentrelocatedatPlotNo.11,Shed

No.8MiniIndustrialComplex,Autonagar,Vijayawada,AndhraPradesh-520007.It

collectswasteoilfrom variousindustriesandrecyclesit.Thiscompanyrecycles800

-900litersofoilperday.ThemethodsusedinthisrecyclingprocessareFlash

distillation,hydro-treating,Finaldistillation,Thinfilm Evaporation.Afterrecyclingit

wassoldtocustomersforthecostof50-60rupeesbasedonit’spuritylevelandthe

overallturnoveris50,00,000Rupeesperyeardependingonit’sworkingdays.

Reclaimer-2:(SriBalajiLubricants)

SriBalajiLubricantsisawasteoilreclaimingcentrelocatedatPlotNo.79,‘H’

Block,Autonagar,Vijayawada,AndhraPradesh–530012.Itcollectswasteoilfrom

variousindustriesandrecyclesit.Thiscompanyrecycles950-1000litersofoilper

day.ThemethodsusedinthisrecyclingprocessareFlashdistillation,hydro-treating,

Finaldistillation,Thinfilm Evaporation.Afterrecyclingitwassoldtocustomersfor

thecostof50-60 rupeesbased onit’spurityleveland theoverallturnoveris

60,00,000Rupeesperyeardependingonit’sworkingdays.
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Reclaimer-3:(GEM Lubricants)

GEM LubricantsisawasteoilreclaimingcentrelocatedatPlotNo.54-A,

Kondapally,Vijayawada,KrishnaDistrictAndhraPradesh.Itcollectswasteoilfrom

variousindustriesandrecyclesit.Thiscompanyrecycles1300-1440litersofoilper

day.ThemethodsusedinthisrecyclingprocessareFlashdistillation,hydro-treating,

Finaldistillation,Thinfilm Evaporation.Afterrecyclingitwassoldtocustomersfor

thecostof50-60 rupeesbased onit’spurityleveland theoverallturnoveris

90,00,000Rupeesperyeardependingonit’sworkingdays.

Reclaimer-4:(Jyothilubricants)

BetterCastingsisawasteoilreclaimingcentrelocatedatPlotNo.8-120,

KoteswaraoNilayam,VijayawadaKrishnaDistrictAndhraPradesh-521225.Itcollects

wasteoilfrom variousindustriesandrecyclesit.Thiscompanyrecycles450-500

litersofoilperday.ThemethodsusedinthisrecyclingprocessareFlashdistillation,

hydro-treating,Finaldistillation,Thinfilm Evaporation.Afterrecyclingitwassoldto

customersforthecostof50-60rupeesbasedonit’spuritylevelandtheoverall

turnoveris350,00,000Rupeesperyeardependingonit’sworkingdays.

Recyclingandreusingusedoilispreferabletodisposalandcanprovidegreat

environmentalbenefits.Recycledusedmotoroilcanbere-refinedintonew oil,

processedintofueloils,andusedasrawmaterialsforthepetroleum industry.

Usedoilssuchasenginelubricationoil,hydraulicfluids,andgearoilsusedin

cars,bikes,orlawnmowerscanpollutetheenvironmentiftheyarenotrecycledor

disposed of properly.Used oilmustbe managed properly by localwaste

managementauthoritiesorautomotiverepairshopstopreventcontaminatingthe

environment.Usedoilfiltersposesimilarwasteconcerns.Ifproperlydrained,they

canbesafelyrecycledordisposed

WasteOilsuppliers/reclaimedoilunitownersshallfollow environmentalstandards

incollectinganddisposingtheoil.Suppliersevaluatedonmulticriteriatechnique.

The criteria thatis chosen are packaging,quality,cost,financialsoundness.

4suppliers are evaluated and top 3 are selected.3 reclaimers are selected.

Distributor,i.e.,SriSarada OilCompany,Vijayawada purchases used oil,gets

processedinreclamationunitsandstoresandsellsreclaimedoil.storagecapacities

andpurchasingcapacitiesoftheunitsareobtainedfrom thecompany.Atpresent

theyarenotusinganyoptimizedtechnique.

The objective of the modelis reduction of inventory cost includes

transportationandpurchasecosts.Thecostsarecontainedinfuzzynumbers.Each

fuzzyquantityis approximated byintervalnumberand solved multiobjective
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optimizationtechnique.

Inputdatausedinthemethod:

Table-4.7:Suppliersandreclaimersquantitybounds

Supplier Quantity(lts.) Reclaimer
Quantitytobe

reclaimed(lts.)
Yield

S1 37500 P1 38000 0.94

S2 35000 P2 38000 0.95

S3 38000 P3 40000 0.96

Totalsupplier

upperbound 100000

Total

reclaimerupper

bound

100000

Totalsupplier

lowerbound
85000

Totalreclaimer

lowerbound
90000

Table-4.8:Maximum expenditurethatcanbemade

Totaltransport

costtocollect

from

suppliers(Rs.)

Totaltransport

costtocollect

toreclaimers

(Rs.)

Totaltransport

costtocollect

from reclaimers

(Rs.)

Carryingcost

(ccr)

(Rs.)

Carryingcost

finished

goods(cfh)(Rs.)

900000 1350000 120000 0.7 22.2

Table-4.9:Fuzzyvaluesofcosts

S.No.
Transportfrom

supplier

(Rs.)

Transportcostf

orwaste

oil/reclaimedoil

(Rs.)

Purchasecost

from supplier

(Rs.)

Purchasecost

fromvendor

(Rs.)

1 0.4,0.6,0.8 0.07,0.13,0.15 4,6,12 175,225,275

2 0.7,0.9,1.1 0.13,0.15,0.17 3,9,11 185,215,305

3 0.55,0.85,0.95 0.07,0.09,0.15 7.5,8.5,11.5 160,240,300

Theresultsareshowninthetableaftersolvingthecrispequationusinglingo

software.Answersatisfactionlevel(α)l:0.33.

Table-4.10:Thefinalresultsaftersolvingcrispequation

S.No. Orderqtywaste

collection

(lts)

Suppliedqty.to

reclamier

(lts)

Qty.collected

from

reclaimer(lts)

Totalcost

(Rs)

1 37500 38000 35720 (19600760-
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2 15000 24205 22995 25207780)

3 37500 27795 26683

Observation:

1.Suppliertwoisorderedlesswhencomparedtosupplier-1and3,thereason

observedtheunittransportationcostismore

2.Thepercentagesofoilsuppliedforsuppliertwoonly15000inpercentages

40%becausetransportationcostismoretoreclaimerandwecollecting22995

outof38000oilcollectedfrom recliamer-2andcollecting26683outof40000

oilcollectedfrom recliamer-3.

3.Purchasedquantityfrom reclaimer.

We purchased only35720 units outof38000 i.e percentage of94 for

reclaimer-1becausehispurchasingcostperunitislessalsotransportationcostis

less.

Wepurchasedonly22995unitsoutof38000i.epercentageof60forreclaimer

-2becausehispurchasingcostperunitismore.

Wepurchasedonly26683unitsoutof40000i.epercentageof67forreclaimer

-3becausehispurchasingcostperunitismore.

Decisionmakersfinditdifficulttospecifytheaspirationlevelsandweights

relatingtopriorityofeachobjectiveofthedisassemblytoordersystem.However

linearphysicalprogramming(LPP)whichhaskeyfeatureto entireremovethe

decisionmakerfrom theprocessofchoosingweightsandtohandlethevagueness

ofaspirationlevels,canbeverysuitableinsuchasituation

4.2 Conclusions

Manyresearchersandscholarshavementionedtheadvantagesofgreen

supplychainmanagementforenvironmentalsustainability.Creatingacloseand

longterm relationbetweenthesupplierandpurchaserisoneofthekeyelementsof

supplychaincreationsuccesstoobtaincompetitiveadvantage.Greensupplychain

sustainabilitydependsonhow wemanagethereturnproducts.Thelifeofreturn

productscanbeimprovedbyrecycling,reuse;remanufacturingetc.aneffortismade

intheworkforoptimizingtherecyclingofaproduct.Recyclinginvolvescollectionof

usedproduct,reprocessingandsellingoftheproductTherefore,supplierselection;

reprocessorselectionandinventorycontrolaresomeoftheimportantissues,which

areaddressedinthework,foreffectiveimplementationofgreensupplychain.

Economicgrowthandenvironmentalprotectionaremutuallyconflictinginnature.
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Bothissuesaretobeaddressedsimultaneouslyinordertosustaingreensupply

chain management.Suppliers and customers have to focus these aspects in

deterringtheirbusinessrelationship.

ThetraditionalAHP/ANPignoresthesituationofcorrelationbetweencriteria

whichindicatesthatonecriterioniscorrelatedtoanother.Inrealisticsituation,the

correlationbetweencriteriaiscommonandimportant.Itmayprovideinformationfor

adecisionmakertoderivemoreaccurateresult.Inthispaper,theCAHP(correlated

AHP)isproposedtoconsiderthecorrelationeffectbetweencriteriaintheAHP.Abi-

objectiveprogrammingmodeltoderivetheweightsofcriteriainsupplierselection.

Thephilosophyaboveistoclaim thattheweightsoftwocriteriaaresimilarwhen

theyhavehigherdegreeofcorrelation.Multiobjectivetechniqueisusedtofindout

thecorrelatedweightsasinreallifecorrelationisanimportantpartofthecriteriathe

proposedmethodgivespracticalresults.Implementationoflinearprogramming

techniquewhichhasthecapabilitytorepresentdecisionmakerpreferencebyusing

autilityfunctionandtomanageproblem inmulticriteriaenvironmentfororder

allocationispresented.

TheissueofReclamierselectioningeneralfacesimpreciseandambiguous

dataandusingthetheoryoffuzzysetsinconsideringthiskindofuncertaintyseems

logical.

Tothisend,decisionmakingapproachessuchasFAHPwereusedinthis

research;whichemployedafuzzyapproachwhichcanbeconsideredclosetoreal

data.ThelaterTaguchilossfunctionisemployedforqualitylosscalculation.The

multiobjectivefunctionisdeployedto ascertainthequantityto beorderedby

simultaneouslyoptimizingreclaimer’sparameterssuchasquality,cost,deliveryetc.

Sensitivityanalysisdemonstratesthepossiblevariationsofthepreferencelevelof

themostimportantthreecriteriaregardingcriteriaweightswhichcanbecarriedout

bychangingtheweights.Furtherresearchmightbeinvestigatingtheintegrityof

otherMCDM approacheswithTaguchilossfunctions.Anotherresearchdirection

mightbetodevelopadecisionsupportsystem whereappropriatereclaimersand

ordersizescanbedeterminedinsuccession.Casestudyisconducted.Resultsare

impressive.

Supplierselectionandorderallocationbasedongreencriteriahavebecome

veryimportantinthiscompetitiveworld.Withtheemergingtrendofgreensupply

chainmanagement.Duringtheselectionprocessoftheeligiblesuppliers,qualitative

aswellasquantitativefactorsshouldbeconsideredmulticriteriaareappliedin

choosing thesuppliercum reclaimers.An inventorymodelisproposed,ithas
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minimizeinventorycostisdoneusingfuzzycostdata’s.Theapplicationofthe

proposedmodelisconductedinoilreclamationindustryandtransportationand

purchasecostsareassumedfuzzyareassumedasfuzzynumbersinsteadofcrisp

orprobabilisticinnaturetomaketheinventorymodelmorerealistic.Suppliersare

selectedusingTOPSISmethod.Atfirst,expressionforthetotalcostisdeveloped

containingfuzzyparameters.Theneachfuzzyquantityisapproximatedbyinterval

number.Latertheproblem ofminimizingthecostfunctionistransformedintoa

multi-objectiveproblem,wheretheobjectivefunctionsareleftlimit,rightlimitand

thecenteroftheintervalfunction.Fuzzyoptimizationtechniqueisthenusedto

foundouttheoptimalresults.Anumericalcasestudyisdoneasapartofgreen

supplychainforreclamationofwasteoilontheproposedmethodandfoundthe

resultsareimpressive.Thismodelcanbeextendedtootherareasofapplicationand

stochasticdatacanbemixedintheproposedmethod.Theworkhasshownus

integratingtheissuesraisedforgreensupplychainmanagementisbeneficialfor

greensupplychainmanagement.

Futurescope:

 Sensitiveanalysishastobeconductedtoestablishthechangesinorder

selectionbyachangeincorrelationcoefficientstaticallytestshavetobe

conducted.

 Themodelcanbefurtherextendedaccommodatingmorevariablessuchas

powerrequirements,infrastructurerequirements,productrecyclingetc.

 Thiscanbeextendedtonewareaswithfuzzinessinconsideration.

 Fuzzyanp and otheroutranking techniques (TOPSIS,MODIFIED TOPSIS,

VIKOR)canbeappliedasanextensionofstudy.
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ABSTRACT 

Engineering structures play a vital role in the lives of a modern community. 

They are normally designed to have longer life period. The failure or poor performance 

of engineering structures may lead to disruption of transportation system or may result 

in loss of lives and property. It is therefore, very important to ensure that the structural 

members perform safely and efficiently at all times by monitoring their structural 

integrity and undertaking appropriate remedial measures. 

 

 Vibration-based Structural Health Monitoring became an interesting research 

topic in structural mechanics around 30 years ago. It is based on the fact that methods 

allowing to existence of damage detection and its location at earlier stage become an 

intensive investigation thought the mechanical, civil and aerospace engineering domain 

from the last two decades. For this reason, methods making to detection and localization 

of cracks have been the subject of many researchers. The existence of damage in 

structure introduces local flexibility that would affect dynamic characteristics of whole 

structure. It causes in reduction of natural frequencies and mode shapes of structural 

member. This property leads to detect existence of crack and its location and depth in 

the structural members. In this project two new methods that are Mode shape curvature 

method (MSCM) and Wavelet Transform (WT) approaches are generalized to beam-

like structure damage detection. These methods only require the mode shapes of the 

structure before and after damage.  

Key Words: Vibration-based Structural Health Monitoring, Mode shape curvature 

method (MSCM), and Wavelet Transform (WT).  
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CHAPTER-1 

INTRODUCTION 

1.1. BACKGROUND 

Engineering structures such as bridges; aero plane blades; metallurgical 

furnaces and ladles; chimneys or flue-gas stacks; rail roads; transmission and 

communication towers; cranes; tunnels; dams and retaining walls; multi-store 

buildings; pressure vessels; drilling and mining equipment; offshore oil platforms; 

power plants or stations; pipelines; elevators and excavators; wind mills; marine 

vessels; and ship hulls etc., play a vital role in the lives of a modern community and 

constitute a significant portion of national wealth. They are normally designed to have 

longer life period. The failure or poor performance of engineering structures may lead 

to disruption of transportation system or may result in loss of lives and property. It is 

therefore, very important to ensure that the structural members perform safely and 

efficiently at all times by monitoring their structural integrity and undertaking 

appropriate remedial measures. 

 The maintenance costs of these structures are substantially very high and even 

a small percent reduction in the maintenance cost amounts to significant saving. Even 

though appropriate maintenance measures are taken, damages are occurred during the 

service due to operational loading, aging, chemical attack, mechanical vibrations, 

changing of ambient conditions and earth quakes. 

 Damage detection and Structural Health Monitoring (SHM) have become vastly 

popular within the field of structural engineering over the past few decades. These 

methods and procedures are utilized in order to characterize the structural integrity of a 

system and to provide a decision whether or not the system has the appropriate bearing 

capacity. Damage detection methods can be classified as destructive or non-destructive. 

Non-destructive methods are preferred over destructive methods such that the system 

could remain in function during and after testing. Of the non-destructive damage 

detection methods, both static-based and vibration-based methods are used to 

effectively determine static and dynamic responses of the system, respectively. The 

dynamic response of a structure is described as the influence or motion of the system 
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due to a non-static loading, such as an impulse load or forced vibration. Structural 

damage identification has gained increasing attention from the scientific and 

engineering communities because the unpredicted structural failure may cause 

catastrophic, economic, and human life loss. A reliable and effective nondestructive 

damage identification technique is crucial to maintain safety and integrity of structures. 

Most nondestructive damage identification methods can be categorized as either local 

or global damage identification techniques [1]. Local damage identification techniques, 

such as ultrasonic methods and X-ray methods, require that the vicinity of damage is 

known a priori and readily accessible for testing, which cannot be guaranteed for most 

cases in civil or aerospace engineering. Hence, the vibration-based damage 

identification method as a global damage identification technique is developed to 

overcome these difficulties.  

 Vibration based Structural Health Monitoring is a non-destructive and 

predictive maintenance strategy to detect the internal cracks and damage zones in 

structural members. It works based on measurement of vibration signals. The 

fundamental idea for vibration-based damage identification is that the damage-induced 

changes in the physical properties (mass, damping, and stiffness) will cause detectable 

changes in modal properties (natural frequencies, modal damping, and mode shapes). 

For instance, reductions in stiffness result from the onset of cracks. Therefore, it is 

intuitive that damage can be identified by analyzing the changes in vibration features 

of the structure. Although in vibration test, the excitation and response are always 

measured and recorded in the form of time history, it is usually difficult to examine the 

time domain data for damage identification. A more popular method is to examine the 

modal domain data through modal analysis technique, in which the time domain data 

is transformed into the frequency domain, and then the modal domain data can be 

further extracted from the frequency domain data. During the past three decades, great 

effort has been made in the researches within all three domains (i.e., time, frequency, 

and modal domains). It seems that this effort will continue since no single existing 

method can solve all the damage identification problems from various types of damages 

and structures. However, the modal domain methods attract more attention and play a 

dominant role in the state-of-the-art of structural damage identification. The modal 

domain methods evolve along with the rapid development of experimental modal 

analysis technique, and they gain their popularity because the modal properties (i.e., 
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natural frequencies, modal damping, modal shapes, etc.) have their physical meanings 

and are thus easier to be interpreted or interrogated than those abstract mathematical 

features extracted from the time or frequency domain. 

 During the last three decades, extensive research has been conducted in 

vibration-based damage identification, and significant progress has been achieved in 

this highlighted area. A broad range of techniques, algorithms, and methods are 

developed to solve various problems encountered in different structures, from basic 

structural components (e.g., beams and plates) to complex structural systems (e.g., 

bridges and buildings). 

 Damage identification methods can also be classified as ‘model-based method’ 

or ‘response-based method’. The model-based method assumes that a detailed 

numerical model of the structure is available for damage identification; while the 

response-based method depends only on experimental response data from structures. 

 The objective of the present study is to provide the efficient algorithm to damage 

identification of localization, and evaluation of severity of damage for the beam and 

plate-like structures. 

1.2. STRUCTURAL HEALTH MONITORING (SHM) 

Structural Health Monitoring (SHM) is the process of implementing a damage detection 

and characterization strategy for structures. 

The damages are may occur due to: 

➢ Mismanagement in construction. 

➢ Lack of quality control. 

➢ Temperature variations. 

➢ Initiation of cracks due to cyclic loading. 

1.2.1. LEVELS IN SHM 

Level-I: Damage Detection Qualitative damage identification. 

Level-II: Localization Probable damage location. 

Level-III: Assessment Damage extent estimation. 
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Level-IV: Consequence Structural safety information & Residual life estimate.  

 

1.3. BASIC TERMINOLOGY: 

1.3.1. MODAL ANALYSIS: 

 Modal analysis is the study of the dynamic properties of systems in the 

frequency domain. A typical example would be testing structures under vibrational 

excitation. Modal analysis is the field of measuring or calculating and analyzing the 

dynamic response of structures and/or fluids or other systems during excitation. 

Modal testing is the form of vibration testing of an object whereby the natural 

(modal) frequencies, modal masses, modal damping ratios and mode shapes of the 

object under test are determined. 

1.3.2. MODAL FREQUENCIES 

The natural frequencies obtained in Modal testing of an object are called Modal 

Frequencies. 

1.3.3. MODES 

Modes are the inherent properties of a structure. These are determined by the 

material properties (such as mass, stiffness, and damping properties), and boundary 

conditions of the structure. 

Each mode is defined by a natural (modal or resonant) frequency, modal damping, and 

a mode shape. If either the material properties or the boundary conditions of a structure 

change, its modes will change. 

1.3.4. MODE SHAPE 

Mode shape is a specific pattern of vibration executed by a mechanical 

system/body at a specific frequency. Different mode shapes will be associated with 

different frequencies.  
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CHAPTER-2 

LITERATURE REVIEW 

 

2.1. EFFECTS OF STRUCTURAL DAMAGE ON MODAL PARAMETERS - A 

LITERATURE STUDY 

This chapter presents an overview of literature available on Vibration Based 

Damage Detection (VBDD) techniques which are non-destructive and can be applied 

to different structures. Among these, Literature on Changes in Natural Frequencies; 

Changes in Mode shape Curvatures; and Wavelet Transform Approaches are studied.

 An extensive literature review of the state of the art of damage detection and 

health monitoring from vibration characteristics has been published by Doeblinget al. 

[1]. From this review it is clear that there are a large number of proposed methods of 

detecting damage from vibration characteristics but, unfortunately, many of these 

methods require a correlated finite element model and/or mass normalized mode 

shapes. If the modal properties are obtained using ambient excitation, as would most 

likely be the case for a remote, automated health monitoring system, and then the mode 

shapes will not be mass normalized. The method proposed in this paper avoids both of 

these requirements. 

 Cawley and Adams [2,3] simply used the frequency shifts for different modes 

to defect the damage in composite structures. Pandey et al. [4] demonstrated that 

absolute changes in mode shape curvature can be a good indicator of damage for the 

FEM beam structure they considered. Stubbs et al. [5] presented a method based on 

the decrease in modal strain energy between two structural degrees of freedom as 

defined by the curvature of the measured mode shapes. This method has been 

successfully applied to data from a damaged bridge [6].Shi et al. [7-9] also used the 

change of modal strain energy to define a damage index which can successfully locate 

structural damage and quantify the damage level. Nevertheless, most of the SEM 

researches focused their studies on frame or truss structures such as bridge, building, 

and space structures.Cornwell et al. [10] extended train Energy Method (SEM) for an 

index of damages in plate-like structure characterized by two-dimensional curvatures. 

In their approach, the fractional strain energy of the plate before and after damaged was 
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used to define a damage index which can successfully locate the area with stiffness 

reduction as low as 10% using relatively few modes. Furthermore, in their experimental 

validations, two edge cracks with certain  

 Liew and Wang[14]   proposed an application of spatial wavelet theory to 

damage identification in structures. They calculated the wavelet coefficients along the 

length of the beam based on the numerical solution for the deflection of the beam; the 

damage location was then indicated by a peak in the coefficients of the wavelets along 

the length of the beam. In the investigation of existence of crack and its localization 

and depth of damage the pioneer of the work.Dimarogonas[15] the crack was modeled 

as a local flexibility and the equivalent stiffness was computed using fracture mechanics 

methods.Adams and Cawley[16] developed an experimental technique to estimate the 

location and depth of a crack from changes in natural frequencies. RizosPF[17] 

proposed method o identification of crack location and magnitude in a cantilever from 

fundamental vibration modes. Pandey A.K., M.Biswas, and 

M.M.Samman[18]proposed that fundamental mode shape curvature to be a sensitive 

parameter for damage localization. Curvature was calculated and utilized for damage 

localization of a simulated beam discredited into a number of finite elements. 

Douka et al[19]investigated experimental and analytical identification of crack 

in cantilever beam depending on wavelet analysis. The size and the location of the crack 

is determined using wavelet transform for fundamental mode of vibration. Due to the 

rapid changes in the spatial difference of the response, the crack location is 

determined.Patil and Maiti[20] have proposed a method for prediction of location and 

size of multiple cracks based on measurement of natural frequencies for slender 

cantilever beams.Abdel Wahab and De Roeck[21] apply curvature mode based 

damage detection methods in a continuous beam by averaged modal-curvature 

difference arising from pairs of damaged and intact mode shapes. The vibration 

methods are based on the occurrence that damage in a structure produces a local 

increase in flexibility which induces changes in the dynamic properties of the structure. 

The analysis of these changes can be used for damage identification. In recent years, 

the wavelet transform (WT) has been proposed as a promising mathematical tool for 

damage detection and localization, in light of its ability to locally analyze a signal. 

 Q. Wang and X. Deng[22] applied the WT to spatial problems, specifically to 

identify cracks in structures: using free vibrations of cracked beams with a local 
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reduction of stiffness, they showed that the wavelet coefficients calculated along the 

beam presented a maximum precisely at the crack location. Further they dealing with 

beams, plates or frame structures have validated this technique as a promising research 

tool. .S.T. Quek, Q. Wang, L. Zhang, K.K. Ang[23] studied on wavelet transforms in 

the one-dimensional case is very extensive and applicability of various wavelets in 

detection of cracks in beams.Koushik, and Samit Ray [24] studied the cantilever shear 

beam, discretized into a large number of elements. It is demonstrated that the change in 

the fundamental mode shape due to any damage is an excellent indicator of damage 

localization as it is found to be discontinuous at the location of damage. Further, the 

change in higher derivatives (i.e., slope and curvature) of the fundamental mode shape 

is shown to be sensitive enough in damage localization.Y.F.Xu , W.D.Zhu , J.Liu , 

Y.M.Shao[25] proposed two new non-model-based methods that use measured mode 

shapes to identify embedded horizontal cracks in beams.M. Rucka, K. 

Wilde[26]proposed a method for estimating the damage location in beam and plate 

structures a Plexiglas cantilever beam and a steel plate with four fixed boundary 

conditions are tested experimentally by using the one-dimensional continuous wavelet 

transform.Chih-Chieh Chang, Lien-Wen Chen[27] presents a technique for structure 

damage detection based on the spatially distributed signals without experimental 

data.W.L. Bayissa, N. Haritosa, S. Thelandersson[28] have done work that the 

wavelet analysis coefficients be employed in the space domain of the structure to detect 

and localize single as well as multiple  damage states and the damage identification 

results are compared with those obtained from existing and well-established 

methods.A.Bagheri, G.GhodratiAmiri, S. A. SeyedRazzaghi[29] has been employed 

discrete curvelet transform using unequally-spaced fast Fourier transforms to identify 

damage location in plate structures. In addition, the performance and sensitivity of the 

proposed method have been investigated using numerical and experimental data. 

 Mario AlgabaPedro Galvin [30] presents a new damage detection 

methodology for analyses the severity threshold of damage in beams by applying 

continuous wavelet analysis.F.Bakhtiari-Nejad[31]presentsanalytical estimation 

based on the Rayleigh's method to find out natural frequencies and mode shape for a 

beam having one or two cracks.In addition that investigates the upper limit of crack 

depth in which natural frequencies and mode shapes have error less than 5% and 7% 

respectively obtained by analytical estimation in compare to the exact solution.Khoa 

Viet Nguyen[32] has been investigated the influence of the coupling mechanism 
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between horizontal bending and vertical bending vibrations due to the crack on the 

mode shapes. Due to the coupling mechanism the mode shapes of a beam change from 

plane curves to space curves.F. Bakhtiari-Nejad[33] proposed a analytical estimation 

method to find the natural frequencies and mode shapes of the beam, to overcome 

weakness of solving eigenvalue problem to obtain exact natural frequencies and mode 

shapes.JeslinThalapil[34] examines the methods to detecting longitudinal cracks using 

changes in natural frequencies in the case of monolithic long and short beams.  

This work is provide Mode shape  and curvature method (MSCM) techniques 

and one Dimensional Continuous Wavelet Transform (1-D CWT) and discrete wavelet 

transform approaches are employed to identify the single and multiple surface open 

cracks in structural beam. Modulus of spatial wavelet transform to highlight the 

sensitivity for detection and quantification and localization of damage in a beam and 

plate-like structure, for that wavelet-based damage detection technique was 

investigated numerically on an example of the cantilever beam and plate with damage 

in the form of the notch of depth 30%,20%,and 10% of the beam height .The analysis 

was performed on the first eight mode shapes.   
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CHAPTER-3 

VIBRATION BASED DAMAGE DETECTION (VBDD) METHODS 

 

3.1. INTRODUCTION 

Vibration-based methods are classified as global damage detection methods 

which are able to identify and locate damage in large, complicated, and inaccessible 

structures. In general, different types of vibration-based methods can be categorised 

into methods which are based on modal parameters, mathematical or finite element 

models, signal processing, and pattern recognition techniques. Methods based on modal 

parameters use the dynamic characteristics of structures such as natural frequencies and 

mode shapes. These methods utilize difference of structural dynamic characteristics 

between intact and damaged structures in order to determine the location and severity 

of damage. Difference in the strain energy of intact and damaged structures is another 

parameter used for the purpose of damage detection. 

Some other vibration-based damage/fault detection methods benefit from using 

modern signal processing and pattern recognition techniques in order to analyze 

measured vibration responses of structures or machines. They are called modern type 

vibration-based methods or sometimes called intelligent damage diagnosis techniques 

By employing these modern methods, it is possible to get vibration responses at a few 

points on a structure or machine which may be sufficient for the purpose of damage or 

fault detection. Modern methods are less dependent on structural shape and are capable 

of identifying smaller defects compared to the modal-based ones. Wavelet analysis, 

neural networks, and genetic algorithms are the most popular advanced tools which are 

applied to vibration responses. The basic vibration based damage detection techniques 

are presented below. 

3.2. CHANGES IN NATURAL FREQUENCY 

One of the vibration-based damage detection techniques is based on the changes 

in natural frequencies of a structure. The presence of damage in a structure reduces its 

stiffness and consequently decreases the natural frequencies of the structure. Most of 

the time, it is very appealing to measure the natural frequencies of a structure because 

they can be obtained at one point of the structure and are independent of the point 
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selected Generally, the presence of damage can be concluded if the measured data of 

natural frequencies are different from those of the undamaged component. 

 Natural frequency-based method may be the easiest one of dynamics-based 

damage detection due to ease of measurement of the natural frequencies (only a single 

sensor and a single point of measurement are required in many applications). The 

foundation of this method is that damage produces a change (decrease in most of cases) 

in structural stiffness, which in turn, results in changes of natural frequencies compared 

to the healthy or intact structures. 

 

3.3. CURVATURE BASED DAMAGE DETECTION METHOD 

Localized changes in stiffness result in mode shape that has localized changes 

in slope; therefore, this feature will be studied as a possible parameter for crack 

detection purposes. For a beam in bending the curvature (k) can be approximated by 

the second derivative of the deflection. In addition, numerical mode shape data is 

discrete in space, thus the changes in slope at each point can be estimated using finite 

difference approximation. In this work, the central difference equation was used to 

approximation the second derivative of the displacement 

A long the x-direction at node i: 

𝐾 =
𝑥𝑖−1 − 2𝑥𝑖 + 𝑥𝑖+1

ℎ2
 

                                          H = 𝑙𝑒𝑛𝑔𝑡ℎ𝑜𝑓𝑡ℎ𝑒𝑏𝑒𝑎𝑚

𝑛𝑜.𝑜𝑓𝑛𝑜𝑑𝑒𝑠
 

The term h is the element. In this process meshing and node numbering is very 

important, Equation 1 require knowledge of the displacement at node i, node i-1 and 

node i+1 in order to evaluate the curvature at node i. Thus, the value of the curvature 

of the mode shape could be calculated starting from node 2 through node 400 in case 

of this beam. After obtaining the curvature mode shapes the absolute difference 

between the un-cracked and cracked state is determined to improve crack detection. 

3.4. CHANGES IN MODAL STRAIN ENERGY 

3.4.1. BEAM-LIKE STRUCTURES 
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The strain energy of a Bernoulli-Euler beam is given by [10], 

    𝑈 =  
1

2
∫ 𝐸𝐼 (

𝜕2𝑤

𝜕𝑥2
)

2

𝑑𝑥
𝑙

0
.   (1) 

where 'EI' is the flexural rigidity of the beam. For a particular mode shape, 𝜓𝑖(𝑥), the 

energy associated with that mode shape is: 

    𝑈𝑖 =  
1

2
∫ 𝐸𝐼 (

𝜕2𝜓𝑖

𝜕𝑥2 )
2

𝑙

0
𝑑𝑥 .    (2)

  

 

 

Fig.3.1. a Schematic illustrating of beam’s Nd sub-divisions 

If the beam is sub divided into Nddivisions as shown in figure, then the energy 

associated with each sub-region j due to the ith mode is given by 

   𝑈𝑖𝑗 =  
1

2
∫ (𝐸𝐼)𝑗

𝑎𝑗+1

𝑎𝑗
(

𝜕2𝜓𝑖

𝜕𝑥2 )
2

𝑑𝑥 . (3) 

The fractional energy is therefore 

𝐹𝑖𝑗  =  
𝑈𝑖𝑗

𝑈𝑖
and ∑ 𝐹𝑖𝑗

𝑁𝑑
𝑗=1 = 1 .   (4, 5)  

Similar quantities can be defined for a damaged structure and are given as: 

𝑈𝑖 =  
1

2
∫ 𝐸𝐼∗ (

𝜕2𝜓𝑖
∗

𝜕𝑥2 )
2

𝑙

0
𝑑𝑥, 𝑈𝑖𝑗

∗ =  
1

2
∫ (𝐸𝐼)𝑗

∗𝑎𝑗+1

𝑎𝑗
(

𝜕2𝜓𝑖
∗

𝜕𝑥2 )
2

𝑑𝑥 ,(6, 7) 

  𝐹𝑖𝑗
∗  =  

𝑈𝑖𝑗
∗

𝑈𝑖
∗ , ∑ 𝐹𝑖𝑗

𝑁𝑑
𝑗=1 = ∑ 𝐹𝑖𝑗

∗𝑁𝑑
𝑗=1 = 1,(8, 9) 

Where (  )* indicates a quantity calculated using the damaged mode shapes, 𝜓𝑖
∗. By 

choosing the sub-regions to be relatively small, the flexural rigidity for the jth sub-

region, EIjis roughly constant and 𝐹𝑖𝑗
∗  becomes 

𝐹𝑖𝑗
∗ =  (𝐸𝐼)𝑗

∗ ∫ (
𝜕2ψ𝑖

∗

𝜕𝑥2 )
2

𝑑𝑥
𝑎𝑘+1

𝑎𝑗
/𝑈𝑖

∗.                       (10) 

aj+1 aj 

Nd 

0 

j 1 2 
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If one assumes that the damage is primarily located at a single sub-region then the 

fractional energy will remain relatively constant in undamaged sub-regions and 𝐹𝑖𝑗
∗ =

𝐹𝑖𝑗. For a single damage location at sub-region j=k one finds 

(𝐸𝐼)𝑘 ∫ (
𝜕2ψ𝑖

𝜕𝑥2 )
2

𝑎𝑘+1

𝑎𝑘
𝑑𝑥/ 𝑈𝑖 = (𝐸𝐼)𝑘

∗ ∫ (
𝜕2ψ𝑖

∗

𝜕𝑥2 )
2

𝑑𝑥
𝑎𝑘+1

𝑎𝑘
/ 𝑈𝑖

∗ .(11) 

By assuming that EI is essentially constant over the length of the beam for both the 

undamaged and damaged modes, equation (11) can be rearranged to give an indication 

of the change in the flexural rigidity of the sub-region: 

(𝐸𝐼)𝑘

(𝐸𝐼)𝑘
∗

= {∫ (
𝜕2𝜓𝑖

∗

𝜕𝑥2
)

2

𝑑𝑥
𝑎𝑘+1

𝑎𝑘

∫ (
𝜕2𝜓𝑖

∗

𝜕𝑥2
)

2

𝑑𝑥
𝑙

0

⁄ } {∫ (
𝜕2𝜓𝑖

𝜕𝑥2
)

2

𝑑𝑥
𝑎𝑘+1

𝑎𝑘

∫ (
𝜕2𝜓𝑖

𝜕𝑥2
)

2

𝑑𝑥
𝑙

0

⁄ } ≡
𝑓𝑖𝑘

∗

𝑓𝑖𝑘
⁄  

          

 (12) 

In order to use all the measured modes, m, in the calculation, the damage index for sub-

region k is defined to be 

𝛽𝑘 = ∑ 𝑓𝑖𝑘
∗𝑚

𝑖=1 ∑ 𝑓𝑖𝑘
𝑚
𝑖=1⁄ (13) 

3.5. WAVELET TRANSFORM (WT) APPROACH 

In Structural Health Monitoring (SHM), there are a wide range of Vibration-based 

damage identification methods. But most of them require a base of vibration response 

data for an intact or undamaged structure just as modal frequencies, mode shapes, and 

modal damping values. Regrettably, only a small number of damage detection methods 

fulfill the needs of reliable, fast, cheap, and effective non-destructive damage 

identification of structural members, one of such method is Wavelet Transform (WT) 

approach. 

 A Wavelet is a mathematical function used to split a given function or 

continuous time-domain signal into discrete scale units. Generally one can fix a 

frequency range to respective scale components. Each scale component is separately 

studied with a tenacity matched to its scaled level. A Wavelet Transform is a description 
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of a continuous time-domain signal by wavelets. The wavelets are scaled (by a suitable 

scale factor) and transformed (in a given direction) facsimiles of a definable-length 

fluctuating waveform known as mother wavelet. Wavelet Transforms has a greater 

advantage in analyzing non-periodic, non-stationary random waves. 

The WTs are mainly classified into two groups, namely Continuous Wavelet 

Transforms (CWTs) and Discrete Wavelet Transform (DWTs). Both these transforms 

are continuous functions over time-domain. CWTs have the advantage to operate in 

every possible scale and transformation values whereas DWTs has to operate in specific 

vice-versa.  

 

The Wavelet Transformed is expressed as [12, 13] , 

(𝑤𝑓)(𝑎, 𝑏) =
1

√𝑎
∫ 𝑓(𝑡)

+∞

−∞

�̅� (
𝑡 − 𝑏

𝑎
) 𝑑𝑡 

where, 

ψ(t) = Mother wavelet function, 

f(t) = Analyzing signal, 

�̅� = Complex conjugate of ψ(t), and 

a, b = Dilation and Translation parameters respectively. 

 A wavelet family associated with the mother wavelet ψ(t) is generated by two 

operations: dilation and translation. The translation parameter, b, indicates the location 

of the moving wavelet window in the wavelet transform. The dilation parameter, a, 

indicates the width of the wavelet window. A smaller value of a implies a higher 

resolution filter, i.e., the signal is examined through a narrower wavelet window in a 

smaller scale. Different types of wavelets are shown in table 1. Wave info provides 

information on all wavelets within the Wavelettoolbox. Wave info ('wname') provides 

information on the wavelet family whose short name is specified by the string 'wname'. 

Available family short names are listed in the table below. 

Table.3.1. Different Wavelet Families 
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Wavelet Family Short Name Wavelet Family Name 

'haar' Haar wavelet. 

'db' Daubechies wavelets. 

'sym' Symlets. 

'coif' Coiflets. 

'bior' Biorthogonal wavelets. 

'rbio' Reverse biorthogonal wavelets. 

'meyr' Meyer wavelet. 

'dmey' 
Discrete approximation of Meyer 

wavelet. 

'gaus' Gaussian wavelets. 

'mexh' Mexican hat wavelet. 

'morl' Morlet wavelet. 

'cgau' Complex Gaussian wavelets. 

'shan' Shannon wavelets. 

'fbsp' Frequency B-Spline wavelets. 

'cmor' Complex Morlet wavelets. 

 

3.6. DISCRETE WAVELET TRANSFORMATION 

 

The Discrete Wavelet Transform (DWT) is used to analyze the spatial signals i.e. 

mode shapes and its derivatives. In the DWT case, filters of different cut-off frequencies 

are used to analyze the signal at different scales. The signal is passed through a series 

of high pass filters to analyze the high frequencies, and it is passed through a series of 

low pass filters to analyze the low frequencies.  The spatial signal may be decomposed 

into a tree structure with wavelet details and wavelet approximations at various levels 

as follows. 
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Fig.3.2. Tree structure of decomposed spatial signal 

 

Wavelet analysis starts by selecting mother wavelet function 𝜓(𝑡)in time and frequency 

domain. Wavelets are generated from mother wavelet   𝜓(𝑡) by translation and dilation 

asfollows: 

𝜓𝑎,𝑏(𝑡) =
1

√𝑎
𝜓 (

𝑡−𝑏

𝑎
)      

Where a and b are integer numbers which represent the dilation and translation 

parameters respectively. Sometimes, it is more efficient to employ discrete wavelets, as 

it is a low time-consuming the algorithm since a discrete wavelet transform (DWT) is 

not using a continuum of scale and translations. 
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CHAPTER-4 

FINITE ELEMENT MODAL ANALYSIS (FEMA) 

 

4.1. FEMA ON CANTILEVER BEAM 

This chapter presents the Finite Element (FE) modal analysis on structural beam 

for simulation of both intact and damaged conditions. Two cases of damaged beams are 

considered as shown in below schematic figure.  

Commercially available ANSYS 16.0 software is adopted to construct the cantilever 

beam model, and to perform modal analysis is described as follows: 

➢ Element Type: Solid-Brick 8 Node 185 (SOLID 185) 

➢ Mesh Plan: Hexagonal Mapped Mesh 

Hexagonal Mapped Mesh is used to mesh the stainless steel ss304 beam. There are 

no. of divisions along length and width of beam (along two equal dimensions) i.e., 

Hexagonal Mapped meshing of a solid model is shown in figure 4.1. 

 

Fig.4.1. Mapped Mesh 
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➢ Constraints: Cantilever (or) Clamped-Free constraints for beam 

The displacement constraints about three axes (X, Y, and Z - axes) are applied 

to structural beam model to get cantilever or fixed-free boundary conditions.

 There is no force applied for modal analysis (i.e., free vibration analysis 

is performed). 

➢ Crack Modelling: Surface open crack is modelled 

To stimulate the surface open crack type damage in structural beam, firstly, two 

volumes or solid parts are created in such a way that they coincide each other at 

the location   

Where the crack is modelled. Secondly, the nodal points or nodes (of two 

volumes) below the crack modelling zone are merged. Then the surface open 

crack is formed as there is unmerged nodes between modelled solid parts. The 

crack depth is 2.5mm.In single- crack case of structural beam, the crack is 

modelled at the following location: 

❖ 250 mm distant in positive X-axis direction from Fixed End surface of the beam. 

In multi-crack case of structural beam, the crack is modelled at the following 

location: 

Crack-I: 

❖ 125 mm (0.25L) distant in positive X-axis direction from Fixed End surface of 

the beam. 

Crack-II: 

❖ 375 mm (0.75L) distant in positive X-axis direction from the Fixed End surface 

of the beam. 

➢ Modal Analysis: Free Vibration Analysis 

The ten flexible modes are considered and input to the damage identification 

program in MATLAB R2016b.The figure 4.2 shows the Finite Element (FE) 

model of cantilever beam before and after meshing. 
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(a) (b) 

 

Fig.4.2. FE Model of Cantilever beam (a) Before & (b) After Meshing in ANSYS Software 

 The figures 4.3 shows the first ten mode shapes of intact cantilever beam in free 

vibration analysis using ANSYS 16.0. 

 The figures 4.4 shows the first ten mode shapes of damaged (single surface open 

crack) cantilever beam in free vibration analysis using ANSYS 16.0. 

 The figures 4.5 shows the first ten mode shapes of damaged (multiple surface 

open cracks) cantilever beam in free vibration analysis using ANSYS 16.0.   

  

(a) (b) 
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(c) (d) 

  

(e) (f) 

  

(g) (h) 
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(i) (j) 

 

Fig.4.3. Intact cantilever beam (a) First (b) Second (c) Third (d) Fourth (e) Fifth and (f) Sixth (g) 

Seventh (h) Eighth (i) Ninth (j) Tenth mode shapes.  

  

(a) (b) 

  

Damage Damage 

Damage Damage 
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 (c) (d) 

  

(e) (f) 

  

(g) (h) 

  

(i) (j) 

 

Damage 

Damage 

Damage Damage 

Damage Damage 
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Fig.4.4. Single crack cantilever beam (a) First (b) Second (c) Third (d) Fourth (e) Fifth and (f) Sixth (g) 

Seventh (h) Eighth (i) Ninth (j) Tenth mode shapes. 

  

 (a)  (b) 

  

 (c) (d) 

  

(e) (f) 

Damage- I 

Damage-II 

Damage- I 

Damage-II 

Damage- I 

Damage-II 

Damage- I 

Damage-II 

Damage- I 

Damage-II 

Damage- I 

Damage-II 
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(g) (h) 

  

(i) (j) 

 

Fig.4.5. multi crack cantilever beam (a) First (b) Second (c) Third (d) Fourth (e) Fifth and (f) Sixth (g) 

Seventh (h) Eighth (i) Ninth (j) Tenth mode shapes 

4.2. FEMA ON FIXED BEAM 

This presents the Finite Element (FE) modal analysis on structural fixed beam 

for simulation of both intact and damaged conditions. Two cases of damaged beams are 

considered as shown in below schematic figure.  

Commercially available ANSYS 16.0 software is adopted to construct the fixed beam 

model, and to perform modal analysis is described as follows: 

➢ Element Type: Solid-Brick 8 Node 185 (SOLID 185) 

➢ Mesh Plan: Hexagonal Mapped Mesh 

Damage- I 

Damage-II 

Damage- I 

Damage-II 

Damage- I 

Damage-II 

Damage- I 

Damage-II 
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Hexagonal Mapped Mesh is used to mesh the stainless steel ss304 beam. There are 

no. of divisions along length and width of beam (along two equal dimensions) i.e., 

Hexagonal Mapped meshing of a solid model is shown in figure 4.6. 

 

Fig.4.6. Mapped Mesh 

 

➢ Constraints: Fixed constraints for beam 

The displacement constraints about three axes (X, Y, and Z - axes) are applied 

to structural beam model to get fixed boundary conditions. There is no force 

applied for modal analysis (i.e., free vibration analysis is performed). 

➢ Crack Modelling: Surface open crack is modelled 

To stimulate the surface open crack type damage in structural beam, firstly, two 

volumes or solid parts are created in such a way that they coincide each other at 

the location   

Where the crack is modelled. Secondly, the nodal points or nodes (of two 

volumes) below the crack modelling zone are merged. Then the surface open 

crack is formed as there is unmerged nodes between modelled solid parts. The 

crack depth is 2.5mm.In single- crack case of structural beam, the crack is 

modelled at the following location: 
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❖ 250 mm distant in positive X-axis direction from Fixed End surface of the beam. 

In multi-crack case of structural beam, the crack is modelled at the following 

location: 

Crack-I: 

❖ 125 mm (0.25L) distant in positive X-axis direction from Fixed End surface of 

the beam. 

Crack-II: 

❖ 375 mm (0.75L) distant in positive X-axis direction from the Fixed End surface 

of the beam. 

➢ Modal Analysis: Free Vibration Analysis 

The ten flexible modes are considered and input to the damage identification 

program in MATLAB R2016b.The figure 4.7 shows the Finite Element (FE) 

model of cantilever beam before and after meshing. 

  

(a) (b) 

 

Fig.4.7. FE Model of fixed beam (a) Before &(b) After Meshing in ANSYS Software Seventh (h) Eight 

(i) Ninth (j) Tenth mode shapes. 

The figures 4.8 shows the first ten mode shapes of intact fixed beam in free 

vibration analysis using ANSYS 16.0. 
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 The figures 4.9 shows the first ten mode shapes of damaged (single surface open 

crack) fixed beam in free vibration analysis using ANSYS 16.0. 

 The figures 4.10 shows the first ten mode shapes of damaged (multiple surface 

open cracks) fixed beam in free vibration analysis using ANSYS 16.0. 

  

(a) (b) 

  

(c) (d) 
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(e) (f) 

  

(g) (h) 

  

(i) (j) 

 

Fig.4.8. Intact fixed beam (a) First (b) Second (c) Third (d) Fourth (e) Fifth and (f) Sixth (g) Seventh 

(h) Eighth (i) Ninth (j) Tenth mode shapes. 

  

Damage Damage 
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 (a) (b) 

  

(c) (d) 

  

(e) (f) 

  

(g) (h) 
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Damage 
Damage 

Damage 
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(i) (j) 

 

Fig.4.9. single crack fixed beam (a) First (b) Second (c) Third (d) Fourth (e) Fifth and (f) Sixth (g) 

Seventh (h) Eighth (i) Ninth (j) Tenth mode shapes. 

  

(a) (b) 

  

(c) (d) 

Damage- I 

Damage-II 

Damage- I 

Damage-II 

Damage- I 

Damage-II 

Damage- I 

Damage-II 

Damage Damage 



34 
 

  

(e) (f) 

  

(g) (h) 

  

(i) (j) 

 

Fig.4.10. multi crack fixed beam (a) First (b) Second (c) Third (d) Fourth (e) Fifth and (f) Sixth (g) 

Seventh (h) Eighth (i) Ninth (j) Tenth mode shapes.  
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CHAPTER-5 

RESULTS AND DISCUSSION 

5.1. STRUCTURAL CANTILEVER BEAM 

5.1.1. FREQUENCIES OF CANTILEVER BEAM AT DIFFERENT CONDITIONS 

 This chapter deals with the damage identification results obtained for different 

modes of structural beam to both single and multi-crack cases in FEMA. The natural 

frequencies obtained in the modal analysis of structural cantilever beam for intact and 

damaged conditions are presented. 

Table.5.1: Natural Frequencies of cantilever beam without crack, with single crack and multi crack in 

FEMA 

Mode number Without crack(Hz) With single 

crack(Hz) 

With multi 

crack(Hz) 

1. 32.798 32.765 32.67 

2. 97.753 97.74 97.706 

3. 205.18 204.27 204.84 

4. 573 573 568.73 

5. 602.75 602.43 602.61 

6. 898.37 897.68 897 

7. 1118.7 1113.9 1110.5 

8. 1646.5 1646.5 1645.1 

9. 1840.5 1840.5 1838.2 

10. 2526.6 2523.8 2521.3 

 

5.2. NUMERICAL ANALYSIS OF A CANTILEVER BEAM 

In this stainless steel ss304 cantilever beam with dimensions b = 0.03m, h = 

0.01m, L = 0.5m is considered as the testing model with Fixed-Free support conditions 

as shown in Fig.5.1. Material parameters are: the modulus of elasticity E = 200GPa and 

the mass density = 7850kg/m3 and Poisson ratio = 0.29 respectively. The element type 

selected for modeling beam is solid182, 4-node element having three degrees of 



37 
 

freedom at each node. The beam has introduced a rectangular notch at the distance dx

measured from the fixed end to the notch center. The beam was divided into 200 

elements of length 2.5mm and damage was modeled as an element with a reduced 

height. The displacement mode shapes of the beam were computed by the finite element 

method using the classical Euler-Bernoulli beam theory. 

In this study, modes shapes of the beam are investigated at depth of the 2.5mm. 

Numerical simulations were performed on the five mode shapes for un-damaged and 

damaged beam, five modes crack free beam present in Fig.5.1.Then, the wavelet 

analysis is observed when the damaged mode shapes and the curvatures are fed to the 

wavelet transformation. Mode shape and mode shape curvature for damaged modes are 

treated here as input signals for wavelet analysis (spatial domain).  

 

 

 

 

 

 

 

  

 

5.2.1. CURVATURE MODE SHAPE CALCULATIONS 

In order to calculate the curvature mode shapes the central difference 

approximation (CDA) is applied. In the results, displacement mode shape of beams is 

capture 

5.2.1.1 DAMAGE IDENTIFICATION CURVATURE MODE SHAPE PLOTS 

FOR SINGLE CRACK CANTILEVER BEAM 

 

 

Crack 

Fig.5.1. Geometry of the cracked cantilever beam 

b 
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(a) 

  

(b) (c) 

  

(d) (e) 

Fig.5.2. damage identification (a) first (b) second (c) third (d) forth (e) fifth plots for single crack 

cantilever beam. 
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5.2.1.2. DAMAGE IDENTIFICATION CURVATURE MODE SHAPE PLOTS 

FOR MULTI CRACK CANTILEVER BEAM 

 

(a) 

  

(b) (c) 

  

(d) (e) 

 

Fig.5.3. damage identification (a) first (b) second (c) third (d) forth (e) fifth plots for multi crack 

cantilever beam. 
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5.2.2. DAMAGE DETECTION PROCEDURE 

Localized changes in stiffness result in a mode shape that has a localized change 

in slope, therefore, this feature will be studied as a possible parameter for crack 

detection purposes. For a beam in bending the curvature (k) can be approximated by 

the second derivate of the deflection. In this work, first modal analysis is carried out 

and the model is solved for the five natural frequencies. The mass normalized mode 

shapes corresponding to the five natural frequencies are obtained for different damaged 

conditions. Central difference approximation is used to estimate mode shape curvatures 

from the mass normalized mode shapes obtained from the finite element analysis. After 

obtaining the curvature mode shapes the absolute difference between the undamaged 

and damaged state is determined to improve crack detection.  As a result of this analysis, 

a set of curvature vectors for different crack localizations are obtained. 

The sketch presented in illustrates the scheme of operation of the wavelet-based damage 

detection technique. 

  

(a) (b) 

 

Fig: 5.4 (a) Geometry of the analyzed cantilever beam; (b) sketch showing the wavelet-based damage 

detection technique 

Then, the wavelet analysis is conducted on beam fundamental mode shapes assumed as 

a spatially distributed signal by the Gaussian wavelet family. To detect the damage 

position, the mode shape is wavelet transformed using Gaussian with four vanishing 

moments. However, selection of an appropriate type of the wavelet function and the 

choice of the number of its vanishing moments is crucial for the effective use of the 

wavelet analysis in damage detection. The applications of wavelets which create the 

Mode Shape

Wavelet function 

Defec

t 

L 

𝑓(𝑥) 
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maximum number of wavelet coefficients that are close to zero facilitate damage 

identification. In this case, the wavelet transform modulus computed from the five 

numerical mode shapes are shown in Fig.5.5 The two-dimensional CWT of numerical 

mode shapes is performed using gause having four vanishing moments, because the 

first beam mode shape is similar to polynomial of fourth order for scales s = 1–

15respectively, it have been observed that the best candidates to damage detection with 

the two-dimensional continuous wavelet transform. Strong non-zero values are 

observed only in places where damage occurs due to distinct changes in the slope 

compared to un damaged region.The reason is that there is the geometric discontinuity 

at that position so the changes of deflection are larger at that region and local 

perturbations can also be detected by wavelet analysis as shown in Figures. 

 

(a) 

  

(b) (c) 

  

(d) (e) 

 



42 
 

Fig.5.5.Wavelet transform modulus of the five numerically mode shapes for damage at the distance 

0.25 m from fixed end in cantilever beam. 

 

(a) 

  

(b) (c) 

  

(d) (e) 

 

Fig.5.6.Wavelet transform modulus of the five numerically mode shapes for damage at the distance 

0.125m and 0.375m from fixed end in cantilever beam. 

5.2.3. DAMAGE IDENTIFICATION IN BEAM-LIKE STRUCTURES 

This section presents the basic characteristics of 1-Discrete Wavelet transform to 

be investigated using mode profiles generated from simulated cracked beams 

introduced in section 5. Wavelet tool available in MATLAB R2016a is used to evaluate 

the effectiveness of the proposed approach. Different types of wavelets are studied with 

each operational deflection shape to identify their efficiency in finding the singularities 

in the spatial signal. It is observed that symlet family is a potential damage indicator, in 
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the wavelet family available in MATLAB wavelet toolbox. Thus, symlet is used to 

compute the different levels of decomposition of the spatial signals. A sudden change 

or peaks in analyzed wavelet decomposition may indicate the location of the damage 

or sudden change in the spatial signal. Hence, the mode profile of damage or un-damage 

and even profile difference between undamaged and damage structures may not 

indicate a significant difference. In this regard, different mode profiles in terms of 

various damage cases are analyzed by the wavelet tool, which is the more powerful in 

identifying damage. 

5.2.3.1. STUDY 1: IDENTIFICATION OF DAMAGE LOCATION IN SINGLE 

CRACKED BEAM 

In this case, 1-Discrete Wavelet transform is employed to identify location of 
the crack in single cracked cantilever beam structure. The geometrical dimensions and 
material properties are selected same as in case of previous section 5. First, mode 
profiles corresponding to single cracked beam are treated as spatial signal for wavelet 
transform, which feed to 1DWT to ascertaining the location and quantification of a 
single damage in beam structure. Resulting wavelet coefficients are obtained from first 
five mode profiles are distributed along the length of the beam, which can be seen in 
plots in the Fig.5.7.  From the plots, it is clear that proposed wavelet is an efficient and 
effective potential damage indicator to locate the damages clearly by showing highest 
Wavelet transform Modulus at location of the crack. Potential advantage of DWT is 
having capability to identify the location of the damage with displacement mode shapes 
and even breathing cracks in the structural beams. It may not happen or even practically 
impossible with other traditional methods.  It can be observed from the Fig.5.7(c),(e), 
the modulus values of higher modes very high compared to lower modes it is clear that 
higher modes are more sensitive to the damage it can be seen from values of WT 
Modulus of mode1, mode 2 and 3. 
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(a) (b) 

  

(c) (d) 

  

(e)  

 

Fig.5.7:DWT for five displacement mode shapes of single cracked cantilever beam 

5.2.3.2. CASE STUDY 2: IDENTIFICATION OF DOUBLE CRACK FORM 

DISPLACEMENT MODE SHAPE 

 In this section, the stainless steel cantilever beam and fixed beam with multiple 

crack locations is studied using DWT. For illustration the proposed method in locating 

the location a double cracked in beam, mode profiles are extracted from the numerical 

analysis carried out on a double cracked cantilever beam. Again, first, five mode 

profiles from the double cracked beam structure are transformed to the same wavelet 

family i.e. symlet, which is used in single cracked mode profile transformation, to 

ascertaining the location and quantification of multi-cracks in the double cracked beam. 



45 
 

Resulting wavelet coefficients are obtained from the first five mode profiles are 

distributed along the length of the beam. The distribution of the wavelet coefficient of 

mode1, mode2, mode3, mode4, and mode5 along the length of the beam can be seen in 

plots in Fig.5.8. It clearly indicates the location of both cracks by displaying the highest 

modulus values in the damaged region compared to the un-located damage region. 

Again, this happens due to the change in curvature of mode shape at the location of 

damage. However, some of non-zero WT modulus values are observed at the un-

damaged locations such as at fixed boundary  this may be happened due to boundary 

conditions used in simulation analysis. This could be eliminated by using Free- Free 

boundary conditions and by expanding each mode outside the actual length of the beam 

using cubic spline interpolation. DWT is able to detect the exact location of damage 

using even first and second mode, meticulously. 

  

(a) (b) 

  

(c) (d) 
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(e)  

 

Fig.5.8: DWT for five displacement mode shapes of double cracked cantilever beam 

5.3. STRUCTURAL FIXED BEAM 

5.3.1. FREQUENCIES OF FIXED BEAM AT DIFFERENT CONDITIONS 

 This chapter deals with the damage identification results obtained for different 

modes of structural beam to both single and multi-crack cases in FEMA. The natural 

frequencies obtained in the modal analysis of structural beam for intact and damaged 

conditions are presented. 

Table.5.2: Natural Frequencies of fixed beam without crack, with single crack and multi crack in FEMA 

Mode number Without crack(Hz) With single 
crack(Hz) 

With multi 
crack(Hz) 

1. 208.71 208.04 208.68 
2. 573.46 573.46 570.09 
3. 610.11 609.88 610.07 
4. 1119.5 1114.6 1112.1 
5. 1633.6 1633.5 1632.5 
6. 1816 1816 1813.1 
7. 1840.9 1840.9 1838.9 
8. 2733 2721.6 2729.4 
9. 3089.1 3087.7 3087 
10. 3638.2 3632.7 3638.1 

 

5.4. NUMERICAL ANALYSIS OF A FIXED BEAM 
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In this stainless steel ss304 fixed beam with dimensions b = 0.03m, h = 0.01m, 

L = 0.5m is considered as the testing model with Fixed support conditions as shown in 

Fig.5.9. Material parameters are: the modulus of elasticity E = 200GPa and the mass 

density = 7850kg/m3 and Poisson ratio = 0.29 respectively. The element type selected 

for modeling beam is solid182, 4-node element having three degrees of freedom at each 

node. The beam has introduced a rectangular notch at the distance dx measured from 

the fixed end to the notch center.. The beam was divided into 200 elements of length 

2.5mm and damage was modeled as an element with a reduced height. The 

displacement mode shapes of the beam were computed by the finite element method 

using the classical Euler-Bernoulli beam theory. 

In this study, modes shapes of the beam are investigated at depth of the 2.5mm. 

Numerical simulations were performed on the five mode shapes for un-damaged and 

damaged beam, five modes crack free beam present in Fig.5.9.Then, the wavelet 

analysis is observed when the damaged mode shapes and the curvatures are fed to the 

wavelet transformation. Mode shape and mode shape curvature for damaged modes are 

treated here as input signals for wavelet analysis (spatial domain).  

 

 

 

 

 

  

 

 

5.4.1. CURVATURE MODE SHAPE CALCULATIONS 

In order to calculate the curvature mode shapes the central difference 

approximation (CDA) is applied. In the results, displacement mode shape of beams is 

captured 

 

 

Crack 

Fig.5.9. Geometry of the cracked fixed beam 

b 
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5.4.1.1 DAMAGE IDENTIFICATION CURVATURE MODE SHAPE PLOTS 

FOR SINGLE CRACK FIXED BEAM 

 

(a) 

  

(b) (c) 

  

(d) (e) 

 

Fig.5.10. damage identification (a) first (b) second (c) third (d) forth (e) fifth plots for single crack 

fixed beam. 
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5.4.1.2 DAMAGE IDENTIFICATION CURVATURE MODE SHAPE PLOTS 

FOR MULTI CRACK FIXED BEAM 

 

 

(a) 

  

(b) (c) 

  

(d) (e) 

 

Fig.5.11. damage identification (a) first (b) second (c) third (d) forth (e) fifth plots for multi crack fixed 

beam. 
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5.4.2. DAMAGE DETECTION PROCEDURE 

Localized changes in stiffness result in a mode shape that has a localized change 

in slope, therefore, this feature will be studied as a possible parameter for crack 

detection purposes. For a beam in bending the curvature (k) can be approximated by 

the second derivate of the deflection. In this work, first modal analysis is carried out 

and the model is solved for the five natural frequencies. The mass normalized mode 

shapes corresponding to the five natural frequencies are obtained for different damaged 

conditions. Central difference approximation is used to estimate mode shape curvatures 

from the mass normalized mode shapes obtained from the finite element analysis. After 

obtaining the curvature mode shapes the absolute difference between the undamaged 

and damaged state is determined to improve crack detection.  As a result of this analysis, 

a set of curvature vectors for different crack localizations are obtained. 

The sketch presented in illustrates the scheme of operation of the wavelet-based damage 

detection technique. 

  

(a) (b) 

 

Fig: 5.12 (a) Geometry of the analyzed fixed beam; (b) sketch showing the wavelet-based damage 

detection technique 

Then, the wavelet analysis is conducted on beam fundamental mode shapes assumed as 

a spatially distributed signal by the Gaussian wavelet family. To detect the damage 

position, the mode shape is wavelet transformed using Gaussian with four vanishing 

moments. However, selection of an appropriate type of the wavelet function and the 

choice of the number of its vanishing moments is crucial for the effective use of the 

wavelet analysis in damage detection. The applications of wavelets which create the 

𝑓(𝑥) 
Mode shape 

 

Defect 

L 

Wavelet function 
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maximum number of wavelet coefficients that are close to zero facilitate damage 

identification. In this case, the wavelet transform modulus computed from the five 

numerical mode shapes are shown in Fig.5.13 The two-dimensional CWT of numerical 

mode shapes is performed using gause having four vanishing moments, because the 

first beam mode shape is similar to polynomial of fourth order for scales s = 1–15 

respectively, it have been observed that the best candidates to damage detection with 

the two-dimensional continuous wavelet transform. Strong non-zero values are 

observed only in places where damage occurs due to distinct changes in the slope 

compared to un damaged region.The reason is that there is the geometric discontinuity 

at that position so the changes of deflection are larger at that region and local 

perturbations can also be detected by wavelet analysis as shown in Figures. 

 

 

(a) 

  

(b) (c) 
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(d) (e) 

 

Fig.5.13.Wavelet transform modulus of the five numerically mode shapes for damage at the distance 

0.25 m from one end in fixed beam. 

 

(a) 

  

(b) (c) 

  

(d) (e) 

 

Fig.5.14.Wavelet transform modulus of the five numerically mode shapes for damage at the distance 

0.125 m and 0.375 from one end in fixed beam 

5.4.3. DAMAGE IDENTIFICATION IN BEAM-LIKE STRUCTURES 

This section presents the basic characteristics of 1-Discrete Wavelet transform to 

be investigated using mode profiles generated from simulated cracked beams 

introduced in section 5. Wavelet tool available in MATLAB R2016a is used to evaluate 

the effectiveness of the proposed approach. Different types of wavelets are studied with 

each operational deflection shape to identify their efficiency in finding the singularities 
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in the spatial signal. It is observed that symlet family is a potential damage indicator, in 

the wavelet family available in MATLAB wavelet toolbox. Thus, symlet is used to 

compute the different levels of decomposition of the spatial signals. A sudden change 

or peaks in analyzed wavelet decomposition may indicate the location of the damage 

or sudden change in the spatial signal. Hence, the mode profile of damage or un-damage 

and even profile difference between undamaged and damage structures may not 

indicate a significant difference. In this regard, different mode profiles in terms of 

various damage cases are analyzed by the wavelet tool, which is the more powerful in 

identifying damage. 

5.4.3.1. STUDY 1: IDENTIFICATION OF DAMAGE LOCATION IN SINGLE 

CRACKED FIXED BEAM 

In this case, 1-Discrete Wavelet transform is employed to identify location of 

the crack in single cracked fixed beam structure. The geometrical dimensions and 

material properties are selected same as in case of previous section 5. First, mode 

profiles corresponding to single cracked beam are treated as spatial signal for wavelet 

transform, which feed to 1DWT to ascertaining the location and quantification of a 

single damage in beam structure. Resulting wavelet coefficients are obtained from first 

five mode profiles are distributed along the length of the beam, which can be seen in 

plots in the Fig.5.15.  From the plots, it is clear that proposed wavelet is an efficient and 

effective potential damage indicator to locate the damages clearly by showing highest 

Wavelet transform Modulus at location of the crack. Potential advantage of DWT is 

having capability to identify the location of the damage with displacement mode shapes 

and even breathing cracks in the structural beams. It may not happen or even practically 

impossible with other traditional methods.  It can be observed from the Fig.5.15(c),(e), 

the modulus values of higher modes very high compared to lower modes it is clear that 

higher modes are more sensitive to the damage it can be seen from values of WT 

Modulus of mode1, mode 2 and 3. 
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(a) (b) 

  

(c) (d) 

  

(e)  

 

Fig.5.15 DWT for five displacement mode shapes of single cracked fixed beam 
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5.4.3.2. CASE STUDY 2: IDENTIFICATION OF DOUBLE CRACK FORM 

DISPLACEMENT MODE SHAPE 

 In this section, the stainless steel cantilever beam and fixed beam with multiple 

crack locations is studied using DWT. For illustration the proposed method in locating 

the location a double cracked in beam, mode profiles are extracted from the numerical 

analysis carried out on a double cracked cantilever beam. Again, first, five mode 

profiles from the double cracked beam structure are transformed to the same wavelet 

family i.e. symlet, which is used in single cracked mode profile transformation, to 

ascertaining the location and quantification of multi-cracks in the double cracked beam. 

Resulting wavelet coefficients are obtained from the first five mode profiles are 

distributed along the length of the beam. The distribution of the wavelet coefficient of 

mode1, mode2, mode3, mode4, and mode5 along the length of the beam can be seen in 

plots in Fig.5.16. It clearly indicates the location of both cracks by displaying the 

highest modulus values in the damaged region compared to the un-located damage 

region. Again, this happens due to the change in curvature of mode shape at the location 

of damage. However, some of non-zero WT modulus values are observed at the un-

damaged locations such as at fixed boundary  this may be happened due to boundary 

conditions used in simulation analysis. This could be eliminated by using Free- Free 

boundary conditions and by expanding each mode outside the actual length of the beam 

using cubic spline interpolation. DWT is able to detect the exact location of damage 

using even first and second mode, meticulously. 

  

(a) (b) 
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(c) (d) 

  

(e)  

 

Fig.5.16: DWT for five displacement mode shapes of double cracked fixed beam 

.  
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CHAPTER-6 

CONCLUSION 

In this project Mode shape curvature method (MSCM) based damage identification 

algorithm and One Dimensional Continuous Wavelet Transform (1-D CWT) and 

discrete wavelet transform Approaches were investigated by numerically on a stainless 

steel Structural Beam as a case study. For simplicity of the analysis Cantilever and fixed 

boundary condition were selected. The FEMA was performed on both intact and 

damaged (both single and multi-crack conditions) beams and obtained first ten mode 

shapes. Grid analysis (15×15 mesh) is performed to increase the resolution of damage 

identification in FEMA of cantilever beam and fixed beam.  

 In this research, the mode shape curvature was computed from modal 

displacement values of structural beams. The mode shape curvature method was used 

as a damage indicator in structural beams. The damage (s) was (were) successfully 

identified in this method are presented. 1-D CWT is performed on modal data of 

damaged (both single and multi-crack) beams using as a wavelet. In this method also 

the damage location(s) are identified by using wavelet coefficient  
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CHAPTER-I 

      INTRODUCTION 

     1.1 MATERIALS 

1.1.1 MATERIAL HISTORY 

Material science has shaped the development of civilizations since the dawn of mankind. Better 

materials for tools and weapons has allowed mankind to spread and conquer, and advancements 

in material processing like steel and aluminum production continue to impact society today. 

The history of materials science is the study of how different materials were used and 

developed through the history of Earth and how those materials affected the culture of the 

peoples of the Earth. 

1.1.2 CLASSIFICATION OF MATERIALS 

 There are thousands of materials available for use in engineering applications. Most materials 

fall into one of three classes that are based on the atomic bonding forces of a particular material. 

These three classifications are metallic, ceramic and polymeric. Additionally, different 

materials can be combined to create a composite material. Composite materials are often 

grouped by the types of materials combined or the way the materials are arranged together. 

Solid materials have been conveniently grouped into three basic classifications: metals, 

ceramics, and polymers. In addition, there are the composites, combinations of two or more of 

the above three basic material classes.  

 

Fig :1.1 Classification of materials 



2 
 

1.1.3 TYPES OF  ALLOYS 

There are two types of alloys casted alloy and wrought alloy. 

Casted  alloy 

Casting is a manufacturing process in which a liquid material is usually poured into a mould, 

which contains a hollow cavity of the desired shape, and then allowed to solidify. The solidified 

part is also known as a casting, which is ejected or broken out of the mould to complete the 

process. Casting materials are usually metals or various cold setting materials that cure after 

mixing two or more components together, examples are epoxy, plaster and clay. Casting is 

most often used for making complex shapes that would be otherwise difficult or uneconomical 

to make by other methods. 

Wrought  alloy 

Wrought alloys contain low percentages of elements; that is, alloying elements total is less than 

about 4 percent. Casting alloys contain the same elements as wrought, but in greater amounts; 

for example, the silicon content in cast alloys can range up to 22 percent. 

1.1.4 ALUMINIUM ALLOYS 

Aluminium alloys are alloys in which aluminium (Al) is the predominant metal. The typical 

alloying elements are copper, magnesium, manganese, silicon, tin and zinc. There are two 

principal classifications, namely casting alloys and wrought alloys, both of which are further 

subdivided into the categories heat-treatable and non-heat-treatable. About 85% of aluminium 

is used for wrought products, for example rolled plate, foils and extrusions. Cast aluminium 

alloys yield cost-effective products due to the low melting point, although they generally have 

lower tensile strengths than wrought alloys. The most important cast aluminium alloy system 

is Al–Si, where the high levels of silicon (4.0–13%) contribute to give good casting 

characteristics. Aluminium alloys are widely used in engineering structures and components 

where light weight or corrosion resistance is required.  

Alloys composed mostly of aluminium have been very important in aerospace 

manufacturing since the introduction of metal-skinned aircraft.  

Aluminium-magnesium alloys are both lighter than other aluminium alloys and much less 

flammable than alloys that contain a very high percentage of magnesium. Aluminium alloy 

https://en.wikipedia.org/wiki/Manufacturing
https://en.wikipedia.org/wiki/Mold_(manufacturing)
https://en.wikipedia.org/wiki/Alloy
https://en.wikipedia.org/wiki/Aluminium
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Tin
https://en.wikipedia.org/wiki/Zinc
https://en.wikipedia.org/wiki/Casting
https://en.wikipedia.org/wiki/Heat_treatment
https://en.wikipedia.org/wiki/Extrusion
https://en.wikipedia.org/wiki/Tensile_strength
https://en.wikipedia.org/wiki/Silumin
https://en.wikipedia.org/wiki/Aerospace_manufacturing
https://en.wikipedia.org/wiki/Aerospace_manufacturing
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surfaces will develop a white, protective layer of aluminium oxide if left unprotected 

by anodizing and/or correct painting procedures. In a wet environment, galvanic corrosion can 

occur when an aluminium alloy is placed in electrical contact with other metals with more 

positive corrosion potentials than aluminium, and an electrolyte is present that allows ion 

exchange. Referred to as dissimilar-metal corrosion, this process can occur as exfoliation or as 

intergranular corrosion. Aluminium alloys can be improperly heat treated. This causes internal 

element separation, and the metal then corrodes from the inside out.  

Aluminium alloy compositions are registered with The Aluminum Association. Many 

organizations publish more specific standards for the manufacture of aluminium alloy, 

including the Automotive Engineering standards organization, specifically its aerospace 

standards subgroups, and ASTM International. 

(i)  PROPERTIES OF ALUMINIUM 

• It has low density of approximately 2.7 g/cc.  

• High mechanical strength achieved by suitable alloying and heat treatments and it has 

high ductility and resultant low working cost. 

• High corrosion resistance of the pure metal, high thermal and electrical conductance.  

• It is relatively soft metal with  yield strength of only 34.5 N/rrnn2 (5,000 lb/in2). 

• Tensile strength of 90 N/mm2 (13,000 lb/in2).  

• Highly conductive alloys for electrical purposes, to relatively low-strength alloys for 

the building industry. 

• The metal in its pure state has a relatively high corrosion resistance and needs less 

protection than most metals. 

 

 

 

 

 

https://en.wikipedia.org/wiki/Aluminium_oxide
https://en.wikipedia.org/wiki/Anodizing
https://en.wikipedia.org/wiki/Galvanic_corrosion
https://en.wikipedia.org/wiki/The_Aluminum_Association
https://en.wikipedia.org/wiki/ASTM_International
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(ii) APPLICATIONS  

Aerospace alloys 

This has two beneficial effects the precipitated Al3Sc forms smaller crystals than are formed in 

other aluminium alloys and the width of precipitate-free zones that normally exist at the grain 

boundaries of age-hardenable aluminium alloys is reduced. Scandium is also a potent grain 

refiner in cast aluminium alloys, and atom for atom, the most potent strengthener in aluminium, 

both as a result of grain refinement and precipitation strengthening. This is in contrast to typical 

commercial 2xxx and 6xxx alloys, which quickly lose their strength at temperatures above 

250 °C due to rapid coarsening of their strengthening precipitates.  The effect of Al3Sc 

precipitates also increase the alloy yield strength by 50–70 MPa (7.3–10.2 ksi). 

Automotive alloys 

6111 aluminium and 2008 aluminium alloy are extensively used for external automotive body 

panels, with 5083 and 5754 used for inner body panels. Bonnets have been manufactured 

from 2036, 6016, and 6111 alloys. Truck and trailer body panels have used 5456 aluminium. 

Automobile frames often use 5182 aluminium or 5754 aluminium formed sheets,   

6061 or 6063 extrusions. Wheels have been cast from A356.0 aluminium or formed 5xxx 

sheet.  Cylinder blocks and crankcases are often cast made of aluminium alloys. The most 

popular aluminium alloys used for cylinder blocks are A356, 319 and to a minor extend 242. 

 

Marine alloys 

These alloys are used for boat building and shipbuilding, and other marine and salt-water 

sensitive shore applications. 5052 aluminium alloy,5059 aluminium alloy,5083 aluminium 

alloy,5086 aluminium alloy,6061 aluminium alloy,6063 aluminium alloy. 4043, 5183, 6005A, 

6082 also used in marine constructions and off shore applications. 

Cycling alloys 

These alloys are used for cycling frames and components 2014 aluminium,6061 

aluminium,6063 aluminium,7005 aluminium,7075 aluminium, Scandium aluminium. 

 

https://en.wikipedia.org/wiki/6111_aluminium_alloy
https://en.wikipedia.org/w/index.php?title=2008_aluminium_alloy&action=edit&redlink=1
https://en.wikipedia.org/wiki/Body_panel
https://en.wikipedia.org/wiki/Body_panel
https://en.wikipedia.org/wiki/5083_aluminium_alloy
https://en.wikipedia.org/wiki/5754_aluminium_alloy
https://en.wikipedia.org/w/index.php?title=2036_aluminum_alloy&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=6016_aluminum_alloy&action=edit&redlink=1
https://en.wikipedia.org/wiki/5456_aluminium_alloy
https://en.wikipedia.org/wiki/6061_aluminium_alloy
https://en.wikipedia.org/wiki/6063_aluminium_alloy
https://en.wikipedia.org/w/index.php?title=A356_aluminium_alloy&action=edit&redlink=1
https://en.wikipedia.org/wiki/Cylinder_block
https://en.wikipedia.org/wiki/Crankcase
https://en.wikipedia.org/wiki/5052_aluminium_alloy
https://en.wikipedia.org/wiki/5059_aluminium_alloy
https://en.wikipedia.org/wiki/5083_aluminium_alloy
https://en.wikipedia.org/wiki/5083_aluminium_alloy
https://en.wikipedia.org/wiki/5086_aluminium_alloy
https://en.wikipedia.org/wiki/6061_aluminium_alloy
https://en.wikipedia.org/wiki/6063_aluminium_alloy
https://en.wikipedia.org/wiki/2014_aluminium_alloy
https://en.wikipedia.org/wiki/6061_aluminium_alloy
https://en.wikipedia.org/wiki/6061_aluminium_alloy
https://en.wikipedia.org/wiki/6063_aluminium_alloy
https://en.wikipedia.org/wiki/7005_aluminium_alloy
https://en.wikipedia.org/wiki/7075_aluminium_alloy
https://en.wikipedia.org/wiki/Aluminium-scandium_alloy
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1.1.5  NEED OF COMPOSITES 

The need for composite materials has become a necessity for modern technology, due to the 

improved physical and mechanical properties. They posses: 

• Superior weight- specific strength and stiffness. 

• Broad flexibility in strength and stiffness tailoring. 

• High resistance to fatigue damage. 

• Chemical and corrosion resistance. 

• Very low thermal expansion. 

• Very high directional thermal conductivity. 

• Easy to make very complex geometries. 

1.1.6 COMPOSITES 

Composite is a system of materials, composing two or more materials mixed and bonded on a 

macroscopic scale. In general composite material consists of a reinforcement (fibers, particles, 

flakes, and/or fillers) embedded in a matrix (polymers, metals, or ceramics). The matrix holds 

a the reinforcement to form the desired shape and, transfers the load to the reinforcement, while 

the reinforcement improves the overall mechanical properties of the matrix. The composite 

exhibits better properties than each constituent individual and Properties of composites are 

strongly dependent on the properties of their constituent materials, their distribution and 

interaction among them. 

1. CLASSIFICATION OF COMPOSITES 

 In general, composites are classified according to the type of matrix material and the nature of 

reinforcement at two distinct levels. The first classification includes organic-matrix composites 

(OMCs), metal matrix composites (MMCs) and ceramic-matrix composites (CMCs). The term 

“organic-matrix composite” is generally assumed to include two classes of composites: 

polymer matrix composites (PMCs) and carbon-matrix composites. The second classification 

refers to the reinforcement form particulate reinforcements, whiskers, continuous fibers, 

laminated composites, and woven composites. In order to provide a useful increase in 

properties, there must be a substantial volume fraction (10% or more) of the reinforcement. 

Reinforcement is considered to be a “particle” if all of its dimensions are roughly equal. Thus, 
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particulate reinforced composites include those reinforced by spheres, rods, flakes, and many 

other shapes of roughly equal axes. COMPOSITES can be classified into: 

A. Polymer Matrix Composites (PMCs) 

B. Ceramic Matrix Composites (CMCs) 

            C. Metal Matrix Composites (MMCs) 

A. Polymer Matrix Composites (PMCs) 

 In the simplest case, appropriately adding particulates to a polymer matrix can enhance its 

performance, often in very dramatic degree, by simply capitalizing on the nature and properties 

of the scale filler.  

This strategy is particularly effective in yielding high performance composites, when good 

dispersion of the filler is achieved and the properties of the scale filler are substantially different 

or better than those of the matrix, for example, reinforcing a polymer matrix by much stiffer 

particles of ceramics, clays, or carbon tubes. Polymer Matrix-composites include 

thermoplastic/thermoset polymer/layered silicates, polyester/TiO2, polymer/CNT, 

polymer/layered double hydroxides.  

B. Ceramic Matrix Composites (CMCs) 

In this group of composites the main part of the volume is occupied by a ceramic, i.e. a chemical 

compound from the group of oxides, nitrides, borides, silicates etc. In most cases, ceramic-

matrix composites encompass a metal as the second component. Ideally both components, the 

metallic one and the ceramic one, are finely dispersed in each other in order to elicit the 

particular microscopic properties.  

Composites from these combinations were demonstrated in improving their optical, electrical 

and magnetic properties as well as tribological, corrosion-resistance and other protective 

properties. Ceramic Matrix composites include Al2O3/SiO2, SiO2/Ni, Al2O3/TiO2, Al2O3/SiC, 

Al2O3/CNT etc. 
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C. Metal Matrix Composites (MMCs) 

Metal matrix composites (MMC) refer to materials consisting of a ductile metal or alloy matrix 

in which some sized reinforcement material is implanted. These materials combine metal and 

ceramic features, i.e., ductility and toughness with high strength and modulus. Thus, metal 

matrix composites are suitable for production of materials with high strength in 

shear/compression processes and high service temperature capabilities. They show an 

extraordinary potential for application in many areas, such as aerospace, automotive industries 

and other Metal Matrix composites include Al/ Al2O3, Al/SiC, Fe-Cr/ Al2O3, Ni/ Al2O3, Co/Cr, 

Fe/MgO, Al/CNT, Mg/CNT etc. 

2. PROPERTIES OF  COMPOSITES 

Particles and flakes usually enhance properties less effectively than chopped fibers. Continuous 

fibers are the most effective, although the properties vary with direction and are the strongest 

in the longitudinal direction of the fiber -To reduce directionality, woven mats and different 

plies are used A strong bond between the matrix and reinforcement phases. Properties are 

determined by three factors. The materials used as component phases in the composite. The 

geometric shapes of the constituents and resulting structure of the composite system. The 

manner in which the phases interact with one another. 

3. APPLICATIONS OF COMPOSITES MATERIALS 

Composites are one of the most widely used materials because of their adaptability to different 

situations and the relative ease of combination with other materials to serve specific purposes 

and exhibit desirable properties. In surface transportation, reinforced plastics are the kind of 

composites used because of their huge size. 

Application of Composites in Aircraft Industry 

 The use of fiber reinforced composites has become increasingly attractive alternative to the 

conventional metals for many aircraft components mainly due to their increased strength, 

durability, corrosion resistance, resistance to fatigue and damage tolerance characteristics.  

General Aviation Applications: Composite materials are being used for different helicopter 

components as well. Use of advanced composites in helicopter application started way back in 

1959 with the development of Optimum Pitch Blade for the XCH-47 twin rotor helicopter of 

Vertol Aircraft Corporation. 
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1.1.7  NEED OF METAL MATRIX COMPOSITES 

The need for Metal matrix composite (MMC) materials has become a necessity for modern 

technology, due to the improved physical and mechanical properties.  

They have been developed in recent years. Metal Matrix Composites have emerged as a class 

of material capable of advanced structural, aerospace, automotive, electronic, thermal 

management and wear applications. A composite material is a material consisting of two or 

more physically and or chemically distinct phases. The composite generally has superior 

characteristics than those of each of the individual components. Usually, the reinforcing 

component is distributed in the continuous or matrix component. When the matrix is a metal, 

the composite is termed a metal-matrix composite (MMC). 

1.1.8  METAL MATRIX COMPOSITES   

 Metal matrix composites have been able to full fill all the desired conceptions of the 

component designers in order to cater the specific demands of different engineering 

applications . In metal matrix composites, the hard reinforcements are infused into the soft 

metal matrix to achieve a combination of enhanced physical, mechanical and electrical 

properties. For development of metal matrix composites, various metals used are titanium, 

magnesium, copper, nickel and aluminium. But the most widely used base metal is aluminium 

due to its light weight, strength, excellent thermal and electrical properties, good reflective 

properties, impermeability and cost effectiveness. Metal matrix composites (MMC) refer to 

materials consisting of a ductile metal or alloy matrix in which some sized reinforcement 

material is implanted. These materials combine metal and ceramic features, i.e., ductility and 

toughness with high strength and modulus. Thus, metal matrix composites are suitable for 

production of materials with high strength in shear/compression processes and high service 

temperature capabilities. They show an extraordinary potential for application in many areas, 

such as aerospace, automotive industries and other Metal Matrix composites include Al/Al2O3, 

Al/SiC, Fe-Cr/Al2O3, Ni/ Al2O3, Co/Cr, Fe/MgO, Al/CNT, Mg/CNT etc. Aluminium alloys as 

metal matrix have always attracted material scientists because of some more additional 

attributes such as better corrosion resistance and high damping capacity.  
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(a)Base metal 

The matrix is the monolithic material into which the reinforcement is embedded, and is 

completely continuous. This means that there is a path through the matrix to any point in the 

material, unlike two materials sandwiched together. In structural applications, the matrix is 

usually a lighter metal such as aluminum, magnesium, or titanium, and provides a compliant 

support for the reinforcement. In high-temperature applications, cobalt and cobalt–nickel alloy 

matrices are common. 

(b)Reinforcement 

The reinforcement material is embedded into a matrix. The reinforcement does not always 

serve a purely structural task (reinforcing the compound), but is also used to change physical 

properties such as wear resistance, friction coefficient, or thermal conductivity. The 

reinforcement can be either continuous, or discontinuous.  

1.2  GENERAL FABRICATION TECHNIQUES 

Fabrication techniques or manufacturing process are the steps through which raw materials are 

transformed into a final product. The manufacturing process begins with the product design, 

and materials specification from which the product is made. These materials are then modified 

through manufacturing processes to become the required part. 

Classification  

Based on the nature of work involved these processes may be divided into following seven 

categories: 

• Casting Processes – Sand Casting, Permanent mould casting, Die casting,     

Centrifugal casting 

• Shearing and Forming processes – Punching, Blanking, Drawing, Bending,     

Forming 

• Primary metal working processes – Rolling, Forging, Extrusion, Wire drawing 

• Machining Processes – Turning, Drilling, Milling, Grinding 

• Surface finishing processes – Lapping, Honing, Super finishing 

https://en.wikipedia.org/wiki/Single_crystal
https://en.wikipedia.org/wiki/Aluminum
https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/Titanium
https://en.wikipedia.org/wiki/Cobalt
https://en.wikipedia.org/wiki/Wear_resistance
https://en.wikipedia.org/wiki/Friction
https://en.wikipedia.org/wiki/Thermal_conductivity
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• Joining processes – Welding, Brazing, Soldering, Joining 

• Processes for changing physical properties of the materials – Hardening, 

Tempering, Annealing, Surface Hardening. 

 

1.2.1 FABRICATION TECHNIQUES OF METAL MATRIX COMPOSITES   

Homogeneous distribution of the reinforcement phases to achieve a defect-free microstructure 

is one of the key challenges in processing the composites. The reinforcing phases in the 

composite can be either particles or fibers, based on the shape. The relatively low material cost 

and suitability for automatic processing has made the particulate-reinforced composite 

preferable and classified as two main groups:  Liquid state processes and Solid state processes. 

                                                                                                                                                                            

 

Fig: 1.2 Fabrication Techniques 

(i) Liquid state processes: Liquid state processes include stir casting, compo casting, squeeze 

casting, spray casting and in situ (reactive) processing, ultrasonic assisted casting.  

(ii) Solid state processes: Solid state process includes powder metallurgy (PM route), high 

energy ball milling, friction stir process, diffusion bonding and vapour deposition techniques.  

Type and level of reinforcement loading, the degree of micro structural integrity desired, etc., 

are some of the factors that influence the selection of the processing routes.  

(i) LIQUID STATE FABRICATION OF MMCs   

In the liquid casting technique, the particulates are mechanically well distributed over the liquid 

metal before casting and solidification . These methods are typically cost effective . 
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(a)Stir Casting   

Stir casting is currently the most popular commercial method of producing aluminium 

based composites. Fabrication of aluminum and its alloys based casting composite 

materials via stir casting is one of the prominent and economical technique for 

development and processing of MMCs and widely used for applications that require 

high production volumes and low cost. Stir casting is suitable for manufacturing 

composites with up to 30% volume fractions of reinforcement allows for the use of 

conventional metal processing methods with the addition of an appropriate stirring 

system such as mechanical stirring; ultrasonic or electromagnetic stirring; or centrifugal 

force stirring, to achieve proper mixing of reinforcement into melt which depends on 

material properties and process parameters .  

 

 

Fig: 1.3 Bottom pouring type stir casting machine (source: selvamtech.edu.in ) 
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(b)Compo casting   

Wettability and distribution of nano size reinforcement are the key challenge in stir casting 

because very fine particles are having more surface energy and surface area resulting in 

agglomeration of reinforcement particles. To achieve uniform distribution, weak 

agglomeration and effective incorporation of the very fine reinforcement particles into the 

matrix alloy we move towards Compo casting.  

 

Fig:1.4 Compo casting setup (source: researchgate.net ) 

(c)Squeeze Casting   

The concept of squeeze casting dates back to the 1800s . Squeeze casting technique is a liquid 

phase fabrication method of AMCs in which metal solidifies under pressure within closed die 

halves, using a movable mould part for applying pressure on the molten metal and force it to 

penetrate into a preformed dispersed phase, placed in the lower fixed mould part. Squeeze 

casting fabricated components have superior weldability, heat treatability, high degree of 

surface finish and dimensional accuracy.    

 

Fig:1.5 Vertical squeeze casting machine(source:indiamart.com) 
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(d)Spray Forming   

Fabrication of composite by spray forming process involves melting of an alloy in a furnace, 

forcing the melt through a small orifice, passing a stream of compressed inert gas, injecting 

reinforcement through the jet and breaking the liquid metal into fine semi solid droplets. These 

semi solid droplets are deposited over a stationary substrate to form solid pre form. 

   (e)In-Situ Synthesis   

In-situ synthesis is a process wherein the reinforcements are formed in the matrix by controlled 

metallurgical reactions with various reinforcement ceramic particles SiC, AlN and TiC. During 

fabrication, one of the reacting elements is usually a constituent of the molten matrix alloy. The 

other reacting elements may be either externally-added fine powders or gaseous phases, final 

reaction products is the reinforcement dispersed in matrix alloy. It requires the higher reaction 

time temperature and longer holding time. 

(ii)  SOLID STATE FABRICATION OF MMCs   

(a) Powder Metallurgy   

Fabrication of AMCs via powder metallurgy includes uniform mixing of reinforcement with 

metal alloy and blending of powders; degassing the solidified product in vacuum and sintered 

under high temperature conditions. This method is cost effective for producing complex parts 

at very close dimensional tolerances, with minimum scrap and not suitable for mass production 

due to high cost of powder.    

 

Fig: 1.6 powder metallurgy apparatus (source: alibaba.com) 
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(b)High Energy Ball Milling   

High energy ball milling utilizes high energy impacts, high frequency from balls to 

repeatedly forge powder particles together and trapped between colliding balls and 

inner surface of the vial which causes repeated deformation, rewelding, fragmentation 

of premixed powders to form dispersed particles in grain refined matrix. During milling 

process addition of ceramic hard particles to metal alloys improve the strength, wear 

resistance and micro hardness of synthesize composite. 

 

Fig: 1.7 High Energy Ball Milling (source: sapub.org) 

(c)Ultrasonic Probe Assisted Method   

Traditional fabrication methods cannot be used for mass production and net shape fabrication 

of complex structural components without post processing. Ultrasonic probe assisted method 

is very effective in dispersing nano sized particles in the metal matrix. The process generally 

requires resistance heating furnace for melting metal, nano particle feeding mechanism, inert 

gas envelope for protection and an ultrasonic system. The ultrasonic processing system consists 

of an ultrasonic probe, a transducer and power source.  

(d)Diffusion Bonding   

Diffusion bonding is a solid state processing technique which is commonly used to produce 

mono filament reinforced AMCs. Inter diffusion of atoms between clean metallic surfaces 

which is in contact at an elevated temperature leads to bonding due to the inter-diffusion of 

atoms across the surfaces of particulates and metal. The principal advantages of this technique 
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are the ability to process a wide variety of metal matrices and control of fiber orientation and 

volume fraction.         

(e)Friction Stir Welding (FSW) 

Friction stir welding was developed in 1991 and is essentially a solid state joining process, 

widely used for the welding of light and difficult-to-weld metals and their alloys like aluminum, 

magnesium, copper etc. This method is used as a surface modification to produce composites 

with good mechanical properties and corrosive resistance by addition of nano, micro and macro 

size reinforcements.  

 

                                           

Fig: 1.8 Friction stir welding (source: twi-global.com) 
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1.3 OBJECTIVE OF THE PROJECT 

The main purpose of the work is to study the mechanical properties of Al6351 

based MMC’s reinforced with Graphite & Silicon Carbide by weight  percentages 

of  1,2 & 3% respectively. Mechanical properties like tensile strength, 

compressive Strength, Hardness and Impact strength were been studied. The 

work specimens were produced by Stir casting technique.  Comparative study  

was done  between Al 6351 (base metal) and fabricated composites. 
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CHAPTER-II 

LITERATURE SURVEY 

 

Rama Rao el al. (2018) analyzed and came up with results on aluminum alloy-boron carbide 

composites, these materials were fabricated by using liquid metallurgy techniques and varying 

the percentage composition of new composites by fraction and percentage weight such as 

(2.5, 5 and 7.5%). Different state identification was carried out on boron carbide by x-ray 

diffraction, microstructure analysis. Various tests such as compression test, hardness test 

were conducted to check the new or unique characteristics of the composite material. The 

results show that as boron carbide increases its density decreased whereas hardness 

increases. Also the increase in weight of boron carbide in the composite to increase in 

compressive strength. 

Chandrasekhar el al.(2008) analyzed and came up with results on the aluminum metal matrix 

composites reinforced with silicon carbide and graphite fabricated by the stir casting method 

successfully. According to results with the increase of reinforcement mechanical properties 

has been increased except compression strength. In compression test at the average value of 

reinforcement the compression strength has been increased 

 Shailesh Singh el al. (2014) studied the tribological behavior of AA- 6082 aluminum alloy 

reinforced with silicon carbide particles (3%, 4%, 5%, 6% and 7% by weight of SiC) produced 

by mechanical washing agitation. The wear behavior during dry sliding of the samples thrown 

by shaking was analyzed using a pin in the wear of the disc. The SiC compound reinforced with 

a defect-free aluminum matrix was produced in the mechanical mechanical molding process. 

The tensile strength of the material has improved significantly with a larger amount of SiC. 

This method is the most economical and efficient way to produce an Al-SiC compound. In the 

range of test parameters, the wear rate decreases as the SiC percentage increases, while the 

speed and the normal load increase from the minimum to the maximum limit, the wear rate 

increases. 
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A.M.S. Hamouda el al. (1996), Mechanical Properties Of Aluminium Metal Matrix Composites Under 

Impact Loading, A flow stress modd based on plasticity theory has been developed for two different 

types of aluminium metal matrix composite materials subjected to high strain rate. Combined 

experimental and numerical techniques are used to determine the flow model parameters. 

Experimental results consisting of cylindrical impact compression tests and conventional mechanical 

tests are presented. The parameters of the proposed flow stress model were evaluated based on 

satisfactory agreement between the predicted and measured final dimension of the test specimen 

 

Md. Habibur Rahman el al. (2014), Characterization of silicon carbide reinforced aluminium 

matrix Composites, The Purpose of this work is to study about the microstructures, 

mechanical properties and wear characteristics of as cast silicon carbide (SiC) reinforced 

aluminum matrix composites (AMCs). AMCs of varying SiC content (0, 5, 10 and 20 wt. %) 

were prepared by stir casting process. Microstructures, Vickers hardness, tensile strength and 

wear performance of the prepared composites were analysed. The results showed that 

introducing SiC reinforcements in aluminium (Al) matrix increased hardness and 

tensilestrength and 20 wt. % SiC reinforced AMC showed maximum hardness and tensile 

strength. Microstructural observation revealed clustering and non-homogeneous distribution 

of SiC particles in the Al matrix. 

P. Ramesh el al. (2016) studied the aluminum matrix carbide matrix composite prepared with 

Al 6082 as base material and SiC as reinforcement material. The weight of the reinforcing 

material varies from 0 to 10% and several test samples are prepared. Various tests are 

performed to evaluate the performance of the compound and the results obtained are 

discussed. The 6082 aluminum alloy is used as reference material for this study. It is a medium 

strength alloy with excellent corrosion resistance. It has the highest strength of 6000 series 

alloys. The 6082 alloy is known as the structural alloy. In the form of a plate, 6082 is the most 

commonly used alloy for processing. The wear test was performed in three experimental ways 

in aluminum matrix composites. In the wear test considering four three-level variables of how 

to perform the experimental procedure. The addition of silicon carbide particles (SiC) causes 

an increase in density and porosity and further increases with the increase in the percentage 

of the particle fraction. The hardness of the AlSiC compound increases with the increase in 

the percentage fraction of SiC particles 
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Kumari Archana et al. (2015) the tensile test, ultimate tensile strength increases on increasing 

the graphite reinforcement in the Aluminium alloy, but would start to decrease after a certain 

level. On adding graphite by the variation of 2% by weight to the aluminium alloy, it can be 

seen that the tensile strength increases upto the 4% graphite reinforcement with base metal 

but showed a decrease in the same tensile strength when the reinforcement was made to 6% 

by weight fraction instead of 4%. It can be observed and finally concluded that on adding or 

reinforcing 4%graphite by weight to Al 6061 alloy would result in an impressive increase in 

the Ultimate Tensile Strength.  By observing from the hardness test, hardness of base metal 

Al 6061 increases up to an optimum level on addition of graphite reinforcement in particular 

weight fractions. But again, after a particular composition, there has been seen a decline or 

fall in the hardness of the material. The hardness of the metal increases upto 4% of graphite 

reinforcement in the base metal Al 6061, but it is seen and observed that at 6% graphite 

weight there is a decrement in hardness of the metal. Thus, it has been concluded that the 

hardness of Al 6061 can be increased upto 4% graphite addition by weight and is reported to 

be maximum at this composition. Beyond this,hardness of the matel will be decreases. 

Pardeep sharma et al. (1993) [1] The work is focuses on the effects of graphite particles 

addition on AL6082 MMCs by stir casting process. The micro structure hardness decreases. 

The denisity of the decreases by increases of porosity. 

Clyne (1995) [2], This paper summarizes the tribological properties of self lubricating of 

aluminium composites. Wear resistance is mechanism is involved. Reduce the toxic petroleum 

in involved. 

Hashim et al. (2002) [3] used finite element analysis to simulate the fluid flow and investigated 

optimal values of stirring speed, and impeller position to achieve effective flow patterns to 

distribute the solid particles in the melt homogeneously. 

Naher et al. (2003) [4] performed Scaled-up stirring experiments with liquids having similar 

characteristics of aluminum melt and used SiC particles as reinforcements. The experiment was 

carried out in a transparent crucible and established photographing flow patterns.  
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CHAPTER III 

FABRICATION OF COMPOSITES 

3.1 SELECTION OF MATERIALS 

The suitability of these composite materials for a given application, however lies in the 

judicious selection of synthesizing or processing technique, matrix and reinforcement 

materials. Matrices can be selected from a number of metal or alloy candidates such as 

aluminium alloys, and the reinforcement material can have different size and morphology as 

well as material. By combining the matrix and reinforcing elements appropriately, new 

materials with dramatic improvements in strength, elasticmoduli, fracture toughness, density 

and coefficient of thermal expansion (CTE) can be manufactured.  

3.1.1 SELECTION OF MATRIX MATERIAL  

3.2 METHODOLOGY 

 3.2.1 Stir casting 

Stir casting is a type of casting process which is suitable  for production of metal matrix 

composites due to its cost effectiveness, applicability to mass production, simplicity, almost 

net shaping and easier control of composite structure . 

(a) Description of Experimental setup 

A Bottom Pouring type Stir casting equipment is used for the production of composites. Stir 

casting setup consist of a furnace, reinforcement feeder and mechanical stirrer. The furnace is 

used to heating and melting of the materials. The bottom pouring furnace is more suitable for 

the stir casting as after stirring of the mixed slurry instant poring is required to avoid the settling 

of the solid particles in the bottom of the crucible. 

(b) Melting of matrix material 

Out of various furnaces, bottom pouring furnace is suitable for fabrication of metal matrix 

composites in stir casting route, this type of furnace consist of automatic bottom pouring 

technique which provides instant pouring of the melt mix (matrix and reinforcement). In stir 

casting process, the matrix material is melted and maintained a certain temperature for 2–3 h 

in this furnace. Simultaneously, reinforcements are preheated in a different furnace. After 

melting of the matrix material, the stirring process has been started to form the vortex. 
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Fig : 3.1 Bottom Pouring Furnace 

(c) Mechanical stirring 

In stir casting process, the mechanical stirrer is coupled with the varying speed motor to control 

the speed of the stirrer. Stirring plays a vital role over the final microstructure and mechanical 

properties of the casted composites as it controls the distribution of reinforcements within the 

matrix..Mechanical properties of AMCs and HAMCs mainly depends on the dispersion of the 

reinforcements throughout the composite. The dispersion of reinforcements is governed by 

stirring parameters.  

 

 

Fig: 3.2 Bottom Pouring type stir casting machine 
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The molten mixture is then poured in preheated mould and kept for natural cooling and 

solidification. Further, post casting process such as heat treatment, machining, testing, 

inspection etc. has been done.  

3.2.2  Applications of Stir Casting 

• Transport : Automobile, Aerospace, Railways and Shipping. 

• Heavy Equipment : Construction, Farming and Mining. 

• Machine Tools : Machining, Casting, Plastics moulding, Forging, Extrusion and 

Forming 

• Defence : Vehicles, Artillery, Munitions, Storage and Supporting equipment. 

 3.2.3 Advantages of Stir Casting process 

• Molten metal flows into ant small section in molten cavity, hence any complex shape  

can be easily produced. 

• Practically any type of materials can be casted. 

• Due to small cooling rate from all directions, the properties of casting are same in 

all directions. 

• Any size of casting can be produced like up to 200 tones. 

• Casting is often cheapest and most direct way of producing a shape with certain 

desired mechanical properties. 

3.2.4  Limitations of Stir Casting process 

With normal sand casting process the dimensional accuracies and surface finish is less. 

Defects are unavoidable. Sand casting is labor intensive. 
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3.2.5Flow Chart On Fabrication Process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.6 Preparation of composite 

SELECTION OF MATERIALS: 

1) Base Material - Aluminium-6351              2)Reinforcement - Gr&SiC 

Selection of base material Aluminium-6351:- 

 

Aluminium-6351: 

Aluminium-6351 is used as matrix material as shown in fig 3.1.it is one of the most 

abundant metallic element on the earth and most economic as well. The chemical 

composition of Aluminium-6351material is as shown in table 3.1 

 

 

Solidification 

Procurement of Base Metal and Reinforcement 

Machining As Per ASTM Standards   

 

Selection of technique for fabrication 

Melting of base metal Al6351 

Addition of Flux and Degassifier into the melt 

Impregnation of Graphite&Silcon Carbide 

Stir casting technique 

 
Pouring of the molten metal into the mould 

Study Mechanical and Tribological Properties 
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Table 3.1 Chemical Composition Aluminium-6351 

        ELEMENTS             weight percentage 

       Aluminium,Al               97.8 

       Silicon,Si                   1 

       Manganese,Mn                  0.6 

       Magnesium,Mg                  0.6 

 

KEY PROPERTIES: 

Typical Properties of Aluminium alloy 6351 include: 

 Medium to high strength

 Good Toughness

 Good Surface Finish

 Excellent corrosion resistance to atmospheric conditions

 Good corrosion resistance to sea water\

 Can be anodized

 Good weldability and brazability

3.2.7 PHYSICAL PROPERTIES: 

Silicon carbide is composed of tetrahedra of carbon and silicon atoms with strong bonds in the 

crystal lattice. This produces a very hard and strong material. Silicon carbide is not attacked by 

any acids or alkalis or molten salts up to 800°C. In air, SiC forms a protective silicon oxide 

coating at 1200°C and is able to be used up to 1600°C. The high thermal conductivity coupled 

with low thermal expansion and high strength give this material exceptional thermal shock 

resistant qualities. 
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PHYSICAL PROPERTIES: 

 Density : 2.7g/cc

 Melting Point : 600ºC

 Modulus of Elasticity : 72Gpa

 Poisson’s Ratio : 0.33

 

THERMAL PROPERTIES: 

 Thermal Expansion : 22μm/m-k

 Thermal Conductivity: 180W/m-k

 

 

 

Fig 3.3. Aluminium 6351  

A. Selection of reinforcement material: 

 Improvement in surface properties and retainment of bulk properties are essential 

requirements for the design of components for wear resistance applications. This paper 

summarizes various features of Al/SiC/Gr hybrid composites that can be employed in different 

tribological applications. The study has revealed that the processing route plays a significant 
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role in obtaining a homogeneous structure of these composites. In powder metallurgy, the 

selection of sizes of the matrix and reinforcement powders is crucial, whereas the wettability 

between the reinforcement particles and molten alloy is a major challenge in liquid 

metallurgy. The incorporation of SiC particles increases the mechanical strength and wear 

performance of Al composites. However, ejection of these particles can reduce the wear 

performance of Al composites under severe conditions. The addition of Gr particles helps in 

the formation of a thick and extensive tribolayer on the wear surface. This layer reduces direct 

contact between the rubbing surfaces, thereby decreasing the wear rate under certain 

conditions. Morphological analysis of worn surfaces has confirmed that the hybrid composites 

exhibit superior wear properties than the pure Al alloy and the ceramic-reinforced composite. 

 

PROPERTIES OF SiC: 

 

Properties SI/Metric 

Density 3.1 g/cc 

Molar mass 40.11 g/mol 

 

PROPERTIES OF Gr: 

Properties SI/Metric 

Density 2.26 g/cc 

Molar mass 12 g/mol 

 

3.2.8 STIR CASTING EQUIPMENT 

 

(a)Stir Casting: 

Stir Casting is a liquid state method of composite materials fabrication, in which a dispersed 

phase (ceramic particles, short fibers) is mixed with a molten metal matrix by means of 

mechanical stirring. Stir Casting is the simplest and the most cost effective method of liquid 

state fabrication. A typical equipment of stir casting machine is shown in fig 3.7. 

The liquid composite material is then cast by conventional methods and may also be 

processed by conventional metal forming technologies. Stir casting is characterized by the 

following features: Content of dispersed phase is limited (usually not more than 30 vol. %). 



27 
 

 

 

 

Fig:3.4 Stir Casting Machine 
 (b)Selection of Die: 

A Die of two circular rods and a flat plate is as shown in fig 3.8 is fabricated for casting 

process. The dimensions of circular rods are 300 mm x 20 mm.The dimensions of flat plate 

were 15 mm x 50 mm x 100 mm. 

 

Casting Die 
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 (c)PRE-HEATING: 

Preheating of dies and reinforcement materials was done in an oven which 

can heat upto a maximum of 4000C. 

 

Fig 3.5 Preheating Oven 

COMPOSITION USED FOR METAL MATRIX COMPOSITES: 

Metal Matrix composites Al6351 SiC,Gr 

 

 

Castin

g 

Al 6351 

(gm) 

Gr&

SiC 

Total 

Weight 

(gm) 
gm % gm 

1. 1000 - - 1000 

2. 990 1 10 1000 

3. 980 2 20 1000 

4. 970 3 30 1000 
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3.2.9 Stir casting  

Stir casting is a type of casting process which is suitable  for production of metal matrix 

composites due to its cost effectiveness, applicability to mass production, simplicity, almost 

net shaping and easier control of composite structure .  

(a) Description of Experimental setup  

A Bottom Pouring type Stir casting equipment is used for the production of composites. Stir 

casting setup consist of a furnace, reinforcement feeder and mechanical stirrer. The furnace 

is used to heating and melting of the materials. The bottom pouring furnace is more suitable 

for the stir casting as after stirring of the mixed slurry instant poring is required to avoid the 

settling of the solid particles in the bottom of the crucible.  

(b) Melting of matrix material  

 Out of various furnaces, bottom pouring furnace is suitable for fabrication of metal matrix 

composites in stir casting route, this type of furnace consist of automatic bottom pouring 

technique which provides instant pouring of the melt mix (matrix and reinforcement). In stir 

casting process, the matrix material is melted and maintained a certain temperature for 2–3 

h in this furnace. Simultaneously, reinforcements are preheated in a different furnace. After 

melting of the matrix material, the stirring process has been started to form the vortex.  

c) Mechanical stirring  

In stir casting process, the mechanical stirrer is coupled with the varying speed motor to 

control the speed of the stirrer. Stirring plays a vital role over the final microstructure and 

mechanical properties of the casted composites as it controls the distribution of 

reinforcements within the matrix..Mechanical properties of AMCs and HAMCs mainly 

depends on the dispersion of the reinforcements throughout the composite. The dispersion 

of reinforcements is governed by stirring parameters.   

The molten mixture is then poured in preheated mould and kept for natural cooling and 

solidification. Further, post casting process such as heat treatment, machining, testing, 

inspection etc. has been done. 

 



30 
 

    CHAPTER-IV 

         EXPERIMENTATION 

4.1 TESTING OF COMPOSITE  

4.1.1  COMPRESSION TEST  

Compression strength is the capacity of a material or structure to withstand loads tending to 

reduce size, as opposed to tensile strength, which withstands loads tending to elongate. In 

other words, compressive strength resists compression (being pushed together), whereas 

tensile strength resists tension (being pulled apart). Generally we use UTM for compression 

test.  

a. Universal testing machine (UTM)  

A universal testing machine (UTM), also known as a universal tester, materials testing 

machine or materials test frame, is used to test the tensile strength and compressive strength 

of materials.   

Compression Testing Machine is operated hydraulically. Driving is performed with the help of 

electric motor. Depending upon the size of the specimen the C. T. M. can be set into two 

ranges C. T. M. consists of two units (a) Loading & (b) Control Unit. The specimen is tested 

upon the loading unit and the corresponding readings are taken from the dial fitted to the 

control unit. Hydraulic cylinder is fitted in the centre of the base and the piston slides in the 

cylinder when the machine is in operated. A lower table is rigidly connected to an upper 

crosshead by two straight columns. This assembly moves up and down. Compression test is 

conducted by putting the specimen in between lower table and upper crosshead.  

The control panel consists the two valves one is at right side and the another one at left side. 

These valves control the flow of oil in the hydraulic system. The right side valve controls 

pressure flow and left side valve allow the oil from cylinder to go back in to the tank. Control 

panel consists of dynamometer, which measures and  indicates the load on the specimen.  
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b. Specimen preparation  

The testing process is conducted with respect to ASTM E9. As per standards the length to 

diameter ratio should between1.5 to 2. By using turning operation the material is removed 

up to 18mm diameter and length is 30mm. Cross section area  is 254.56 mm2  

 

  

                              Fig : 4.1 Universal testing machine  

                  Table. no 4.1 Compression strength values Graphite&Silicon Carbide 

 

S.no  %  of Reinforcement  
Compression strength values(MPa)  

Trail 1  Trail 2  Trail 3  

1  0  160.21 160.19 160.23 

2  1  168.98  168.56 168.69 

3  2  215.64 215.36 216.06 

4  3  127.24  127.88 128.53 
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4.1.2 TENSILE TEST  

The tensile tests were conducted on UTM at room temperature. The samples were prepared 

according to ASTM E8M. The tensile properties of the alloys were determined by performing 

the tension test on standard cylindrical tensile specimens. The machining involves facing and 

turning. Before to testing, the surface of the specimens was finished by using 400 grid emery 

sheets. A typical tensile specimen as per ASTM standards.  

Table. no 4.3 Tensile Strength values of Graphite and Silicon Carbide 

S.no  

%  of  

Reinforcement  

Tensile Strength 

Values  

Graphite/Silicon 

carbide 

1  0  120.12 

2  1  108.58 

3  2  124.68  

4  3  94.35 

 

 

                                                         Fig : 4.2 Tensile Specimens dimensions              

 

                                                            Fig : 4.3 Tensile Specimens before  testing 
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4.1.3  HARDNESS TEST   

Hardness is the property exhibited by a material. It can be defined as the property of a material by 

virtue of which it resists scratch, wear, abrasion or indentation.   

a. Brinell hardness testing machine  

Hardness of a surface can be increased by heat treatment or by chemical treatment and finding out 

the hardness can check the efficiency of the process. The Brinell hardness test is carried out by forcing 

a hardened steel ball of diameter D under a load of P into a test specimen and measuring the mean 

diameter d of the indentation left on the surface after removal of the load. Normally for hard materials 

a  ball of 10 mm diameter should be used. The hydraulic pump applies the load required for specified 

time. A Brinell Microscope is used to measure the Indentation.   

In Brinell Machine the surface area of the Indentation is calculated and is used as an index of hardness 

of the metal. The surface area of Indentation is dependent upon the depth of penetration. The load 

applied (in kgf) divided by the spherical area of Indentation in square mm is taken as the Brinell 

Hardness number.  

 

Fig: 4.5 Brinell hardness testing machine with specifications  

In this test a 2.5 millimeter diameter hardened steel ball is pushed into the surface of the 

material being tested, with a 187.5kg imposed load. The depth to which the ball penetrates the 

material surface is an indication of the Brinell Hardness Number.  

b. Specimen preparation  

The length and diameter  of the specimen are maintained at 20mm and 18 mm respectively 

with the help of turning operation. Initially rough polishing is done with the help of belt grinder  
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and   later with the help of emery papers of 220,320,400,600 and 800 polishing is done. Then 

smooth polishing done with the double disc polisher.  The obtained values are tabulated in table 

3.3.  

                                           BHN= 2P/(π*D(D-((D^2-d^2)^1/2)))  

                                            BHN –Brinell hardness number in kg/mm^2  

                                                          P –load in kgf  

                                  D- steel ball diameter in mm   d-depression diameter in mm 

 

                            Fig :4.6 Hardness Specimen after testing  

Table no 4.7  Hardness values of Graphite &Silicon Carbide 

S.no  
% of  

Reinforcement  

Trail 1 

(Diameter)  

Trail 2 

(Diameter)  

Trail 3 

(Diameter)  BHN  

1  0  1.9  1.9  2  59.16 

2  1  2.07  1.98 2.06  59.85 

3  2  2.09  2.04  1.97 77.51  

4  3  2.11  2.09  1.98  47.51  
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4.1.4 IMPACT TEST  

The loads that are suddenly applied to a structure are known as impact loads. The 

performance on engineering materials like strength, toughness etc. vary with rate of loading. 

Materials exhibits poor performance under dynamic or shock loads. Hence it is required to 

know how the strength and toughness varies with impact or instant shock loads. In the impact 

test, the impact strength (i.e. the resistance to shock loads) and the toughness of material 

under dynamic load is determined. The two important standard impact tests are (1) Izod 

Impact test and (2) Charpy impact test.  

a. Charpy impact test  

The Charpy impact test, also known as the Charpy V-notch test, is a standardized high strain-

rate test which determines the amount of energy absorbed by a material during fracture. This 

absorbed energy is a measure of a given material's notch toughness and acts as a tool to study 

temperature-dependent ductile-brittle transition.  

b. Specimen preparation  

This test is conducted with respect to  ASTM E356 standards. The specimen is in  to square 

cross section with the help of shaper machine and its dimensions are shown below.  

 

                                  Fig :4.7 Impact test specime ns   

 

 

Fig :4.8 Charpy impact testing machine with specifications  
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Fig : 4.9 Specimen dimensions    

 

Charp   impact test is practical for the assessment of brittle fract re of metals and is also  sed 

as an indicator to determine s itable ser ice temperat res. The Charp  test sample has          mm 

three dimensions  a   Notch of 2 mm depth and a 0.25 mm root radius will be hit by a pendulum 

at the opposite end of the notch. To perform the test , The pendulum set at a certain height 

is released and impact the specimen at the opposite end of the notch to produce a fractured 

sample. The observed energy required to produce two fresh fracture surfaces will be recorded 

in the unit of joule. Since this energy depends on the fracture area (excluding the notch area), 

Thus standard specimen are required for a direct comparison of the observed.  

 

         Table no 4.5  Impact strength values of Graphite &Silicon Carbide 

S.no  
% of  

Reinforcement  
Trail 1(J)  Trail 2(J)  Average (J)  

1  0  2  2  2  

2  1  3  3  3  

3  2  8  6  7  

4  3  9  8  9  
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CHAPTER-V RESULTS AND DISCUSSION 

 5.1 COMPRESSION TEST 

Table. no 5.1 Compression Strength values for the composite materials 

SNO %Reinforcement  Compression Test values 

              (Gr/Sic) 

                  1                       0                  160.23 

                  2                       1                  168.69 

                   3                       2                  215.73 

                   4                       3                  128.05 

 

Compression vs reinforcement values 

 

Fig:5.1 Graph on Compression Strength and Percentage of Reinforcement(Graphite &Silicon 

Carbide)  

From the above graph there is an increase in compression strength from 1% to 2% when 

compared with pure Al 6351 alloy. With increase in percentage of composition there is an 

increase in strength of the composite against compression. But Compression will be decerased 

with increasing the Gr&SiC percentages. 
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5.2 TENSILE TEST  

Table. no 5.2 Tensile Strength values for the composite materials  
 

S.no  

%  of  

Reinforcement  

Tensile Strength 

Values  

Graphite/Silicon 

carbide 

1  0  120.12 

2  1  108.58 

3  2  124.68  

4  3  94.35 

  

Tenslie strength vs reinforcement 

 

 

Fig:5.2 Graph on Tensile Strength and Percentage of Reinforcement(Gr/SiC) 

From the above graph tensile strength of the composite prepared by using Graphite&Sicon 

Carbide as reinforcement shows decrease in tensile strength of the composite when compared 

with Al6351. 
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5.3 HARDNESS TEST  
Table no 5.4  Hardness values for the composite materials  

             Sno  %Reinforcement   Hardness values(Mpa) 

                 1                   0                  59.16 

                 2                   1                 57.25 

                 3                   2                 77.15 

                 4                    3                  47.15 

Hardness vs Reinforcment 

 

Fig:5.3 Graph on Hardness and Percentage of Reinforcement(Gr&Sicand alumina) 

From the graph on Hardness and Percentage of Reinforcement there 

is an increase in hardness value at 1%&2% Alumina. But hardness 

decreases with increase in percentage of Graphite &Silcon Carbide 

and Al6351.  
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5.4 IMPACT TEST  

Table no 5.3  Impact strength values for the composite materials  

            Sno      %Reinforcement                

values 

    ImpactStrength    

Values(Gr&SiC) 

SpecificImpact 

Strength(j/mm^2) 

1  0  2  0.0257  

2  1  3  0.0375  

3  2  7  0.0875  

4  3  9  0.1125  

 

 

From  the above fig 5.4  graph Impact strength is high for Al 6351 reinforced with Graphite 

and Silicon Carbide .3%it shows the highest strength of Impact Strength. 
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CONCLUSION 

From the Expermential  values of the test conducted : 

 At 1 &2% of reinforcement compression and Tensile strength values of prepared 

specimen are read to be higher compared to pure Al6351. Whereas at 3% of 

reinforcement the values decreases due to accumulation and porosity of the 

Reinforcement material. 

 Specimen tested for Hardness reinforcement with 1.3% gave less Hardness values 

compared to the pure Al6351. At 2% of reinforcement there is considerable increase in 

the Hardness value which is 33% greater than pure Al6351. 

 Impact strength  values of the specimen continuously increases with increase in the 

reinforcement percentage.The peak value is read ar 3% of reinforcement. 
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Abstract 

A short overview of composite materials for wind turbine applications is 
presented here. Requirements toward the wind turbine materials, loads, as 
well as available materials are reviewed. Wind turbine is a device that 
converts kinetic energy from the wind into electrical power. Among all 
the parts of wind turbine such as blades, hub, gear box, nacelle, and 
tower; nacelle and wind turbine blades are generally made up of glass 
fibres and carbon fibres for better strength, low weight, and corrosion 
resistance. The main limitations of these materials are the availability, 
non-biodegradable, health hazardous and their fabrication cost, hence the 
aim of this research is to replace these materials with natural fibers. In 
this research work, application of natural fibres reinforced polymer 
composites in wind turbine, requirements to the composites, their 
properties, constituents, manufacturing technologies, and defects will be 
reviewed; promising future directions of their developments also will be 
discussed. 
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Chapter 1 

1.1 Introduction 

 A wide variety of sources including wood, coal, coke, oil, natural gas and 

nuclear materials have been used to generate energy. Over the years, the consumption 

of energy has increased due to the increasing population and civilization. At the same 

time, the ecological awareness has become the major environmental issue in the 

global marketplace. In today‘s scenario the major threat for the environment is the 

imbalance in the ecological system which is increasing due to the disposal of toxic 

waste. This issue has led to the increased interest on renewable and sustainable energy 

sources. The only concern for the sustainable development is minimum pollution and 

reduction in energy consumption [2]. The increasing interest in the direction of using 

renewable energy has led to the development of the concept of wind energy. The wind 

energy is a prominent renewable energy source and is a solution of global energy 

problem. To convert the kinetic energy of the wind into mechanical or electrical 

energy, wind turbines or mills have been established [3]. Most of the wind turbines 

basically consist of three rotor blades that rotate around a horizontal hub and convert 

the wind energy into the mechanical energy. The development of wind turbines for 

the generation of power is an an emerging area.  

 The rotor blades of wind turbines are considered as one of the key component 

of the wind turbine [1]. The efficiency of the wind turbine majorly depends on the 

aerodynamic shape and length/angle of the blades as well as the materials used to 

manufacture the blades. Further, the wind turbines generate power according to the 

speed of the wind, not according to the demand. The basic criterion for the selection 

of materials for the wind turbine blades is that the material should possess high 

strength and stiffness, low density and adequate fatigue strength. The strength of the 

blade should be satisfactory so that the blade can withstand the load acting upon it 

without fracturing and stiff enough that it will not strike the tower during extreme 

loading conditions. The high fatigue strength of the blade means that it can withstand 

time-varying loads throughout its intended period of life. The wind turbine industries 

are constantly focusing on the development of light weight, cost-effective and 

environmental friendly materials for the production of wind turbine blades. The 
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selection of suitable blade materials plays a significant role which determines the 

ultimate efficiency of wind turbine blade.  

1.1 Motivation of Thesis: 

 
 Theidealconditions 

forwindturbineoperationareawindspeedsrangingfrom7to25m/s,where energy can be 

extracted easily from wind. Using the same turbines for low wind speed conditions 

(from 3 m/s) does not yield satisfactory output. This happens because, to obtain the 

same power output under low velocity conditions, an increase in the rotor area is 

required [1]. This leads to increased inertia and an increase in production cost. 

Rethinking the turbine design in terms of material and geometry, and focusing on the 

two most important regions of a turbine blade, skin and spar, is the exact place to start 

looking for a solution. Lighter materials such as natural fibers provide a good way to 

overcome this challenge. Composites, also being a class of plastics pose an 

environmental threat since they are not bio-degradable. They are dumped in landfills 

or incinerated after their operation lifespan. Though the recent emphasis on 

environment-friendly behavior insists on recycling and reusing the composites after 

their lifespan, 15-20% of the processed waste remains unused, and so still has to be 

landfilled or disposed of by other means [2]. To solve this problem, examination and 

analysis of bio- degradable materials such as natural fibers may be an 

optimumsolution. 

1.2 Objective of Thesis 

 

The main objectives of current research work which are outlined as follows: 
 

1. Fabrication of Flax fiber, and Ramie fiber-based epoxycomposites. 
 

2. Evaluatethemechanicalpropertiessuchasimpactstrength,tensilestrength, 

flexuralstrength of fabricated composite and compared with glass fiber. 

3. To study their influence of fiber loading and fiber length on mechanical 

properties of composites. 

In order to achieve the objectives, one has to follow the following steps: 
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Selection of fiber 

Selection of suitable resin 

Suitable Composite 
Manufacturing 

Process 

Fabrication ofcomposite 

Testing 

Result 

 

 

Figure 1.3: Plan for the Thesis 

1.3 Thesis Outline: 

The plan of thesis can be summarized as follows: 
 
Chapter 2 covers the literature survey Natural fiber, a detailed evolution and 

different attempt had made till now is discussed in this chapter. 

Chapter 3 gives details about the selection of composite manufacturing process and 

fabrication of natural fiber composites. 

Chapter 4 provides the details about the testing of composite material. 
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Chapter 2 

Literature Review 

 
 Natural fiber–reinforced composites (NFRCs) are increasingly being used in 

many engineering applications with an extremely wide variety of properties. Natural 

fibers are classified based on their origins, whether they are derived from plants, 

animals, or minerals.4 Plant fibers include leaf fibers (pineapple, sisal, and abaca), 

core fibers (hemp, jute, and kenaf), grass and reed fibers (wheat, corn, and rice), seed 

fibers (cotton, kapok, and coir), bast fibers (flax, jute, hemp, ramie, and kenaf), and all 

other types (wood and roots). Polymer matrices can be divided into two types; one is 

synthetic petrochemicalbased called synthetic matrix (polyester, polypropylene (PP), 

polyethylene (PE), epoxy, etc.) and the other is natural or bio-based called 

biodegradable matrix.3  

 Comparing with synthetic fiber composites, natural fiber–based composites 

possess some superior properties such as low cost, lightweight, biodegradability, high 

thermal and acoustic insulation, and high specific strength and stiffness.5 In fact, 

synthetic fiber– based composites have got some serious drawbacks such as high cost, 

high energy consumption in machining and manufacturing processes, poor recycling 

and nonrenewability properties, CO2 emissions and health hazards when breathed in.6 

These shortcomings have caused natural fiber composites to emerge as a promising 

alternative to synthetic fiber composites. Unlike synthetic fibers, natural fibers can be 

incinerated at the end of useful life with enhanced energy recovery and no net 

addition to CO2 emissions, which leads to positive carbon credits and lower global 

warming effect.  

 On the other hand, there are also some main disadvantages that restrict the use 

of natural fibers and recyclable polymers for emerging new composites, such as low 

resistance to moisture absorption, thermal degradations and weathering effect of fiber 

and matrix, lower durability, poor interfacial adhesion that leads to debonding, and 

poor wettability of resin impregnated into spaces between fibrils and breakage of 

fibers during mixing of the manufacturing processes.4 Consequently, through suitable 

material selection and design, a proper balance between production cost of composite 

and their overall properties can be simply achieved.  
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In a review of chemical treatments of natural fibers, Kabir and co-workers [9] 

concurred that treatment is an important factor that has to be considered when 

processing natural fibers. They observed that fibers loose hydroxyl groups due to 

different chemical treatments, thereby reducing the hydrophilic behaviour of the 

fibers and causing enhancement in mechanical strength as well as dimensional 

stability of natural fiber reinforced polymer composites. Their general conclusion was 

that chemical treatment of natural fibers results in a remarkable improvement of the 

NFRCs. 
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Chapter 3 

Selection of composite materials 

3.1.1 NATURAL FIBER REINFORCEMENT COMPOSITES (NFRC): 

 Natural fibers are a type of renewable sources and a new generation of 

reinforcements to replace petroleum-based materials and man-made fibers. Natural 

fibers are subdivided on the basis of their origins, whether coming from plants, 

animals, or minerals.The most common natural fibers and matrices in detail. Plant 

fibers are mainly made of cellulose as is the case with bamboo, cotton, and coir, while 

animal fibers are generally composed of proteins such as keratin and collagen. Flax, 

kenaf, and hemp fibers are viewed as the most common and promising sustainable 

fibers for composites applications because of their abundant availability along with 

their superior mechanical properties, particularly high tensile properties. 

 

 
           
           
           
           
           
           
           
           
           
           
           
         
3.1.2 Mechanical properties of NFPC : 

 There are considerable enhancement and suggestions for the natural fibers that 

can be implemented in order to enhance their mechanical properties resulting in high 

strength and structure. Once the base structures are made strong, the polymers can be 

easily strengthened and improved [26]. There are number of aspects that effects of 

composite are performance level or activities, of which to name a few are the 

following; 

(a) Orientation of fiber. 

(b) Strength of fibers  

(c) Physical properties of fibers 

(d) Interfacialadhesion property of fibers and many more. 

Natural fibers 
    Matrix  

Natural fiber reinforced composites 

Animal fiber Plant fiber Mineral fiber 
Petro chemical 

based 
Bio based 
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 NFPCs are such composites whose mechanical efficiency is dependent upon 

the interface provided by fiber-matrix along with the stress transfer function in which 

stress is transferred to fiber from matrix. This has been reported by many investigators 

in several researches. Characteristic components of natural fibers such as orientation, 

moisture absorption, impurities, physical properties, and volume fraction are such 

features that play a constitutive role in the determination of NFPCs mechanical 

properties. Natural fibers suffer from natural variability in structural properties as can 

be seen in the value ranges presented in Table 1  This variability of properties is 

caused by several factors, some are induced by seed density, fiber maturity, fiber age, 

soil quality, fiber extraction technique, fiber source and location on the plant, harvest 

timing, climate and some are related to the procedures of testing and 

characterization.18,19 For engineering applications, in many industries, this 

variability within the mechanical properties of natural fibers leads to major difficulties 

toward designing reliable components as the parts have to be accurate, secure and 

their failure must be precisely predicted.  

 

TABLE 1: mechanical properties of natural fibers 

 
3.1.3 Fiber selection: 
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 The fiber types or specification differences that seem imperceptible can result 

in serious functional differences that can directly affect the material performance and 

the cost. A number of studies have been conducted on the physical properties of fibers 

including fiber type, fiber size, aspect ratio (ratio between the length and diameter), 

porosity, fiber quality, moisture absorption, and the way fibers break through 

compounding with the matrix that considerably influence the final properties of 

natural fiber composites.24–28 Table 3 presents a list of some notable advantages and 

disadvantages of several commercially available natural fibers used as reinforcement. 

When it comes to the properties and application of the natural fibers, it is important to 

state that difference occurs when choosing one type of fiber over another. The 

performance of the composite depends on many factors such as structure, mechanical 

properties, physical properties. Based on their advantages and disadvantages, NFRCs 

containing fibers such as flax, jute, hemp, and kenaf have been well received in many 

industries such as packaging, automobile, sport, construction, and electronic 

industries. 

 The mechanical and thermal properties of the fibers should also be considered 

in selecting fibers. The salient mechanical properties of the composites such as 

Young’s modulus, tensile strength, and stiffness are practically determined by the 

mechanical characteristics of the fibers. Therefore, relevant selection criteria for the 

choice of suitable reinforcing fibers for a FRC with a polymer matrix briefly include:  

• thermal/physical/mechanical properties and relevance to end application,  

• elongation at failure, sizing and surface treatments for matrix and fibers 

adhesion and wetting, 

• dynamic behavior, 

• price and processing costs, and availability,  

• lead time, and 

• stable supply source.  

 

 In addition, there are some further considerations that include economy, 

experience, and safety considerations that factor into the selection of fiber for 

composite material. 
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3.1.4 Matrix selection: 

 The matrix is a substance that binds the reinforcing fibers together, gives the 

composite component its shape, and determines its surface quality. The matrix 
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properties determine the composite resistance to most of the degradative processes 

such as delamination, crack propagation, water absorption, impact damage, thermal 

creep, and chemical attack that eventually lead to failure of the structure. 

Furthermore, the position and orientation of the fibers in composites are maintained 

by the matrix so that they carry the intentional loads, distribute the loads more or less 

evenly among the fibers, which provide crack propagation resistance due to the plastic 

flow at cracked tips.41 Matrices for composites may be a polymer, metal, ceramic, or 

in some cases carbon. Polymer matrices are commonly used in commercial and high 

performance applications, while ceramic and metal matrices are usually applied in 

high-temperature environments, such as motor engines. The matrix phase of most 

commercially produced composites is polymer matrix, which can be classified into 

two different types regarding their degree of reticulation, namely thermoplastic 

polymers and thermosetting polymers. Matrix selection highly depends on the 

composite end use requirement as matrix generally defines the overall service 

temperature of the composite and also determines its environmental characteristics. 

 

3.1.5 Types of resins: 

3.1.5.1Thermoset resin: 

 Thermoset resin is a polymer in a liquid form that changes irretrievably into an 

infusible and insoluble material by curing. The recycling process of thermosetting 

composites is very difficult as thermoset resin is nonrecyclable by itself. Thermoset 

resins are brittle at room temperature and have low fracture toughness and poor 

elasticity or elongation once hardened. They also offer high thermal stability, good 

rigidity, resistance to solvents and corrosives, resistance to creep, chemical resistance, 

and high dimensional stability. The most commonly used thermosetting resins in 

composites manufacturing are polyester, epoxy, vinyl ester, polyurethane, silicone, 

polyamide, and polyamide-imide. 

 

3.1.5.2 Thermo plastic resin: 

 Thermoplastic polymer resins are extremely common and usually are cheaper 

for fabrication compared with thermosets or elastomers. Thermoplastic composites 

present two major advantages. Firstly, many thermoplastic resins are characterized by 

high impact strength and toughness compared to thermoset resins. Another major 
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benefit of thermoplastic composites is their ability to be easily recycled and reformed, 

which is extremely favored in current commercial market. However, it should be 

noted that impregnating reinforcing fibers in thermoplastic resins is much more 

difficult as resins are naturally in a solid state. Typical examples of thermoplastic 

resins include acrylonitrile butadiene styrene, polyvinyl chloride, PP, PE, polystyrene, 

polyamide (nylon), polycarbonate, thermoplastic polyester (e.g. poly(butylene 

terephthalate) (PBT), poly(ethylene terephthalate) (PET)), poly(ether ether ketone) 

(PEEK). 

 

3.1.6 Applications of NFRC: 

 NFRCs are now finding extensive and rapid usage in numerous fields from 

household articles to industry and military applications. The applications include 

transportation (automobiles, railway coaches, aerospace), marine, sporting products, 

construction industries, electronic industries, packaging, and so forth.17 Using natural 

fiber in the automotive industry was initiated in the 1930s when for the very first time, 

Henry Ford advised the usage of natural materials, such as hemp, in producing 

reinforced soy resin composites for manufacturing body panels.54 Natural fibers such 

as flax, sisal, or kenaf have been embraced by car manufacturers and suppliers in the 

world to reinforce plastic body panels and car interior trim parts such as seat backs, 

window panels, door panels, packaging trays, hat shelves, and dashboards. European 

automobile manufacturers (BMW, Audi Group, Ford, Rieter Automotive, 

Volkswagen, DaimlerChrysler, and Mercedes), for instance, use cellulose fiber 

composites in many automobile parts, such as using coconut fibers rubber latex 

composites for the seats of the Mercedes-Benz AClass model and using flax–sisal 

fiber mat–reinforced epoxy door panels for MercedesBenz E-Class model 

         Toyota has recently unveiled a particularly unique concept car at Milan Design 

Week, built entirely from Japanese wood, cedar, and birch, with no nails or screws to 

hold it together. The Toyota Setsuna powered by an electric motor is built to last a 

century of use, making a point of being both environmentally friendly and satisfying 

the public demand for green cars. Figure  shows automobile components made of 

natural composites. Due to the increased environmental consciousness, many NFRCs 

are used nowadays at the front line of material technology, making their usage more 

feasible in several advanced applications like building and construction applications. 
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1. Gel CoatedCultured 

StoneMolding 
 

2. Solid SurfaceMolding 

Cast Polymer Molding Closed Molding 

Composite Fabrication Processes 

Open Molding 

They are also finding a wide range of applications in prefabricated structures that can 

be utilized in the events of natural disasters such as hurricanes and earthquakes. 

3.2 Fabrication process 

3.2.1 Classification of composite fabricationprocesses: 

 

 

 

 

 

 

 

 
 

 

 

Figure 3.1 : Classification of composite fabrication processes 
 

 

3.2.2 OpenMolding 

 In open molding, raw materials (resins and fiber reinforcements) are exposed 

to air as they cure or harden. Open molding utilizes different processes, including 

hand lay-up, spray-up, casting, and filament winding. 

 

 

1. Vacuum BagMolding 
 

2. Vacuum Infusion 

Processing 
 

3. Resin TransferMolding 
 

4. CompressionMolding 
 

5. Pultrusion 
 

6. Reinforced Reaction 

InjectionMolding 
 

7. CentrifugalCasting 
 

8. ContinuousLamination 

1. HandLay-up 
 

        2.  Spray-up 

 

3.FilamentWinding 



20 
 

3.2.2.1Hand layup   

 The hand layup is the oldest and most basic manufacturing method for 

composites, which basically involves manual placement of fabric layers, or plies in 

the mold and succeeding application of resin matrix to form a laminate stack. The 

wet composite is then rolled, brushed, or squeezed using hand rollers to distribute the  

 

Figure 3.2.2.1: Hand Lay-Up 

distribute the resin uniformly, remove entrapped air, and consolidate the composite 

layers to ensure better interaction between the reinforcement and the matrix and to 

obtain the desired thickness. Generally, the hand layup manufacturing process can be 

divided into four elemental steps: mold preparation, gel coating, layup, and curing. 

This process is labor-intensive where the laminate quality, resin mixing, and laminate 

resin contents are highly depending on the operator skills, as in this method not much 

fiber loading is possible. However, longer fibers can be used in this process and its 

versatility and low tooling cost has made it attractive for applications in marine and 

aerospace structures. Bulletproof composite panels were fabricated by the hand layup 

process from ramie fiber–reinforced composites with epoxy as a matrix. 

3.2.2.2 Spray-up 
 

 Spray-up, or chopping, is an open mold method similar to hand lay-up in its 

suitability for making boats, tanks, transportation components, and tub/shower units 

in a large variety of shapes and sizes. A chopped laminate has good conformability 

and is sometimes faster to produce than a part made with hand lay-up when molding 

complex shapes. 

 In the spray-up process, the operator controls thickness and consistency, 

therefore the process is more operator dependent than hand lay-up. Although 

production volume per mold is low, it is feasible to produce substantial production 

quantities using multiple molds. This process uses simple, low cost tooling and simple 
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processing. Portable equipment permits on-site fabrication with virtually no part size 

limitations. The process may be automated.Process: As with hand lay-up, gel coat is 

first applied to the mold and allowed to cure.  

Figure 3.2.2 : Spray-Up 

 Continuous strand glass roving and initiated resin are then fed through a 

chopper gun, which deposits the resin-saturated “chop” on the mold. The laminate is 

then rolled to thoroughly saturate the glass strands and compact the chop. Additional 

layers of chop laminate are addedas required for thickness. Roll stock reinforcements, 

such as woven roving or knitted fabrics, can be used in conjunction with the chopped 

laminates. Core materials of the same variety as used in hand lay-up are 

easilyincorporated. 

Molds: These are the same molds as hand lay-up: simple, single cavity molds of 

fiberglass composites construction. Molds can range from small to very large and are 

low cost in the spectrum of composites molds. 

3.2.2.3 FilamentWinding 
 

 Filament winding is an automated open molding process that uses a rotating 

mandrel as the mold. The male mold configuration produces a finished inner surface 

and a laminate surface on the outside diameter of the product. 

 Filament winding results in a high degree of fiber loading, which provides high 

tensile strength in the manufacture of hollow, generally cylindrical products such as 

chemical and fuel storage tanks, pipes, stacks, pressure vessels, and rocket motor 

cases. The process makes high strength- to-weight ratio laminates and provides a high 

degree of control over uniformity and fiber orientation. The filament winding process 

can be used to make structures that are highly engineered and meet strict tolerances. 

Because filament winding is computer-controlled and automated, the labor factor for 

filament winding is lower than other open molding processes. 
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Figure3.2.2.3 : Filament Winding 

 
Process: Continuous strand roving is fed through a resin bath and wound onto a 

rotating mandrel. The roving feed runs on a trolley that travels the length of the 

mandrel. The filament is laid down in a predetermined geometric pattern to provide 

maximum strength in the directions required. When sufficient layers have been 

applied, the laminate is cured on the mandrel. The molded part is then stripped from 

the mandrel. Equipment is available for filament winding ona continuous basis with 

to axis winding for pressure cylinders. Filament winding can be combined with the 

chopping process and is known as the hoop chopprocess. 

Molds: Filament winding uses mandrels of suitable size and shape, made of steel or 

aluminum, to form the inner surface of the hollow part. Some mandrels are 

collapsible to facilitate part removal. 

3.2.3ClosedMolding 

 In closed-molding, raw materials (fibers and resin) cure inside a two-sided 

mold or within a vacuum bag (shut off from air). Closed-molding processes are 

usually automated and require special equipment, so they’re mainly used in large 

plants that produce huge volumes of material—up to 500,000 parts a year. 

3.2.3.1 Vacuum BagMolding 

 Vacuum bag molding improves the mechanical properties of open-mold 

laminates. This process can produce laminates with a uniform degree of 

consolidation, while at the same time removing entrapped air, thus reducing the 

finished void content.By reducing the pressure inside the vacuum bag, external 

atmospheric pressure exerts force on the bag. The pressure on the laminate removes 
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entrapped air, excess resin, and compacts the laminate, resulting in a higher 

percentage of fiber reinforcement. 

 Vacuum bagging can be used with wet-lay laminates and prepare advanced 

composites. In wet lay up bagging the reinforcement is saturated using hand lay up, 

then the vacuum bag is mounted on the mold and used to compact the laminate and 

remove air voids. In the case ofpre-impregnated advanced composites molding, the 

prepare material is laid up on the mold, the vacuum bag is mounted and the mold is 

heated or the mold is placed in an autoclave that applies both heat and external 

pressure, adding to the force of atmospheric pressure. The prepare-vacuum bag-

autoclave method is most often used to create advanced composite aircraft and 

military products. 

 Structures fabricated with traditional hand lay up techniques can become 

resin rich and vacuum bagging can eliminate the problem. Additionally, complete 

fiber wet-out can be accomplished if the process is done correctly. Improved core 

bonding is also possible with vacuum bag processing. 

 

 

Figure 3.3.1: Vaccum Bag Molding 

 

Process: In the simplest form of vacuum bagging, a flexible film (PVA, nylon, mylar, 

or polyethylene) is placed over the wet lay up, the edges are sealed, and a vacuum is 

drawn. A more advanced form of vacuum bagging places a release film over the 

laminate, followed by a bleeder ply of fiberglass cloth, non-woven nylon, polyester 

cloth, or other material that absorbs excess resin from the laminate. A breather ply of 

a non woven fabric is placed over the bleeder ply, and the vacuum bag is mounted 

over the entire assembly. Pulling a vacuum from with in bag uses atmospheric 

pressure to eliminate voids and force excess resin from the laminate. The addition of 

pressure further results in high fiber concentration and provides better adhesion 
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between layers of sandwich construction. When laying non-contoured sheets of PVC 

foam of balsa into a female mold, vacuum bagging is the technique of choice to 

ensure proper secondary bonding of the core to the outer laminate. 

Molds: Molds are similar to those used for conventional open mold processes. 

 
3.2.3.2Vacuum InfusionProcessing 

 Vacuum infusion processing is a variation of vacuum bagging in which the 

resin is introduced into the mold after the vacuum has pulled the bag down and 

compacted the laminate. 

 Vacuum infusion can produce laminates with a uniform degree of 

consolidation, producing high strength, lightweight structures. This process uses the 

same low-cost tooling as open molding and requires minimal equipment. Vacuum 

infusion offers substantial emissions reduction compared to either open molding or 

wet lay-up vacuum bagging. 

 The method is defined as having lower than atmospheric pressure in the mold 

cavity. The reinforcement and core materials are laid-up dry in the mold by hand, 

providing the opportunity to precisely position the reinforcement. When the resin is 

pulled into the mold the laminate is already compacted; therefore, there is no room 

for excess resin. Vacuum infusion enables very high resin-to-glass ratios and the 

mechanical properties of the laminate are superior. Vacuum infusion is suitable to 

mold very large structures and is considered a low-volume molding process. 
 

 
 

 

 

 

 

 

Figure 3.3.2 :Vaccum Infusion process 

 

Process: The mold may be gel coated in the traditional fashion. After the gel coat 

cures, the dry reinforcement is positioned in the mold. This includes all the plies of 

the laminate and core material if required. A perforated release film is placed over 
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the dry reinforcement. Next a flow media consisting of a coarse mesh or a “crinkle” 

ply is positioned, and perforated tubing is Positioned as a manifold to distribute resin 

across the laminate. The vacuum bag is then positioned as a manifold to distribute 

resin across the laminate. The vacuum bag is thenpositioned and sealed at the mold 

perimeter. A tube is connected between the vacuum bag and the resin container. A 

vacuum is applied to consolidate the laminate and the resin is pulled into the mold. 

Molds: Molds are similar to those used for conventional open-mold processes. 
 
3.2.3.3Resin Transfer Molding(RTM) 

Resin transfer molding (RTM) is an intermediate volume molding process for 

producing composites. In RTM, resin is injected under pressure into a mold cavity. 

This process produces parts with two finished surfaces. 

By laying up reinforcement material dry inside the mold, any combination of 

material and orientation can be used, including 3-D reinforcements. Part thickness is 

determined by the tool cavity. Fast cycle times can be achieved in temperature-

controlled tooling and the process can range from simple to highly automated. RTM 

can use a wide variety of tooling, ranging from low-cost composite molds to 

temperature controlled metal tooling. Vacuum assist can be used toenhance resin 

flow in themoldcavity. 

 

     Figure 3.3.3: Resin Transfer Molding (RTM) 

 
 
 
 
 
 
 
Process: The mold is gel coated conventionally, if required. The reinforcement (and 

core material) is positioned in the mold and the mold is closed and clamped. The resin 

is injected under pressure, using mix/meter injection equipment, and the part is cured 

in the mold. The reinforcement can be either a preform or a pattern cut roll stock 

material. A preform is a reinforcement that is formed to a specific shape in a separate 

process and can be quickly positioned in the mold. RTM can be done at room 
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temperature; however, heated molds are required to achieve fast cycle times and 

product consistency. Clamping can be accomplished with perimeter clamping or press 

clamping. 

Molds: RTM can utilize either hard or soft tooling depending upon the expected 

duration of the run. Soft tooling would be either polyester or epoxy molds, while hard 

tooling may consist of cast machined aluminum, electroformed nickel shell, or 

machined steel molds. RTM can takeadvantage of the broadest range of tooling of any 

composites process. Tooling can range from very low-cost to high-cost, life-long 

molds. 

3.3.3.4 CompressionMolding 

 Compression molding is a high-volume, high-pressure method suitable for 

molding complex, fiberglass-reinforced polymer parts on a rapid cycle time. 

 There are several types of compression molding that are defined by the type of 

material molded: sheet molding compound (SMC), bulk molding compound (BMC), 

thick molding compound (TMC), and wet lay-up compression molding. Compression 

molding toolingconsists of heated metal molds mounted in large hydraulic presses. 

The process can beautomated. 

 Compression molding enables part design flexibility and features such as 

inserts, ribs, bosses and attachments. Good surface finishes are obtainable, 

contributing to lower part finishing cost. Subsequent trimming and machining 

operations are minimized in compression molding and labor costs are low. 

Process: The mold set is mounted in a hydraulic or mechanical molding press and the 

molds are heated from 250° to 400° F. A weighed charge of molding material is placed 

in the open mold. The two halves of the mold are closed and pressure is applied. 

Depending on thickness, size, and shape of the part, curing cycles range from less than 

a minute to about five minutes. After cure, the mold is opened and the finished part is 

removed. Typical parts include automobile components, appliance housings and 

structural components, furniture, electrical components, and business machine 

housings and parts. 
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Figure 3.3.4: Compression Molding 

 

Molds: Tooling usually consists of machined or cast metal or alloy molds that can be 

in either single or multiple-cavity configurations. Steel molds are hardened and 

sometimes chrome plated for enhanced durability. The molds are heated using steam, 

hot oil, or electricity. Side cores, provisions for inserts, and other refinements are 

often employed. Mold materials includeCast of forged steel, cast iron, and cast 

aluminum. Matched metal molds can cost 50 times as much as an FRP open mold 

and tooling in the $50,000-$500,000 range is not uncommon. 

3.3.3.5 Pultrusion 

 Pultrusion is a continuous process for the manufacture of products having a 

constant cross section, such as rod stock, structural shapes, beams, channels, pipe, 

tubing, fishing rods, and golf club shafts. 

 Pultrusion produces profiles with extremely high fiber loading; thus, pultruded 

products have high structural properties. The process can be readily automated and is 

adaptable to both simple and complex cross-sectional shapes. Very high strengths are 

possible and labor costs are low. 

Process: Continuous strand glass fiber, carbon fiber or basalt fiber roving, mat, cloth, 

or surfacing veil is impregnated in a resin bath and then pulled (therefore the term pul-

trusion) through a steel die by a powerful tractor mechanism. The steel die 

consolidates the saturated reinforcement, sets the shape of the stock, and controls the 

fiber/resin ratio. The die is heated to rapidly cure the resin. Many creels (balls) of 

roving are positioned on a rack, and a complex series of tensioning devices and roving 

guides direct the roving into the die. 
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Figure 3.3.3.5: Pultrution 

 
Molds: Hardened steel dies are machined and include a preform area to do the initial 

shaping of the resin-saturated roving. The dies include heating which can be electric 

or hot oil. The latest pultrusion technology uses direct injection dies, in which the 

resin is introduced inside the die, rather than through an external resin bath. 

3.3.3.6Reinforced Reaction Injection Molding(RRIM) 

 In the RRIM process, two or more reactive resins are metered and 

impingement-mixed under high pressure to form a thermosetting polymer, injected 

into a mold, and then cured. 

 RRIM composites have a number of processing advantages including very fast 

cycle time, low labor, low mold clamping pressure and low scrap rate. RRIM uses 

reinforcements to improve Resins and Reinforcement: The RRIM process requires 

special resins and reinforcements. A number of resins, including epoxies, polyesters, 

nylons and polyurethanes have been successfully developed for RRIM processing. 

Today, polyurethane is the predominate resin in RRIM. Most of the urethanes used 

are elastomeric and range in flex modulus from 20,000 psi to well over 500,000 psi 

(170MPa to 3.5 GPa). The basic RRIM reinforcements are chopped or hammer milled 

glass fiber and glass flake. 

 Variations on a RRIM theme: Variations of the RRIM process include 

structural RIM (SRIM). In this process, chopped fiber preforms or mats are 

positioned in the mold cavity. The mold is clamped and resin is injected into the mold 

cavity. The reacting resin remains liquid long enough to completely fill the mold and 

penetrate the reinforcing fibers. Then the resin quickly cures. 
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Figure 3.3.3.6 Reinforced Reaction Injection Molding (RRIM) 

Applications: Presently, transportation is the principal market for RRIM products. 

Automotive and truck applications for RIIM parts include Class A body panels, 

fascia, bumper beams, spare tire covers, floor pans and other similar products. The 

advent of controllable reactivity resins such as polyuria/amide has introduced a trend 

toward larger machines, larger clamps and larger parts. Very large RRIM molded 

parts weighing over 100 pounds have already been produced. Breakthrough 

applications such as this clearly indicate that the future trend in RRIM products will 

be toward increased market acceptable featuring larger and more sophisticated parts. 

 

 3.3.3.7Centrifugal Casting 

 In centrifugal casting, reinforcements and resin are deposited against the 

inside surface of a rotating mold. Centrifugal force holds the materials in place until 

the part is cured. 
 
 

 

Figure 3.3.3.7: Centrifugal Casting 

 

With centrifugal casting, the outside surface of the part, which is cured against the 

inside surface of the mold, represents the “finished” surface. The interior surface of 
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centrifugally cast parts can be given an additional coating of “neat” or pure resin to 

improve surface appearance and provide additional chemical resistance in the part. 

Large diameter composite pipe and tanks are commercially produced by centrifugal 

casting. 

Advantages of centrifugal casting include a finished exterior surface and containment 

of volatiles during processing. The primary limitations of centrifugal casting are the 

ability to spin molds of large size and relatively low productivity per tool. 

3.3.3.8 Continuous Lamination 

 Continuous lamination is used to produce composite products such as opaque 

and translucent flat or corrugated paneling, truck trailer paneling, refrigerator liners, 

sanitary paneling, road signs and other similar products. 
 

 
Figure 3.3.8 Continuous Lamination 

 

 Typically, high output machines up to 10 feet (3 meters) wide combine 

reinforcement and resin on plastic film that is pulled through the process. A second 

plastic film is applied over the reinforcement and resin to allow mixing and exclusion 

of air that is usually accomplished by compaction rollers. 

 Cure is completed in an oven. Panels are automatically trimmed to width and 

cut to length. Corrugated sheet is produced by forming shoes which hold the 

compacted sheet in the required shape during cure. Special surface effects are created 

by using embossed carrier films that are later removed. Both mat reinforcements and 

rovings chopped by special wide cutters are employed in the process.Polyester and 

acrylic modified polyesters (for improved water resistance) are the primary resins for 

continuous lamination. 
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3.3.4 Cast Polymers Molding 

Cast polymers are unique in the composites industry: they typically don’t have fiber 

reinforcement and are designed to meet specific strength requirements of an 

application. Cast polymer molding is used to produce parts of any shape or size. 

3.3.4.1 Gel Coated Cultured Stone Molding 

Figure 3.3.4.1: Gel Coated Cultured Stone Molding 

 

 Gel coat is a specialized polyester resin that is formulated to provide a 

cosmetic outer surface on a composite product, and to provide weather-ability for 

outdoor products. Gel coat consists of a base resin and additives. 

3.3.4.2Solid SurfaceMolding 

Figure 3.3.4.2: Solid Surface Molding 

Solid surface products (also known as densified products) consist of a cast matrix 

without a gel- coated surface. A vacuum can be used to remove entrapped air in the 

matrix. Solid surface products offer limitless design styles. 

3.3.5 Vacuum Bag kit 

 Vacuum bagging is a technique employed to create mechanical pressure on a 

laminate during its cure cycle. Pressurizing a composite lamination serves several 

functions. First, it removes trapped air between layers. Second, it compacts the fiber 

layers for efficient force transmission among fiber bundles and prevents shifting of 



32 
 

fiber orientation during cure. Third, it reduces humidity. Finally, and most important, 

the vacuum bagging technique optimizes the fiber-to-resin ratio in the composite part. 

These advantages have for years enabled aerospace and racing industries to maximize 

the physical properties of advanced composite materials such as carbon, aramid, and 

epoxy. 

Building a Vacuum System 

 The first step in creating a successful vacuum bagging systemis to select a 

quality vacuum pump. . 

 

 

 

 

 

 

 

 

 

 

 

 

The pumps are typically rated by the horsepower of the motor, type of pumping 

mechanism (rotary vane, diaphragm, piston, etc.,) the volume of air displaced in cubic 

feet per minute (CFM), and the maximum attainable vacuum pressure in inches of 

mercury ("Hg.) It is advisable to match the bag size, desired vacuum rate, and 

ultimate pressure with that of the pump for best results. While a smaller pump can 

often attain a desired vacuum level on a large system, it will take much longer to 

achieve that level. Also, if a leak is present in a system which exceeds the CFM rating 

of the pump, even a partial vacuum will be difficult to achieve. If a pump cannot 

achieve full vacuum in less than five to eight minutes, the pump is probably too small. 

Determining the correct pump for an application is based on the square footage of the 

mold which it must surround. By squeezing as much air out of the bag as soon as 

possible before sealing the bag and applying the vacuum, the work of the pump can be 

greatly reduced. 

https://www.fibreglast.com/product/Vacuum_Bagging_Starter_Kit_02227_A/Vacuum_Fittings
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Chapter 4 

Testing of Composites 

Mechanical Testing ofComposites 

 The mechanical testing of composite materials involves a range of test types, a 

plethora of standards, and the need to condition and test in a variety of different 

environments. 

 Composite materials are being used in an ever-increasing variety of products 

and applications, as more and more industries realize the benefits that these materials 

offer. As the demands for light-weight composite structures for aerospace, ground 

transportation, and environmentally sustainable energy systems develop, so do the 

mechanical testing requirements for composite materials, components and structures. 

 Full characterization of the properties of anisotropic and inhomogeneous 

composite materials, for use in demanding structural applications, requires a wide 

range of mechanical tests.Determination of bulk properties requires tension, 

compression and flexural tests. 

 'Composites' testing for aerospace applications is, undoubtedly, one of the 

most demanding areas of testing. Laboratories undertaking composites testing for 

aerospace applications face a number of challenges. Four significant challenges are: 

• Ensuring all that tests are conducted in compliance with the wide range 

ofstandards. 

• Achieving, maintaining, and being able to demonstrate accurate alignment 

of gripsand fixtures. 

• Changing test fixtures quickly and efficiently in order to cover awide 

range oftests while maintaining highproductivity. 

• Maintaining the correct testenvironment. 

Composite TestStandards 

 Composite tests have been standardized by a number of organizations. The 

main international composite testing standards are those maintained by ASTM, ISO, 

CEN (European Committee for Standardization). In addition to the international 
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standards, there are a number of manufacturer’s proprietary standards in widespread 

use including the BSS series from Boeing and the AITM series from Airbus. There 

are other obsolete standards that are still being used today including those published 

by SACMA (Suppliers of Advanced Composite Materials Association), CRAG 

(Composites Research Advisory Group), and AECMA (Association Européenne des 

Constructeurs de Matériel Aérospatial). In many cases, the test methods described by 

different standards are basically the same, but there are significant differences in 

The specimen and fixture dimensions. In addition, auditing bodies such as Nadcap 

further define performance criteria, e.g. alignment for the testing equipment. 

 Tensile Testing: 

The standard test method for tensile properties of fiber-resin composites, ASTM-

D638M-89 is used to prepare specimens as per the dimensions. The test specimen 

has a constant cross section with tabs bonded at the ends. 

The mould is prepared on smooth ceramic tile to the required dimension. Initially the 

ceramic tile is cleaned to ensure clean surface on the tile. The engine oil has been 

poured on the tile for the easy removal of the mould. Hand layup method is adopted 

to fill the prepared mould with general purpose Epoxy resin of LY 556 grade with 

Hardener (HY 951) supplied by Vruksha composites PVT. LTD. Chennai, as matrix 

and various fibers such as Flax and Ramie fibers as reinforcement. The resulting 

mould is cured for 48 hours. The specimens’ dimensions are (160x12.5x3) mm. 

 
 

 
 
 

 
 
 
 
 
 
 

 
Fig. 4.3 Tensile Test Pieces 
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Flexural Testing: 

 The standard test method for flexural test properties of fiber-resin composites, 

ASTM-D79M- 86 is used to prepare specimens as per the dimensions. The test 

specimen has a constant cross section with tabs bonded at the ends. The specimens 

dimensions are (100x25x3) mm. 

 
 
 
 
                                   Figure 4.4: Flexural Test Pieces 

 

Tensometer: 

 A 2 ton capacity - Electronic tensometer, ASTM D638M-89 model, supplied 

by M/S Microtech, Pune, is used to find the tensile strength of composites. The 

specimens dimensions are (160x12.5x3) mm.Its capacity can be changed by load 

cells of 0 Kg to 2000 Kg. 

 

 
 
 
 
 
 
 
 
 
 
UNIVERSAL TESTING MECHINE 
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                             Figure4.5: Universal Tensile Testing Machines 

 

The mould is prepared on smooth ceramic tile to the required dimension. Initially the 

ceramic tile is cleaned to ensure clean surface on the tile. The engine oil has been 

poured on the tile for the easy removal of the mould. Vacuum Bagging method is 

adopted to fill the prepared mould with general purpose Epoxy resin of LY 556  grade 

with Hardener (HY 951) supplied by Vruksha composites PVT. LTD. Chennai, as 

matrix and various fibres such as Flax and Ramie fibers as reinforcement.The 

resulting mould is cured for 48 hours.The specimens dimensions are (160x12.5x3) 

mm. 

ImpactTesting: 

 The specimens are prepared for impact test accordance to the ASTM D256-

97 to find the impact strength of the composites. The specimen’s dimensions are 

(63.5x12.36x10) mm. 

 

                                  Figure 4.6: Impact Test Pieces 
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 Impact Tester: 

The impact test is a method for evaluating the toughness and notch sensitivity of 

engineering materials. It is usually used to test the toughness of metals, but similar 

tests are used for polymers, ceramics and composites.

 
Figure 4.7 : Impact Tester 

  

The notched test specimen is broken by the impact of a heavy pendulum or hammer, 

falling at a predetermined velocity through a fixed distance. The test measures the 

energy absorbed by the fractured specimen. 

CharpyTest: 

The Charpy impact test is a dynamic test in which a test piece U-notched or V-

notched in the middle and supported at each end, is broken by a single blow of a 

freely swinging pendulum. The energy absorbed is measured. This absorbed energy 

is a measure of the impact strength of material. 
 

Fig. Charpy Test 
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Izod Test 

 The Izod impact test is a dynamic test in which a test piece V-notched test 

piece, gripped vertically, is broken by a single blow of a freely swinging pendulum. 

The blow is struck onthe same face as the notch and at the fixed height above it. The 

energy absorbed is measured. This absorbed energy is a measure of the impact 

strength ofmaterial. 

 
 
 

 

 

 

 

 
 

 

 

 

 

Figure 4.7.2 : IzodTest 
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Chapter 5 

Results & Discussions 

Fibres In Samples 
 

Composites Fiber A Fiber B Matrix 

Sample 1 Flax - Epoxy 

Sample 2 Flax Ramie Epoxy 
 

Table 5(a) : Fibre in Samples 

Volume Fraction 

Composites %Fiber %Matrix 

Sample 1 

(Flax) 32.6 67.4 

Sample 2 

(Flax+Ramie) 
26 + 3.9 

(Flax) (Ramie) 
70.1 

Table 5(b) : Volume Fraction 

Formulae: 

Volume Fraction 

 

• mc = mf +mm 

• 1/ c = (mm/ m) +(mf/f) 

• Vc =mc/c 

 

Where 
 

mc = Mass of Composite in grams mf = Mass of Fibre in grams 

mm= Mass of Matrix in grams 
 

c = density of Composite in gm/cc2 
 

m = density of Matrix in gm/cc2 
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f = density of Fibre in gm/cc2 Vc = Volume of Composite in cc3 

For Tensile Test 

Tensile Strength = F/A MPa  

Strain ∈=  / 

Young Modulus E =  /∈MPa 
 

For Flexural Test 

 

Flexural Strength = 3FL/2Wd2 Strain ∈=6/2 

Flexural Modulus Ef = L3F/4Wd3D 
 

For Impact Test 

 

Impact Strength = Impact Energy / Area under the Notch Where 

F = Load in N 
 

L= Length of Specimen in mm  

W= Width of Specimen in mm d= depth of Specimen in mm 

D = deflection of Specimen in mm 
 
 

Testing Results:: Tensile Flax +Epoxy: 

Sample 

No. 

Load 

(N) 

Tensile 

Strength (MPa) 

Tensile 

Modulus (GPa) 

% 

Elongation 

1 2430 38.88 2.29 1.7 

2 1750 28 2.15 1.3 

3 2120 33.92 2.12 1.6 

Mean 2100 33.6 2.19 1.53 

 

Table 5.1(a) : Flax+Epoxy for Tensile Test 
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Graphs: 
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(a): Results of Tensile Test of flax 
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Flax + Ramie + Epoxy: 

Sample No. 
Load 

(N) 

Tensile 

Strength (MPa) 
Tensile 

Modulus (GPa) 

% 

Elongation 

1 1470 23.52 1.68 1.4 

2 2540 40.64 1.85 2.2 

3 1510 24.16 2.013333333 1.2 

Mean 1840 29.44 1.85 1.60 

 

Table 5.1(b) :Flax + Ramie +Epoxy for Tensile Test 
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Graphs: 
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Figure 5.1(b): Results of Tensile Test 

 

 

Flexural TestResults Flax +Epoxy: 

 

Sample 

No. 

Load 

(N) 

Flexural 

Strength 

(MPa) 

FlexuralModul

us (GPa) 

Maximum

Deflection 

(mm) 

1 220 52.80 24.691 3.3 

2 290 69.60 29.029 3.7 

3 250 60.00 29.869 3.1 

Mean 253.33 60.80 27.86 3.37 

 

Table5.2(a) : Flax+Epoxy for Flexural Test 

 

 

 

 

 

 



45 
 

 

 

Graph: 
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Figure 5.2(a): Results of Flexural TestFlax + 

Ramie + Epoxy: 

 

 

 

Sample 

No. 
Load (N) 

Flexural 

Strength(

MPa) 

FlexuralModu

lus (GPa) 

Maximum

Deflection 

(mm) 

1 360 86.40 36.036 3.7 

2 320 76.80 42.328 2.8 

3 340 81.60 37.037 3.4 

Mea

n 

340.00 81.60 38.47 3.30 

 

Table 5.2(b) :Flax+Ramie+Epoxy for Flexural 
 

 

Graph: 
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Figure 5.2(b): Results of Flexural Test 

Impact Test Results: Flax + Epoxy 

 

Sample No. Impact Energy (J) 
Impact Strength 

(KJ/m2) 

1 2.7 21.95 

2 1 8.13 

3 2.9 23.57 

Mean 2.2 17.88 
 

Table 5.3(a)  :Flax+Epoxy for IzodTest 
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Figure 5.3(a): Results of  IzodTest 

 

 

Flax + Ramie + Epoxy 

 

 

Sample 

No. 

 

Impact Energy 

(J) 

Impact Strength 

(KJ/m2) 

1 4.2 34.14 

2 2.2 17.88 
3 1.2 9.75 

Mean 2.53 20.59 

 

Table5.3(b) : Flax+Ramie+Epoxy for Izod Test 
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Figure 5.3(b): Results of Izod Test 

Comparison of Glass Fiber, Flax Fiber and Hybrid Composite: 

Type of 

Fiber 

Tensile 

Strength 

(MPa) 

Tensile 

Modulus 

(GPa) 

Flexural 

Strength 

(MPa) 

Flexural 

Modulus 

(GPa) 

Impact 

Energy 

(J) 

Impact 

Strength 

(KJ/m2) 

GF 134 4.09 190.5 7.6 2.67 2.37 

FF 33.6 2.19 60.80 27.86 2.2 17.88 

FF+RF 29.44 1.85 81.60 38.47 2.53 20.59 
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• In the Hybrid fiber composite, the tensile strength of the composite decreased 

asthe volume fraction of fiber in the composite hasdecreased. 
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• In the case of flexural strength, the Glass fiber composites have the highest 

strength. Hybrid composite strength is higher when compared to the flax fiber 

composite 

• But, when it come to the modulus the deflection in the sample is very less 

when compared with the glass fiber. the reason is the glass fiber is more brittle 

in nature inthe transverse direction when compared with naturalfiber. 
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• In Case of Impact strength the strength of hybrid composite is near to the 

strength of glassfiber. 
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Chapter - 6 

Conclusion and Scope for Future Work 

Conclusion: 

The flax fiber strength is 31% weaker than the glass in its fiber strength. when we 

added the matrix material to the fiber these fibers are 25%.due to the low fiber 

content. The hybrid composites 28% weaker than the Glass fiber. The strength of the 

composites may be decreased due to air bubbles while fabricating the composites. 

Future sem analysis is required to identity the defects in composites.so these material 

can be used for non-load bearing of the turbines like shed skin of blades. Hybrid 

composites with increase in fiber content may further increase the strength of the 

composite 

 

Future work:  

The work can be extended for investigation of moisture absorption and fatigue 

behavior is required to achieve the realization of industrial requirements different 

matrix materials such as bio-resins and thermoplastics may be tested to obtain greater 

strength. 
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ABSTRACT 

      In the present study, the considerable work is carried out on E – glass powder and green 

fly ash are reinforced in metal matrix composites (MMC) on strengths, structures, it‟s 

physical and chemical properties etc. The weight percentage of reinforcement of hybrid 

reinforcement, green fly ash and E – glass powder mixing in Al6351 individually at 1%, 2% 

and 3%. Since decarburization of biological waste is unique for each kind, there is standard 

procedure is developed. Enhancement of conventional mechanical properties also has to be 

standardized. Here the almond shells are the biological wastes and E – glass powder are 

taken as the reinforcement. The almond shells are mostly used in the polymer matrix in the 

matrix phase as the base metal. This was fabricated by liquid metallurgy (stir cast) method. 

The casted composite specimens were machined as per test standards. Some of the 

mechanical properties have been evaluated and compared with Al6351 alloy. Significant 

improvement in tensile properties, compressive strength and hardness are noticeable as the 

Wt % of the flyash increases. The microstructures of the composites were studied to know 

the dispersion of the flyash and e-glass fiber in matrix. It has been observed that addition of 

flyash significantly improves ultimate tensile strength along with compressive strength and 

hardness properties as compared with that of unreinforced matrix. 
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CHAPTER – 1 

INTRODUCTION 

 

1.0  INTRODUCTION 

A composite is a material made from two or more constituent materials which are 

having significantly different physical or chemical properties.In composite material 

individual constituents may not completely blend or lose their identities. However, one 

can get hybrid and contributed properties of the final product. They combined to produce 

a material which characterizes the different individual components. These individual 

components are remained to separate and distinct with the finished structure, 

differentiating composites from mixtures and solid solution. The new material may be 

preferred for many reasons: common examples include materials which are stronger, 

lighter, or less expensive when compared to traditional materials.Composites are 

typically made for a particular use such as strength, efficiency or durability. 

Composites are becoming an essential part of today‟s materials because they offer 

advantages such as low weight, corrosion resistance, high fatigue strength, faster 

assembly, etc. composites are used as materials in making aircraft structures to golf 
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clubs, electronic packaging to medical equipment, and space vehicles to home building. 

Composites are generating curiosity and interest in students all over the world. They are 

seeing everyday applications of composite materials in the commercial market, and job 

opportunities are increasing in this field. The technology transfer initiative of US federal 

government is opening new and large-scale opportunities for use of advanced composite 

materials. 

Like all composites, aluminum-matrix composites are not a single material but a 

family of materials whose stiffness, strength, density, thermal and electrical properties 

can be tailored. The matrix alloy, reinforcement material, volume and shape of the 

reinforcement, location of the reinforcement and fabrication method can all be varied to 

achieve required properties. The aim involved in designing metal matrix composite 

materials is to combine the desirable attributes of metals and ceramics. The addition of 

high strength, high modulus refractory particles to a ductile metal matrix produce a 

material whose mechanical properties are intermediate between the matrix alloy and the 

ceramic reinforcement. Metals have a useful combination of properties such as high 

strength, ductility and high temperature resistance, but sometimes have low stiffness, 

whereas ceramics are stiff and strong, though brittle. By carefully controlling the relative 

amount and distribution of the ingredients of a composite as well as the processing 

conditions, these properties can be further improved. Among discontinuous metal matrix 

composites, stir casting is generally accepted as a particularly promising route, currently 

practiced commercially. Its advantages lie in its simplicity, flexibility and applicability to 

large quantity production. It is also attractive because, in principle, it allows a 

conventional metal processing route to be used, and hence minimizes the final cost of the 

product. The cost of preparing composites material using a casting method is about one-

third to half that of competitive methods, for high volume production, it is projected that 

the cost will fall to one-tenth. 

1.1 COMPOSITES 

A composite is to be any multi-phase material that exhibits a significant proportion of 

the properties of both constituent phases such that a better combination of properties is 

realized. According to this principle of combined action, better property combinations 

are fashioned by the combination of two or more distinct materials. A composite is a 

multi-phase material that is artificially made as opposed to one that occurs or forms 

naturally. In addition, the constituent phases must be chemically dissimilar and separated 
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by a distinct interface. Most composites have been created to improve combinations of 

mechanical properties such as stiffness, toughness, and ambient and high temperature 

strength. 

Many composites materials are composed of just two phases; one is 

termed as the matrix, which is continuous and surrounds the other phase, often called 

dispersed phase. The properties of a composite are a function of properties of the 

constituent phases, their relative amounts, and the geometry of the dispersed phase. 

Dispersed phase geometry in the context means the shape of the particles and the particle 

size, distribution and orientation. 

1.2 BENEFITS OF COMPOSITES 

Composites offer many advantages over other material. Within aerospace and 

marine markets, where exceptional performance is required but weight is critical, 

composites continue to grow in importance 

 Light Weight: Composites are light in weight, compared to most woods and 

metals. 

 High strength: Composites can be designed to be far stronger than aluminium or 

steel. 

 Strength Related to Weight. 

 Corrosion Resistance. 

 High-Impact Strength. 

 Design Flexibility. 

 Dimensional Stability. 

1.3 APPLICATION OF COMPOSITE MATERIALS 

Composites are one of the most widely used materials because of their 

adaptability to different situations and the relative ease of combination with other 

materials to serve specific purposes and exhibit desirable properties. 

In surface transportation, reinforced plastics are the kind of composites used 

because of their huge size. They provide ample scope and receptiveness to design 

changes, materials and processes. The strength-weight ratio is higher than other 

materials. Their stiffness and cost effectiveness offered, apart from easy availability of 

raw materials, make them the obvious choice for applications in surface transportation. 
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In heavy transport vehicles, the composites are used in processing of component 

parts with cost effectiveness. Good reproductivity and resilience handling by semi-

skilled workers are the basic requirements of a good composite material. While the costs 

of achieving advanced composites may not justify the savings obtained in terms of 

weight vehicle production, carbon fibers reinforced epoxies have been used in racing 

cars and recently for the safety of cars. 

 

Fig: 1.1Application of Composite Materials 

A reinforced-plastic composite is likely to cost more than sheet steel, when 

considered on the basis of cost and performance. In such a case, other qualities must 

necessarily justify the high expenditure. Mechanical properties of the parts, which affect 

the thickness and weight, must offer enough savings to render them more effective than 

steel. It however shows a higher machining waste than reinforced plastics. 

Glass filaments have been used in space vehicles for several years now as 

laminations in secondary structures. As far as its importance as an engineering material is 

concerned, glass is attractive because of high specific strength, low cost, good forming 

characteristics, high impact resistance and thermal stability. Thanks to its insulating 

property, glass has been used to a great extent in thermal isolation components and 

structures. However, a drawback with glass is its low elastic modulus. Although glass is 
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easily handled, it results in excessive tool wear while machining operations are 

conducted. 

 

In Railway carriages it is desirable to reduce the weight of rail car bodies as well 

as heavy transport vehicles, which in turn reduce power and braking requirements. It also 

reduces maintenance costs. Vehicle type selection is the major aspects of building rail 

cars. Structural concepts on certain aluminium and steel vehicles which are designed 

from sheets and stiffened by extrusion are not always the most efficient in case of 

collision. Fire retarding properties, noise and heat insulation and crack resistance are 

additional qualities. 

Glass reinforced systems are used in many city transit cars. The accessories are 

made from cellular cellulose acetate foam cores, over laid with fiber glass for strength 

and rigidity. Few vehicles use glass-reinforced polyester for panel dividers. Structurally 

the exterior of these vehicles combines fiber glass moulded parts over truss-type 

structures. 

Typical engineered composite materials include: 

 Reinforced concrete and masonry 

 Composite wood such as plywood 

 Reinforced plastics, such as fiber-reinforced polymer or fiber glass 

 Ceramic matrix composites (composite ceramic and metal matrices) 

 Metal matrix composites and 

 Other Advanced composite materials 

 

Among the above typical engineered composite materials, we are taking the Metal 

Matrix Composites for this regarding paper. 

Here the composites are classified into two types of phases 

 Matrix phase 

 Dispersed phase 

Here we are assuming only the matrix phase related to the carried-out work.  
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1.4 MATRIX PHASE: 

The matrix phase is the monolithic material, where the reinforcement is embedded, and 

is completely continuous. 

Based on Matrix phase material the composite material is classified into three types as 

shown below. 

 

 

Fig 1.2 Classification of Composites based on matrix phase 

 

1.4.1 METAL MATRIX COMPOSITES 

Metal – matrix composites (MMCs) are most promising materials in achieving 

the enhanced mechanical properties such as: hardness, Young‟s modulus, yield strength 

and ultimate tensile strength due to the presence of micro-sized reinforcement particles 

into the matrix. Over the past years, most of the advanced and developed countries of the 

world possess enormous resources of the waste material like Argo waste, powders, fly 

ash etc. 

 

1.5 ALUMINIUM 

Aluminium, the second most plentiful metallic element on earth, became an 

economic competitor in engineering applications as recently as the end of the 19th 

century. The emergence of three important industrial developments would, by 

demanding materialcharacteristics consistent with the unique qualities of aluminium and 
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its alloys, greatly benefit growth in the production and use of the new metal. 

Electrification would require immense quantities of light-weight conductive metal for 

long-distance transmission and for construction of the towers needed to support the 

overhead network of cables which deliver electrical energy from sites of power 

generation. Aluminium industry works for the structurally reliable, strong, and fracture-

resistant parts for airframes, engines, and ultimately, for missile bodies, fuel cells, and 

satellite components. 

1.5.1 ALUMINIUM ALLOYS DESIGNATIONS   

 It is convenient to divide aluminium alloys into two major categories: casting 

compositions and wrought compositions. A further differentiation for each category is 

based on the primary mechanism of property development. Many alloys respond to 

thermal treatment based on phase solubilities. These treatments include solution heat 

treatment, quenching and precipitation, or age hardening. For either casting or wrought 

alloys, such alloys are described as heat treatable. Some casting alloys are essentially 

not heat treatable and are used only in as-cast or in thermally modified conditions 

unrelated to solution or precipitation effects. Cast and wrought alloy nomenclatures 

have been developed. The Aluminium Association system is most widely recognized in 

the United States for their alloy identification system which employs different 

nomenclatures for wrought and cast alloys [Metal hand book 1979].   

Series Main alloying elements 

1xxx Commercially Pure aluminium >99% purity(non-heat treatable) 

2xxx Copper (Heat treatable) 

3xxx Manganese (non-heat treatable) 

4xxx Silicon(non-heat treatable) 

5xxx Magnesium (non-heat treatable) 

6xxx Magnesium and silicon (heat treatable) 

7xxx Zinc (heat treatable) 

8xxx Other elements 
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For wrought alloys a four-digit system is used to produce a list of wrought composition 

families as follows:  

 1xxx Controlled unalloyed (pure) compositions.  

 2xxx Alloys in which copper is the principal alloying element, though other elements, 

notably magnesium, may be specified. 

 3xxx Alloys in which manganese is the principal alloying element. 

 4xxx Alloys in which silicon is the principal alloying element. 

 5xxx Alloys in which magnesium is the principal alloying element.  

 6xxx Alloys in which magnesium and silicon are the principal alloying elements.  

 7xxx Alloys in which zinc is the principal alloying element, but other elements such 

as copper, magnesium, chromium, and zirconium may be specified.  

 8xxx Alloys including tin and some lithium compositions. 

Among the following series of 1xxx – 8xxx, we are assuming the 6xxx series as the 

base metal. In the 6xxx series, they are alloyed with magnesium and silicon. They are easy 

to machine, are weldable, and can be precipitation hardened, but not to the high strengths 

that 2xxx and 7xxx can reach. 6351 alloy is one which is used for the present work. 

 

Fig 1.3 Aluminium Alloy Series List 
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These Aluminium metal matrix composites (Al MMCs) are globally used in the 

variety of structural and tribological applications due to their properties like high specific 

modulus, strength, hardness, low density, excellent wear resistance, low heat expansion 

coefficient and stable properties at elevated temperatures.Now a days in the earth‟s crust the 

third most available abundant element is aluminium. Aluminium is taken as the matrix 

material and various ceramic and non-ceramic particulates are considered as reinforced 

materials. The reinforcement may refine the physical and chemical properties of the base 

material. 

 

1.6 HEAT TREATABLE AND NON-HEAT TREATABLE ALUMINIUM ALLOYS  

Heat-Treatable and Non-Heat-Treatable are the two basic types of aluminium alloys.They are 

both widely used in welding fabrication and have somewhat different characteristics 

associated with their chemical and metallurgical structure and their reactions during the arc 

welding process. 

 

Fig 1.4 Heat & Non Heat Treatable Al alloys 

1.6.1 NON-HEAT-TREATABLE ALUMINIUM ALLOYS  

The strength of these alloys is initially produced by alloying the aluminium with 

addition of other elements.  These alloys consist of the pure aluminium alloys (1xxx 
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series), manganese alloys (3xxx series), silicon alloys (4xxx series) and magnesium alloys 

(5xxx series).  A further increase in strength of these alloys is obtained through various 

degrees of cold working or strain hardening.  Cold working or strain hardening is 

accomplished by rolling, drawing through dies, stretching or similar operations where area 

reduction is obtained.  Regulating the amount of total reduction in area of the material 

controls its final properties.  Material which has been subjected to a strain-hardening 

temper, may also be given a final, elevated temperature treatment called “stabilizing”, to 

ensure that the final mechanical properties do not change over time [Cross and Kohn 1993, 

Alhazza 2010].  

 

1.6.2 HEAT TREATABLE ALUMINIUM ALLOYS  

 The initial strength of these alloys is also produced by the addition of alloying 

elements to pure aluminium.  These elements include copper (2xxx series), magnesium 

and silicon, which are able to form the compound magnesium silicate (6xxx series), and 

zinc (7xxx series).  When present in a given alloy, singly or in various combinations, these 

elements exhibit increasing solid solubility in aluminium as the temperature increases.  

Because of this reaction, it is possible to produce significant additional strengthening to 

the heat-treatable alloys by subjecting them to an elevated thermal treatment, quenching 

and when applicable, precipitation heattreatment also known as artificial ageing. 

 

Fig 1.5 Graph of heat treatable Al alloys by subjecting them to an elevated thermal 

treatment, quenching 

 

1.7 STIR CASTING 

 Stir casting is a liquid state method for the fabrication of composite materials, in 

which a dispersed phase is mixed with a molten matrix metal by means of mechanical 
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stirring. Stir Casting is the simplest and the most cost effective method of liquid state 

fabrication 

 

 Fig 1.6 Stir Casting Machine 

 It is one of the most suitable techniques for producing Metal Matrix Composites 

(MMCs) for different combinations of ceramic and metals. 

 It is a type of simple operation, lower cost of production and mass production 

capabilities made this technique versatile. 

 In recent past composites including steel and titanium-based alloys have also been 

reported. 

 The hybrid composites are a new generation of metal matrix composites to attain 

desired properties at closer approximation of real needs. These may have potential of 

satisfying the recent demands of advanced engineering applications. 
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CHAPTER 2 

LITERATURE REVIEW 

 

1. B.T Ramesh, R .P Swamy, KoppadVinayak “Mechanical characterization of Al-2024 

reinforced with E-glass Powder and Fly ash by stir casting method” 

Work details: Al 2024 reinforced with fly ash and E-Glass powder 

Experimental details: Stir casting method 

Synopsis: It is observed that with increase of Fly ash and E-Glass powder in Al 2024 

density of material will decrease while increase of Tensile and compression strength. The 

properties of MMCs enhance their handling in automotive and various applications for the 

reason that of encouraging properties of high stiffness and high strength, low density, high 

electrical and thermal conductivity, corrosion resistance, improved wear resistance etc. 

Metal Matrix Composites are a vital family of materials designed at achieving an 

improved combination of properties. Our paper deals through to fabricate Hybrid 

Composite by heating Al 2024 in furnace at a temperature of around 4000 C. E-Glass 

fiber& Fly ash will be added to the molten metal with changing weight fractions and 

stirred strongly. Then the ensuing composition will poured into the mould to obtain hybrid 

composite casting. Aluminium alloy (2024) is the matrix metal used in the present 

investigation. Fly ash and e-glass are used as the reinforced materials to produce the 

composite by stir casting. Fly ash is selected because of it is less expensive and low 

density reinforcement available in great quantities as solid disposal from thermal power 

plants. The Test specimen is prepared as per ASTM standards size by machining 

operations to conduct Tensile, Compression, Hardness, and wear test. The test specimens 

are furnished for tensile, compression strength and wear as per ASTM standard E8, E9 and 
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G99 respectively using Universal Testing Machine and pin on disk machine. It is seen that 

the fabricated MMC obtained has got enhanced mechanical strength. 

 

2. P.Shanmughasundaram, R.Subramanian  , G.Prabhu“Some Studies on Aluminium – Fly 

Ash Composites  Fabricated by Two Step Stir Casting Method” 

Work details:Aluminium Reinforced Fly Ash 

Experimental details: Stir casting method 

Synopsis: It was observed that the proportion of fly ash as reinforcement leads to poor 

resistance to corrosion. However, it causes to raise the Wear resistance of MMC„s 

increases.Development of lightweight materials has provided the automotive industry with 

numerous possibilities for vehicle weight reduction. Progress in this area depends on the 

development of materials, processing techniques, surface and heat treatments. Since fuel 

consumption relates directly to vehicle weight, reducing weight can improve the fuel 

usage and price-to-performance ratio. Aluminium matrix ceramic reinforcement 

composites have attracted increasing attention due to their combined properties such as 

high specific strength, high stiffness, low thermal expansion coefficient and superior 

dimensional stability at elevated temperatures as compared to the monolithic materials. 

Aluminium reinforced with conventional ceramic materials such as SiC / Al2O3 are 

gradually being implemented into the production of pistons, cylinders, engine blocks, 

brakes and power transmission system elements in automobile industry. Fly ash (SiO2, 

Al2O3, Fe2O3 as major constituents and oxides of Mg, Ca, Na, K etc. as minor 

constituents) is one of the most inexpensive and low density material which is abundantly 

available as solid waste byproduct during combustion of coal in thermal power plants. The 

present investigation has been focused on the utilization of fly ash in useful manner by 

dispersing it into aluminium to produce composites by a two step stir casting method to 

overcome the cost barrier for wide spread applications in automotive systems. An attempt 

has also been made to investigate its microstructure, mechanical, wear and corrosion 

behavior of composites. 

 

3. Arun Kumar M. B and R. P. Swamy“Evaluation of mechanical properties of Al6061 fly 

ash and E – Glass fiber reinforced hybrid metal matrix composites” 

Work details: Flyash-eglass-Al6061 alloy composites. 

Experimental details:Stir casting method 



Department of Mechanical Engineering, GEC  23|P a g e  

Synopsis:The improvement in compressive strength also observed however but it was 

marginal. Further improvement in compressive behaviour of composite can be achieved 

by incorporating fabrication method other then stir casting method. 

The hardness of the composite material also increased with increase in wt% of fly 

ash content in the composite. Flyash-eglass-Al6061 alloy composites having 2 wt%, 4 

wt%, 6wt% and 8wt% of flyash and 2 wt% and 6wt % of e-glass fiber were fabricated by 

liquid metallurgy (stir cast) method. The casted composite specimens were machined as 

per test standards. The specimens were tested to know the common casting defects using 

ultra-sonic flaw detector testing system. Some of the mechanical properties have been 

evaluated and compared with Al6061 alloy. Significant improvement in tensile properties, 

compressive strength and hardness are noticeable as the wt % of the flyash increases. The 

microstructures of the composites were studied to know the dispersion of the flyash and e-

glass fiber in matrix. It has been observed that addition of flyash significantly improves 

ultimate tensile strength along with compressive strength and hardness properties as 

compared with that of unreinforced matrix. 

 

4. Alaa mohammed Razzaq et al “Effect of fly ash addition on the physical and 

mechanical properties of AA6063 alloy reinforcement” 

Work details: Fly ash –Al6063 alloy composites. 

Experimental details:Stir casting method 

Synopsis: The results showed that an increase in the fly ash content in the melted leads 

results in an increase in the micro-hardness and porosity in the composites .In contrast, the 

bulk density and charpy impact energy of the composites decreased with increase fly ash 

content. Aluminum-fly ash particulate-reinforced composites (AA6063-FA) have been 

used in various engineering fields, such as automotive and aerospace industries, due to 

their low density and good mechanical properties. There are many fabrication techniques 

available to manufacture these composites according to matrix and reinforcement 

materials. The compo casting technique for the fabrication of the AA6063 matrix 

composite reinforced with fly ash particles is the focus of this research. Fly ash content 

was in the range of 0–12 wt % in increasing increments of 2%. Fly ash particles were 

added to the molten AA6063 alloy until they were completely blended and cooled down 

just below the liquidus to keep the slurry in the semi-solid state. After this, the molten 

AA6063-FA composites were cast into prepared cast iron moulds. Bulk density and 

apparent porosity measurements, Charpy impact testing, Vickers micro-hardness 



Department of Mechanical Engineering, GEC  24|P a g e  

measurements, Field Emission Scanning Electron Microscope (FESEM), Variable 

Pressure Scanning Electron Microscope and Energy Dispersive X-ray spectroscope (EDS) 

elemental mapping were used to evaluate these materials. The results showed that an 

increase in the fly ash content in the melted leads results in an increase in the micro-

hardness and porosity in the composites. In contrast, the bulk density and Charpy impact 

energy of the composites decreased with an increase in the fly ash content. 

 

5. Ch.Hima Gireesh et al. ““MechanicalCharacterization of Aluminium Metal Matrix 

Composite Reinforced with Aloevera powder” 

Work details: Aloe Vera powder –Al6063 alloy composites 

Experimental details:Stir casting method 

Synopsis:In the recent years metal matrix composites (MMCs) attracted the researchers 

more as they become one of the most important structural materials depending on the 

requirement. Specifically, the particulate reinforced Aluminium metal matrix composites 

have received significant attention due to the improved mechanical and tribological 

properties such as strength, stiffness, impact resistance, wear resistance etc. The ceramic 

particles such as silicon carbide and aluminium oxide are the most widely used for 

reinforcement of aluminium matrix. In the recent times, the growing concern of 

manufacturing industries is to use cost effective reinforced Aluminium metal matrix 

composites for meeting their production rates with least cost considerations without 

sacrificing the specific properties. In this context, several attempts made by the researchers 

to use various materials such as graphite, red mud, bagass ash, rice husk ash, fly ash etc 

for reinforcement of Aluminium metal matrix. In this paper an attempt has been made to 

employ Aloe vera powder as a reinforcement material for Aluminium metal matrix 

composites as it is readily available less denser eco-friendly material at low cost and it 

could be the alternative to fly ash in respect of better physical and mechanical properties. 

In the present work stir casting method is employed for preparing the specimens of 

Aluminium matrix composite with fly ash reinforcement as well as Aluminium matrix 

composite with aloe vera reinforcement. An experimental study has been carried on 

mechanical characterization of aluminium metal matrix composites using fly ash and aloe 

vera as reinforcement materials separately. The findings of the experimental investigation 

reveal that there is a significant improvement in mechanical properties such as hardness, 

tensile strength and impact strength when aloevera used as reinforcement material to that 

of fly ash. 

https://www.sciencedirect.com/science/article/pii/S2214785317328444#!
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6. Himanshu Kala et al.“A Review on Mechanical and TribologicalBehaviors of Stir Cast 

Aluminum Matrix Composites” 

Work details: Tribological 

Experimental details:Stir casting method 

Synopsis:In the past few years the global need for low cost, high performance and good 

quality materials has caused a shift in research from monolithic to composite materials. In 

case of MMC's, aluminum matrix composite due their high strength to weight ratio, low 

cost and high wear resistance are widely manufactured and used in structural applications 

along with aerospace and automobile industry. Also a simple and cost effective method for 

manufacturing of the composites is very essential for expanding their application. 

Reinforcements like particulate alumina, silicon carbide, graphite, fly ash etc can easily be 

incorporated in the melt using cheap and widely available stir casting method. This paper 

presents a review on the mechanical and tribological properties of stir cast aluminum 

matrix composites containing single and multiple reinforcement. Addition of alumina to 

aluminum has shown an increase in its mechanical and tribological properties. Organic 

reinforcement like fly ash, coconut ash also improved the tensile and yield strength. Self-

lubricating property of graphite improved the machinability of aluminum. Many authors 

have also reported about modified stir casting route. 
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CHAPTER 3 

EXPERIMENTATION DETAILS  

 

3.1 SELECTION OF MATERIAL 

 As mentioned above about the series and heat and non- heat treatable alloys we are 

undertaken the Al 6351 aluminium series as the base material for the present study. And 

the base material is taken in the form of round bar weights about 10kgs and the Physical 

and Mechanical Properties, Chemical Composition of the base material are as mentioned 

below table format. 

 

Table: 3.1 Chemical Composition of Al 6351 

Si Fe Cu Mn Mg Ti Pb Ca Zr Sn Sb Al 

0.8 0.12 0.051 0.52 0.75 0.017 0.012 0.011 0.003 0.004 0.015 97.51 

  

Table:3.2Mechanical Properties of Al 6351 

Base Material Al 6351 

Density (X1000kg/m3) 2.6-2.8 

Elastic Modulus (GPa) 70-80 

Tensile Strength (MPa) 250 

Strength (MPa) 150 
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Yield strength – 150 GPa Yield strength – 150 GPa 

Hardness  95 (HB500) 

Melting Temperature – 554 – 649 
◦
C Melting Temperature – 554 – 649 

◦
C 

Fatigue strength – 90 MPa Fatigue strength – 90 MPa 

Shear strength – 200 MPa Shear strength – 200 MPa 

 

3.2 BIOLOGICAL WASTES 

Green waste, also known as “biological waste,” is any organic waste that can 

be composted.It is usually composed from refuse gardens, dry-fruits, plants, such as 

plant clippings or leaves, shells of nuts, coconut etc. While these wastes contain high in 

concentrations of nitrogen. They waste can be used to increase the efficiency of many 

composting operations.Many communities, especially in the United Kingdom, have 

initiated green waste recycling and collection program in order to decrease the amount 

of biodegradable materials in landfills.Here we are assuming the Almond shell as the 

Biological waste. 

Almond shells and their derived products, such as activated carbons, as bio-

adsorbents have been widely investigated for removals of heavy metals. Almond shells 

of different production origins have been widely studied. But very few processing 

technologies have been commercialized. With increasing production and decreasing 

demand from the dairy industry. 

  

 Fig 3.1 Almond shell with shell 
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A large amount of almond shells is disposed of every year. The chemical 

characteristics of almond shells are investigated to contribute to better utilization of 

these shells.The shell is what protects the almond from insects while on the tree. 

 

3.3 REINFORCEMENT 

The reinforced material is embedded into matrix. It doesn‟t serve a purely 

structural task (reinforcing the compound), but also used to change physical properties 

such as wear resistance, friction coefficient, or thermal conductivity. The reinforcement 

can either be continuous, or discontinuous. Here we are taking the Reinforcement as the 

biological waste, which means sugar cane bagasse ash, waste egg shell, Rice Husk, 

Aloe – Vera, Almond shell, Pistachio shells etc. 

3.3.1 Almond Shells 

The reinforcement is made out by carburizing the almond shells in the 

presence of air in the clay pot which is having the carbon content more in it and then 

the ash produced from the carburizing is decarburized in the furnace at the temperature 

of 250
o
C - 350 

o
C with the absence of air. 

 

Fig 3.2 Almond shells 
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Table: 3.3 Chemical Composition of Almond Shell ash 

 

3.3.2 E-glass powder 

 

Fig 3.3 E- Glass Powder 
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Glass fibre is a material consisting of numerous extremely fine fibers of glass. 

Glassmakers throughout history have experimented with glass fibers, but mass 

manufacture of glass fiber was only made possible with the invention of finer machine 

tooling. In 1893, Edward Drummond Libbey exhibited a dress at the World's Columbian 

Exposition incorporating glass fibers with the diameter and texture of silk fibers. Glass fibers 

can also occur naturally, as Pele's hair. 

 

Fig 3.4 Glass Fibres Pele’s hair 

Glass wool, which is one product called "fiberglass" today, was invented in 1932–

1933 by Russell Games Slayter of Owens-Corning, as a material to be used as 

thermal building insulation.[1] It is marketed under the trade name Fiberglas, which has 

become a genericized trademark. Glass fiber when used as a thermal insulating material, is 

specially manufactured with a bonding agent to trap many small air cells, resulting in the 

characteristically air-filled low-density "glass wool" family of products. 

Glass fiber has roughly comparable mechanical properties to other fibers such as 

polymers and carbon fiber. Although not as rigid as carbon fiber, it is much cheaper and 

significantly less brittle when used in composites. Glass fibers are therefore used as a 

reinforcing agent for many polymer products; to form a very strong and relatively 

lightweight fiber-reinforced polymer (FRP) composite material called glass-reinforced 

plastic (GRP), also popularly known as "fiberglass". This material contains little or no air or 

gas, is denser, and is a much poorer thermal insulator than is glass wool. 

The most common types of glass fiber used in fiberglass is E-glass, which is alumino-

borosilicate glass with less than 1% w/w alkali oxides, mainly used for glass-reinforced 

https://en.wikipedia.org/wiki/Fiber
https://en.wikipedia.org/wiki/Glass
https://en.wikipedia.org/wiki/Edward_Drummond_Libbey
https://en.wikipedia.org/wiki/Dress
https://en.wikipedia.org/wiki/World%27s_Columbian_Exposition
https://en.wikipedia.org/wiki/World%27s_Columbian_Exposition
https://en.wikipedia.org/wiki/World%27s_Columbian_Exposition
https://en.wikipedia.org/wiki/Diameter
https://en.wikipedia.org/wiki/Silk
https://en.wikipedia.org/wiki/Pele%27s_hair
https://en.wikipedia.org/wiki/Glass_wool
https://en.wikipedia.org/wiki/Russell_Games_Slayter
https://en.wikipedia.org/wiki/Owens-Corning
https://en.wikipedia.org/wiki/Building_insulation
https://en.wikipedia.org/wiki/Glass_fiber#cite_note-1
https://en.wikipedia.org/wiki/Genericized_trademark
https://en.wikipedia.org/wiki/Carbon_fibers
https://en.wikipedia.org/wiki/Polymer
https://en.wikipedia.org/wiki/Fiber-reinforced_plastic
https://en.wikipedia.org/wiki/Composite_material
https://en.wikipedia.org/wiki/Glass-reinforced_plastic
https://en.wikipedia.org/wiki/Glass-reinforced_plastic
https://en.wikipedia.org/wiki/Borosilicate_glass
https://en.wikipedia.org/wiki/Borosilicate_glass
https://en.wikipedia.org/wiki/W/w
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plastics. Other types of glass used are A-glass (Alkali-lime glass with little or no boron 

oxide), E-CR-glass (Electrical/Chemical Resistance; alumino-lime silicate with less than 1% 

w/w alkali oxides, with high acid resistance), C-glass (alkali-lime glass with high boron 

oxide content, used for glass staple fibers and insulation), D-glass (borosilicate glass, named 

for its low Dielectric constant), R-glass (alumino silicate glass without MgO and CaO with 

high mechanical requirements as reinforcement), and S-glass (alumino silicate glass without 

CaO but with high MgO content with high tensile strength). 

 

Table: 3.4 Properties of E- glass 

Fiber type Tensile 

Strength 

(Mpa) 

Compressive 

Strength(Mpa) 

Density(g/cm
3
) Thermal 

expansion 

(µm/m·°C) 

Softening T 

(
o
C) 

Price ($/kg) 

E-glass 3445 1080 2.58 5 846 ~2 

  

Table: 3.5 Composition of (E- glass) fibers 

Sio2 Al2O3 CaO MgO Na2O/K2O Ba2O3 

52.4 14.4 17.2 4.6 0.8 10.6 

 

Key Properties of E-Glass Powder 

 Low cost 

 High production rates 

 High strength 

 High stiffness 

 Relatively low density 

 Non-flammable 

 Resistant to heat 

 Good chemical resistance 

 Relatively insensitive to moisture 

 Good electrical insulation 

  

https://en.wikipedia.org/w/index.php?title=A-glass&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=E-CR-glass&action=edit&redlink=1
https://en.wikipedia.org/wiki/C-glass
https://en.wikipedia.org/w/index.php?title=D-glass&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=R-glass&action=edit&redlink=1
https://en.wikipedia.org/wiki/S-glass
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3.4 Preparation of Almond Shell Ash 

The Almond shells are taken in a bunch of kgs and place required amount of shells in 

a clay pot and carbunize them in the presence of air with flame as shown in fig 

 

Fig: 3.5 Shell in carburizing 

After carburizing the shells they are turned into Ash as shown in fig. If there are any 

particle sized shells after carburizing crush them into powder. Because of having of those 

small size particles in the decarburizing of that ash at 300
o
c-350

o
c temperature, for not 

getting the flame in that muffle furnace. 

 

Fig: 3.6 Shells after carburizing 
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3.5 MUFFLE FURNACE 

A furnace is one of the main components of your HVAC system. When you set your 

thermostat, you activate the furnace to begin heating air. A fan switches on and circulates this 

warm air through your home. How the heat is transferred to the air depends on the type of 

furnace.   

A muffle furnace or muffle oven (sometimes retort furnace in historical usage) is a 

furnace in which the subject material is isolated from the fuel and all of the products of 

combustion, including gases and flying ash. After the development of high-

temperature heating elements and widespread electrification in developed countries, new 

muffle furnaces quickly moved to electric designs. 

 

Fig: 3.7 Muffle Furnace 

 

One can set the required temperature by pressing red colour push button by finger, 

hold the same in pressing position and temp by rotating coarse, fine knobs and release the 

finer from push button. After releasing push button, LED display of controller indicates 

actual temperature of furnace. 

There are four main types of furnaces: natural gas, oil, electric, and propane. 

Electric furnaces can heat the air by exposing heated elements, while other types of 

furnaces typically require a heat exchanger or chamber that warms the surrounding air. 

https://www.directenergy.com/learning-center/home-improvement/how-air-conditioner-furnace-work-together
https://en.wikipedia.org/wiki/Heating_element
https://en.wikipedia.org/wiki/Electrification
https://en.wikipedia.org/wiki/Electric_arc_furnace
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Fig: 3.8 Fly ash after decarburizing 

 

3.6 ELECTRIC ARC FURNACE 

 An electric arc furnace (EAF) is a furnace that heats charged material by means of 

an electric arc. 

Industrial arc furnaces range in size from small units of approximately 

one ton capacity (used in foundries for producing cast iron products) up to about 400 ton 

units used for secondary steelmaking. Arc furnaces used in research laboratories and 

by dentists may have a capacity of only a few dozen grams. Industrial electric arc furnace 

temperatures can reach 1,800 °C (3,272 °F), while laboratory units can exceed 3,000 °C 

(5,432 °F). 

Arc furnaces differ from induction furnaces, in that the charged material is directly 

exposed to an electric arc and the current in the furnace terminals passes through the charged 

material. 

https://en.wikipedia.org/wiki/Furnace
https://en.wikipedia.org/wiki/Electric_arc
https://en.wikipedia.org/wiki/Ton
https://en.wikipedia.org/wiki/Foundry
https://en.wikipedia.org/wiki/Cast_iron
https://en.wikipedia.org/wiki/Steelmaking
https://en.wikipedia.org/wiki/Dentistry
https://en.wikipedia.org/wiki/Induction_furnace
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Fig: 3.9 Electric Arc Furnace 

 

3.7 PRE-HEATING: 

Preheating of Reinforcement should be done in order to remove agglomeration, 

moisture and gases presented in it. E-Glass Fiber and Fly ash are pre heated in Muffle 

Furnace at a temperature of 350c for 1 day. A six finger die is pre heated for 1 hour at 4000c 

in Arc Furnace such that, the molten metal doesn‟t gets solidified fast. 

 

 

Muffle Furnace     ElectricArc Furnace 

 

3.8 SIEVE ANALYSIS 

The sieves normally used are the standard 8 inch (200 mm) sieves. With Fine 

Aggregate the coarse sieve or the 3/8” (9.5 mm) sieve at the top; each sieve below is finer; 
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and the finest sieve, a No. 200 (75 µm) is at the bottom. A pan is placed below to retain 

any fine material that may pass this sieve. 

 

Fig: 3.10Test Sieves, Weighing Balance, Sieve Shaker 

 

In the present study we are using the sieves 75 µm and 90 µm for the fly-ash to test the 

particle size of the reinforcement after the decarburization of almond shell ash powder. 

In the amount taken for the sieve test the maximum percentage out of 100% having 80% of 

the fly ash having the 75 µm and the remaining 20% is 90 µm. 

   

 

Fig: 3.1175 µm Sieve &90 µm Sieve 

 

75 µm Sieve 90 µm Sieve 
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The 75 µm is less than the 90 µm and we having the 75 µm maximum amount of fly ash. So, 

we are using the 75 µm fly ash in the composition. 

3.8.1 75 µm sieve 

200 (75 µm) sieve to give an accurate determination of fine materials in the sample. 

The determination of minus No. 200 (75 µm) material is used to compare material 

performance with gradation specifications, and indirectly to gauge such properties as 

plasticity, permeability, and soils classifications 

 

3.9 STIR CASTING 

 Stir casting is a liquid state method for the fabrication of composite materials, 

in which a dispersed phase is mixed with a molten matrix metal by means of 

mechanical stirring. Stir Casting is the simplest and the most cost 

effective method of liquid state fabrication 

 It is one of the most suitable techniques for producing Metal Matrix 

Composites (MMCs) for different combinations of ceramic and metals. 

 It is a type of simple operation, lower cost of production and mass production 

capabilities made this technique versatile. 

 In recent past composites including steel and titanium-based alloys have also 

been reported. 

 The hybrid composites are a new generation of metal matrix composites to 

attain desired properties at closer approximation of real needs. These may have 

potential of satisfying the recent demands of advanced engineering 

applications. 
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Fig: 3.12 Stir Casting Furnace 

The Aluminium 6351 is placed in the Crucible nearly 800gm-1000gm as per our 

requirement of die as shown in fig. Close the lid on the crucible and wait untill the the base 

material turns into liquid and add the reinforcements 1%,2%,3%  according to the weight of 

the Al-6351 in the furnace. 

3.9.1 CRUCIBLE  

Crucible is the container in which the metal is meltedand then poured into a mouldto 

perform casting. The material of the mould should have very highmeltingpoint,highstrength 

and should be a very good conductor of heat so that heat loss should be less. Thereareseveral 

materials available for this purpose like silicon-carbide, cast steel and graphite. For our 

requirements the silicon-carbide crucible is best suited, however the cost is very high so can‟t 

be afforded. Wehave taken here a graphite crucible which serves to our purposes as its 

melting temperature is about 2700°C which is far above our operating temperature.The 

crucible is made in a shapeofacylinderwith decreasing diameter so that the upper portion 

remains a cylinder howeverthebottomparttakestheshapeof a hemisphere. A handle is attached 

to the side of the crucible to hold it while placing it inside the furnace and while pouring hot 

metal into the mould cavity.It can withstand very high temperatures and is used for metal, 

glass, and pigment production as well as a number of modern laboratory processes. 
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Fig: 3.13 Al 6351 in Crucible 

 

PERCENTAGES OF COMPOSITIONS 

Table: 3.6 % of E-Glass Powder added as Reinforcement 

Material Percentage of Aluminium Percentage of E-Glass 

E1 99 1 (9 gm) 

E2 98 2 (18 gm) 

E3 97 3 (27 gm) 

 

Table: 3.7 % of Fly ash added as Reinforcement 

Material Percentage of Aluminium Percentage of Fly ash 

F1 99 1 (9 gm) 

F2 98 2 (18 gm) 

F3 97 3 (27 gm) 
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Table: 3.8 % of Hybrid (Fly-ash and E-Glass Powder) added as Reinforcement 

Material Percentage of Aluminium Percentage of Fly ash Percentage of E-Glass 

A1 99 0.5(5 gm) 0.5(5 gm) 

A2 98 1(9 gm) 1(9 gm) 

A3 97 1.5(14 gm) 1.5(14 gm) 

 

3.9.2 STIRRER  

The method used in fabrication of MMC requires the dispersed phase that is the ceramic 

particles (SiC) to be mixed in solid state in the liquid metal. So for uniform mixing of the 

ceramic particles in the liquid metal it is needed that the mixture be stirred well. So, a stirrer 

is required which canwithstand the high temperatureand doesn‟t affectthepurityof the 

composite. The stirrer is made of a stainless steel rod whose front end is attached with a 

graphite fan. It is driven by a ½ HP AC motor and rotates at about 400 rpm. The stirrer is 

inserted vertically into the crucible about one third of its height after adding the ceramic 

particles. Here we have provided ways for stirring through external mediums that can be 

attached to the furnace at any point through the top. 

 

 

Fig: 3.14 adding of Reinforcement according to their Percentages as shown above 
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Fig: 3.15 Setting the 6 Finger Die under the Pouring unit 

 

3.9.3 CASTING OF MOLTEN ALUMINIUM  

Afterpreparingthemould,the molten aluminiumwaspouredintothemould die fromthe crucible 

and was left to solidify. When the casting is done, it was separated from the mould as shown 

in figure. 

 

 

Fig: 3.16 Pouring the Molten Liquid into the 6 Finger Die 
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CHAPTER 4 

TESTING TOOLS AND MACHINES 

4.1 CAST IN THE MOULD 

The 6 finger die was opened after the mould poured in the die gets solidify and then 

we get the shape of the die with cast of aluminium with mixture of the reinforcements as 

shown in figure below.  

 

Fig: 4.1 after casting 

4.2 MACHINING 

Machining is any of various processes in which a piece of raw material is cut into a 

desired final shape and size by a controlled material-removal process. The processes that 

have this common theme, controlled material removal, are today collectively known 

as subtractive manufacturing, in distinction from processes of controlled material addition, 

which are known as additive manufacturing. Exactly what the "controlled" part of the 

definition implies can vary, but it almost always implies the use of machine tools (in 

addition to just power tools and hand tools). 

Machining is a part of the manufacture of many metal products, but it can also be used 

on materials such as wood, plastic, ceramic, and composites. A person who specializes in 

machining is called a machinist. A room, building, or companywhere machining is done is 

called a machine shop. Much of modern-day machining is carried out by computer 

https://en.wikipedia.org/wiki/Additive_manufacturing
https://en.wikipedia.org/wiki/Machine_tool
https://en.wikipedia.org/wiki/Power_tool
https://en.wikipedia.org/wiki/Hand_tool
https://en.wikipedia.org/wiki/Manufacture
https://en.wikipedia.org/wiki/Metal
https://en.wikipedia.org/wiki/Wood
https://en.wikipedia.org/wiki/Plastic
https://en.wikipedia.org/wiki/Ceramic
https://en.wikipedia.org/wiki/Composite_material
https://en.wikipedia.org/wiki/Machinist
https://en.wikipedia.org/wiki/Machine_shop
https://en.wikipedia.org/wiki/Numerical_control
https://en.wikipedia.org/wiki/Numerical_control
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numerical control (CNC), in which computers are used to control the movement and 

operation of the mills, lathes, and other cutting machines. 

In turning, a cutting tool with a single cutting edge is used to remove material from a 

rotating work piece to generate a cylindrical shape. The primary motion is provided by 

rotating the work piece, and the feed motion is achieved by moving the cutting tool slowly 

in a direction parallel to the axis of rotation of the workpiece. 

 

 

Fig: 4.2 during Machining 

A cutting tool has one or more sharp cutting edges and is made of a material that is 

harder than the work material. The cutting edge serves to separate chip from the parent 

work material. Connected to the cutting edge are the two surfaces of the tool: 

 The rake face; and 

 The flank. 

The rake face which directs the flow of newly formed chip, is oriented at a certain 

angle is called the rake angle "α". It is measured relative to the plane perpendicular to the 

work surface. The rake angle can be positive or negative. The flank of the tool provides a 

clearance between the tool and the newly formed work surface, thus protecting the surface 

from abrasion, which would degrade the finish. This angle between the work surface and 

the flank surface is called the relief angle. There are two basic types of cutting tools: 

 Single point tool; and 

 Multiple-cutting-edge tool 

https://en.wikipedia.org/wiki/Turning
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A single point tool has one cutting edge and is used for turning, boring and planning. During 

machining, the point of the tool penetrates below the original work surface of the 

workpart. The point is sometimes rounded to a certain radius, called the nose radius. 

Multiple-cutting-edge tools have more than one cutting edge and usually achieve their 

motion relative to the workpart by rotating. Drilling and milling use rotating multiple-

cutting-edge tools. Although the shapes of these tools are different from a single-point 

tool, many elements of tool geometry are similar. 

 

 

Fig: 4.3 after Machining 

 

4.3 Tests to be conduct on the Pieces Machined shown above 

4.3.1 TENSILE TEST 

One material property that is widely used and recognized is the strength of a material. 

But what does the word "strength" mean? "Strength" can have many meanings, so let us 

take a closer look at what is meant by the strength of a material. We will look at a very 

easy experiment that provides lots of information about the strength or the mechanical 

behaviour of a material, called the tensile test. 
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Fig 4.4 Tensile Pieces after Machining 

 

The basic idea of a tensile test is to place a sample of a material between two fixtures 

called "grips" which clamp the material. The material has known dimensions, like length 

and cross-sectional area. We then begin to apply weight to the material gripped at one 

end while the other end is fixed. We keep increasing the weight (often called the load or 

force) while at the same time measuring the change in length of the sample. 

 

Fig. 4.5 Universal Testing Machine (UTM) 
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Fig 4.6 TensileTestSpecimen(ASTM-E08Standard) 

 

Fig 4.7 TensileTestSpecimen after testing (ASTM-E08Standard) 

 

4.3.2 COMPRESSION TEST 

A compression test is any test in which a material experiences opposing forces that 

push inward upon the specimen from opposite sides or is otherwise compressed, 

“squashed”, crushed, or flattened.  

 

Fig 4.8 Compression test Specimen 
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The test sample is generally placed in between two plates that distribute the applied 

load across the entire surface area of two opposite faces of the test sample and then the 

plates are pushed together by a universal test machine causing the sample to flatten. A 

compressed sample is usually shortened in the direction of the applied forces and 

expands in the direction perpendicular to the force. A compression test is essentially the 

opposite of the more common tension test. 

 

Fig 4.9 Compression Pieces after Machining 

 

Fig 4.10 Compression Pieces after testing 

 

4.3.3 HARDNESS TEST 

The hardness of a material can be determined by Brinnel‟s, Rockwell and Vicker‟s 

hardness test. In Vicker‟s hardness test, diamond indentation is used to determine the 

hardness. Vicker‟s test determines the hardness by the measurement of the depth of 

penetration of an indenter under load more than compared to the penetration made by a 
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preload. There are 

differentscales,denotedbyasingleletter,thatusedifferentloadsorindenters.  

 

Fig 4.11 Vicker’s Hardness Testing Machine 

The hardness of the Al6351 alloy and composites was determined with Vickers Micro 

Hardness Tester (LECOAT700Microhardness Tester). The dimension of each specimen 

for hardness testing was 20x10 mm and each specimen was grinded and polished to 

obtain a flat smooth surface. During the testing, a load of 100gm. was applied for 10s on 

the specimen through square based diamond indent errand the hardness readings taken in 

a standard manner. 

 

Fig 4.12 Hardness test Specimen dimensions 
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Fig 4.13 Hardness test Specimens after testing 

 

4.3.4 MICROSTRUCTURE 

Microstructure is the very small scale structure of a material, defined as the 

structure of a prepared surface of material as revealed by an optical microscope above 

25× magnification. Microstructure at scales smaller than that can be viewed 

with optical microscopes is often called nanostructure, while the structure in which 

individual atoms are arranged is known as crystal structure. The nanostructure of 

biological specimens is referred to as ultrastructure. A microstructure‟s influence on 

the mechanical and physical properties of a material is primarily governed by the 

different defects present or absent of the structure. 

 

Fig 4.14 Micro Structure of 1% of hybrid reinforcement 

https://en.wikipedia.org/wiki/Optical_microscope
https://en.wikipedia.org/wiki/Nanostructure
https://en.wikipedia.org/wiki/Crystal_structure
https://en.wikipedia.org/wiki/Ultrastructure
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Fig 4.15 Micro Structure of 2% of hybrid reinforcement 

 

 

Fig 4.16 Micro Structure of 3% of hybrid reinforcement 
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CHAPTER 5 

RESULTS AND DISCUSSION 

5.1 Tensile test 

 The test performed on the specimens withfly ash reinforcement and hybrid (mixture 

of both fly ash and E-glass powder with equal %) reinforcement 

.  

Table 5.1 Tensile Strength of Fly ash added to the Al 6351 

S.No 
%  of  

Reinforcement  

Avg. Tensile 

Strength (Mpa) 

1  1  101.56 

2  2  120.68  

3  3  135.79 

 

 

Fig 5.1 Tensile Strength of Fly ash added to the Al 6351 

 

Here the tensile strength of the specimen taken as the reinforcement of fly ash has been 

increasing on various percentages of mixture added in the Al6351 according to the Wt% of it. 
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Table 5.2 Tensile Strength of mixture of fly ash and E-glass powder added to the Al 6351 

S.no  
%  of  

Reinforcement  

Avg. Tensile Strength 

(Mpa) 

1  1  110.56 

2  2  128.68 

3  3  140.89 

 

 

Fig 5.2 Tensile Strength of mixture of fly ash and E-glass powder added to the Al 6351 

Here the tensile strength of the specimen taken as the reinforcement of mixture of both fly 

ash and E- glass powder has been increasing on various percentages of mixture added in the 

Al6351 according to the Wt% of it. 

 

5.2 Compression strength 

The test performed on the specimens withfly ash reinforcement and hybrid (mixture 

of both fly ash and E-glass powder with equal %) reinforcement.  
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Table 5.3 Compression Strength of Fly ash added to the Al 6351 

S.no  
%  of  

Reinforcement  

Avg. Compressive 

Strength (Mpa) 

1  1  
161.3433 

2  2  
205.6867 

3  3  
126.2167 

 

 

Fig 5.3 Avg. Compression Strength of Fly ash added to the Al 6351 

Here the Compressive Strength of the specimen taken as the reinforcement of fly ash has 

been increasing on various percentages of mixture added in the Al6351 according to the Wt% 

of it. 

 

Table 5.4 Compressive Strength of mixture of fly ash and E-glass powder added to the Al 6351 

S.no  
%  of  

Reinforcement  

Avg. Compressive 

Strength (Mpa) 

1  1  
172.0433 

2  2  
227.3533 

3  3  
146.8833 
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Fig 5.4 Compression Strength of mixture of fly ash and E-glass powder added to the Al 6351 

Here the Compressive Strength of the specimen taken as the reinforcement of mixture of both 

fly ash and E- glass powder has been increasing with the 2
nd

 on various percentages of 

mixture added in the Al6351 according to the Wt% of it. 

 

5.3 Hardness test 

The test performed on the specimens withfly ash reinforcement and hybrid (mixture of both 

fly ash and E-glass powder with equal %) reinforcement.  

 

Table 5.5 Vicker’s Hardness of Fly ash added to the Al 6351 

S. No 

% of  

Reinforcement 

Avg. Test  

(Diameter) 

 

 

Avg. 

VHN  

1 1 1.57 60.85 

2 2 1.533333 68.51 

3 3 1.366667 75.51 
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Fig 5.5 Vicker’s Hardness of Fly ash added to the Al 6351 

Here the Hardness of the specimen taken as the reinforcement of fly ash has been increasing 

on various percentages of mixture added in the Al6351 according to the Wt% of it. 

 

Table 5.6 Vicker’s Hardness mixture of fly ash and E-glass powder added to the Al 6351 

S.no 

% of  

Reinforcement 

Avg. Trail  

(Diameter) 

mm 

Avg. VHN 

1 1 1.57 60.95 

2 2 1.533333 65.41 

3 3 1.366667 70.52 
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Fig 5.6 Vicker’s Hardness mixture of fly ash and E-glass powder added to the Al 6351 

 

Here the Hardness of the specimen taken as the reinforcement of mixture of both fly ash and 

E- glass powder has been increasing on various percentages of mixture added in the Al6351 

according to the Wt% of it. 
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CHAPTER 6 

CONCLUSION 

 In study it is clearly shows that we can use fly ash and E-glass for the production of 

AL based MMC‟s. 

 This can also solve the problem of storage and disposal of fly ash. Fly ash up to 6% 

and E-glass up to 7% can be successfully added to commercially available AL6351 

alloy by stir casting process. 

 The tensile strength has improved with increase in fly ash and E-glass context. 

 The hardness of pure Aluminium is up to 40 RHN but our composite having more 

Hardness number. 

 The compression strength also increases by increasing Fly ash with E-glass 

compositions. 

 The Density of the composite decreased with increasing the Fly ash content and 

hence it is light weight with good strength. 
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ABSTRACT: 

 

  Pattern is a replica of the casting i.e., desired object with shape and size with 

allowance.  Manufacture of a pattern is a time consuming and costly affair.  Depending upon 

the type of material chosen for pattern either wood working machines or the casting process 

or metal working machines must be used.  But all the above methods are costly and consume 

considerable amount of time.  To reduce the development time of a pattern, of late engineers 

are using additive manufacturing methods.  Fused deposition method is one of the strategies 

used in additive manufacturing.  Here the machine i.e., 3D printer receives the information 

i.e., the geometry and size of the product from a geometric model created by any modelling 

package.  Then the model will be sliced using a slicing software.  This data will be used by 

the controller of the 3D printer and the material (plastic) in the form of wire will be fused and 

deposited layer by layer, thus producing the desired patterns within hours. 

 

  The objective of the current work is to develop a 3D printer to produce patterns 

quickly using FDM. 
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CHAPTER-1 

INTRODUCTION 

         

    3D printing or additive manufacturing (AM) is any of various processes for making a 

three dimensional object of almost any shape from a 3D model or other electronic data source 

primarily through additive processes in which successive layers of material are laid down 

under computer control. A3D printer is a type of industrial robot.  

 

           Early AM equipment and materials were developed in the 1980s. In 1984, Chuck Hull 

of 3D Systems Corp invented a process known as stereo Lithography employing UV lasers to 

cure photopolymers. Hull also developed the STL file format widely accepted by 3D printing 

software, as well as the digital slicing and infill strategies common to many processes today. 

Also during the 1980s, the metal sintering forms of AM were being developed (such as 

selective laser sintering and direct metal laser sintering) although they were not yet called 3D 

printing or AM at the time. In 1990, the plastic extrusion technology most widely associated 

with the term "3D printing" was commercialized by Stratus’s under the name fused 

deposition modelling (FDM). In 1995, Z Corporation commercialized an MIT-developed 

additive process under the trademark 3D printing (3DP), referring at that time to a proprietary 

process inkjet deposition of liquid binder on powder.  

 

                 AM technologies found applications starting in the 1980s in product development, 

data visualization, rapid prototyping, and specialized manufacturing. Their expansion into 

production (job production, mass production, and distributed manufacturing) has been under 

development in the decades since. Industrial production roles within the metalworking 

industries achieved significant scale for the first time in the early 2010s since the start of the 

21 century there has been a large growth in the sales of AM machines, and their price has 

dropped substantially. According to Wohler’s Associates, a consultancy, the market for 3D 

printers and services was worth $2.2 billion worldwide in 2012, up 29% from 2011. 

Applications are many, including architecture, construction (AEC), industrial  design 

automotive, aerospace, military, engineering, dental and medical industries, biotech (human 

tissue replacement), fashion, footwear, jewellery, eyewear, education geographic information 

systems, food, and many other fields.  
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            CHAPTER-2  

                                        3D-PRINTER 

 

         3D-Printer is a machine reminiscent of the Star Trek Replicator, something magical that 

can create objects out of thin air. It can "print in plastic, metal, nylon, and over a hundred 

other materials. It can be used for making nonsensical little models like the overprinted Yoda, 

yet t can also print manufacturing prototypes, end user products, quasi-legal guns, air craft 

engine parts and even human organs using a person's own cells.  

We live in an age that is witness to what many are calling the Third Industrial 

Revolution. 3D printing, more professionally called additive manufacturing, moves us away 

from the Henry Ford era mass production line, and will bring us to a new reality of 

customizable, one-off production.  

3D printers use a variety of very different types of additive manufacturing 

technologies but they all share one core thing in common. They create a three dimensional 

object by building it layer by successive layer, until the entire object is complete. It's much 

like printing in two dimensions on a sheet of paper, but with an added third dimension: UP. 

The  Z-axis.  

 

           Each of these printed layers is a thinly-sliced, horizontal cross-section of the eventual 

object. Imagine a multi-layer cake, with the baker laying down each layer one at a time until 

the entire cake is formed. 3D printing is somewhat similar, but just a bit more precise than 3D 

baking.  

 

           In the 2D world, a sheet of printed paper output from a printer was "designed" on the 

computer in a program such as Microsoft Word. The file the Word document which contains 

the instructions that tell the printer what to do.  

 

             In the 3D world. A 3D printer also needs to have instructions for what to print. It 

needs a file as well. The file, a Computer Aided Design (CAD) file is created with the use of 

a 3D modelling program, either from scratch or beginning with a 3D model created by a 3D 

scanner either way, the program creates a file that is sent to the 3D printer along the way. 

Software slices the design into hundreds, or more likely thousands, of horizontal layers. 

These layers will be printed one atop the other until the 3D object is done  
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              CHAPTER-3  

                                    ARCHITECTURE 

 

 
 

 
 

Fig.1 

 
The picture shows the structure of a typical 3D printer. The print table is the platform 

where the objects for Printing have been situated. It provides the basic support for 

manufacturing objects by layer        
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            The extruder is the most important part of a 3D-Pier. As the extruders in the normal 

paper printers, this extruder is also used to pour ink for printing. The movement of extruder in 

various dimensions create the 3D print. For printing a 3d object. The extruder has to access . 

Y and Z coordinates. For achieving this, many techniques are used according to the printer 

specification required for various applications.  

 

              If the 3D-Printer is a desktop printer, the Z axis movement of the extruder can be 

avoided and that function can be transferred to the print table. This will avoid complexity in 

3D printing as well as time consumption.  

 

              When the STL file is input to the printer, the microcontroller extracts each layer 

from it and also extracts each line segment from each layer. Then it gives controls to the 

movement of the extruder at required rate. The X-direction movement of extruder is made 

possible by the X-motor. When the X motor rotates the shaft also rotates and the extruder 

moves in X direction. The Y-direction movement of extruder is made possible by the Y-

motor. When the Y motor rotates, the shaft also rotates and the extruder moves in Y direction. 

The X direction movement is made by the print table.   

 

              In the case of desktop printers, the printing ink is usually plastic wire that has been 

melted by the extruder at the time of printing. While printing. The plastic wire will melt and 

when it fall down to the printing table.  

 

             Consider printing larger objects like house using 3D printer. There will not be any X 

motor or Y motor in that case. An extruder which can pour concrete mix is fixed on the tip of 

a crane. The crane is programmed for the movement of extruder in Х. Y and Z axis .The 

concept and structure of 3d printer changes according to the type, size, accuracy and material 

of the object that has to be printed.  
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                                           CHAPTER-4  

ADDITIVE MANUFACTURING 

 

          Additive manufacturing is a truly disruptive technology exploding on the 

Manufacturing scene as leading companies are transitioning from "analogue” to “digital" 

manufacturing. Additive manufacturing uses three dimensional printing to transform 

Engineering design files into fully functional and durable objects created from sand, metal 

and glass. The technology creates products layer by layer- after a layer's particles are bound 

by heat or chemicals the next layer is added and the binding process is repeated. It enables 

geometries not previously possible to be manufactured. Full-form parts are made directly 

from computer-aided design (CAD) data for a variety of industrial, commercial and art 

applications.  

 

               Manufacturers across several industries are using this digital manufacturing process 

to produce a range of products, including: engine components for automotive applications. 

Impellers and blades for aerospace use, pattern less sand moulds for pumps used in the oil 

and energy industry, and medical prosthetics which require easily adaptable design 

modifications.  

 

               This advanced manufacturing process starts with a CAD file that conveys 

information about how the finished product is supposed to look. The CAD file is then sent to 

a specialized printer where the product is created by the repeated laying of finely powdered 

material (including sand, metal and glass) and binder to gradually build the finished product. 

Since it works in a similar fashion to an office printer laying ink on paper, this process is 

often referred to as 3D printing. The 3D printers can create a vast range of products, 

including parts for use in airplanes and automobiles, to replacing aging or broken industrial 

equipment, or for precise components for medical needs.  

  There are tremendous cost advantages to using additive manufacturing. There is little to no 

waste creating objects through additive manufacturing, as they are precisely built by adding 

material layer by layer. In traditional manufacturing, objects are created in a subtractive 

manner as metals are trimmed and shaped to fit together properly. This process creates 

substantial waste that can be harmful to the environment. Additive manufacturing is a very 

energy efficient and environmentally friendly manufacturing option.  
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               Additive manufacturing swiftly creates product prototypes an increasingly critical 

function that significantly reduces the traditional trial-and-error process-so new products can 

enter the market more quickly. Likewise, it can promptly create unique or specialized metal 

products that can replace worn or broken industrial pats. That means companies can avoid 

costly shut downs and drastically compress the time it takes to machine a replacement part. 

With additive manufacturing, once a CAD drawing is created the replacement part can be 

printed. Storage of bulky patterns and tooling is virtually eliminated.  

               Major global companies, including Ford. Sikorsky and Caterpillar have recognized 

that additive manufacturing can significantly reduce costs while offering design freedoms not 

previously possible. They have begun to implement the technology into their manufacturing 

processes. Additive manufacturing has robust market capabilities ranging from aerospace to 

automotive to energy, and it is not uncommon to find 3D printers in use at metal-working 

factories and in foundries alongside milling machines, presses and plastic injection moulding 

equipment.  

 Companies that use additive manufacturing reduce costs, lower the risk of trial and 

error, and create opportunities for design innovation. A serious limitation of subtractive 

manufacturing is that part designs agreed to accommodate the constraints of the Additive 

manufacturing enables both the design and the materialization of objects by eliminating 

traditional manufacturing often severely comprises subtractive process. Additive 

manufacturing enables both the design and the materialisation of objects by eliminating 

traditional manufacturing constraints.  

 A large number of additive processes are now available. They differ in the way layers 

are deposited to create parts and in the materials that can be used. Some methods melt or 

soften material to produce the layers. E.g. selective laser melting (SLM) or direct metal laser 

sintering (DMLS). Selective laser sintering (SLS), fused deposition modelling (FDM), while 

others cure liquid materials using different sophisticated technologies e.g. stereo lithography 

(SLA). With laminated object manufacturing (LOM), thin layers are cut to shape and joined 

together (e.g. paper. polymer and metal). Each method has its own advantages and 

drawbacks, and some companies consequently offer a choice between powder and polymer 

for the material from which the object is built. Some companies use standard, off the-shelf 

business paper as the build material to produce a durable prototype. 
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               CHAPTER-5 

                       COMPONENTS AND FUNCTIONS 

 

CONTROLLER BOARD 

 

 
 

Fig. 2 

 
The controller board, also referred to as the motherboard or mainboard, is the brain of 

the 3D printer. It’s the one responsible for the core operation, directing the motion 

components based on commands sent from a computer and interpreting input from the 

sensors. The controller board’s quality has a major effect on the overall performance of the 

3D printer. A machine made of high-end parts from top to bottom won’t be able to print as 

well as it should if the controller board is crap. 

  

FILAMENT 

 
Fig. 3 
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The filament is the material used to print objects on a 3D printer. It’s the equivalent of 

the ink used on a regular office 2D printer. It comes in a spool, which is loaded into the spool 

holder of the 3D printer, with the end of the filament inserted into the extruder. There are 

different kinds of filaments, each with their own properties and pros and cons. 

When it comes it filament compatibility, not all 3D printers are on the same level. 

Some are versatile enough to print with all sorts of materials, including exotic ones, while 

others can only print with PLA, the most basic filament. There are also 3D printers designed 

to only accept proprietary filaments.  

FRAME 

 

 

 
 

Fig. 4 
 

 

 

The frame is the chassis of the 3D printer. It holds the other components together and 

is directly responsible for the stability and durability of the machine. These days, 3D printer 

frames are made of either acrylic or metal, but in the early days of consumer-level 3D 

printers, wood is often the go-to frame material. 
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MOTION COMPONENTS 

 

 

The motion components are the parts responsible for the movement of the 3D printer 

in the three axes. They are the ones that move the print bed and the print head. Basically, the 

controller board directs how the 3D printer should move while the motion components are the 

ones that do the actual moving. 

EXTRUDER KIT  
 

 

 

                         Fig. 5 

           The 3D extruder is the part of the 3D printer that ejects material in liquid or semi-

liquid form in order to deposit it in successive layers within the 3D printing volume. In some 

cases, the extruder serves only to deposit a bonding agent used to solidify a material that is 

originally in powder form.   

 

         The filament extruder on a FDM printer is the part that extrudes the plastic filament in a 

liquid form and deposits it on a printing platform by adding successive layers. The printing 

head is made of many distinct parts including a motor to drive the plastic filament and a 

nozzle (or extruder) to extrude the plastic.  
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       Some 3D FDM / FFF printers are now equipped with two extruders. This enables you, in 

particular, to print two materials simultaneously in order to obtain 3D prints in two colours. 

The presence of two extruders also allows support material to be extruded, which can be 

removed afterward using a solvent.  

      To regulate the plastic cooling process, some printers are enclosed. This helps maintain a 

uniform temperature in the manufacturing chamber, ensuring greater consistency in the print 

result. 

STEPPER MOTORS 

 

 

 

Fig. 6 

 

The stepper motors, which are run by stepper drivers, are the keys to the mechanical 

movement of a 3D printer. Stepper motors are connected to all three axes and drive the print 

bed, the print head, and the threaded rods or leadscrews. They make a full rotation in 

increments or steps, hence the name, making them more suited for 3D printers than a normal 

DC motor. The print head also comes with a stepper motor that drives the extruder feeding 

movement. 
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THREADED RODS 

 

Fig. 7 

In the z-axis, the movement relies on threaded rods, which are also connected to 

stepper motors. As the threaded rod rotates, the print head moves up or down. In the case of 

the ultimaker 3 and other similar 3d printers, the print bed is the one that moves. Some people 

confuse a threaded rod with a leadscrew. While both have the same function and are similar 

in appearance, they have different characteristics. A leadscrew offers a smoother movement 

but has a higher price on average. 

PRINT BED 

   

 

 
 

Fig. 8 
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The print bed is where the extruder deposits the filament to form a solid object. 

Calling back to the 2D printer analogy earlier, the print bed is the equivalent of a piece of 

paper.  A non-heated print bed is good enough for PLA, but for high-temperature materials, a 

heated print bed is a must in order to cut down on warping issues, improving the overall print 

quality. 

 

A 3D printer with a manual bed leveling system has a set of thumbwheels under the 

print bed. These small mechanisms are used to adjust the alignment of the print bed. Some 

3D printers are easy to level while others can be a pain, sometimes due to the poor design of 

the thumbwheels. 

POWER SUPPLY UNIT (PSU) 

 

 

Fig. 9 
 

 

The power supply unit supplies power to the entire 3D printer. No need for an 

elaborate explanation for this component. The PSU is either mounted on the frame or housed 

in a separate controller box together with the user interface. It’s a lot better if the PSU is 

mounted on the frame as it translates to a smaller overall machine footprint. 
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             CHAPTER-6 

FABRICATION PROCEDURE 

 

 

 
 

Fig. 10 

 
There are some procedures for printing. First you must create a computer model for 

printing the object. For creating that, you can use Computer Aided Design Software like 

AutoCAD. 3DS Max etc., After the object file is created, the file need to be modified. The 

object file contains numerous amounts of curves. Curves cannot be printed by the printer 

directly. The curve has to be converted w STL (Stereo lithography) file formal. The STL file 

format conversion removes all the curves and it is replaced with linear shapes Then the file 

need to be sliced into layer by layer. The layer thickness is so chosen to meet the resolution of 

the 3D printer we are using. If you are unable to draw abject in CAD software, there are many 

websites available which are hosted by the 3D printing companies to ease the creation of 3D 

object. The sliced file is processed and generates the special coordinates. These coordinates 

can be processed by a controller to generate required signal to the motor for driving extruder. 

This layer by layer process generates a complete object.  
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             CHAPTER-6.1 

                               DESIGNING USING CAD 

 

Computer-aided design (CAD) is the use of computer systems to assist in the creation, 

modification, analysis, or optimization of a design. CAD software is used to increase the 

productivity of the designer, improve the quality of design, improve communications through 

documentation, and to create a database for manufacturing.   

 

CAD software for mechanical design uses either vector-based graphics to depict the 

objects of traditional drafting. or may also produce raster graphics showing the overall 

appearance of designed objects. However, it involves more than just shapes. As in the manual 

drafting of technical and engineering drawings, the output of CAD must convey information, 

such as materials, processes, dimensions, and tolerances, according to application- specific 

conventions.  

 

CAD may be used to design curves and figures in two-dimensional (2D) space; or 

Curves, surfaces, and solids in three-dimensional (3D) space. CAD is an important industrial 

art extensively used in many applications, including automotive, shipbuilding, and aerospace 

industries, industrial and architectural design, prosthetics, and many more. CAD is also 

widely used to produce computer animation for special effects in movies, advertising and 

technical manuals, often called DCC digital content creation. The modern ubiquity and power 

of computers means that even perfume bottles and shampoo dispensers are designed using 

techniques unheard of by engineers of the 1960s. Because of its enormous economic 

importance, CAD has been a major driving force for research in computational geometry, 

computer graphics (both hardware and software), and discrete differential geometry.  

The design of geometric models for object shapes. In particular, is occasionally called 

computer aided geometric design CAGD). Unexpected capabilities of these associative 

relationships have led to a new form of prototyping called digital prototyping. In contrast to 

physical prototypes, which entail manufacturing time in the design? That said, CAD models 

can be generated by a computer after the physical prototype has been scanned using an 

industrial CT scanning machine. Depending on the nature of the business, digital or physical 

prototypes can be initially chosen according to specific needs.  
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                                       CHAPTER-6.2  

                CONVERSION TO STL FILE FORMAT  

 

         An STL file is a triangular representation of a 3D surface geometry. The surface is 

tessellated logically into a set of oriented triangles (facets). Each facet is described by the unit 

outward normal and three points listed in counter clockwise order representing the vertices of 

the triangle. While the aspect ratio and orientation of individual facets is governed by the 

quality of the surface representation in terms of the distance of the facets from the surface. 

The choice of the tolerance is strongly dependent on the target application of the produced 

STL file in industrial processing. Where stereo lithography machines perform a computer 

controlled layer by layer laser curing of a photo-sensitive resin, the tolerance may be in order 

of 0.1 mm to make the produced 3D part precise with highly worked out details. However 

much larger values are typically used in pre-production STL prototypes, for example for 

visualization purposes.  

 

The native STL format has to fulfil the following specifications  

(i) The normal and each vertex of every facet are specified by three coordinates each, so 

there is a total of 12 numbers stored for each facet.  

(ii) Each facet is part of the boundary between the interior and the exterior of the  

Object. The orientation of the facets (which way is "out" and which way is “in") is specified 

redundantly in two ways which must be consistent. First, the Direction of   the normal is 

outward. Second, the vertices are listed in Counter clock wise order when looking at the 

object from the outside (right-hand Rule). 

Each triangle must share two vertices with each of its adjacent triangles. This is known as 

vertex to vertex rule. 

The object represented must be located in the all-positive octant a vertex Coordinates must be 

positive).  

 

However, for non-native STL applications, the STL format can be generalized. The normal, if 

not specified three zeroes might be used instead), can be easily computed from the 

coordinates of the vertices using the right-hand rule. Moreover, the vertices can be located in 

any octant. And finally, the facet can even be on the interface between two objects. 
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                                               CHAPTER-7 

                                              SOFTWARES 

 

 SLICING SOFTWARE : 
 

 The slicer, also called slicing software, is a computer software used in the majority of 

3D printing processes for the conversion of a 3D object model to specific instructions for the 

printer in particular, the conversion from a model in STL format to printer commands in g-

code format in fused deposition modelling and other similar processes.  

 

 The slicer first divides the object as a stack of flat layers, followed by describing these 

layers as linear moments of the 3D printer extruder, fixation laser or equivalent.  All these 

movements, together with some specific printer commands like the ones to control the 

extruder temperature or bed temperature, are finally written in the g-code file, that can after 

be transferred to the printer. 

 

 

 

 
Fig. 11 

 

Solid objects needs a big amount of valuable material (filament, ...) and print time. 

The slicer can automatically convert solid volumes to hollow ones, saving costs and time. 

The hollow object can be partially filled by internal structures, as internals walls, to 

provide additional robustness. The amount of these structures is called infill density, 

being this parameter one of the adjustments to be provided to the slicer. 
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Fig. 12 

 

Most of the 3D printing processes create the object layer by layer, down to up, with 

the layer under construction being deposited over the previous one. As consequence, all 

object parts must relay, at least in some part, over another one. In the case of an object 

layer that is floating (by example, the flat roof of a house or an horizontally extended arm 

in a figure), the slicer automatically can add supports for it. The support touch the object 

in a way that is easily detachable from it at the finish stage of the object production. 

 

Printing of the first object layer, the one in contact with the printer bed, has some 

peculiarities, like problems of object adherence to the bed, rugosity, smooth deposition of 

the first amounts of filament. The slicer can automatically add some detachable structures 

to minimize these problems. Usual types of these base structures are a skirt and rafts.  

 

 PRINTRUN SOFTWARE : 

 

 Pronterface is a 3D printing host – a program that allows direct control of 3D 

printers through a USB cable. 

 Pronterface is a part of printrun, a free, open – source software suite, licenced 

under the GNU general public licence. 

https://en.wikipedia.org/wiki/File:Support_structure_in_3D_printing.jpg
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 What sets pronterface apart is its large and comfortable command line 

interface, and small footprint.  The interface is barely functionalist, but also 

high functional. 

 

 

 

Fig.13 
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                                          CHAPTER-8 

                                MODELS CREATED 

   

 

The following are the two models that are created by using the present developed 3D 

printer are as follows 

 GEAR : 

 

 

Fig. 14 

 

  Printed plastic gear are a cheap, quick, and customizable motion transfer solution 

compared to alternative ways to make gears.  Complexity and the 3D variations are free.  The 

prototyping and creation process is quick and clean.   

 

  This printed gear is more reliable and have high strength to with stand to the ramming 

process during casting.   
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                CHAPTER-9 

              CONCLUSION 

 

As the 3D printer is a device, it should be analysed with the advantages and 

disadvantages, how the device can change the society and engineering etc in mind. The 

very nature of 3D printing, creating a part layer by layer instead of subtractive methods of 

manufacturing lend themselves to lower costs in raw material Instead of starting with a big 

chunk of plastic and carving away (milling or turning) the surface in order to produce you 

product. Additive manufacturing only "prints" what you want, where you want it. Other 

manufacturing techniques can be just as wasteful. 3D printing is the ultimate just in-time 

method of manufacturing. No longer do you need a warehouse full of inventory waiting 

for customers. Just have a 3D printer waiting to print your next order. On top of that, you 

can also offer almost infinite design options and custom products. It doesn't cost more to 

add a company logo to every product you have or let  your customers pick every feature 

on their next order, the sky is the limit with additive manufacturing. 

 

Whether you are designing tennis shoes or space shuttles, you can't just design 

whatever you feel like, a good designer always take into account whether or not his design 

can be manufactured cost effectively. Additive manufacturing open up your designs to a 

whole new level. Because undercuts, complex geometry and thin walled parts are difficult 

to manufacture using traditional methods, but are sometimes a piece of cake with 3D 

printing. In addition, the mathematics behind 3D printing are simpler than subtractive 

methods. For instance, the blades on a centrifugal supercharger would require very 

difficult path planning using a 5-axis CNC machine. The same geometry using additive 

manufacturing techniques is very simple to calculate, since each layer is analysed 

separately and 2D information is always simpler than 3D. This mathematical difference, 

while hard to explain is the fundamental reason why 3ID printing is superior to other 

manufacturing techniques. It almost always better to keep things simple and additive 

manufacturing is simple by its very nature. 

 

Comparing the numerous advantages, applications and future scope, we can 

conclude that the 3d printer and its technology is able to create next industrial revolution. 
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            ABSTRACT     

Composite materials are now a major field of research and development activity. 
Composites are rapidly becoming important and useful structural materials, and probably 
the next major area for polymer applications is in the field of composite materials. 
Aluminium matrix composites (AMCs) and Hybrid aluminum matrix composites 
(HAMCs) becomes choice for automobile and aerospace industries due to its tunable 
mechanical properties such as very high strength to weight ratio, superior wear resistance, 
greater stiffness, better fatigue resistance, controlled co-efficient of thermal expansion and 
good stability at elevated temperatures. Stir casting is an appropriate method for 
composite fabrication and widely used industrial fabrication of AMCs and HAMCs due 
to flexibility, cost-effectiveness and best suitable for mass production. 

In the present work an attempt is made to understand the mechanical behavior of 
composite, aluminium A356 alloy reinforced with aluminium oxides and titanium 
diboride. Composites are casted using stir casting method. Castings are  prepared with 
and without reinforcement (percentile range from 1% to 3% with increment of 1%). An 
investigation is made on the mechanical behaviour of the pure base metal(A356) is 
compared with different reinforcements. 
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CHAPTER-I 

INTRODUCTION 

     1.1 MATERIALS 

1.1.1 MATERIAL HISTORY 

Material science has shaped the development of civilizations since the dawn of 

mankind. Better materials for tools and weapons has allowed mankind to spread and 

conquer, and advancements in material processing like steel and aluminum production 

continue to impact society today. The history of materials science is the study of how 

different materials were used and developed through the history of Earth and how those 

materials affected the culture of the peoples of the Earth. 

1.1.2 CLASSIFICATION OF MATERIALS 

 There are thousands of materials available for use in engineering applications. Most 

materials fall into one of three classes that are based on the atomic bonding forces of a 

particular material. These three classifications are metallic, ceramic and polymeric. 

Additionally, different materials can be combined to create a composite material. 

Composite materials are often grouped by the types of materials combined or the way 

the materials are arranged together. Solid materials have been conveniently grouped 

into three basic classifications: metals, ceramics, and polymers. In addition, there are 

the composites, combinations of two or more of the above three basic material classes.  
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Fig :1.1 Classification of materials 

1.1.3 TYPES OF  ALLOYS 

There are two types of alloys casted alloy and wrought alloy 

Casted  alloy 

Casting is a manufacturing process in which a liquid material is usually poured into 

a mould, which contains a hollow cavity of the desired shape, and then allowed to 

solidify. The solidified part is also known as a casting, which is ejected or broken out 

of the mould to complete the process. Casting materials are usually metals or 

various cold setting materials that cure after mixing two or more components together, 

examples are epoxy, plaster and clay. Casting is most often used for making complex 

shapes that would be otherwise difficult or uneconomical to make by other methods. 

Wrought  alloy 

Wrought alloys contain low percentages of elements; that is, alloying elements total is 

less than about 4 percent. Casting alloys contain the same elements as wrought, but in 

greater amounts; for example, the silicon content in cast alloys can range up to 22 

percent. 

1.1.4 ALUMINIUM ALLOYS 

Aluminium alloys are alloys in which aluminium (Al) is the predominant metal. The 

typical alloying elements are copper, magnesium, manganese, silicon, tin and zinc. 

There are two principal classifications, namely casting alloys and wrought alloys, both 

of which are further subdivided into the categories heat-treatable and non-heat-

treatable. About 85% of aluminium is used for wrought products, for example rolled 

plate, foils and extrusions. Cast aluminium alloys yield cost-effective products due to 

the low melting point, although they generally have lower tensile strengths than 

wrought alloys. The most important cast aluminium alloy system is Al–Si, where the 

high levels of silicon (4.0–13%) contribute to give good casting characteristics. 

https://en.wikipedia.org/wiki/Manufacturing
https://en.wikipedia.org/wiki/Mold_(manufacturing)
https://en.wikipedia.org/wiki/Alloy
https://en.wikipedia.org/wiki/Aluminium
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Tin
https://en.wikipedia.org/wiki/Zinc
https://en.wikipedia.org/wiki/Casting
https://en.wikipedia.org/wiki/Heat_treatment
https://en.wikipedia.org/wiki/Extrusion
https://en.wikipedia.org/wiki/Tensile_strength
https://en.wikipedia.org/wiki/Silumin
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Aluminium alloys are widely used in engineering structures and components where 

light weight or corrosion resistance is required.  

Alloys composed mostly of aluminium have been very important in aerospace 

manufacturing since the introduction of metal-skinned aircraft. Aluminium-

magnesium alloys are both lighter than other aluminium alloys and much less 

flammable than alloys that contain a very high percentage of magnesium.  

Aluminium alloy surfaces will develop a white, protective layer of aluminium oxide if 

left unprotected by anodizing and/or correct painting procedures. In a wet 

environment, galvanic corrosion can occur when an aluminium alloy is placed in 

electrical contact with other metals with more positive corrosion potentials than 

aluminium, and an electrolyte is present that allows ion exchange. Referred to as 

dissimilar-metal corrosion, this process can occur as exfoliation or as intergranular 

corrosion. Aluminium alloys can be improperly heat treated. This causes internal 

element separation, and the metal then corrodes from the inside out.  

Aluminium alloy compositions are registered with The Aluminum Association. Many 

organizations publish more specific standards for the manufacture of aluminium alloy, 

including the Automotive Engineering standards organization, specifically its 

aerospace standards subgroups, and ASTM International. 

(i)  PROPERTIES OF ALUMINIUM 

• It has low density of approximately 2.7 g/cc.  

• High mechanical strength achieved by suitable alloying and heat treatments and it 

has high ductility and resultant low working cost. 

• High corrosion resistance of the pure metal, high thermal and electrical conductance.  

• It is relatively soft metal with  yield strength of only 34.5 N/rrnn2 (5,000 lb/in2). 

  

https://en.wikipedia.org/wiki/Aerospace_manufacturing
https://en.wikipedia.org/wiki/Aerospace_manufacturing
https://en.wikipedia.org/wiki/Aluminium_oxide
https://en.wikipedia.org/wiki/Anodizing
https://en.wikipedia.org/wiki/Galvanic_corrosion
https://en.wikipedia.org/wiki/The_Aluminum_Association
https://en.wikipedia.org/wiki/ASTM_International
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• Tensile strength of 90 N/mm2 (13,000 lb/in2).  

• Highly conductive alloys for electrical purposes, to relatively low-strength alloys for 

the building industry. 

• The metal in its pure state has a relatively high corrosion resistance and needs less 

protection than most metals. 

 (ii) APPLICATIONS  

Aerospace alloys 

This has two beneficial effects the precipitated Al3Sc forms smaller crystals than are 

formed in other aluminium alloys and the width of precipitate-free zones that normally 

exist at the grain boundaries of age-hardenable aluminium alloys is reduced. Scandium 

is also a potent grain refiner in cast aluminium alloys, and atom for atom, the most 

potent strengthener in aluminium, both as a result of grain refinement and precipitation 

strengthening. This is in contrast to typical commercial 2xxx and 6xxx alloys, which 

quickly lose their strength at temperatures above 250 °C due to rapid coarsening of 

their strengthening precipitates.  The effect of Al3Sc precipitates also increase the alloy 

yield strength by 50–70 MPa (7.3–10.2 ksi). 

Automotive alloys 

6111 aluminium and 2008 aluminium alloy are extensively used for external 

automotive body panels, with 5083 and 5754 used for inner body panels. Bonnets have 

been manufactured from 2036, 6016, and 6111 alloys. Truck and trailer body panels 

have used 5456 aluminium. Automobile frames often use 5182 aluminium or 5754 

aluminium formed sheets,   6061 or 6063 extrusions. Wheels have been cast 

from A356.0 aluminium or formed 5xxx sheet.  Cylinder blocks and crankcases are 

often cast made of aluminium alloys. The most popular aluminium alloys used for 

cylinder blocks are A356, 319 and to a minor extend 242. 

 

https://en.wikipedia.org/wiki/6111_aluminium_alloy
https://en.wikipedia.org/w/index.php?title=2008_aluminium_alloy&action=edit&redlink=1
https://en.wikipedia.org/wiki/Body_panel
https://en.wikipedia.org/wiki/5083_aluminium_alloy
https://en.wikipedia.org/wiki/5754_aluminium_alloy
https://en.wikipedia.org/w/index.php?title=2036_aluminum_alloy&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=6016_aluminum_alloy&action=edit&redlink=1
https://en.wikipedia.org/wiki/5456_aluminium_alloy
https://en.wikipedia.org/wiki/6061_aluminium_alloy
https://en.wikipedia.org/wiki/6063_aluminium_alloy
https://en.wikipedia.org/w/index.php?title=A356_aluminium_alloy&action=edit&redlink=1
https://en.wikipedia.org/wiki/Cylinder_block
https://en.wikipedia.org/wiki/Crankcase
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Marine alloys 

These alloys are used for boat building and shipbuilding, and other marine and salt-

water sensitive shore applications. 5052 aluminium alloy,5059 aluminium alloy,5083 

aluminium alloy,5086 aluminium alloy,6061 aluminium alloy,6063 aluminium alloy. 

4043, 5183, 6005A, 6082 also used in marine constructions and off shore applications. 

Cycling alloys 

These alloys are used for cycling frames and components 2014 aluminium,6061 

aluminium,6063 aluminium,7005 aluminium,7075 aluminium, Scandium aluminium. 

1.1.5  NEED OF COMPOSITES 

The need for composite materials has become a necessity for modern technology, due 

to the improved physical and mechanical properties. They posses: 

• Superior weight- specific strength and stiffness. 

• Broad flexibility in strength and stiffness tailoring. 

• High resistance to fatigue damage. 

• Chemical and corrosion resistance. 

• Very low thermal expansion. 

• Very high directional thermal conductivity. 

• Easy to make very complex geometries. 

1.1.6 COMPOSITES 

Composite is a system of materials, composing two or more materials mixed and 

bonded on a macroscopic scale. In general composite material consists of a 

reinforcement (fibers, particles, flakes, and/or fillers) embedded in a matrix 

(polymers, metals, or ceramics). The matrix holds a the reinforcement to form the 

desired shape and, transfers the load to the reinforcement, while the reinforcement 

https://en.wikipedia.org/wiki/5052_aluminium_alloy
https://en.wikipedia.org/wiki/5059_aluminium_alloy
https://en.wikipedia.org/wiki/5083_aluminium_alloy
https://en.wikipedia.org/wiki/5083_aluminium_alloy
https://en.wikipedia.org/wiki/5086_aluminium_alloy
https://en.wikipedia.org/wiki/6061_aluminium_alloy
https://en.wikipedia.org/wiki/6063_aluminium_alloy
https://en.wikipedia.org/wiki/2014_aluminium_alloy
https://en.wikipedia.org/wiki/6061_aluminium_alloy
https://en.wikipedia.org/wiki/6061_aluminium_alloy
https://en.wikipedia.org/wiki/6063_aluminium_alloy
https://en.wikipedia.org/wiki/7005_aluminium_alloy
https://en.wikipedia.org/wiki/7075_aluminium_alloy
https://en.wikipedia.org/wiki/Aluminium-scandium_alloy
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improves the overall mechanical properties of the matrix. The composite exhibits 

better properties than each constituent individual and Properties of composites are 

strongly dependent on the properties of their constituent materials, their distribution 

and interaction among them. 

1. CLASSIFICATION OF COMPOSITES 

 In general, composites are classified according to the type of matrix material and the 

nature of reinforcement at two distinct levels. The first classification includes 

organic-matrix composites (OMCs), metal matrix composites (MMCs) and ceramic-

matrix composites (CMCs). The term “organic-matrix composite” is generally 

assumed to include two classes of composites: polymer matrix composites (PMCs) 

and carbon-matrix composites. The second classification refers to the reinforcement 

form particulate reinforcements, whiskers, continuous fibers, laminated composites, 

and woven composites. In order to provide a useful increase in properties, there must 

be a substantial volume fraction (10% or more) of the reinforcement. Reinforcement 

is considered to be a “particle” if all of its dimensions are roughly equal. Thus, 

particulate reinforced composites include those reinforced by spheres, rods, flakes, 

and many other shapes of roughly equal axes. COMPOSITES can be classified into: 

A. Polymer Matrix Composites (PMCs) 

B. Ceramic Matrix Composites (CMCs) 

  C. Metal Matrix Composites (MMCs) 

A. Polymer Matrix Composites (PMCs) 

 In the simplest case, appropriately adding particulates to a polymer matrix can 

enhance its performance, often in very dramatic degree, by simply capitalizing on the 

nature and properties of the scale filler.  

This strategy is particularly effective in yielding high performance composites, when 

good dispersion of the filler is achieved and the properties of the scale filler are 
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substantially different or better than those of the matrix, for example, reinforcing a 

polymer matrix by much stiffer particles of ceramics, clays, or carbon tubes. Polymer 

Matrix-composites include thermoplastic/thermoset  polymer/layered silicates, 

polyester/TiO2, polymer/CNT, polymer/layered double hydroxides.  

B. Ceramic Matrix Composites (CMCs) 

In this group of composites the main part of the volume is occupied by a ceramic, i.e. 

a chemical compound from the group of oxides, nitrides, borides, silicates etc. In 

most cases, ceramic-matrix composites encompass a metal as the second component. 

Ideally both components, the metallic one and the ceramic one, are finely dispersed 

in each other in order to elicit the particular microscopic properties.  

Composites from these combinations were demonstrated in improving their optical, 

electrical and magnetic properties as well as tribological, corrosion-resistance and 

other protective properties. Ceramic Matrix composites include Al2O3/SiO2, SiO2/Ni, 

Al2O3/TiO2, Al2O3/SiC, Al2O3/CNT etc.  

C. Metal Matrix Composites (MMCs) 

Metal matrix composites (MMC) refer to materials consisting of a ductile metal or 

alloy matrix in which some sized reinforcement material is implanted. These 

materials combine metal and ceramic features, i.e., ductility and toughness with high 

strength and modulus. Thus, metal matrix composites are suitable for production of 

materials with high strength in shear/compression processes and high service 

temperature capabilities. They show an extraordinary potential for application in 

many areas, such as aerospace, automotive industries and other Metal Matrix 

composites include Al/ Al2O3, Al/SiC, Fe-Cr/ Al2O3, Ni/ Al2O3, Co/Cr, Fe/MgO, 

Al/CNT, Mg/CNT etc. 

c.  

They have been developed in recent years. Metal Matrix Composites have emerged 

as a class of material capable of advanced structural, aerospace, automotive, 
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electronic, thermal management and wear applications. A composite material is a 

material consisting of two or more physically and or chemically distinct phases. The 

composite generally has superior characteristics than those of each of the individual 

components. Usually, the reinforcing component is distributed in the continuous or 

matrix component. When the matrix is a metal, the composite is termed a metal-

matrix composite (MMC). 

1.1.8  METAL MATRIX COMPOSITES   

 Metal matrix composites have been able to full fill all the desired conceptions of the 

component designers in order to cater the specific demands of different engineering 

applications . In metal matrix composites, the hard reinforcements are infused into 

the soft metal matrix to achieve a combination of enhanced physical, mechanical and 

electrical properties. For development of metal matrix composites, various metals 

used are titanium, magnesium, copper, nickel and aluminium. But the most widely 

used base metal is aluminium due to its light weight, strength, excellent thermal and 

electrical properties, good reflective properties, impermeability and cost 

effectiveness. Metal matrix composites (MMC) refer to materials consisting of a 

ductile metal or alloy matrix in which some sized reinforcement material is 

implanted. These materials combine metal and ceramic features, i.e., ductility and 

toughness with high strength and modulus. Thus, metal matrix composites are 

suitable for production of materials with high strength in shear/compression 

processes and high service temperature capabilities. They show an extraordinary 

potential for application in many areas, such as aerospace, automotive industries and 

other Metal Matrix composites include Al/Al2O3, Al/SiC, Fe-Cr/Al2O3, Ni/ Al2O3, 

Co/Cr, Fe/MgO, Al/CNT, Mg/CNT etc. Aluminium alloys as metal matrix have 

always attracted material scientists because of some more additional attributes such 

as better corrosion resistance and high damping capacity.  

Base metal 
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The matrix is the monolithic material into which the reinforcement is embedded, and 

is completely continuous. This means that there is a path through the matrix to any 

point in the material, unlike two materials sandwiched together. In structural 

applications, the matrix is usually a lighter metal such as aluminum, magnesium, 

or titanium, and provides a compliant support for the reinforcement. In high-

temperature applications, cobalt and cobalt–nickel alloy matrices are common. 

Reinforcement 

The reinforcement material is embedded into a matrix. The reinforcement does not 

always serve a purely structural task (reinforcing the compound), but is also used to 

change physical properties such as wear resistance, friction coefficient, or thermal 

conductivity. The reinforcement can be either continuous, or discontinuous.  

1.2  GENERAL FABRICATION TECHNIQUES 

Fabrication techniques or manufacturing process are the steps through which raw 

materials are transformed into a final product. The manufacturing process begins with 

the product design, and materials specification from which the product is made. These 

materials are then modified through manufacturing processes to become the required 

part. 

Classification  

Based on the nature of work involved these processes may be divided into following 

seven categories: 

• Casting Processes – Sand Casting, Permanent mould casting, Die casting,     

Centrifugal casting 

• Shearing and Forming processes – Punching, Blanking, Drawing, Bending,     

Forming 

https://en.wikipedia.org/wiki/Single_crystal
https://en.wikipedia.org/wiki/Aluminum
https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/Titanium
https://en.wikipedia.org/wiki/Cobalt
https://en.wikipedia.org/wiki/Wear_resistance
https://en.wikipedia.org/wiki/Friction
https://en.wikipedia.org/wiki/Thermal_conductivity
https://en.wikipedia.org/wiki/Thermal_conductivity
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• Primary metal working processes – Rolling, Forging, Extrusion, Wire 

drawing 

• Machining Processes – Turning, Drilling, Milling, Grinding 

• Surface finishing processes – Lapping, Honing, Super finishing 

• Joining processes – Welding, Brazing, Soldering, Joining 

• Processes for changing physical properties of the materials – Hardening, 

Tempering, Annealing, Surface Hardening. 

1.2.1 FABRICATION TECHNIQUES OF METAL MATRIX COMPOSITES   

Homogeneous distribution of the reinforcement phases to achieve a defect-free 

microstructure is one of the key challenges in processing the composites. The 

reinforcing phases in the composite can be either particles or fibers, based on the 

shape. The relatively low material cost and suitability for automatic processing has 

made the particulate-reinforced composite preferable and classified as two main 

groups:  Liquid state processes and Solid state processes. 

 

 

Fig: 1.2 Fabrication Techniques 
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(i) Liquid state processes: Liquid state processes include stir casting, compo casting, 

squeeze casting, spray casting and in situ (reactive) processing, ultrasonic assisted 

casting.  

(ii) Solid state processes: Solid state process includes powder metallurgy (PM route), 

high energy ball milling, friction stir process, diffusion bonding and vapour 

deposition techniques.  

Type and level of reinforcement loading, the degree of micro structural integrity 

desired, etc., are some of the factors that influence the selection of the processing 

routes.  

(i) LIQUID STATE FABRICATION OF MMCs   

In the liquid casting technique, the particulates are mechanically well distributed over 

the liquid metal before casting and solidification . These methods are typically cost 

effective .   

 Stir Casting   

Stir casting is currently the most popular commercial method of producing aluminium 

based composites. Fabrication of aluminum and its alloys based casting composite 

materials via stir casting is one of the prominent and economical technique for 

development and processing of MMCs and widely used for applications that require 

high production volumes and low cost. Stir casting is suitable for manufacturing 

composites with up to 30% volume fractions of reinforcement allows for the use of 

conventional metal processing methods with the addition of an appropriate stirring 

system such as mechanical stirring; ultrasonic or electromagnetic stirring; or 

centrifugal force stirring, to achieve proper mixing of reinforcement into melt which 

depends on material properties and process parameters .  
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Fig: 1.3 Bottom pouring type stir casting machine(source: selvamtech.edu.in ) 

 Compo casting   

Wettability and distribution of nano size reinforcement are the key challenge in stir 

casting because very fine particles are having more surface energy and surface area 

resulting in agglomeration of reinforcement particles. To achieve uniform 

distribution, weak agglomeration and effective incorporation of the very fine 

reinforcement particles into the matrix alloy we move towards Compo casting.  

 

Fig:1.4 Compo casting setup (source: researchgate.net ) 

Squeeze Casting   

The concept of squeeze casting dates back to the 1800s . Squeeze casting technique 

is a liquid phase fabrication method of AMCs in which metal solidifies under pressure 
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within closed die halves, using a movable mould part for applying pressure on the 

molten metal and force it to penetrate into a preformed dispersed phase, placed in the 

lower fixed mould part. Squeeze casting fabricated components have superior 

weldability, heat treatability, high degree of surface finish and dimensional accuracy.    

 

Fig:1.5 Vertical squeeze casting machine(source:indiamart.com) 

 Spray Forming   

Fabrication of composite by spray forming process involves melting of an alloy in a 

furnace, forcing the melt through a small orifice, passing a stream of compressed inert 

gas, injecting reinforcement through the jet and breaking the liquid metal into fine 

semi solid droplets. These semi solid droplets are deposited over a stationary substrate 

to form solid pre form.  

     In-Situ Synthesis   

In-situ synthesis is a process wherein the reinforcements are formed in the matrix by 

controlled metallurgical reactions with various reinforcement ceramic particles SiC, 

AlN and TiC. During fabrication, one of the reacting elements is usually a constituent 

of the molten matrix alloy. The other reacting elements may be either externally-

added fine powders or gaseous phases, final reaction products is the reinforcement 
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dispersed in matrix alloy. It requires the higher reaction time temperature and longer 

holding time. 

(ii)  SOLID STATE FABRICATION OF MMCs   

 Powder Metallurgy   

Fabrication of AMCs via powder metallurgy includes uniform mixing of 

reinforcement with metal alloy and blending of powders; degassing the solidified 

product in vacuum and sintered under high temperature conditions. This method is 

cost effective for producing complex parts at very close dimensional tolerances, with 

minimum scrap and not suitable for mass production due to high cost of powder.    

 

Fig: 1.6 powder metallurgy apparatus (source: alibaba.com) 

 High Energy Ball Milling   

High energy ball milling utilizes high energy impacts, high frequency from balls to 

repeatedly forge powder particles together and trapped between colliding balls and 

inner surface of the vial which causes repeated deformation, rewelding, 

fragmentation of premixed powders to form dispersed particles in grain refined 

matrix. During milling process addition of ceramic hard particles to metal alloys 

improve the strength, wear resistance and micro hardness of synthesize composite . 
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Fig: 1.7 High Energy Ball Milling (source: sapub.org) 

Ultrasonic Probe Assisted Method   

Traditional fabrication methods cannot be used for mass production and net shape 

fabrication of complex structural components without post processing. Ultrasonic 

probe assisted method is very effective in dispersing nano sized particles in the metal 

matrix. The process generally requires resistance heating furnace for melting metal, 

nano particle feeding mechanism, inert gas envelope for protection and an ultrasonic 

system. The ultrasonic processing system consists of an ultrasonic probe, a transducer 

and power source.  

Diffusion Bonding   

Diffusion bonding is a solid state processing technique which is commonly used to 

produce mono filament reinforced AMCs. Inter diffusion of atoms between clean 

metallic surfaces which is in contact at an elevated temperature leads to bonding due 

to the inter-diffusion of atoms across the surfaces of particulates and metal. The 

principal advantages of this technique are the ability to process a wide variety of metal 

matrices and control of fiber orientation and volume fraction. 
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 Friction Stir Welding (FSW) 

Friction stir welding was developed in 1991 and is essentially a solid state joining 

process, widely used for the welding of light and difficult-to-weld metals and their 

alloys like aluminum, magnesium, copper etc. This method is used as a surface 

modification to produce composites with good mechanical properties and corrosive 

resistance by addition of nano, micro and macro size reinforcements.  

 

Fig: 1.8 Friction stir welding (source: twi-global.com) 

 

 

 

 

1.3 OBJECTIVE OF THE PROJECT 

The main objective of the project is to prepare hybrid composites and to study the 

behaviour of the base metal A356 when it is pure and when reinforcement is added 

to it. This change can be observed thoroughly under microstructure examination. The 

main purpose of the project survives with the completion of investigation on 

mechanical and tribological properties of A356 in pure state and as a composite. 
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CHAPTER-II 

LITERATURE SURVEY 

 

Massardier et al. (1993) [1] investigated the mechanical properties of aluminium 

based composite reinforced with performs elaborated by Elf-Atochem. These 

performs consisted randomly oriented hexagonal and monocrystalline a-alumina 

platelets. The volume fraction of the platelets in a perform was varied between 15 

and 35%.Two aluminium matrixes (either an A9 pure aluminium matrix (99.9% Al) 

or a 6061 aluminium alloy (1%Magnesium, 0.6% Silicon)) were used to prepare 

composites by the squeeze-casting technique. The influence of the variable 

parameters of the material on the tensile properties of composites was studied. Their 

investigation concluded that there was an increase in young modulus, 0.2% proof 

stress, flow stress and ultimate tensile strength was observed over the unreinforced 

metal. Those improvements were obtained at the expense of the tensile ductility.  

Clyne (1995) [2], An Introduction to Metal matrix Composites, defines that  Metal 

matrix composites are the combination of metal and reinforcement. Aluminum, 

Magnesium and Titanium are the common matrix metals with characteristics such as 

light weight and high temperature resistance. The typical reinforcing ceramics are 

Al2O3, SiC and B4C. These can be used as long fibers, short whiskers or particles in 

either an irregular or spherical shape. The properties of resulting composites are 

generally controlled by three critical components: Matrix, Reinforcement and 

Interface.   
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Hashim et al. (2002) [3] used finite element analysis to simulate the fluid flow and 

investigated optimal values of stirring speed, and impeller position to achieve 

effective flow patterns to distribute the solid particles in the melt homogeneously. 

Naher et al. (2003) [4] performed Scaled-up stirring experiments with liquids having 

similar characteristics of aluminum melt and used SiC particles as reinforcements. 

The experiment was carried out in a transparent crucible and established 

photographing flow patterns.  

Charles and Arunachalam (2004) [5] conducted experiments on property analysis 

and mathematical modeling of machining properties of aluminium alloy hybrid (Al-

alloy/SiC/fly ash) composites produced by liquid metallurgy and powder metallurgy 

techniques containing aluminium with disperoids silicon carbide added in varying 

proportions (10%, 15%, and 20% vol. %) and fly ash maintained at 10 vol. %.They 

found that addition of disperoid particles resulted in an increase in hardness and wear 

resistance. 

 Basavarajappa et al. (2004) [6] studied mechanical properties of as cast aluminum 

alloy composite reinforced with SiCp and graphite particles. Their result revealed that 

as the reinforcement content increased the mechanical properties such as ultimate 

tensile strength, yield strength, hardness and compressive strength of the composite 

increased predominantly but the density of the composite decreased. The increased 

strength of aluminium 2024/SiCp-Graphite composite was attributed to synergistic 

influence of the dislocation density generated due the differences in coefficient of 

thermal expansion between the constituents of the composite.  

Ravi et al. (2007) [7] investigated effect of mixing parameters through a water model 

for the fabrication of Al-SiC composite through stir casting. Impeller blade angle, 

stirring speed, direction of impeller rotation were taken as stirring parameters.  

Sudarshan et al. (2008) [8] intentional description of A356 Al-Fly ash particle 

composite with fly ash particles of narrow range (53-106 µm) and wide size range 

(0.5-400 µm) and reported that addition of fly ash show the way to increase in 
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hardness, elastic modulus and 0.2% proof stress. They also conducted that composites 

with narrow size range fly ash particle show superior mechanical properties compared 

to composites with wide range fly ash particles. 

Lu and Lu (2010) [9] used finite element method to simulate the flow pattern and to 

find effects of stirring parameters like blade angle, stirring speed, impeller size, and 

the stirrer geometry over the flow characteristic.  

K.K. Alaneme , A.O. Aluko (2012) [10] have investigated the tensile and fracture 

behaviour of as cast and age hardened aluminium (6063), silicon carbide particulate 

composites produced, using borax additive and a two-step stir casting method. Al 

(6063)-SiC composites having 3, 6, 9, and 12 volume % of SiC were produced, and 

sample representatives of each composition were subjected to age-hardening 

treatment at 180°C for 3 hours. Experimental results showed that the ageing treatment 

resulted in little improvement in the tensile strength of the composites. The tensile 

strength and yield strength increased to almost the same magnitude with an increase 

in SiC volume percentage for both as-cast and age-hardened conditions. The fracture 

toughness was found to improve significantly with ageing treatment. Overall, Al 

(6063) alloy could be considered as a suitable matrix for the development of SiC 

reinforced Aluminium based composites. 

H. R. Ezatpour et al. (2013) [11]  conducted  a two step mixing method including 

injection of particles into the melt by inert gas and stirring was used to prepare 

aluminum matrix composites (AMCs) reinforced with Al2O3 particles. Different mass 

fractions of micro alumina particles were injected into the melt under constant stirring 

speed. The porosity increased with increasing alumina mass fraction and decreased 

in the extruded ones by approximately 50%. Hardness, yield and ultimate tensile 

strengths of the extruded composites increased with increasing stirring speed . The 

compression strength increased with Al2O3 content increasing and extrusion. 

Bharath V et.al (2014) [12] have synthesized a metal matrix composite using 6061Al 

as matrix material reinforced with ceramic Al2O3 particulates using liquid metallurgy 
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route in particular stir casting technique. The addition level of reinforcement was 

being varied from 6 - 12wt% in steps of 3wt%. Hardness and tensile properties of the 

prepared composite were determined before and after addition of Al2O3 particulates 

to note the extent of improvement. It was observed that the microstructure of the 

composites contained the primary alpha-Al dendrites and eutectic silicon. While 

Al2O3 particles were separated at inter dendritic regions and in the eutectic silicon. 

The hardness and tensile properties were higher in case of composites when compared 

to unreinforced 6061Al matrix, also increasing addition level of reinforcement had 

resulted in further increase in both hardness and tensile strength. Maximum weight 

loss was observed in as cast 6061Al alloy and minimum weight loss was observed in 

6061Al+12 wt% Al2O3 composites at a constant load of 19.62 N and speed of 300 

rpm and as a part of wear test. The main aim of this work is to develop aluminum 

metal matrix composite using stir casting Set up and also compared the mechanical 

& tribological characteristics of  AMMC with and without heat treatment process. 

Al-6063 used as a matrix material and MWCNT as reinforcement with a volume 

fraction of 2% . 

Jamaluddin Hindi et.al (2015) [13] have studied that the addition of refractory 

reinforcement generally improves the hardness, tensile strength and high temperature 

properties of the material. Accordingly 200-300 micron size SiC (silicon carbide) 

reinforced Aluminium alloy composite was prepared in laboratory condition. In the 

present work, Al 6063-SiC composite of 2, 4 & 6 wt% as reinforcement were 

manufactured using conventional stir casting technique. Specimens were prepared as 

per the international standards and tensile, hardness and impact tests are performed. 

Five trials are performed in each test and the averages of three closer readings are 

taken in hardness, tensile and impact strength tests. Microstructure reveals better 

dispersion of reinforcement in the matrix. It was found that hardness increases with 

increase in wt% of SiC reinforcement. Hardness and tensile strength of 6wt% SiC 

composite is found to be higher than 2 & 4 wt% of SiC. Ductility was found to 
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decrease with increase in SiC addition. Impact strength variation was marginal with 

the increase in wt% of SiC.  

 

B Demudu Naidu and K R Satyanarayana (2017) [14] have studied the fabrication 

and characterization of Al6063 with reinforcement Nano γ-alumina (Al2O3) metal 

matrix composites produced by stir casting process.  

Various test specimens were produced with different wt% (0.5%, 1%, 2%, 3%) of 

reinforcement material. Age hardening process was done in order to improve the 

mechanical properties of the composite (strength and hardness). The micro structure 

analysis gave the proper mixing of Nano Al2O3 in Al6063. The Nano composite 

exhibited better properties after ageing than before ageing. The hardness was found 

to be higher for the Nano composite due to the grain reinforcement observed in the 

Nano composite. The tensile strength of the specimen increased with increase in the 

addition of reinforcements. 

M. Indra Reddy et al. (2018) [15] prepared  sprouts center stem fiber reinforced 

composites with varying fiber contents ranging from 0.2 to 0.4 by volume fraction. 

They have observed a significant improvement in the tensile, flexural, and impact 

properties of the composites. The thermal conductivity and specific heat capacity of 

composite decreases with increase in fiber content. The mechanical properties of 

sprouts center stem fiber reinforced polyester composites increases with increase in 

fiber loading. 

CHAPTER III 

FABRICATION OF COMPOSITES 
 

3.1 SELECTION OF MATERIALS 
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The suitability of these composite materials for a given application, however 

lies in the judicious selection of synthesizing or processing technique, matrix and 

reinforcement materials. Matrices can be selected from a number of metal or alloy 

candidates such as aluminium alloys, and the reinforcement material can have 

different size and morphology as well as material. By combining the matrix and 

reinforcing elements appropriately, new materials with dramatic improvements in 

strength, elastic moduli, fracture toughness, density and coefficient of thermal 

expansion (CTE) can be manufactured.  

 

3.1.1 SELECTION OF MATRIX MATERIAL  

The matrix material used in the present study is A356. A356 alloys are alloys wherein 

aluminium (Al) is the major metal. The distinctive alloying elements are copper, 

magnesium, manganese, silicon and zinc. It belongs to a group of hypo eutectic Al-

Si alloys and has a wide field of application in the automotive and avionics industries. 

Besides this the A356 alloy is used as a matrix for obtaining composites, which have 

an enhanced wear resistance, favorable mechanical properties at room temperature 

and enhanced mechanical properties at elevated temperatures. A356 alloys naturally 

have an elastic modulus of about 70 GPa. In general, stiffer and lighter designs can 

be achieved with A356 alloys than is possible with steels. 

  

 
Fig: 3.1  A356 ingots 
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(a) Chemical Composition of A356 alloy  

 

Table no.3.1 Chemical Composition of A356 

Allo

y 

Si Fe Cu Mn Mg Cr Ni Zn Ti Pb Sn Al 

A356 6.

5 

0.3

5 

0.2

0 

0.1

0 

0.4

5 

0.1

0 

0.1

0 

0.1

0 

0.2

0 

0.1

0 

0.0

5 

Ba

l 

 

(b)  Mechanical Properties of A356  

Mechanical Properties  of A356 based metal matrix composite are depended on its 

microstructure, grain size, volume and size of second phase etc. Porosity and 

interdendritic shrinkage are also play a major role to determine the mechanical 

properties of the alloy. The mechanical properties are also sensitive to temperature, 

strain rate and other test conditions. The typical Mechanical properties of A 356 are 

shown below.  

Table no.3.2 Mechanical Properties of A356 

S.no Mechanical properties Values 

1 Hardness, Brinell 70-105 

2 Tensile strength, Ultimate 234 MPa 

3 Tensile strength, Yield 165 MPa 

4 Modules of Elasticity 72.4GPa 

5 Poisson Ratio 0.33 

6 Machinability 50% 

7 Shear Modulus 27.2 GPa 

 

(c) Applications  of  A356 

This is most common type of material which used in Aero space industry, Automotive 
industry because it posses good strength weight ratio. 
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3.1.2 SELECTION OF REINFORCEMENT MATERIAL 

The reinforcing materials used for the research are  Aluminum oxide  powder and 

titanium  di boried. 

 

(i) Aluminum oxide (Al2O3) is one of the most cost effective and widely used 

material in the family of engineering ceramics, which has been investigated for high 

temperature structural and substrate applications because of its good strength and low 

thermal expansion coefficient.  

 

 
Fig : 3.2 Alumina powder 

 

 

Table no.3.3 Mechanical Properties of Aluminium Oxide 

Properties Units of Measure SI/Metric 

Density gm/cc 3.89 

Elastic Modulus GPa 375 

Shear Modulus GPa 152 

Poisson’s Ratio - 0.22 

Hardness Kg/mm2 1175 

Max. Use Temp. 0C 1750 
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(ii)Titanium di boried (TiB2) 

Titanium diboride (TiB2) have been utilized in high tech structural and function 

applications including denfense .   

 
 Fig : 3.3 Titanium diboride  
 
Table 3.4 Mechanical properties of titanium diboride 
 

Properties Units of 
Measure SI/Metric 

Density Gm/cc 4.52 

Hardness RHC 1800 

Modulus of 
rupture Mpa 410-448 
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3.2 METHODOLOGY 

3.2.1 Stir casting 

Stir casting is a type of casting process which is suitable  for production of metal 

matrix composites due to its cost effectiveness, applicability to mass production, 

simplicity, almost net shaping and easier control of composite structure . 

(a) Description of Experimental setup 

A Bottom Pouring type Stir casting equipment is used for the production of 

composites. Stir casting setup consist of a furnace, reinforcement feeder and 

mechanical stirrer. The furnace is used to heating and melting of the materials. The 

bottom pouring furnace is more suitable for the stir casting as after stirring of the 

mixed slurry instant poring is required to avoid the settling of the solid particles in 

the bottom of the crucible. 

(b) Melting of matrix material 

 Out of various furnaces, bottom pouring furnace is suitable for fabrication of metal 

matrix composites in stir casting route, this type of furnace consist of automatic 

bottom pouring technique which provides instant pouring of the melt mix (matrix and 

reinforcement). In stir casting process, the matrix material is melted and maintained 

a certain temperature for 2–3 h in this furnace. Simultaneously, reinforcements are 

preheated in a different furnace. After melting of the matrix material, the stirring 

process has been started to form the vortex. 
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Fig : 3.4 Bottom Pouring Furnace 

(c) Mechanical stirring 

In stir casting process, the mechanical stirrer is coupled with the varying speed motor 

to control the speed of the stirrer. Stirring plays a vital role over the final 

microstructure and mechanical properties of the casted composites as it controls the 

distribution of reinforcements within the matrix..Mechanical properties of AMCs and 

HAMCs mainly depends on the dispersion of the reinforcements throughout the 

composite. The dispersion of reinforcements is governed by stirring parameters.  

 

Fig: 3.5 Bottom Pouring type stir casting machine 
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The molten mixture is then poured in preheated mould and kept for natural cooling 

and solidification. Further, post casting process such as heat treatment, machining, 

testing, inspection etc. has been done.  

3.2.2  Applications of Stir Casting 

• Transport : Automobile, Aerospace, Railways and Shipping. 

• Heavy Equipment : Construction, Farming and Mining. 

• Machine Tools : Machining, Casting, Plastics moulding, Forging, Extrusion and 
Forming 

• Defence : Vehicles, Artillery, Munitions, Storage and Supporting equipment. 

 3.2.3 Advantages of Stir Casting process 

• Molten metal flows into ant small section in molten cavity, hence any complex 

shape  can be easily produced. 

• Practically any type of materials can be casted. 

• Due to small cooling rate from all directions, the properties of casting are same in 

all directions. 

• Any size of casting can be produced like up to 200 tones. 

• Casting is often cheapest and most direct way of producing a shape with certain 

desired mechanical properties. 

3.2.4  Limitations of Stir Casting process 

• With normal sand casting process the dimensional accuracies and surface finish is 

less. 

• Defects are unavoidable. Sand casting is labor intensive. 
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3.3 Flow Chart On Fabrication Process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.1 Preparation of composite 

Composite preparation includes three stages. 

Stage I : Preparation of  reinforcement 

In the present work there are four  reinforcements they are powder, Al2O3 powder, 

titanium di boried powder. 

(i) Alumina  Oxide Powder 

Aluminium Oxide or Alumina Powder (Al2O3) of 250gms was collected from Krish 

Mech Tech company with fine mesh. 

Solidification 

Procurement of Base Metal and Reinforcement 

Machining As Per ASTM Standards   

 

Selection of technique for fabrication 

Melting of base metal A356 

Addition of Flux and Degassifier into the melt 

Impregnation of Al2O3+ TiB2(1%,2%,3%) 

Stir casting technique 

 Pouring of the molten metal into the mould 

Study Mechanical Behaviour Properties 
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(ii)  Titanium di boried 

Titanium di boried (TiB2) of 120gms was collected from Krish Mech Tech company 

with fine mesh. 

Stage II:  Particle Size Analysis 

Particle Size distribution of the reinforcement sample was analyzed through the Sieve 

Analysis. It is a method of separation of particles into different fractions based on the 

particle sizes. Sieves of 75, 150 and 300 mesh sizes were placed one over the other 

with decreasing aperture size from top to bottom. A known quantity of each sample 

was placed in the top sieve and covered. Bottom pan was placed at the bottom of the 

finest sieve. The set of sieves was then subjected to mechanical shaking through the 

shaker, where it was sieved for 10 minutes. 

                 

Fig:3.6 Sieves of 75, 150, 300 microns 

Stage III :  Base metal preparation 

In this present work we are used A356 as a base metal. It was made into small 

pieces for casting. 

Stage IV : Composite casting 

1. Heating of base metal: Small size ingots of base metal A356 was used for 

preparing composite. These base metal ingots were made into small pieces and 

dropped into the furnace and heated up to 800O C.  The molten metal was stirred by 

an zirconium coated stainless steel stirrer at 600 rpm. 
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2.Pre heating of Reinforcement: The reinforcements were preheated up to 250 OC 

in the heater provided beside the furnace. After heating for certain period of time the 

reinforcements were slowly added to the melt. 

3.Stirring: Stirring plays a very important role in the fabrication of composites. 

Proper stirring is to be provided for the melt not to be solidified. For this purpose a 

stirrer is provided which is connected to the motor. Now the melt is ready to pour into 

the die.         

5.Pre heating of die:  A two fingered die is used for the fabrication of composites. 

Before pouring the molten metal in to the die it is heated up to 4000 C to prevent the 

melt from solidification. 

 The desired hybrid composite of A356 alloy with different wt.% ( 1%, 2%, 3% ) 

were produced. 

Table no.3.6  % of Reinforcement in Composite 

S.no % of 
composition 

%  of Reinforcement % of  Base Metal (A356) 

Alumina 
Powder 
(Al2O3) 

Titanium di 
boride 
(Tib2) 

 Base Metal (A356) 

1 0 0 0 100 

2 1 0.5 0.5 99 

3 2 1 1 98 

4 3 1.5 1.5 97 

5 4 2 2 96 

 

 

 

 



39 
  

 

Stage V : Homogenization 

Heat treatments can be used to homogenize cast metal alloys to improve their hot 

workability during hot and cold processing operations, or to alter their microstructure 

in such a way as to achieve the desired mechanical properties by reducing the residual 

stresses. During homogenization process the casted composite materials are heated 

in a furnace (Muffle Furnace) at 2200C  for five hours and annealed  for 24 hours.  

 

Fig :3.7 Muffle Furnace  
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CHAPTER-IV 

EXPERIMENTATION 

 

4.1 TESTING OF COMPOSITE 

4.1.1  COMPRESSION TEST 

Compression strength is the capacity of a material or structure to withstand loads 

tending to reduce size, as opposed to tensile strength, which withstands loads tending 

to elongate. In other words, compressive strength resists compression (being pushed 

together), whereas tensile strength resists tension (being pulled apart). Generally we 

use UTM for compression test. 

a. Universal testing machine (UTM) 

A universal testing machine (UTM), also known as a universal tester, materials 

testing machine or materials test frame, is used to test the tensile strength and 

compressive strength of materials.  

Compression Testing Machine is operated hydraulically. Driving is performed with 

the help of electric motor. Depending upon the size of the specimen the C. T. M. can 

be set into two ranges C. T. M. consists of two units (a) Loading & (b) Control Unit. 

The specimen is tested upon the loading unit and the corresponding readings are taken 

from the dial fitted to the control unit. Hydraulic cylinder is fitted in the centre of the 

base and the piston slides in the cylinder when the machine is in operated. A lower 

table is rigidly connected to an upper crosshead by two straight columns. This 

assembly moves up and down. Compression test is conducted by putting the specimen 

in between lower table and upper crosshead. 

The control panel consists the two valves one is at right side and the another one at 

left side. These valves control the flow of oil in the hydraulic system. The right side 

valve controls pressure flow and left side valve allow the oil from cylinder to go back 
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in to the tank. Control panel consists of dynamometer, which measures and  indicates 

the load on the specimen. 

b. Specimen preparation 

The testing process is conducted with respect to ASTM E9. As per standards the 

length to diameter ratio should between1.5 to 2. By using turning operation the 

material is removed up to 18mm diameter and length is 30mm. Cross section area  is 

254.56 mm2 

 

Fig : 4.1 Universal testing machine 

 

  

Fig: 4.2 Compression Specimens before testing  
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Fig: 4.3 Compression Specimens after testing 

    Table. no 4.1 Ultimate load values of  Al356 with Tib2 and Al2O3 

Sl.no %  of 
Reinforcement 

 

Ultimate load 
(kN) 

 

 

Displacement at 
Fmax (mm) 

 

 

Max-
displacement       

( mm) 

1 0 185.01 10.2 10.5 

2 1 255.4 17 17.033 
3 2 161.72 13.466 13.466 
4 3 103.52 11.433 11.833 
5 4 192.065 11.5 11.5 

 

        

 

4.1.2 IMPACT TEST 

Impact Strength  

Impact strength is the capability of the material to withstand a suddenly applied load 

and is expressed in terms of energy. Often measured with the Izod impact strength 

test or Charpy impact test, both of which measure the impact energy required to 

fracture a sample. 

The loads that are suddenly applied to a structure are known as impact loads. The 

performance on engineering materials like strength, toughness etc. vary with rate of 

loading. Materials exhibits poor performance under dynamic or shock loads. Hence 

it is required to know how the strength and toughness varies with impact or instant 
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shock loads. In the impact test, the impact strength (i.e. the resistance to shock loads) 

and the toughness of material under dynamic load is determined. The two important 

standard impact tests are (1) Izod Impact test and (2) Charpy impact test. 

a. Charpy impact test 

The Charpy impact test, also known as the Charpy V-notch test, is a standardized 

high strain-rate test which determines the amount of energy absorbed by a material 

during fracture. This absorbed energy is a measure of a given material's notch 

toughness and acts as a tool to study temperature-dependent ductile-brittle transition. 

It is widely applied in industry, since it is easy to prepare and conduct and results can 

be obtained quickly and cheaply.  

b. Specimen preparation 

This test is conducted with respect to  ASTM E356 standards. The specimen is in  to 

square cross section with the help of shaper machine and its dimensions are shown 

below. 

 

 

Fig :4.7 Impact test specimens 
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Fig :4.8 Charpy impact testing machine with specifications 

 

Fig : 4.9 Specimen dimensions   

 

Charpy Impact test is practical for the assessment of brittle fracture of metals and is 

also used as an indicator to determine suitable service temperatures. The Charpy test 

sample has 10×10×55 mm three dimensions, a 45  ͦV Notch of 2 mm depth and a 0.25 

mm root radius will be hit by a pendulum at the opposite end of the notch. To perform 

the test , The pendulum set at a certain height is released and impact the specimen at 

the opposite end of the notch to produce a fractured sample. The observed energy 

required to produce two fresh fracture surfaces will be recorded in the unit of joule. 

Since this energy depends on the fracture area (excluding the notch area), Thus 

standard specimen are required for a direct comparison of the observed. 
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Table no 4.5  Impact strength values of  Al 356  Tib2 and Al2O3 

Sl.no %  of 
Reinforcement 

  

Impact Energy  (J)  

1 0 45 
2 1 53.33 
3 2 48.66 
4 3 50 
5 4 52 

 

 

4.1.3 MICRO STRUCTURE 

Microstructure is the very small scale structure of a material, defined as the structure 

of a prepared surface of material as revealed by a microscope above 25x 

magnification. The microstructure of a material can strongly influence physical 

properties such as strength, toughness, ductility, hardness, corrosion resistance, 

high/low temperature behaviour or wear resistance. The testing process is going to 

done with Computer Aided Microscope. 

 

a. Standards of micro structure 

ASTM E407 is a method of etching a metal sample to reveal its microstructure. On a 

microscopic scale, metal is made up of many grains which can vary in shape and size. 

Alloying elements in the metal sometimes separate into microscopic particles with 

distinct shapes. This microstructure can be inspected by mounting, cross sectioning, 

and polishing per ASTM E3 followed by etching per ASTM E407. ASTM E407 

specifies what etching chemicals (usually acids) and procedures are required to reveal 
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the microstructure of different types of metals. Cast aluminum often has a dendritic 

(fern like) structure formed by the distribution of silicon.  

b. Specimen preparation  

By using lathe operation  length of the specimen and diameter  are maintained at  

20mm  18 mm. Initially rough polishing is done with the help of belt grinder  and   

later with the help of emery papers of 220, 320, 400, 600 and 800 polishing is done. 

Then smooth polishing done with the double disc polisher. 
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CHAPTER-V 

RESULTS AND DISCUSSION 

5.1 COMPRESSION TEST 

Table. no 5.1 Compression Strength values for the composite materials 

  

S.n

o 

% of 

reinforcemen

t 

 

Ultimat

e load 

(kN) 

 

Displacemen

t at Fmax 

(mm) 

 

Max-

displacemen

t       ( mm) 

 

Compressio

n strength  

( N/mm2) 

1 0 185.01 10.2 10.5 727.01 

2 1 192.006 11.5 11.52 754.53 

3 2 161.72 13.466 13.466 635.21 

4 3 103.52 11.433 11.833 402.004 

5 4 255.4 17 17.033 1003.65 

 

Comp str(N/mm2)= ult.load(N)/cross sectional area(mm2) 
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Graph on Compression Strength and Percentage of Reinforcement 

  From the above graph of  compression strength Vs  % of reinforcement ,  the 

compression strength  with increase in percentage of reinforcement decreased and at 

final it increased at 4% . The compression strength of the composite is high at 4%, 

and it is better than the Pure Al356. 
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5.2 IMPACT TEST 

Table no 5.2  Impact strength values for the composite materials 

Sl.no %  of 
Reinforcement 

  

Impact strength 
values (J) 

 

Specific impact 
strength (J/mm2) 

1 0 45 0.45 
2 1 52 0.52 
3 2 48.66 0.48 
4 3 50 0.5 
5 4 53.33 0.533 

 

 

 Graph on Impact  Strength and Percentage of Reinforcement 
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  From the above graph of  impact strength Vs  % of reinforcement ,  the Impact 

strength  with increase in percentage of reinforcement decreased and at final it 

increased at 4% . The Impact strength of the composite is high at 4%, and it is better 

than the Pure Al356. 

 

5.3 Micro structure 

Micro structure Analysis reveals the distribution of the reinforcement in the matrix. 

The mixing of aspirants in the matrix judges the mechanical properties of the 

composite. From the above figures 5.1 to 5.4 are the microstructures of A356 

reinforced with TiB2 ash and alumina. The figures 5.5 to 5.7 shows the micro 

structure of A356 reinforced with Al203 and Tib2. The number of intercepts and Grain 

number(G) in the microstructure images for different % of reinforcement added are 

observed . 

Table no. 5.3  No. of intercepts and Grain number(G) in composite material 

S.no % of 
reinforcement 

Number of 
intercepts 

Grain 
number(G) 

TiB2+Al2O3 Palm Sprout 
shell ash+Al2O3 

1 0 110 6 
2 1 120 6 
3 2 202 8 
4 3 228 8 

 

 
Fig : 5.9 Micro structure of Pure A356 



51 
  

Fig.5.9 shows the microstructure of pure alloy. From the fig we can observe the grains 

across the boundary. The distribution of grains gives a specific structure to a 

particular alloy or metal. 

 
Fig : 5.10  Micro structure of  A356 +1%(TiB2+Al2O3) 

Fig.5.10 shows the micro structure and the placement of grains in the composite. 

From this figure it is observed that TiB2 particles and  alumina particles were 

distributed densely  in the matrix.  

 

Fig : 5.11 Micro structure of  A356 +2% (TiB2+Al2O3) 

From the fig.5.11 it is observed that the reinforcement particles were distributed over 

a large area. The flow of the particles can be observed clearly from the figure. 

 

 

Fig : 5.12 Micro structure of A356 +4% (TiB2+Al2O3) 
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From the fig.5.12 it is observed that the reinforcement particles uniformly distributed 

in the matrix in more quantity which leads to rise in mechanical properties compared 

to 2% and 3%. 
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CONCLUSION 

Preparation of metal matrix  composites was done with A356 as matrix and 

Aluminium oxide as one reinforcement and Titanium diboried as other reinforcement. 

Experimentation was performed on the casted components to evaluate the mechanical 

properties. 

In Compression Test, the compression strength  with increase in percentage of 

reinforcement decreased and at 4%  the compression strength of the composite is 

high, more uniform distribution of reinforcement observed at 4% of reinforcement. It 

is better than all components upto 4% reinforcement including pure Al356.  

Charpy Impact Strength of the composite reinforced with Aliminium oxide and 

titanium diboride decresed at 1% to 3% gradually and it is high at 4% reinforcement, 

more uniform distribution of reinforcement observed at 4% of reinforcement. It is 

better than all components upto 4% reinforcement including pure Al356.  
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ABSTRACT

Compression ignition engines play the major role for the development of

any country. Fossil fuel layer depletion and emissions of compression ignition

engines are two challenges for the world, now days. To overcome the challenges,

it is necessary to replace conventional fuel by alternative fuels. Now days, bio

fuels become popular as an alternative fuel for compression ignition engines. It

can be used in compression ignition engine with many difficulties. Natural gas

substitution for diesel can result in significant reductions in pollutant emissions.

In particular, the combination of low-reactivity natural gas and high-reactivity

diesel may allow for optimal operation as a reactivity-controlled compression

ignition (RCCI) engine, which has potential for high efficiency and low

emissions. In this computational study, a lean mixture of natural gas is ignited by

direct injection of diesel fuel in part-load operating condition in a model of the

heavy-duty CAT3401 diesel engine.

Compression ignition (CI) engines emit high levels of particular matter

(PM) and oxides of nitrogen (NOx) due to combustion with heterogeneous air

fuel mixture. Computational fluid dynamics (CFD) is an effective and widely

used tool to design and optimize of an internal combustion (IC) engine. In CI

Diesel engines the fuel is injected into the cylinder which comprises of hot

compressed air. Since the time for the mixture formation is very less, there

would be definitely the zones of rich and lean mixture inside the cylinder. So

always makes proper process of homogeneous mixture inside the cylinder.

The results reveal that in part-load operating condition, much of the CH4,

which is used as surrogate fuel for natural gas, cannot burn. The main goal of

this research work is to assess the possibility to improve the performance of

Caterpillar-3401 engine in NGD dual-fuel operation by in-cylinder modification

strategies. The results reveal that among different strategies, double injection of

diesel fuel with an early main injection can reduce the unburned hydrocarbon

(UHC) emission significantly.
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Chapter 1

Introduction

Energy is the major sources for the development of any country. India

being a developing country requires much higher level of energy to sustain its

rate of progress. Fossil fuels are the major sources of energy in the world in he

present scenario. These energy sources are converted into useful energy for

various applications by means of internal combustion (IC) engines. IC engines

have been used for more than one country and have been identified as one of the

prime sources of air pollution. Currently, the majority of the transportation is

fulfilled by IC engines, either on road or at sea. Spark ignition and compression

ignition engines are two classifications of conventional IC engines. The

operation of Gasoline engines (SI) are limited by lower part load efficiencies

due to lower compression ratio. Diesel engines (CI) are superior to gasoline

engines due to their higher power, efficiency and fuel economy.

According to the International Energy Agency (IFA), Hydrocarbon

account for the majority of India’s energy use. The importance of biodiesel as

alternative fuel is more feasible towards reduction of harmful engine emissions.

Fossil fuels typically comprise of hydrogen and carbon molecules. Complete

combustion can takes place only when “Stichometry” fuel-air ratio is supplied to

the combustion process and also sufficient time is available to oxidize

completely into CO2 and H2O. There ideal conditions are far from the reality

due to shorter combustion duration, varying temperature, rich and lean zones of

operation could result in incomplete combustion. The undesirable products

formed due to the incomplete combustion are particulate matter (PM) or soot,

oxides of nitrogen (NOx), Carbon monoxide (CO) and Hydrocarbons (UHC).
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Improved combustion control can be achieved by using more than one

fuel with different reactivity and appropriate injection strategies. This is

employed a dual-fuel strategy with a focus on fuel reactivity and named it

reactivity-controlled compression ignition (RCCI). In cylinder fuel blending

reduces the maximum pressure rise rate compared to single-fuel premixed

combustion due to optimized reactivity gradients established in the combustion

chamber. They have shown that higher reactivity gradient of fuels can utilize

longer combustion duration and reduce pressure rise rate. Natural gas has even

lower reactivity than gasoline, suggesting that gas-diesel dual fuel combustion

can be even more durable. For greatest benefit, the fumigated gaseous fuel will

provide the most of the input energy, with diesel serving as the faster-igniting

pilot fuel. The quantity of pilot fuel should be as small as necessary to ensure

timely and complete combustion, without decreasing the thermal efficiency or

increasing the amount of the unburned hydrocarbons.

The experimental studies have examined parameters such as diesel fuel quantity,

and timing on combustion efficiency and pollutants of NGD dual-fuel engines.

Much of the research indicates lower NOX and soot emissions but higher

carbon monoxide (CO) and total hydrocarbons (THC) emissions in NGD dual-

fuel mode. Multidimensional CFD modelling considers spatial and temporal

development of the physical and chemical processes of combustion, and can

include complex phenomena, such as turbulence to provide predictive results

useful for engine control and emission reduction. simulated on a (NGD) dual-

fuel engine with multidimensionalCFD based on the” Shell” chemical auto

ignition and characteristic time combustion (CTC) model. The main goal of this

research work is to improve the fuel efficiency and reduction of emission.
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1.1 Bio fuels:

Bio fuels can be produced from plants (i.e. Energy crops), or from agriculture,

commercial, domestics, and /or industrial wastes (if the waste has a bio logical

or origin).Renewable bio fuels generally involve contemporary carbon fixation,

such as those that occur in plants or microalgae through the process of

photosynthesis.

Earlier researches have shown that bio diesels can be the best

replacement for diesel oil to reduce emission and could be directly used in

existing C.I engines without any substantial changes in engines configuration.

Faster degradation is another favorable character of bio diesel. It is nontoxic and

less carcinogenic compared to diesel emission. Bio diesels are oxygenated fuels,

and it gives a cleaner combustion even with comparatively rich mixtures.

Carbon emissions from the burning of these will not add to the greenhouse

effect as the CO2 produced will be absorbed by the plants thus maintaining the

balance of CO2. It contains no Sulphur, and the amount of poly aldehydes that

are toxic, is substantially less compared to diesel.
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1.2 Modelling Approach:
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In the current study, the CFD code CONVERGE, version provided a finite -

volume methodology capable of handling complex three- dimensional

geometries with moving boundaries, transient liquid sprays, turbulences and

detailed chemical kinetics. The transport equitation’s are solved using the

pressure -implicit method with splitting of operations (PISO). Turbulence is

modelled using the standard renormalization group (RNG) k - ɛ turbulence

model. Adaptive mesh refinement (AMR) and multi-zone chemical kinetic

computation are used to maximize the resolution of important features and to

minimize the numerical cell count and kinetics calculation times. Detailed

kinetic modelling is performed using the SAGE chemical kinetic solver, which

is coupled with the CFD code.
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Natural gas represented by pure methane, (CH4), and it is assumed that

the methane and air mixture is homogeneous at the start of the simulation

immediately after the inlet valve closes. Diesel fuel chemical mechanism is

represented by n- heptanes (C7H16). These surrogate fuels have similar chemical

behaviour to the real fuels, which is generally variable in composition.

(However, it is acknowledged that higher hydrocarbons in natural gas can be

accelerate reaction rates and influence important phenomena, such as pressure

oscillations. A chemical kinetic mechanism for combustion of methane and n-

heptanes which is validated for HCCI engine is used here, this chemical kinetic

mechanism has 76-species and 464-reactions mechanism.

SAGE kinetics solver:

This model assumes relatively slow chemistry in comparison with turbulent

mixing rates, such that each computational cell is well - mixed. Chemical

reaction rates are commutated using the SAGE solver which is coupled to the

CFD solver. The code accepts CHEMKIN - formatted chemical reaction

mechanisms. The chemical reaction rates computed for each computational cell

based on temperature , pressure, and species mass fractions at the start of each

time step, and the species mass fractions are then updated. Sub-grid scale

turbulence chemistry injection time, a multi-zone method is used. The chemical

kinetics that have similar thermodynamics state.

Adaptive Mesh Refinement (AMR):

In transient flows and combustion, sharp gradients such as shear layers,

flames, and fuel atomization zones are nor spatially localized or temporally

constant. Adaptive mesh refinement (AMR) methods provided adequate

resolution of temperature and velocity fields only when and where a fine mesh

is needed.
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The minimum check size, dx enervated with AMR, and the base size

basedx
are related to each other by the embedding scale, b, as follows:

2 b
basedxdx 

In this study an embedding scale of b=2 is used and the computational

mesh generated at the run time.

Grid Convergence Study:

Accuracy of diesel engine combustion simulation using RANS requires

adequate mesh resolution, which has been argued as more important than

modelling of sub-gird effects. The effect of base mesh size on major outcomes

of the simulation was examined in this study.

Table-1 provides details of base mesh size in mm, minimum cell size in mm,

maximum number of allowed cell and computation time information on 64

processors.

TABLE 1 Cases considered for grid refinement study

Base mesh

size(mm)

Minimum cell

size(mm)

Maximum cell

counts (106)

Simulation

time(hrs)

2 0.5 1 2.47

1.4 0.35 1 6.25

0.8 0.2 1.5 20.88

0.5 0.125 2 70.40
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It appears that the pressure traces and heat release rate (HRR) do not

change significantly when minimum cell size decrease from 0.2 mm to 0.125

mm and 0.75 mm minimum cell size. Hence forth, the minimum mesh size of

0.2 mm is used in all the presented results.

1.2.1 CONVERGE Software:

CONVERGE is one of the few revolutionary computational fluid

dynamics (CFD) program that eliminates the time required for grid generation

the simulation process. Unlike many other CFD programs, CONVERGE

automatically generates a perfectly orthogonal, structured grid at runtime, based

on simple, user - defined grid control parameters. This runtime grid generation

method completely eliminates the need to manually generate a grid.

CONVERGE is loaded with the physical models for spray has Kelvin -

Helmholtz breakup, Rayleigh-Taylor breakup, LISA sheet breakup, TAB

breakup, Injection distributions, Wall film model (particle based) etc. For

turbulence such has standard k - ɛ, Standard RNG k - ɛ, Rapid Distortion RNG k

- ɛ, LES and etc. For combustion such as SAGE detailed chemical kinetics

model, Shell ignition model, characteristic Time Combustion (CTC) model,

General equilibrium solver, Soot and NOX emissions models etc.

1.3 HCCI fundamental - up to CI engine:

HCCI is considered as a technology which works on the principle which

takes care of the advantages of both SI engine and CI engine. In HCCI mode, a

homogeneous mixture of the air and fuel is generated, and then it is burnt by

developing an ignition condition inside the combustion chamber. This type of

combustion is much more efficient and thus leads to a lot of fuel saving and at

the same time produces much less NOX and particulate matter. In HCCI, just

like SI Engine a homogeneous charge of air and fuel is developed during the

intake stroke, and in compression stroke the homogeneous charge reaches auto

ignition conditions and burns without any ignition system just as CI engine. To

achieve such combustion HCCI needs high level of control over combustion

timing and rate of combustion. HCCI is quite a futuristic technology and once,

the challenge imposed on HCCI model tacked successfully will be dominate the
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engine market. Most of the automobile companies are working on it with the

help of various universities and most of them have launched their test model in

the market working on HCCI mode.

1.3.1 Comparison of CI, SI and HCCI combustion:

Diesel engine combustion is heterogeneous in nature, fuel is injected

into the compressed air and due to the compression, the mixture will attain high

temperature that results in auto ignition of fuel. In CI diesel engines, the fuel is

injected into hot compressed air inside the cylinder.

The injected fuel. In CI diesel engines, the fuel is injected into the

compressed air, breaks up into small droplets, evaporates to form a combustible

mixture and gets auto ignited. The starting of combustion is in a cycle. Since the

time for the mixture formation is very less, there would definitely be zones of

rich mixture and lean mixture inside the cylinder locally making the overall

mixture heterogeneous.

HCCI is a mode of combustion in which a homogeneous mixture of the

air and fuel is generated and then it is burnt by developing auto ignition

conditioning inside the combustion chamber. HCCI works on the principle of

both SI and CI engine in the since that homogeneous mixture of the air and fuel

is generated as in SI engine and homogeneous charge is compression ignited as

in CI engine. The comparison of typical operations of CI, SI and HCCI is shown

in the figure

HCCI has a promising future for automotive and power generation

applications.
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Object of present study:

The objective of the present work is to design and develop a

comprehensive engine model by using CONVERGETM CFD code. The model

will integrate all the physical models that are involved in the diesel/ bio diesel

combustion modelling. The work concentrates on validation of the models

applicable for diesel and bio diesel blends used for the heavy duty and a genset

engine application.

In This model is CAT3401 which is a heavy-duty engine used as fuel.

This model is validated, the models are further analysed for the effect of

different parameters such as Compression Ratio, Start of Injection, Fuel

Injection Pressure and Exhaust Gas Recirculation.

Design of Experiments (DOE) is used to analyse the effect of the

parameters which could drastically reduce the number of experiments needed to

be conducted in order to obtain regression relations between the input

parameters and the output responses. This regression equitation is useful in

determining the optimum parameters. The optimum parameters were simulated

using the CONVERGE CFD code and compared to the performance and

emission characteristics. The objective is to optimize the operating regimes of

engine, by systematic use of numerical tools, Responses Surface Methodology

(RSM) in the design of experiment (DOE) and employing advanced statistical

methods in the analysis of results.

The specific objectives of the present work are to:

 Analyse the effect of different parameters such as Compression Ratio, Start

of Injection, Fuel Injection Pressure and Exhaust Gas Recirculation of a DI

CI engine to achieve HCCI combustion characteristics through parametric

optimization.

 Analyse CAT3401 engine, on the basses of performance and emission

characteristics.

 To find out the optimum values of parameters suited for engine

configuration.
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CHAPTER 2

LITERATURE REVIEW

This chapter deals with the review on the state of art of numerical and

experimental studies on the IC engine with different operating variables which

effect the performance and emission characteristics using diesel and bio diesel

blends. For better understanding of the operating variables, literature presented

separately in each subsection. Further, some important findings from the

literature summarized.

2.1 State of art CI engine:

Various researchers have been contributing magnificently towards the

development of IC engines from the inception of the idea. From the inception,

the CI engine dominates in the IC engine category due to its wide range of

applications and fuel efficiency. There are major advantages of CI engine over

the SI engine. The Thermal efficiency of CI engine is better than a SI engine.

CO and HC emissions are also lesser than the gasoline engines. But CI engines

cannot overtake the SI engines in all the aspects. The main disadvantages of CI

engines are soot or particulate matter, NOx and low power density (Grondin et

al., 2004). Apart from the above challenges, for accomplishing cleaner and more

efficient engine operating mode, details information is needed on the processes

which take place in an IC engine. Performing experiments on an engine is

troublesome due to the complexity involved in varying parameters and with

precision of measurements. Simulations have the advantage over an expensive

and time consuming experimental set-up. The today’s makers of automobiles

began to use various controlling techniques like EGR and advanced fuel

injection systems to control the diesel combustion. Unfortunately, there is still a

pressing need to minimize the exhaust emissions and improve the efficiency of

CI engines.
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2.1.1 CAT 3401 engine:

Computational grid generated by the above said in built methods. Three
basic grid sizes where selected to study in the grid dependency test. The base
grid sizes where taken as 2.5mm, 2mm and 1.4mm as shown in the table.
Preserve vs crank angle corresponding to 3 basic grid sizes as shown in figure.

Grid dependence test results for CAT3401 engine model
Mesh resolution Fine Intermediate Coarse
Basic grid size
(mm)

1.4 2.0 2.5

Normalized time
required for a
simulation

1 0.75 0.47

Peak pressure
(bar)

99.29 90.26 85.17

Peak pressure
difference against
experimental

1% -8.0% -13.18%

The experimental results of has been taken as reference for the
simulation analysis. Major findings from the grid dependence test are
summarized in table among the fine, intermediate and courses grids, the fine
mesh performed well with respect to the deviation of peak pressure from the
experimental study there is no improvement in the accuracy is found if the mesh
size is reduced further. Therefore, fine mesh considered to be the best for the
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simulation accuracy but the computational time is increased by 33.3%and
112.7% respectively as compare to intermediate and coarse grids. Through the
fine mesh takes longer computational times use of the same justified because the
simulation of IC engine has moulding main physical phenomena such as spray
turbulence, combustion and emission. These physical models require a large
number of cells in order to predict different entities related to the model with
reasonably good accuracy. The computational time for a fine mesh cases
averaged for 18 hours. A closer inspection on the both experimental cases shows
that the in-cylinder pressure trace is asymmetrical. The in-cylinder pressure of
experimental and simulation cases is compared and found that the results are in
good arrangements with reach other. It is also observed that the in-cylinder
pressure for simulation cases is slightly higher than the experimental case. They
may be due to the fact that the tendency escaping of air-fuel charge through the
crevice wear region. This will be lead to decrement in in-cylinder pressure
during the combustion phenomena.

2.2 Influential variables on performance and emission
characteristics:

Design of efficient engines relies on the several design and operating

variables which can influence the performance and emission characteristics of

the engine. This section emphasizes on the major influential parameters that

affect the performance and emissions of a CI engine. The influence of the

variables on each of the emissions characteristics and performance is discussed

here.

Among the variables, more emphasis is given to compression ratio,

exhaust gas recirculation, start of injection, fuel injection pressure, piston bowl

geometry and spilt or multiple injection.

2.1.2 Exhaust Gas Recirculation (EGR):

Ladommatos et al. (1996 a, b, 1997 a, b) have carried out a series of

experiments by varying the EGR to understand the various aspects associated

with respect to the engine performance and emissions.

Ladommatos et al.(1996a) studied about the dilution, chemical and

thermal effects of exhaust gas recirculation on diesel engine emissions by

reducing inlet oxygen with inert gas. The reduction in the inlet charge oxygen

resulted in very large reductions in exhaust NOx level at the expense of the

increased soot and UHC emissions. Brake power and fuel efficiency also

significantly deteriorated
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Ladommatos et al.(1996b) studied the effect of EGR on diesel engine

combustion and characteristics. It focuses on the effects of carbon dioxide,

which is a main constituent of EGR. It was established the dissociation of CO2

and had significant influence on emissions characteristics. The high specific

heat capacity of CO2 had a legitimate effect on exhaust emissions including

NOx. These observations emphasize the importance of the higher heat capacity

of CO2, on bringing down the NOx.

Ladommatos et al.(1997a) studied the effects of replacing a portion of

the inlet charge with water vapour. The entry of water vapour into the engine

cylinder resulted in an increment in the soot emissions. This is imputable to the

dilution effect of the inlet charge with water vapour. The sum of the various

individual effects such as dilution, chemical and thermal effects on the UHC and

soot emissions were not equal to the overall effect of water vapour. This

indicated that their might be another effects that increases the soot as well as the

UHC emissions. The entry of water vapour in the inlet charge also resulted in a

slight increment in the ignition delay, and a slight reduction in the peak cylinder

gas pressure and temperature. The decrease in NOx emission was mainly due to

the dilution of the inlet charge with water vapour to increase in specific high

temperature capacity. The separate effects of water vapour on the unburnt

hydrocarbon emissions (UHC) were small, whereas the overall result was

relatively strong.

Ladommatos et al.(1997b) studied the effects of CO2 and water vapour,

the two primary constituents of EGR, on diesel engine combustion and emission

characteristics. A comparison was made for different effects of these

components on combustion and emission characteristics. The comparison

indicated that the dilution effect was the most significant one. Additionally, the

dilution effect of CO2 is loftier than that for water vapour. On the other hand,

the water vapour had a higher thermal effect in comparison to that of carbon

dioxide was generally higher than that of water vapour. The chemical effect of

water vapour resulted in an increase in the soot and CO emissions the results

indicated that the chemical effect of carbon dioxide was to decrease the

emissions. Likewise, the opposite chemical effect was observed on the ignition

delay.

Buchwald et al. (2004) conducted experiments on a single cylinder

diesel engine using diesel and studied parameter influencing homogeneous

combustion. The test results show that homogenized combustion of diesel fuel
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at a lower part load operating point can be realized on an engine if an adequate

injection strategy and adequate thermodynamic state and composition of the

cylinder charge are selected. As expected, lower emission level of NOx and

particulate matter could be sustained. The heat release rate was controlled by

reducing compression ratio and increasing EGR rate.

Zheng et al. (2004) Carried out a review on diesel engine exhaust gas

emissions. They stated that EGR is an effective tool in controlling NOx

emission compared to retarding injection, which reduces combustion efficiency

and increases ISSC. Diesel engine operating under stoichiometric conditions are

more efficient. Maximum temperature can be controlled by increasing heat

capacity of charge by introducing CO2 and water vapour. CO2 dilutes oxygen

and prevents simultaneous combustion at more points when the mixture is

premixed by hindering the availability of oxygen. But, EGR beyond a range

could result in erratic combustion, extinguishes the flame etc. And thus, at some

regime of operation, EGR can give adverse effect.

Maiboom et al. (2008) experimentally investigated various effects of

cold EGR on combustion and emission characteristics a direct injection diesel

engine. They have carried on experiments at low load and part load conditions

to measure the effects of EGR on NOx and PM emissions. It was found that at

low load conditions, utilization of higher EGR rates at perpetual boost pressure

is a manner to effectively reduce NOx and PM emissions, but a small increase

of brake specific fuel consumption (BSFC) and other emissions were observed.

Zeraati et al. (2013) investigated split injection strategies for a diesel

engine operating in PPCI mode of combustion. The experiments were designed

using taguchi fractional factorial method. Experiments were conducted at two

different loads and factors considered are 1st injection quantity, 1st injection

timing and 2nd injection timing. Screening experiments were conducted to select

the practical levels were different parameters for DOE. They concluded that

taguchi DOE analysis was feasible and was an effective method for parametric

analysis. They found that less NOx emissions were formed using split injection

strategy when compared to single injection strategy. They also concluded that

NOx formation was mostly dominated by 1st injection timing.

Caton (2014) studied the importance of specific heat in IC engine

combustion for a highly dilute engine (lower equivalence ratio) over the

efficiency by experimental as well as simulation. He performed some
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experiments at higher compression ratio, exhaust gas recirculation and shorter

burn duration at very lean mixture by varying the injection timing at rated speed

of 2000rpm and found that there is an increase in thermal efficiency of engine.

For the various condition examined, 21-35% of the total efficiency improvement

were estimated due to increase in the ratio of specific heat.

2.2.2 Start of injection (SOI):

There are different strategies for start-injection of diesel fuel. In this

work, start-injection is limited to double injection of diesel fuel. Among several

questions in double-injection strategy the question that how the fuel amount in

each injection should be distributed is critical and discussed in following.

Two different double-injection strategies at same injection start time are

considered to examine the effect of diesel fuel distribution on combustion and

emission. In the first trial (trial I), the main injection is the second injection and

close to the top dead centre (TDC). While in the second trial (trial II), the main

injection is the first injection near the bottom dead centre (BDC). The total

injected mass in single injection case is divided between two injections with an

assumed injection profile (trapezoid shape) and injection duration

Detail of different injection strategies:

1st injection 2nd injection

SOI (CA) DOI (CA) SOI (CA) DOI (CA)

Single Injection -22 14 N/A N/A

SOI -80 CA (Trial I) -80 6.5 -15 9.5

SOI -80 CA (Trial II) -80 9.5 -15 6.5

SOI -60 CA (Trial III) -60 9.5 -15 6.5

The results of pressure trace and HRR for the trail I and trial II are

shown in Fig. 4. It can be seen that there is a auto ignition of diesel fuel at

around -20 CA in both cases; , so that the ignition delay until auto ignition is not
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sensitive to the quantity of injected fuel. However, the HRR falls to zero after

the injection, indicating that surrounding methane is not ignited at this time.

The emission results (Table-5) reveals that the second case (trial II) has

lower HC emission compare to the trail I case so double injection with an early

main injection is more promising from HC emission point of view. However,

other questions such as the optimum time for each injection or whether heat

release at - 20 CA is uncontrolled combustion or not are required more cases to

be studied.

In order to consider the effect of multi-injection on uncontrolled

combustion, another case with later first injection (i.e.,SOI at -60 CA, trial III) is

compared with the second case (Table-4). Fig.5 shows the pressure trace and

HRR for single injection and two other trails. It can be seen that in both double-

injection cases (trail II & III) some part of heat releases at around -20 CA. It

reveals that the temperature and the pressure of the mixture in cylinder reach a

point that auto-ignition of diesel fuel occurs and it is not a uncontrolled

combustion.

This results also show combustion duration in double-injection strategies

is longer than single-injection strategy. Smooth and continues heat release will

result in low and uniform temperature and therefore further NOX emission

reduction in double injection is expected.

It can also be observed from Fig.5 that the peak of HRR in double

injection is also smoother than single injection, so it may reduce the level of

noise in NGD dual-fuel engines [30]. However, the maximum pressure in

double injection cases is higher than single injection case, and it might have an

influence on the engine durability.

As expected, a main early injection of diesel fuel makes a uniform

premixed mixture with a higher equivalence ratio, so the chance of the

combustion development in regions adjunct to the wall increases. The progress

of combustion with multiple injections is illustrated in Fig. 6, using level plots

of temperature at the mid plane of the modeled sector, overlaid with fuel droplet

distribution (black dots).

The HC emissions in the trail II case is 68% less than the single injection,

and NOX is also less than the single injection case. Indeed, multi-injection in

NGD dual-fuel engines could be a promising idea to reduce the emissions and
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improve the thermal efficiency. However, the optimum injection timing and

duration which lead to emission reduction is dependent on load and rpm and it

can consider as an optimization problem in future works.

HC(g/g50) NOX (g/g50)

Single Injection 1 1

Trial I 0.9156 0.6745

Trial II 0.3198 0.5234

Trial III 0.4936 1.09

Gaps observed from the literature:

It is observed from the literature that the following areas did not receive much

attention;

 Achieving mixture homogeneity of DI CI injections fuelled with diesel –
bio diesel blend (PB20) by simultaneously varying CR, SOI, EGR and
FIP.

 Achieving efficient performance of DI CI engine by parametric
optimization of the above variables.

 Interaction effects of the parameters on the performance and emission
characteristics of CI engine.
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CHAPTER 3

METHODOLOGY

The present chapter deals with methodology adopted for the modelling

and simulation of the CAT3401 using CONVERGETM. Mathematical modelling,

reaction mechanism and physical properties of biodiesel have been covered in

this chapter. This chapter also encompasses the geometrical specifications and

computational details along with the grid independence test and detail procedure

to execute the CONVERGETM based simulation.

3.1 Engine Modelling and Simulation:

The present chapter deals with modelling and simulation of IC engine.

An axis symmetric sector model has been prepared in CONVERGE and

simulations have been carried out with that model. Mathematical modelling,

grid independence test and validation of simulation results have been covered in

the current chapter. The detail procedure to execute the CONVERGE software

is also described.



26

3.1.1 CONVERGETM Solver:

The CONVERGETM (Richards et al. 2014) is a cutting edge CFD code

which can eliminate the grid generation issues in the simulation. CONVERGE

TM simulates 3-Dimensional (3D) IC engine simulations with elementary

chemical reaction mechanisms.

CONVERGE TM is a CFD solver package which solves the transient IC

engine simulation in a customized manner. The fluid dynamics of the problems

are governed by the equations of conservations of mass, momentum and energy.

In addition to the conservation equations, transport of passive scalars, species

and turbulence are also incorporated to simulate the IC engine combustion

phenomena.

CONVERGE TM also employs the equations to calculate

thermodynamic properties, the equation of state and reaction rates. In order to

employ the combustion modelling, the CONVERGE TM requires chemical

kinetics which are essential to describe the fuel oxidation process.

CONVERGETMhas its advanced methods for grid generation and

boundary behaviour. CONVERGE TM also includes pioneering numerical

methods and models for turbulence, spray, combustion, heavy transfer, and

cavitation. It has been observed from the literature ((Matsumoto et al.

2010),(Yang et al. 2013),(Kavuri et al.2014),(Som and Aggarwal

2010),(Pomraning 2013)) that all of the models have been extensively validated

for various examples of IC engines. CONVERGE TM is able of modelling

several flow cases, it has been designed with several sub-models, which have

the competence to model engines. Other CFD solvers, whose approach for

engine modelling is to have an add-on to an existing solver. Whereas

CONVERGE TM was designed from its inception to be the leading CFD solver

for modelling the IC engines. The ease of grid generation for moving boundaries,

adaptive mesh refinement, improved numerical accuracy, and latest sub-models

are evidence of this pioneering code.

3.1.2 Mathematical Modelling:

The in-cylinder flow is stimulated by solving the governing equations

that describe the conservation of mass, momentum, and energy. Additional

equations are also included for the transport of passive scalars, species, and

turbulence. It is necessary to solve both the mass and momentum equations
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together for the suitable computations of the pressure gradient in the momentum

equation. Momentum and mass transport can be solved for both compressible

and incompressible flows.

3.1.3 Mass and Momentum Transport:

The compressible equations for mass transport and momentum transport

are given by,
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In the above equations, u is velocity, p is density, S is the source term, P

is pressure, μ is viscosity, μ’ is the dilatational viscosity (set to zero), and δ, is

the so-called Kronecker delta. For turbulence model the viscosity is replaced by

the turbulent viscosity (μs) given by,
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Where Cp is a turbulence model constant, k is the turbulent kinetic energy, and ε

is the turbulent dissipation.

3.1.4 Energy Transport:

The compressible form of the energy equation is given by,
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Where p ids density, Ym is the mass fraction of species m, D the mass

diffusion coefficient, S is the source term, P is the pressure, e is the specific

internal energy, Kt is the turbulent conductivity, hm is the species enthalpy, σs is

stress tensor, and T is temperature. Turbulent conductivity given by,
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Where subscript ’f’ denotes the forward reaction and ‘b’ denotes

backward reaction.

In order to obtain quantitative comparisons with experiments an

additional factor β = 1.533 is used. It is also used to convert NO to NOX,

according to Environmental Protection Agency standard.

3.1.5 Reaction Mechanisms:

The oxidation process of the fuel is modeled using a chemical kinetics

reaction mechanism that contains species and their reactions with specified

thermodynamic data for any given fuel. The fuel chemistry also includes

reactions and their rate details that illustrate the oxidation process. Practical

fuels are commonly composing mixtures of several species, and it is common to

select a surrogate species from a chemical class to replicate the fuel. For

example, diesel fuel is largely composed of alkanes, and is often represented by

n-heptane for reaction mechanism. These fuel surrogates ate chosen for their

similar chemical properties and ignition behavior compared to the real fuel.

The chemical kinetics essentially contains reactions that for products

such as CO, CO2 and hydrocarbons. Formation of NOx is also one of the

crucial combustion characteristics, which is also adopted and modeled using

extend Zeldovich Mechanism (Heywood 1988) SAGE chemical kinetic solver

(Senecal et al. 2003) with n-heptane mechanism (Chalmers mechanism) is used

for combustion modeling. The reason for choosing n-heptane is the H/C ratio of

the n-heptane that is very close as that of the diesel. The mechanism consists of

42 species and 166 actions for n-heptane combustion and NOx formation.

Brokora (2012) performed a reduction in the chemical mechanism which suits to

multi fuel component species like biodiesel and its blends; the reaction

mechanism contains 69 species and 12 reactions.

3.2 Simulation using CONVERGE:

The following sequence of operations has been carried out during numerical

simulations

1. An axis symmetric model with 60° sector angle signifies that 6-hole
nozzle has been used for the present analysis. Initially sector model is
created in CONVERGE solver and then it is imported in CONVERGE
studio. Geometry has been cleaned and exposed as “surface.dat” file. The
front and side views of the surface.dat file is shown in the Fig. 3.4(a)-(d).
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Fig. 3.4(a) is the top view of the geometrical model in which cylinder
head can be seen. Figure (b) and (c), d are the back view, left side view
and right side view respectively.

2. Then in case setup a set of initial and boundary conditions has been
assigned to the geometry using input files which are written in ASCII
format.

3. After assigning all these input and boundary conditions all these files
were exported to a specified folder and simulation runs has been
conducted using CONVERGE solver.

4. The simulation covers only the closed portion if the engine cycle, from
intake closure (IVC) at – 147 crank angle degree (CAD) after top-dead-
centre (a TDC) to the exhaust valve opening (EVO) at +134 CAD aTDC
for CAT 3401 engine model.

5. In order to carry out the simulations different sub models are used.
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Chapter 4

Results and Discussion

In the present section, as CAT3401 diesel, available from the literature

(Arash Jamali.,OCT 9-12,2016). These simulation results are further optimized

for the minimization of the NOx, soot and IFSC by using the Response Surface

Methodology.

4.1 Analysis of CAT3401 Engine:
The parametric effect on combustion characteristics of CAT3401 is

presented and the ranges for each of these parameters were decided based ok

their Initially Curtis et al. (1995). Mobasheri et al. (2012). The specification of

the engine are given in the CAT 3401 engine is validated with the experimental

results available from combustion characteristics. The CAT3401 engine model

has been analyzed based on the responses obtained from different sets of

simulations and further optimized using RSM technique. The optimized

parameters for IFSC,NOx,soot,HC and CO emissions. The homogeneity of

mixture was also compared for both the baseline and optimiosed cases.

Cylinder bore X stroke (mm) 137.6 x 165.1
Connecting rod length(mm) 261.62
Displacement volume (L) 2.44
Compression ratio 15.1
Number of nozzle orifice x diameter (mm) 6 x 0.259
Piston crown Mexican Hat
Intake valve closure (CA) 147°bTDC
Swirl ratio(nominal) 1.0
Inlet air temperature (k) 310
Inlet air pressure (KPa) 184
Engine speed (rpm) 1600 rpm
Fuel Diesel
Injection system Common rail
Injection pressure (MPa) 90
Fuel injected (g/cycle) 0.1622
Overall equivalence ratio 0.46
Injection duration 21.5 crank angle degrees
Start of injection 11°bTDC (base line case)
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4.2 Validation of CAT3401 engine model:

Validation of the numerical results has been using experimental data
from Curtis et al. (1995), and Mobasheri et al. (2012). Engine modelling done
with the geometry specifications given in Table4.1 and the stimulation run has
been taken by imposing the given initial and boundary conditions. Figure 4.1
shows the variation of pressure with crank angle. From the figure, it can be
observed that the experimental results are in good agreement with the
stimulation results.
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EXHAUST GAS RECIRCULATION (EGR) RESULTS :
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START OF INJECTION (SOI) RESULTS :
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CHAPTER 5

CONCLUSIONS

 In conclusion, the CNG-Diesel engine has less emissions comparing to
diesel engine only . Also, CNG-Diesel Dual Fuel engine has less amount
of NOX, CO, HC, soot and other emissions when compared with the
conventional diesel fueled engine.

 Adding EGR to the air flow rate to the Diesel engine, rather than
displacing some of the inlet air, appears to be a more beneficial way of
utilizing EGR in Diesel engines. This way may allow exhaust NOX
emissions to be reduced substantially..

 In dual fuel engines, with hot EGR, thermal efficiency is improved due
to increased intake charge temperatures and reburing of the unburned
fuel in the recirculated gas. Simultaneously, NOX is reduced, and smoke
is reduced to almost zero at high natural gas fractions. The use of EGR
is believed to be most effective in improving exhaust emissions.

 Finally concluded that if EGR is increase from 0 to 10 NOx was
decreased and remaing HC and soot emission ware increases from the
base line (0% of EGR) and remaing 10 ,20 & 30 % of increasing of EGR
NOx was decreased and HC and soot emissions ware increases in the
graphs. So from the for better efficiency of the dual fuel engine we must
used 10% EGR.

 In this study the influence of injection timing on the engine
performance and emission of a diesel engine has been experimentally
investigated using CNG blended diesel fuel. The results indicated that
Nox emissions slightly decreased. CO and unburned HC emissions
increased slightly by CNG addition .because of the improved
combustion .
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 For a diesel engine, fuel injection timing is a major parameter that affects
the Combustion and exhaust emissions. The state of air into which the
fuel injected changes as the injection timing is varied, and thus ignition
delay will vary. Hence, injection timing variation has a strong effect on
the performance and exhaust emissions, especially on the Nox emissions,
because of the changing of the maximum temperature in the engine
cylinder.

 The fuel injection pressure is one of the important operating parameters
which affect atomization of fuel and mixture formation and hence it
determines the performance and emissions of a diesel engine.

 Finally we concluded that when crank angle changes from the base line
(-22◦ a TDC ) NOx is decreased at -16◦ and 19◦ and slightly increases at
-25◦ a TDC. Remaing the HC and soot ware also increases at 16◦, 19◦,
and 25◦ from the blade line in the graphs. So finally we prefer that -19 a
TDC was best for the fuel injection.
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ABSTRACT 

 

The amount of waste plastics generated from domestic and industrial usage of plastic is growing 

continuously. They are mostly landfilled or incinerated as conventional ways to the disposal of 

waste plastics. However, these methods are facing a great social resistance due to the air pollution 

and soil contamination. 

Conversion of waste plastic into fuel through Pyrolysis process is the best solution to twin problem 

of environmental pollution due to waste plastic and rapid depletion of fossil fuels. Previous 

research work shows that, Catalytic pyrolysis is the effective method to extract oil from waste 

plastic however it suffers from expensive catalysts. In the present work, an attempt has made to 

utilize low cost catalyst red mud for pyrolysis of HDPE plastic. Furthermore, Experiments were 

conducted on pyrolysis unit by varying c/p ratio from 0.05 to 0.15.The physiochemical properties 

of crude oil obtained were measured and compared against Diesel fuel properties. 
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Chapter-1 

INTRODUCTION 

1.1 Environmental effects of plastic waste: 

            Plastic pollution is currently one of the biggest environmental concerns. It may seem like 

large amounts of plastic waste are inevitable in the world we live in, but you can help with the 

plastic pollution issue by aware of its dangers and taking steps to reduce the waste.  

  It can be easy to forget the real damage that our overuse of plastics causes to our 

environment because most of us have no direct connection to that damage. Your plastic bottle goes 

into the garbage, and it disappears. Maybe you recycle that bottle, and you think you’ve done your 

part, but overuse of plastics at all stages is a heavy burden on the environment. 

Plastic isn’t entirely negative. When used sparingly for the right reasons, its use solves 

problems in the medical fields and in the food industry. However, since plastic has become such 

an integral part of our everyday lives, trash is piling up. There are a few ways that this trash is 

taking a toll that you may not be aware of. 

1.1.1 Plastic in landfills: 

  A landfill stores our waste, but the plastic was created to be durable. As it sits in the landfill, 

the pressure and exposure cause the plastic to leak chemicals from its structures into the 

surrounding groundwater. 

  Groundwater doesn’t stay in place. We access our groundwater sometimes miles from the 

landfill location, and places such as California are already experiencing toxins from plastics in the 

groundwater supply. It costs the world millions of dollars each year to remove these toxins from 

the environment, and the process itself causes further pollution. 

 1.1.2 Plastic in oceans: 

You may have heard about the floating plastic island caught in the middle of ocean currents. 

You may have seen pictures of turtles with shell indentations caused by plastic rings from soda 

bottles, and birds with plastic in their stomachs. 
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What you may not know is that wildlife never has to come directly into contact with the 

plastic itself to be affected by its toxins. Plankton, microorganisms floating in masses and a source 

of food for many of the ocean’s inhabitants, come into contact with plastic and absorb the toxins 

directly into their systems. Later, when larger animals consume the plankton, they accumulate 

these toxins over a period of time. This causes a multitude of health issues. 

1.1.3 Spreading of plastics: 

There are many human factors in climate change, and one of the side effects of climate 

change is the spread of invasive species to areas previously uninhabitable to them. One way that 

these species reach these spaces is through “plastic islands” throughout the ocean. Plastic creation 

is a big part of fossil fuel use worldwide. The harm to the environment is two-fold. Not only does 

the production of plastics contribute to global warming by using fossil fuels, but the discarded 

plastics trapped by varying ocean currents help alien species to spread. 

Even areas that are difficult for humans to access have plastics floating in the water. 

During an expedition to Antarctica, one of the most remote places in the world, scientists found 

plastics. Ten different species of invertebrates were found attached. One way to change our 

dependence on plastics is to view these materials as ongoing tools rather than disposables. Making 

the switch to environmentally friendly plastics is one step, but even better is changing the way we 

think about the products we use. Instead of disposables, switching to glass containers for example 

not only cuts down on plastic waste but reduces the need to produce plastics in the first place. 

Another choice is rethinking what we consider recyclable. For example, computer ink 

cartridges are a large contributor to plastic waste, but many people don’t realize you can recycle 

these, and in some cases refill them. Thinking about both environmental waste and the burden on 

fossil fuels to create plastic is a far better solution than recycling and forgetting, or worse just 

tossing that plastic bottle in the garbage to hang around for the next thousand years. 

 

 

 

 

http://www.goecopure.com/environmental-effects-of-plastic-pollution.aspx
http://www.goecopure.com/environmental-effects-of-plastic-pollution.aspx
http://www.environmentalhealthnews.org/ehs/news/dangers-of-plastic
https://www.inkstation.com.au/blog/2017/01/what-do-you-do-with-empty-printer-cartridges/
https://www.inkstation.com.au/blog/2017/01/what-do-you-do-with-empty-printer-cartridges/
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Chapter-2 

DIFFERENT METHODS OF WASTE PLASTIC MANAGEMENT 

 

Fig-2.1: Methods of plastic waste management 

Due to population increase, the demand for plastic products has steadily increased over the 

last 40 years. Since plastics are non-biodegradable, they cannot be easily returned to the natural 

carbon cycle; hence the life cycle of plastic materials ends at waste disposal facilities. There are 

several methods for disposal of municipal and industrial plastic waste, i.e. landfill, incineration 

(energy recovery), true material recycling (similar recycled product or monomer recovery), and 

chemical recovery. The suitable treatment of plastic wastes is one of the key 

questions of the waste management and is important from energetic, environmental, economical 

and political aspects. In most developed societies domestic organic waste, including plastics 

packaging, is disposed of in sanitary land filled or by incineration. During early 2000, the largest 

amount of plastic wastes is disposed of by land filling (65–70%), and incineration (20–25%). 

Recycling is only about 10%. This figure varies from country to country, however they are 

approximately nearer to it with some exception. In Japan, the percentage of municipal plastic 

wastes, as a fraction of MSW, that was land filled in the early 1980s was estimated to be 45%, 

incineration was 50%, and the other 5% was subjected to separation and recycling. In the USA, 

more than 15% of the total MSW was incinerated in 1990; only about 1% of post-consumer plastics 

were recycled. In India, during 1998 around 800,000 tonnes representing 60% of plastic wastes 

generated in India was recycled involving 2000 units. This level of recycling is the highest in the 
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world. The corresponding figure for Europe is 7%, Japan 12%, China 10%, and South Africa 16% 

(Central Pollution Control Board, India, figures—1998). In Europe 2006 marks a milestone as the 

first year when recovery and disposal rates of used plastic were equal. The recovery rate of post-

consumer endof- life plastics now stands at 50% and disposal stands at 50%. The recycling rate 

for post-consumer plastics has increased to 19.7% up from 18% in 2005 and energy recovery has 

increased to 30.3% up from 29% in 2005. Of the 11.5 million tonnes recovered 4.5 million tonnes 

were recycled as material and feedstock and 7.0 million tonnes were recovered as energy. The 

overall material recycling rate of post-consumer plastics in 2006 was 19.7%, with mechanical 

recycling at 19.1% (up 2.5% point over 2005) and feedstock recycling at 0.6% (down 1% from 

2005). The energy recovery rate was up by 1.5% from 2005 to 30.3%, reflecting the stricter 

legislation on landfill in several Member States. From the above recent data it is clear that there is 

increase in the recycling operation (material and energy) compared land filling due to strict 

regulations and growing awareness. 

 

2.1. Land filling: 

Highest portion of the solid waste including plastics have been subjected to landfill. 

However, disposing of the waste to landfill is becoming undesirable due to legislative pressures 

(where waste to landfill must be reduced by 35% over the period from 1995 to 2020), rising costs, 

the generation of explosive greenhouse gases (such as methane) and the poor biodegradability of 

commonly used packaging polymers. In light of these hazards, the EPA has improved federal 

regulations for land filling by normalizing the use of liners in the landfill bed, ground water testing 

for waste leaks, and post landfill closure care; however, since waste plastics have a high volume 

to weight ratio, appropriate landfill space is becoming both scare and expensive. So, the other 

methods outlined in Fig. 2.1 should be preferred as an alternative waste management procedure to 

replace land filling. 

2.2. Mechanical recycling: 

Mechanical recycling is reprocessing of the used plastics to form new similar products. 

This is a type of primary and secondary recycling of plastic where the homogeneous waste plastics 

are converted into products with nearly same or less performance level than the original product. 

Efforts were made by the polymer technologists in the 1970s to recover materials from waste 

plastics suitable for second use but practical experience has shown that reprocessing of mixed 
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contaminated plastics produces polymer polyblends that are inferior mechanically and lacking in 

durability (which is explained due to peroxidation) compared with those produced from virgin 

polymers. 

Although at first sight mechanical recycling of plastic wastes appears to be a ‘green’ 

operation, the re-processing operation is not cost effective as it needs high energy for cleaning, 

sorting, transportation and processing in addition to the additives used to provide a serviceable 

product. Again, materials recycling of household waste plastics is particularly difficult when they 

are contaminated with biological residues or, as is usually the case, when they are a mixture of 

different kinds of plastics. Technology is being introduced to sort plastics automatically, using 

various techniques such as X-ray fluorescence, infrared and near infrared spectroscopy, 

electrostatics and flotation. However the economic viability and practicability of such process in 

industrial application is not apparent. 

Entrepreneurial effort has gone into the development of special processing equipment to 

convert mixed plastics wastes to wood or concrete substitutes in the manufacture of fence posts, 

benches, boat docks, etc., but there are serious doubts about the ecological benefits of doing this. 

Some limited success has been achieved with mixed plastics wastes in the manufacture of plastics-

based underground chambers by increasing wall dimensions to match the load-bearing strength of 

concrete. In this application, there is no significant long term deterioration due to exposure to the 

weather but this procedure could never utilize more than a small fraction of the mixed polymer 

wastes available. 

Considerable academic interest has centered round the use of ‘compatibilizers’ (more 

correctly, solid phase dispersants to upgrade the mechanical performance of mixed plastics 

polyblends but in general this is an expensive and energy-intensive procedure which cannot be 

justified for domestic mixed plastics wastes. In this way, it is apparent that mechanical recycling, 

although employed widely, is not a suitable method when the quality of secondary produce and 

ecological aspects are considered. 

2.3. Biological recycling: 

Both natural and synthetic cis-poly (isoprene) become highly resistant to bio-degradation 

when made into industrial products (e.g. tyres) which is a direct consequence of the presence of 

highly effective antioxidants added during their manufacture. This has led to intensive research 

both in industry and in universities to develop polymeric materials that conform to user 
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requirements but are also returned to the biological cycle after use. This resulted in development 

of biodegradable polymers which can be converted back to the biomass in a realistic time period. 

Biodegradable plastics are already being used successfully in different countries. Mostly 

they are introduced in food/catering industry which photo-degrades in six weeks. There is also 

potential to use such plastics in non-packaging applications such as computer or car components. 

However, there are a number of concerns over the use of degradable plastics. First, these plastics 

will only degrade if disposed of in appropriate conditions. For example, a photodegradable plastic 

product will not degrade if it is buried in a landfill site where there is no light. Second, they may 

cause an increase in emissions of the greenhouse gas methane, as methane is released when 

materials biodegrade anaerobically. Third, the mixture of degradable and non-degradable plastics 

may complicate plastics sorting systems. Last but not least, the use of these materials may lead to 

an increase in plastics waste and litter if people believe that discarded plastics will simply 

disappear. 

Due to all these problems at present the biodegraded plastics cannot substitute all the 

application areas of synthetic plastics. 

2.4. Thermal recycling/incineration: 

Energy generation by incineration of plastics waste is in principle a viable use for recovered 

waste polymers since hydrocarbon polymers replace fossil fuels and thus reduce the CO2 burden 

on the environment. Table 2.1 shows that, the calorific value of polyethylene is similar to that of 

fuel oil and the thermal energy produced by incineration of polyethylene is of the same order as 

that used in its manufacture. Incineration is the preferred energy recovery option of local 

authorities because there is financial gain by selling waste plastics as fuel. Coincineration of plastic 

wastes with other municipal solid wastes may be increasingly practiced, because the high caloric 

value of plastics can enhance the heating value of MSW and facilitate an efficient incineration, 

while their energy content can also be recovered. 
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Table-2.1: Calorific values of plastics compared with conventional fuels 

However, in most developed countries public distrust of incineration at present limits the 

potential of waste-to-energy technologies as it produce greenhouse gases and some highly toxic 

pollutants such as polychlorinated dibenzo para dioxins (PCDD) and polychlorinated dibenzo 

furans (PCDF). The potential relationship between plastics fed into an incinerator and the 

formation of dioxins and furans is still unclear and has been suggested that the chlorine content in 

PVC and other plastics is related to the formation of dioxins and furans. 

2.5. Chemical recycling: 

Current state of the art Feedstock recycling, also known as chemical recycling or tertiary 

recycling, aims to convert waste polymer into original monomers or other valuable chemicals. 

These products are useful as feedstock for a variety of downstream industrial processes or as 

transportation fuels. There are three main approaches: depolymerisation, partial oxidation and 

cracking (thermal, catalytic and hydrocracking). 

2.5.1. Depolymerisation: 

Condensation polymers which include materials such as polyamides, polyesters, nylons 

and polyethylene terephthalate can be depolymerized via reversible synthesis reactions to initial 

diacids and diols or diamines. Typical depolymerisation reactions such as alcoholysis, glycolysis 

and hydrolysis yield high conversion to their raw monomers. However, addition polymers which 

include materials such as polyolefins, typically making up 60–70% of municipal solid waste 

plastics, cannot be easily depolymerized into the original monomers by reverse synthesis 

reaction. 

2.5.2. Partial oxidation: 

The direct combustion of polymer waste, which has a good calorific value, may be 

detrimental to the environment because of the production of noxious substances such as light 
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hydrocarbons, NOx, sulfur oxides and dioxins. Partial oxidation (using oxygen and/or steam), 

however, could generate a mixture of hydrocarbons and synthesis gas (CO and H2), the quantity 

and quality being dependent on the type of polymer used. A new type of waste gasification and 

smelting system using iron-making and steelmaking technologies has been described by 

Yamamoto et al., reportedly to produce a dioxin-free and high-calorie purified gas. Hydrogen 

production efficiency of 60–70% from polymer waste has been reported for a two-stage pyrolysis 

and partial oxidation process. Co-gasification of biomass with polymer waste has also been shown 

to increase the amount of hydrogen produced while the CO content reduced. The production of 

bulk chemicals, such as acetic acid, from polyolefins via oxidation using NO and/or O2, is also 

possible. 

2.5.3. Cracking/pyrolysis: 

Cracking process break down polymer chains into useful lower molecular weight 

compounds. The products of plastic pyrolysis process could be utilized as fuels or chemicals. Three 

different cracking processes such as hydrocracking, thermal cracking and catalytic cracking are 

reported. 

2.5.3.1. Hydrocracking: 

Hydrocracking of polymer waste typically involves reaction with hydrogen over a catalyst 

in a stirred batch autoclave at moderate temperatures and pressures (typically 423–673 K and 3–

10 MPa hydrogen). The work reported, mainly focuses on obtaining a high quality gasoline starting 

from a wide range of feeds. Typical feeds include polyethylene, polyethylene terephthalate, 

polystyrene, polyvinyl chloride and mixed polymers, polymer waste from municipal solid waste 

and other sources, co-mixing of polymers with coal, co-mixing of polymers with different refinery 

oils such as vacuum gas–oil and scrap tyres alone or co-processed with coal. To aid mixing and 

reaction, solvents such as 1-methyl naphthalene, tetralin and decalin have been used with some 

success. Several catalysts, classically used in refinery hydrocracking reactions, have been 

evaluated and include transition metals (e.g., Pt, Ni, Mo, Fe) supported on acid solids (such as 

alumina, amorphous silica–alumina, zeolites and sulphated zirconia). These catalysts incorporate 

both cracking and hydrogenation activities and although gasoline product range streams have been 

obtained, little information on effect of metal and catalyst, surface areas, Si/Al ratio or sensitivity 

to deactivation is quoted. 
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2.5.3.2. Thermal cracking: 

Thermal cracking, or Pyrolysis, involves the degradation of the polymeric materials by 

heating in the absence of oxygen. The process is usually conducted at temperatures between 350 

and 900 8C and results in the formation of a carbonized char (solid residues) and a volatile fraction 

that may be separated into condensable hydrocarbon oil consisting of paraffin’s, isoparaffins, 

olefins, naphthenes and aromatics, and a noncondensable high calorific value gas. The proportion 

of each fraction and their precise composition depends primarily on the nature of the plastic waste 

but also on process conditions. The extent and the nature of these reactions depend both on the 

reaction temperature and also on the residence of the products in the reaction zone, an aspect that 

is primarily affected by the reactor design. However, the thermal degradation of polymers to low 

molecular weight materials requires high temperatures and has a major drawback in that a very 

broad product range is obtained. Catalytic pyrolysis provides a means to address these problems. 

2.5.3.3. Catalytic cracking: 

In this method a suitable catalyst is used to carry out the cracking reaction. The presence 

of catalyst lowers the reaction temperature and time. In addition, catalytic degradation yields a 

much narrower product distribution of carbon atom number with a peak at lighter hydrocarbons 

and occurs at considerably lower temperatures. From an economic perspective, reducing the cost 

even further will make this process an even more attractive option. This option can be optimized 

by reuse of catalysts and the use of effective catalysts in lesser quantities. This method seem to be 

the most promising to be developed into a cost-effective commercial polymer recycling process to 

solve the acute environmental problem of plastic waste disposal. 
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Chapter-3 

LITERATURE SURVEY AND OBJECTIVES 

3.1 literature survey 

•  Central Pollution Control board (CPCB) [1] of India estimated that more than 15000 tons 
of plastic waste are generated in India every day, out of which 27% was recycled and 
remaining 73% is disposed in dump sites.  

• Loannis kalargaries, Guohongtian, sai gu [2] were proposed that, waste plastic is a 
promising fuel for power and heat generation applications. 

• J. Aguado, D. P. Serrano and J. M. Escola [3] have proposed that, feedstock recycling of 
plastic waste by thermal and catalytic processes is a promising route to avoid pollution 
caused by waste plastics. 

• A number of studies have been documented on the catalytic pyrolysis of different 

plastics(HDPE&LDPE). Sonawane [ 4] carried out pyrolysis in presence of 10% natural 

zeolite catalyst and Khaing[5] catalytically degraded mixed plastic waste  using zinc oxide 

catalyst. 

3.2 Outcomes of literature survey: 

• Thermolysis of waste plastics to liquid fuel is a suitable method for plastic waste 

management and conversion of waste plastic into liquid hydrocarbon by using new 

technology we can convert all types of waste plastic into hydrocarbon fuel at the 

temperature profile 350ºc to 500ºc. 

• Addition of catalyst enhances the conversion and fuel quality. As compared to the purely 

thermal pyrolysis, the addition of catalyst in polyolefin pyrolysis. Significantly lowers 

pyrolysis temperatures and time. A significant reduction in the degradation temperature 

and reaction time under catalytic conditions results in an increase in the conversion rates 

for a wide range of polymers at much lower temperatures than with thermal pyrolysis.  

• Fuel obtained from pyrolysis process shows nearly same properties as that of diesel fuel 

oil. So we can use plastic oil as alternative fuel. 
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3.3 Objectives of present work: 

• To prepare solid model of Pyrolysis unit. 

• To fabricate Pyrolysis unit of capacity 3-5 Liters. 

• To prepare HDPE plastics and red mud catalyst. 

• To extract oil from waste HDPE plastics. 

• To conduct experiments with HDPE plastics by varying c/p ratio from 0 to 0.15. 

• To check physiochemical properties of oil samples and compares them with that of diesel 

fuel. 
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Chapter-4 

MODELING OF PYROLYSIS UNIT 

Software used: SOLIDWORKS 

4.1 Steps involved in preparing model: 

4.1.1 Reactor: 

• Initially opened a new part file in solid works, then selected top plane and drawn a circle 

of diameter 30 cm and 34 cm, exited sketch. 

• Then selected the two circles and extruded them to a height 50cm, then a hollow cylinder 

had formed. 

• Then again selected the top plane and used the sketch option to draw a circle of diameter 

34 cm and extruded it in the opposite direction to a distance of 2mm. 

• Then a hole of diameter 10 cm was made on the surface of the hollow cylinder at a center 

distance of 10 cm from the base. 

• Then a hollow cylinder of diameter 10 cm and 2.5mm thick was drawn with a length of 

25cm with threading to a distance of 5 cm from the end. 

• Then a cap was also made with an internal diameter as 10 cm, threading similar to above 

pipe. 

•  Then selected top hollow cylinder surface and using sketch drawn circles of  10 and 34 cm 

and any arbitrary position drew a circle of diameter 1 cm and using smart dimension placed 

the 1cm circle at a distance of 8 cm from the origin on X-axis. 

• Extruded the sketch to get top cover for the reactor to a thickness of 2mm. 

• Then selected reactor top cover surface and using sketch drawn 1cm and 1.5cm circles, 

extruded to 5cm for providing pressure gauge. 
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Fig-4.1: Reactor with large pipe bend model 

4.1.2 Large pipe bend: 

• Initially created a part file, in top plane drawn circles of diameter 10 cm and10.4 cm. 

• Then extruded it to a distance of 50cm and for bending it at its end clicked on 

insert->features->flex, then we select on edge of the pipe and trim planes will appear at 

ends. 

• Then given trim plane1 distance as 10 cm, trim plane2 distance as 25cm and we have to 

place the axis at trim plane 1 to bend pipe to a required angle between trim plane1 and trim 

plane2. 

4.1.3 Small pipe: 

• Initially created a part file, in front plane drawn circles of diameter 2 cm, 10.4cm and 

extruded to a distance of 2mm. Again clicked on front plane and draw circles of 2cm, 

1.8cm. 

• Then extruded it to an opposite side to that of earlier for a distance of 60cm and for bending 

it at its end clicked on insert->features->flex, then we select on edge of the pipe and trim 

planes will appear at ends. 

• Then given trim plane1 distance as 57 cm, trim plane2 distance as 3cm and we have to 

place the axis at trim plane 1 to bend pipe to a required angle between trim plane1 and trim 

plane2. 
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Fig-4.2: Small pipe model 

4.1.4 Stand: 

•  Initially created a part file, in a top plane drawn a rectangle of dimensions 120cm X 35 cm 

and another rectangle of dimensions 30cm X 30cm such that distance between center of 

two rectangles as 42.5 cm. 

• Then extruded the sketch to the upper side of the top plane for a distance of 2mm, 

• On the top plane, drawn six rectangles of dimensions 2.5cm X 2.5cm as shown in below 

figure 

• Then extruded them to a distance of 30 cm to the bottom of the top plane. 

• On the top plane, drawn two circles of 1cm as shown in the figure below and extruded to a 

distance of 15cm and created threads up to 13 cm from end. 

• Then created nuts and strip consisting of holes of 1cm with a central distance of 290 cm, 

assembled to stand part file and thereby created final stand assembly. 

 

Fig-4.3: Stand model 
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At last the above part files and stand assembly file are inserted into Pyrolysis set up assembly file 

and assembled using suitable mates. Thus final Pyrolysis set up model is generated in solid 

works software. 

 

Fig-4.4: pyrolysis set up model 
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Chapter-5 

FABRICATION OF PLASTIC OIL EXTRACTION EQUIPMENT 

The plastic oil extraction equipment consists of following main components. 

• Reactor 

• Large pipe bend 

• Small pipe 

• Water cooled condenser 

• Stand 

Materials used:  

➢ Stainless steel 316 grade sheet – 4feet x 3feet 

➢ Hollow mild steel 4inch diameter pipe and cap 

➢ Stainless steel pipe 3cm diameter, 100 cm length 

➢ Copper tube outer diameter 6.35mm, length10feet  

Machines & Equipment used: 

1. Sheet metal cutting machine 

2. Hydraulic folding machine 

3. Arc welding set up with stainless steel electrodes. 

4. Hand cutter 

5. Portable drilling machine 

6. Anvil 

7. Lathe 

8. Ball valve 

9. 15 liters oil tin 
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5.1 Reactor: 

• Initially perimeter for a required hollow cylinder was calculated, for a 30cm cylinder the 

perimeter would be 95cm .Then sheet with dimensions of 95cm X 50cm was cut using 

sheet metal cutting machine. 

• Then the sheet was folded in hydraulic folding machine to achieve 30 cm diameter 

hollow cylinder and performed arc welding longitudinally to join two ends. 

• Then 2 sheets of 30cm diameter were cut and welded one at bottom of hollow cylinder, 

on second sheet holes of diameter 10cm was made by cutting with hand cutter after 

marking. 

• Another hole of 1 cm was made with portable drilling machine on second 30cm sheet and 

then the sheet was welded at top of the hollow cylinder. 

• Then a hole of 10 cm diameter was made on hollow cylinder surface at a distance of 10 

cm between base and Centre of 10 cm circle with hand cutter. 

• A hole of 1 cm was made by drilling machine at a distance of 20 cm from base of hollow 

cylinder and welded a nut at the hole for placing thermocouple without any leakage. 

• A 5 cm length pipe was welded at hole of 1cm diameter on sheet above the hollow 

cylinder with a nut welded at one end to fix pressure gauge. Teflon tape was used on 

threads to prevent leakage. 

• One end of 4 inch diameter M.S pipe was threaded on lathe, cap was also prepared. Pipe 

was welded at 10cm hole on surface of the reactor. 

 

Fig-5.1: Reactor with large pipe bend 
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5.2 Large pipe bend: 

• Initially we calculated perimeter for 10 cm diameter circle as 32 cm. Then 32cm X 30 cm 

sheet was cut using hand cutter and folded using anvil and hammer into cylindrical shape. 

• Then arc welding was performed from bottom to some extent, marked 45oangle from top 

surface of the hollow cylinder and cut using a hand cutter. 

• Then welding is continued to completely join two ends of sheet. Similarly another 

identical hollow cylinder was made as above with 45o cut. 

• Then two pieces are joined at their 45o cut portions so that forming a pipe bend. 

• A 10cm diameter sheet was cut from SS sheet and a 3 cm hole was made using drilling 

machine and this one was welded to one end of the pipe bend made above. 

• Other end of the pipe bend was welded at the 10 cm diameter hole on top of the reactor. 

5.3 Small pipe: 

• An 3cm diameter SS pipe was taken and cut up to a length of 15cm and one end of this 

pipe was threaded on lathe to place a ball valve. 

• Then 3cm pipe was cut up to a length of 50 cm and one end was threaded on lathe to fit 

to the other end of ball valve. 

                         

   Fig-5.2: Small pipe                                                  Fig-5.3: Ball valve 

5.4 Water cooled condenser: 

• For making a condenser we have taken a 15 liters oil tin, removed its top and cleaned it. 

• Then we have bought a 10 feet copper pipe of outer diameter 6.35 mm and turned it into 

coils. 
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• Then a hole was made at the bottom portion of oil can at a height of 1 inch from ground 

and also on the opposite side of oil tin a hole was made at a distance of 1 inch from the 

top most portion. 

• The bottom end of copper tube was passed through the hole made such that it comes out 

of oil tin nearly 1.5 inch and brazed such that it becomes an outlet of the condenser. 

• The other end of the copper tube is passed through the hole made such that it comes out 

of oil tin nearly 1.5 inch and brazed such that it becomes an inlet of the condenser and the 

joints are carefully made such that there is no leakage of water. 

• To remove the heated water in the condenser a hole is made at bottom and a small valve 

is brazed which can be closed and opened. 

5.5 Stand: 

• The stand was made up of MS hollow square shaped rods. 

• Initially the MS rods of 4x1 feet were welded (Arc), in a rectangular shape. 

• One feet length is left for gas burner and welded with a rod and covered the remaining 3 

feet with sheet metal. 

• A small strip was taken and the burner was attached to it by welding. 

• The 1x1 feet shaped part was drilled on the both sides and long nuts were inserted to hold 

the burner attachment, also to adjust the height of the burner. 

• 6 legs of 1 feet length were attached to make it as stand, 4 were near the burner 

attachment and 2 at the end. 
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Fig-5.4: Fabricated pyrolysis set up 
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Chapter-6 

 

MATERIALS AND METHODS 

  
6.1 Procedure: 

 

Pyrolysis is a process of thermal degradation of a material in the absence of oxygen. Plastic 

is fed into the reactor. The pyrolytic gases are condensed in a specially designed condenser; oil is 

collected at the end. The steps and their detailed explanation are given below. 

 

 
 

Fig-6.1: Steps involved in the extraction of plastic oil 

 

 

Feed to reactor 

Heating in  absence of 
air (350-425 C)

Condensation

Liquid collection

purification
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6.2 Steps involved: 

1. feed to reactor 

a. Preparation of plastic along with catalyst 

b. Feeding 

2. Heating 

3. Condensation 

4. Liquid collection 

5. Purification 

 

1. Feed to reactor: 

a. Preparation of plastic and catalyst: In this project we used waste HDPE plastics. These 

plastics such as waste bottles, tubs, chairs, plates etc.., were used. The waste plastics were collected 

and they were cut into small pieces and the small pieces are washed with water to remove 

impurities and after that they were dried. Then these pieces were used as feed to the reactor. 

Catalyst was weighed according to the required catalyst to plastic ratio. 

  

 
                   
            Fig-6.2: HDPE pieces                                                         Fig-6.3: RED MUD 

 
 

b.Feeding: We have fed the plastic pieces along with catalyst in required ratio to reactor through 

bottom feeding arrangement, wound thread and applied shellac to ensure no leakage and screwed 

cap over it.  
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2. Heating: To increase the temperature of reactor, we heated the reactor at the bottom by using 

LPG source. The burner can be adjusted up and down with the help of nut and bolt mechanism in 

stand. In actual context we can use waste heat from power plant as heat source or electrical supply 

can be used. The reactor is heated from room temperature to 350c. 

 

3. Condensation: The plastic gets evaporated at high temperature, this vapour is condensed using 

a indirect contact type heat exchanger. 

 

4. Liquid collection: The condensed vapours will be oil. At the bottom of the condenser a 

collecting vessel is placed to collect oil 

  

5. Purification – High density oil and impurities are separated from plastic oil in a separating 

funnel due to difference in density. 

6.2 Block Diagram: 

 

 Vapours 

 

Feeding of 

Waste plastic  

with or without  

catalyst                                                                                                      Oil+impurities 

  

 Heat 

 

 

 Plastic oil 

 

                  Fig-6.4: Block diagram of pyrolysis process 
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6.3 Observations: 

Table-6.1: Experimental Readings 

S.No Time(min)            Temperature(ºc)               Oil Yield(gm) 

c/p=0 c/p=0.05 c/p=0.1 c/p=0.15 c/p=0 c/p=0.

05 

c/p=0.1 c/p=0.1

5 

1 0 29 27 29 29 - - - - 
2 15 76 50 68 75 5 - - - 
3 30 102 90 85 140 15 2 10 6 
4 45 160 110 120 165 35 6 30 20 
5 60 180 132 155 185 70 18 60 60 
6 75 210 146 186 198 95 32 100 85 
7 90 250 173 225 233 125 44 130 110 
8 105 280 190 250 245 140 56 180 125 
9 120 300 175 173 175 160 72 220 142 

 

6.4 Oil yield, Gas yield and Char yield calculations: 

• Oil yield  = Mass of oil obtained/mass of plastic 

      = 0.22/1 =22% 

• Gas yield  = total wt. – (oil obtained + char) 

      = 1– (0.22+0.53)      = 0.25kg 

      =0.25/1   =25% 

• Char yield  = char wt./ mass of plastic 

    =0.53/1=53% 
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Table- 6.2: Oil yield, Gas yield and char yield  

Particular c/p=0 

char 

c/p=0.05 

char 

c/p=0.1 

char 

c/p=0.15 

         char 

Mass of HDPE plastic, mp 1kg 1kg 1kg 1kg 

Mass of catalyst, mc 0 0.05kg 0.1kg 0.15kg 

Mass of total charge,mt 1kg 1.05kg 1.1kg 1.15kg 

Mass of oil obtained,( mo ) 0.16kg 0.15kg 0.22kg 0.142kg 

Mass of gas obtained(mg) 0.22kg 0.22kg 0.25kg 0.228kg 

Mass of char obtained(mc) 0.62kg 0.63kg 0.53kg 0.63kg 

Oil yield (mo/ mp)  16%  15% 22% 14.2% 

Gas yield (mg/ mp)  22%  22% 25% 22.8% 

Char yield (mc / mp) 62% 63% 53% 63% 
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Chapter-7 

MEASUREMENT OF FUEL PROPERTIES 

The improvement in the performance of the CI engines, over the past century, has resulted 

from the complimentary refinement of the engine design and fuel properties.  Calculate the fuel 

properties like flash point, fire point, specific gravity, calorific value for different oils for different 

blends using the suitable equipment. 

Some of the fuel properties include: 

• Flash point and Fire point 

• Specific gravity 

• Calorific value 

• Viscosity  

 

7.1 Flash and fire point test: 

7.1.1 Cleveland open-cup method: 

The Cleveland open-cup method is one of three main methods in chemistry for determining 

the flash point of a petroleum product using a Cleveland open-cup apparatus, also known as 

a Cleveland open-cup tester. . 

Description of the Apparatus: 

The Cleveland open cup apparatus consists of a cylindrical cup of standard size. It is held 

in position in the metallic holder which is placed on a wire gauge. It is heated by means of an 

electric heater housed inside the metallic holder. A provision is made on the top of the cup to hold 

the thermometer. A standing filling mark is done on the inner side of the cup and the sample of oil 

is filled up to the mark. This apparatus will give more accurate results than the pensky martens 

closed cup apparatus. 

https://en.wikipedia.org/wiki/Flash_point
https://en.wikipedia.org/wiki/Petroleum
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Procedure:  

First, the test cup of the apparatus (usually brass) is filled to a certain level with a portion 

of the product. Then, the temperature of this fuel is increased rapidly and then at a slow, constant 

rate as it approaches the theoretical flash point. The increase in temperature will cause the fuel to 

begin to produce flammable vapour in increasing quantities and density. The lowest temperature 

at which a small test flame passing over the surface of the liquid causes the vapour to ignite is 

considered the fuel's flash point. This apparatus may also be used to determine the fuel's fire point 

which is considered to have been reached when the application of the test flame produces at least 

five continuous seconds of ignition temperature range of this apparatus is 120 to 250 degrees. 

Result:  

The flash point of Plastic oil of C/p ratio 0 was 36 degrees.                                                                                                                                                                                                    

The flash point of Plastic oil of C/p ratio 0.05 was 35 degrees.                                                     

The flash point of Plastic oil of C/p ratio 0.1 was 37 degrees.                                                      

The flash point of Plastic oil of C/p ratio 0.15 was 38 degrees. 

7.2 Specific gravity: 

• Specific gravity is the relative measure of the density of a substance. It is defined as the 

ratio of the density of the substance, ρ, to a reference density. With the help of digital 

balance to find out specific gravity it is given below. The specific gravity of conventional 

diesel fuel is about 0.82. 

Procedure: 

Initially take a small 10 ml volumetric flask and note down weight of it on digital weight balance. 

Then pour plastic oil up to 10 ml mark in volumetric flask. Then note down weight of plastic oil 

poured flask. Then difference of two values will be weight of 10 ml plastic oil. Then find out 

density and specific gravity values by using fundamental formulae. 

 

Observations: 
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Particulars  Value 

c/p=0 

oil 

c/p = 0.05 

oil 

c/p=0.1 

oil 

c/p=0.15 

oil 

Weight of volumetric flask 6gm 6gm 6gm 6gm 

Weights of volumetric flask+10 ml 
plastic oil 

14gm 14gm 14gm 14gm 

Weight of 10 ml plastic oil 8gm 8gm 8gm 8gm 

  Table: 7.1 

Calculations: 

Density    =     8*10-3 (kg)            =   800 kg/m3. 

                                                              10*10-6 (m3) 

Specific gravity = density of plastic oil/density of water 

Specific gravity = 800/1000 = 0.8. 

 

Fig-7.2: Digital Weight Balance 
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Result: 

            The density of plastic oil was 800 kg/m3 and specific gravity was 0.8.for samples of c/p 

ratio of  0,0.05, 0.1& 0.15. 

7.3 Calorific value:  

                   The calorific value of a fuel is the thermal energy released per unit quantity of fuel 

when the fuel is burned completely and the products of combustion are cooled back to the initial 

temperature of the combustible mixture. It measures the energy content in a fuel. This is an 

important property of biodiesel that determines the suitability of the material as alternative to diesel 

fuels. A bomb calorimeter will measure the amount of heat generated when matter is burnt in a 

sealed chamber (Bomb) in an atmosphere of pure oxygen gas.  A known amount of the sample of 

fuel is burnt in the sealed bomb, the air in the bomb being replaced by pure oxygen under pressure.  

The sample is ignited electrically.  As the sample burns heat is produced and rises in the 

temperature.  Since the amount of heat produced by burning the sample must be equal to the 

amount of heat absorbed by the calorimeter assembly, and rise in temperature enables the 

determination of heat of the combustion of the sample. Bomb calorimeter experimental setup 

shown in figure.. 

If   W = Water equivalent of the calorimeter in calories per degree centigrade. 

      T = Rise in temperature (registered by a sensitive thermometer) in degrees centigrade. 

      C.V = Heat of combustion of material in calories per gram. 

      M = Mass of sample burnt in grams. 

M*C.V= T*W 
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Observations: 

Particular 

 Values 

c/p=0  

oil 

c/p = 0.05 

oil 

c/p=0.1 

oil 

c/p=0.15 

oil 

Weight of the empty crucible (W1) 

 

29.87gm 29.87gm 29.87gm 29.87gm 

Weight of the empty crucible + plastic oil(W2) 

 

30.77gm 
30.77gm   30.77gm 30.77gm 

Weight of  the plastic oil (W2– W1) 

 

0.9gm 0.9gm   0.9gm  0.9gm  

Weight of water taken in the calorimeter (W3) 1600gm 1600gm 1600gm 1600gm 

Temperature of the water just before firing (t1) 34.4ºc 34.30C 35.20C 35.40C 

Temperature of the water after firing (t2) 38.8ºc 38.20C 39.20C 39.50C 

Table 7.2 

Calculations: 

        Heat produced by burning of plastic oil + Heat produced by burning of fuse wire and cotton 

thread etc = Heat absorbed by calorimeter. 

(W2−W1) *C.V= (W3+We) * (t2−t1) 

(0.9)*C.V= (1600+600) * (39.2−35.2); C.V= 9533.33cal/gm = 39914.16 kJ/kg. 
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Result: 

• The calorific value of plastic oil of c/p ratio 0 = 9633.31cal/gm= 40501.06 kJ/kg 

• The calorific value of Plastic oil of C/p ratio 0.05 = 9533.33cal/gm = 39914.16 kJ/kg. 

• The calorific value of Plastic oil of C/p ratio 0.1 = 9777.777cal/gm = 40911.2 kJ/kg. 

• The calorific value of Plastic oil of C/p ratio 0.15 = 10022.222cal/gm = 41932.977 kJ/kg 

 

7.4 Viscosity: 

The resistance to flow, exhibited by fuel blends, is expressed in various units of viscosity. It is a 

major factor of consequence in exhibiting their suitability for mass transfer and metering 

requirements of engine operation. High value of viscosity reduces volatility and gives poor 

atomization of oil during injection of the CI engine. This results in incomplete combustion and 

ultimately carbon deposits on the injector nozzle as well as in the combustion chamber. 

            Kinematic viscosity is the absolute viscosity over density. The S.I unit of Kinematic 

viscosity is m2/s and CGS unit is Stoke (cm2/s). 

 

  Kinematic viscosity = (A*t) – (B/t)    Cm2/s (or) Stoke 

   Where A = 0.0026 cm2/s2 

               B = 1.72 cm2 

 

 

Description of the Apparatus:    

The viscometer consists of an oil cup made of brass. The upper end of the cup is open while 

the bottom of the cup is concave internally to allow complete drainage of liquid with which it may 

be filled .The base of the cup has a tapering central hole in which the jet is fitted. The jet is having 

a diameter of 1.62 mm and length of 10mm. the jet constructed of a gate is provided with a concave 

depression, which can be covered with a ball valve for starting or stopping the flow of oil. The cup 

is surrounded with a cylindrical heating bath, the contents of which can be heated by an electrically 
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heated coil placed in it. The bath is provided with a tap for emptying it. Stirring of bath is affected 

by means of cylinder surrounding the coil cup, provided with four vanes, the upper and lower 

portions of which are turned in opposite directions.  

 The apparatus is elevated on legs or tripod stands so that a receiving flask can be placed 

beneath the jet to catch and measure the oil flowing from the tube. The flask is special type, 

graduated with a 50 ml mark at neck and with a flaring mouth. The tripod stand has leaving screws 

at the bottom and the thermometer is suspended in the oil by means of a spring clip sliding on the 

vertical rod fixed on the top of the cup. 

The cover of the cup has provisions for the insertion of thermometer and the ball valve 

projects outside the cover through a hole. Another thermometer measures the temperature of the 

bath. Redwood viscometer arrangement  

Procedure: 

 The apparatus is prepared first by cleaning and then leveling by screws provided for this purpose. 

The cylindrical heating vessel is filled with water up to the tip of the vanes. The test sample is 

poured into the oil cup to the pointer and is closed with a cover. Two thermometers are inserted, 

one in oil cup and the other in water bath and heated uniformly with the help of regulator. The 

cleaned, dry 50 ml flask is placed centrally below the jet properly. The bath is heated to a few 

degrees above the desired temperature; the ball valve is lifted and stop watch started 

simultaneously. The valve is not removed completely but kept immersed in the oil by supporting 

it by the hook provided for the purpose. The receiving flask is located so that the oil strikes the 

flared mouth and does not drop directly into the opening, which would cause foaming. The 

stopwatch is stopped when the level of the oil reaches 50ml mark in the neck of the flask. The time 

elapsed in seconds is recorded as redwood viscosity at the test temperature. Same procedure is 

followed for finding the viscosities at various temperatures. 

Calculation:  Kinematic viscosity (v) = (A*t) – (B/t)    Cm2/s (or) Stoke 

For Plastic oil of C/p ratio 0.05 @400C (v) = (0.0026*27) – (1.72/27) =0.00649stokes =0.65 

centistokes. 
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Result:  

• The kinematic viscosity of Plastic oil of C/p ratio 0.05 @400C (v) = 0.65 centistokes. 

• The kinematic viscosity of Plastic oil of C/p ratio 0.1 @400C (v) = 0.4 centistokes. 

• The kinematic viscosity of Plastic oil of C/p ratio 0.15 @400C (v) = 0.145 centistokes. 

 

7.5 Comparison of Properties of Fuels 

Table 7.3: Comparison of Properties of Test Fuel 

Fuel properties Diesel c/p = 0.1 

oil 

c/p=0.15 

oil 

c/p=0.15 

oil 

1.Density(kg/m3 ) 820 800 800 800 

2.Specific Gravity 0.82 0.8 0.8 0.8 

3.Viscosity(cst) 3.36 0.65 0.4 0.145 

4.Flash point(oc) 66 42 50 61 

6.Calorific Value(KJ/kg) 42700 39914.16 40911.2 41932.977 
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                                                                Chapter-8 

 RESULTS AND DISCUSSION 

The pyrolysis of waste HDPE plastics was conducted in a stainless steel reactor system as 

described in the experimental section using Red mud as catalyst. Pyrolysis of waste plastics yielded 

three different products (i) liquid oil (ii) Combustible non condensable gas and (iii) very small 

amount of solid residue. 

8.1. Effect on reaction temperature on oil yield: 

 

Fig-8.1: Effect on reaction temperature on oil yield for the various samples of c/p ratio 

Above the graph shows the effect on reaction temperature on oil yield for the various samples of 

c/p ratio 0 to 0.15. From the graph it was inferred that until 80ºc there was no oil yield for the 

sample of c/p of 0, however a significant amount of gaseous fuel has been released. Furthermore, 

oil yield (gm) for the c/p of 0 to be observed that maximum the temperature ranges of 250ºc to 

300ºc. 

Similarly, for the effect of reaction temperature on oil yield for the sample of c/p ratio 0.05. From 

the graph it was inferred that until 110ºc there was no oil yield, however a significant amount of 
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gaseous fuel has been released. Furthermore, oil yield (gm) was observed to be maximum the 

temperature ranges of 175ºc to 185 ºc. 

Similarly, for the effect of reaction temperature on oil yield for the sample of c/p ratio 0.1. From 

the graph it was depicted that until 100ºc there was no oil yield, however a significant amount of 

gaseous fuel has been released. Furthermore, oil yield (gm) was observed to be maximum in the 

temperature range of 175ºc. 

Moreover, for the effect of reaction on oil yield for sample of c/p ratio 0.15. From the graph it was 

clear that until 90ºc there was no oil yield, however a significant amount of gaseous fuel has been 

released. Furthermore, oil yield (gm) was observed to be maximum in the temperature range of 

190ºc. 

8.2 Effect of C/P ratio on reaction time: 

The catalysts play an important role in improving the quality of products as well as reducing the 

process temperature and retention time for overall process optimization. 

 

                               Fig-8.2: Effect of c/p ratio on reaction time 

   Fig8.2: shows the effect of c/p ratio on reaction time. From the graph it was inferred that the 

reaction time was less for the sample c/p ratio 0.1. When compared to other three samples. 

180

120
100 95

0

50

100

150

200

Reaction time
thermal C 5 C 10 C 15

Mass fraction of catalyst

R
ea

ct
io

n
 t

im
e(

m
in

u
te

s)



Page 44 of 50 
 

Finally the reaction time for the 4 samples in decreasing order follows the trend 

[C/P=0.1]<[C/P=0.15],[C/P=0.05]<[C/P=0] 

8.3 Effect of C/P ratio on reaction Temperature: 

 

Fig-8.3: Effect of c/p ratio on reaction temperature 

8.4: Effect of c/p ratio on oil yield: 

The use of catalysts increases the rate of the cracking reactions that lead to an increase in the 

production of gases with the reduction in liquid oil yield. However, the quality of the liquid oil 

produced is improved. 
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Fig-8.4: Effect of c/p ratio on oil yield 

Fig8.4: shows the effect of c/p ratio on oil yield. From the graph it was observed that the oil yield 

was more for c/p ratio of 0.1 sample compared to other three samples. 

 8.5: Effect of c/p ratio on gas yield: 

 

                                       Fig-8.5: Effect of c/p ratio on gas yield 
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  Mass balancing for the sample C0(C/P=0): 

 

Fig-8.5: Mass Balancing Representation for the sample C0 

Mass Balancing of the c/p ratio 0 shows the distributions of the mass to various categories are 

oil, gas and char are representation on chart. And it shows the yield value of these categories.  

Mass balancing for the sample C5(C/P=0.05): 

 

                             Fig-8.6: Mass Balancing Representation for the sample C5 

Mass Balancing of the c/p ratio 0.05 shows the distributions of the mass to various categories are 

oil, gas and char are representating on chart. And it shows the yield value of these categories. 
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 Mass balancing for the sample C10(C/P=0.1): 

 

 

                              Fig-8.7: Mass Balancing Representation for the sample C10 

Mass Balancing of the c/p ratio 0.1 shows the distributions of the mass to various categories are 

oil, gas and char are representation on chart. And it shows the yield value of these categories 

Mass balancing for the sample C15(C/P=0.15): 

 

                         Fig-8.8: Mass Balancing Representation for the sample C15 

Mass Balancing of the c/p ratio 0.15 shows the distributions of the mass to various categories are 

oil, gas and char are representation on chart. And it shows the yield value of these categories. 
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CONCLUSION 

• Modeling and fabrication of pyrolysis unit of capacity 3-5 liters was completed 

successfully. 

• Extracted oil from HDPE plastic by varying c/p ratio from 0 to 0.15. 

• Measurement of fuel samples obtained through pyrolysis was done and compared with 

Diesel fuel. 

• The effect of mass fraction of catalyst on oil yield has investigated experimentally and it 

was observed that oil yield was more for the sample of c/p ratio 0.1 compared to other three 

samples. 

• The effect of C/P ratio on reaction time was investigated experimentally and it was 

observed that reaction time was minimum for the sample of c/p ratio 0.1 when compared 

to other three samples. 

• Therefore, optimum sample was identified experimentally which is having maximum oil 

yield and minimum reaction time. 
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FUTURE SCOPE 

 

• The present work can be extended by distillation of pyrolysis oil to obtain other 
petroleum products such as petrol and kerosene. 

• Furthermore, analysis of gaseous products can be done with the help of gas analyzer. 
 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page 50 of 50 
 

REFERENCES 

 

[1] http://cpcb.nic.in/ 

[2] Loannis kalargaries, Guohong tian ,sai gu. “Experimental evaluation of a diesel engine fuelled 

by pyrolysis oils produced from low density polyethylene and ethylene-vinyl acetate plastics” by 

https://doi.org/10.1016/j.fuproc.2017.03.014 

[3] J. Aguado, D. P. Serrano and J. M. Escola. “Fuels from Waste Plastics by Thermal and Catalytic 
Processes: A Review” nd. Eng. Chem. Res. 2008, 47, 21, 7982–7992  
https://doi.org/10.1021/ie800393w 

 [4] Y.B.Sonowane, Mahesh shindikar, Manisha khaladkar “Use of catalyst in pyrolysis of 

polypropylene waste into liquid fuel” International Research Journal of Environment Sciences Vol. 4(7), 

24-28, July (2015) ,ISSN 2319–1414.http://www.isca.in/IJENS/Archive/v4/i7/4.ISCA-IRJEvS-2015-093.pdf 

[5] Khaing Thandar Kyaw, Chaw Su Su Hmwe “Effect of various catalysts on fuel oil pyrolysis process 

of mixed plastic wastes”, International Journal of Advances in Engineering & Technology, Oct., 2015, 

ISSN: 22311963.  

[6] Achyut K.Panda, R.K.Singh, D.K.Mishra, “Thermolysis of waste plastics to liquid fuel, A 

suitable method for plastic waste management and manufacture of value added products-A world 
perspective”, 2010,vol. 14, issue 1,233-248. 

[7]HosseinJahromiFoster A.Agblevor “Hydrodeoxygenation of pinyon-juniper catalytic pyrolysis 
oil using red mud-supported nickel catalysts” ,01-may-2018. 

[8]SnigdhaSushilVidya S.Batra “Catalytic applications of red mud, an aluminium industry waste: 
A review”,2019. 

[9] M.SenthilaK.VisagavelaC.G.SaravananbKarthikRajendran “Investigations of red mud as a 

catalyst in Mahua oil biodiesel production and its engine  performance”,  14-Apr-2016. 

[10]A.LópezaI.deMarcoaB.M.CaballeroaM.F.LaresgoitiaA.AdradosaA.AranzabalbCatalytic 
pyrolysis of plastic wastes with two different types of catalysts: ZSM-5               zeolite and Red 
Mud”,2004 

[11] P. Senthil Kumar , M. Bharathikumar ,C. Prabhakaran ,S. Vijayan , K. 
Ramakrishnan“Conversion of waste plastics into low-emissive hydrocarbon fuels through 
catalytic depolymerization in a new laboratory scale batch reactor”,25-Feb-2015. 

 

http://www.isca.in/IJENS/Archive/v4/i7/4.ISCA-IRJEvS-2015-093.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0926337318304260#!
https://www.sciencedirect.com/science/article/abs/pii/S0926337318304260#!
https://www.sciencedirect.com/science/article/abs/pii/S0926337307004468#!
https://www.sciencedirect.com/science/article/abs/pii/S0926337307004468#!
https://www.sciencedirect.com/science/article/pii/S0378382016301369#!
https://www.sciencedirect.com/science/article/pii/S0378382016301369#!
https://www.sciencedirect.com/science/article/pii/S0378382016301369#!
https://www.sciencedirect.com/science/article/pii/S0378382016301369#!
https://www.sciencedirect.com/science/article/abs/pii/S0926337311001433#!
https://www.sciencedirect.com/science/article/abs/pii/S0926337311001433#!
https://www.sciencedirect.com/science/article/abs/pii/S0926337311001433#!
https://www.sciencedirect.com/science/article/abs/pii/S0926337311001433#!
https://www.sciencedirect.com/science/article/abs/pii/S0926337311001433#!


A Project Report on

STRUCTURAL AND THERMAL ANALYSIS OF FINNED SURFACE
OF AN IC ENGINE USING

FINITE ELEMENT METHOD (FEM)

Submitted to

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY KAKINADA,

KAKINADA

In Partial Fulfillment of the Requirements for the Award of the Degree of

BACHELOR OF TECHNOLOGY

In

MECHANICAL ENGINEERING

BY

V.NAGA SANDEEP 17485A0325

K.PRASANTHI 17485A0333

S.NARESH 16481A03D5

P.BHARATH REDDY 16481A03D0

Under the Guidance of

Sri S.B.KARIMULLA REDDY, M.Tech.
ASSISTANT PROFESSOR

DEPARTMENT OF MECHANICAL ENGINEERING

GUDLAVALLERU ENGINEERING COLLEGE

(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada)

SESHADRI RAO KNOWLEDGE VILLAGE

GUDLAVALLERU- 521356

2019-2020



GUDLAVALLERU ENGINEERING COLLEGE

(An Autonomous Institute with Permanent Affiliation to JNTUK, Kakinada)

SESHADRI RAO KNOWLEDGE VILLAGE

GUDLAVALLERU- 521356

DEPARTMENT OF MECHANICAL ENGINEERING

CERTIFICATE

This is to certify that the project report entitled as “STRUCTURAL AND THERMAL

ANALYSIS OF FINNED SURFACE OF AN IC ENGINE USING FINITE

ELEMENT METHOD (FEM)” is a bonified record of work carried out.

By

V.NAGA SANDEEP 17485A0325

K.PRASANTHI 17485A0333

S.NARESH 16481A03D5

P.BHARATH REDDY 16481A03D0

in partial fulfillment of requirements for award of the Degree of BACHELOR OF

TECHNOLOGY in MECHANICAL ENGINEERING of JAWAHARLAL NEHRU

TECHNOLOGICAL UNIVERSITY KAKINADA, KAKINADA during the academic

year 2019-2020.

Sri S.B.KARIMULLA REDDY Dr. M. R. Ch. SASTRY

Project guide Head of the Department

External Examiner



3

ACKNOWLEDGEMENT

We would like to express our deep sense of gratitude and sincere thanks

to Sri S.B.KARIMULLA REDDY, M.Tech, Assistant Professor, Mechanical

engineering department, for his constant guidance, supervision and motivation in

completing the project work.

We are very much indebted to Dr.M.R.Ch. SASTRY, Ph.D. and

head of the department of Mechanical engineering for giving his valuable

suggestions and encouragement throughout the course of our project work.

We would like to take this opportunity to express our profound

sense of gratitude to our beloved principal Dr. P. RAVINDRA BABU, for

providing us all the requirement facilities.

We also thankful to Teaching and Non-Teaching Staff of the department who

directly or indirectly helped us in completing the project.

We also wish to express my indebtedness to our parents as well as our

family members whose blessings and support always helped us to face the

challenges ahead.

PROJECT ASSOCIATES

V.NAGA SANDEEP 17485A0325

K.PRASANTHI 17485A0333

S.NARESH 16481A03D5

P.BHARATH REDDY 16481A03D0



4

CONTENTS

1. INTRODUCTION TO IC ENGINE CYLINDER FINS 5
1.1 Introduction
1.2 Advantages of Air Cooled Engines
1.3 Disadvantages of air cooled engines
1.4 Introduction to Fins

2. LITERATURE SURVEY 9

3. INTRODUCTION TO ANSYS 15
3.1 Introduction
3.2 ANSYS Workbench

4. DESIGNING OF IC ENGINE CYLINDER FIN 16
4.1 Introduction

4.2 Materials considered

4.3 Material properties

4.4 Modelling of IC engine cylinder with fins

5. SIMULATION IN ANSYS 19
5.1 Introduction
5.2 Objective of the project
5.3 Analysis

6. RESULTS AND DISCUSSIONS 21

CONCLUSION 31

REFERENCES 32



5

CHAPTER-1

INTRODUCTION TO IC ENGINE CYLINDER FINS

1.1 Introduction

The Cylinder is the one of the major components in Engine, which is subjected to high

temperature variations and thermal stresses. To cool the cylinder, fins are provided on the

surface of the cylinder to increase the rate of heat transfer rate. Fins are Basically

Mechanical structures which are used to cool various structures via the process of

convection and conduction. Extended fins are well known for enhancing the heat transfer

in IC engines. The construction of air cooling system is very simpler. Therefore it is

important for an air-cooled engine to utilize the fins effectively to obtain uniform

temperature in the Engine cylinder.

Fig: 1

An internal combustion engine is an engine in which the combustion of a fuel takes place

in a combustion chamber. Here, the expansion of the high-temperature and high-pressure

gases produced by combustion applies direct force to component of the engine, such as

piston, turbine blades, or a nozzle. This force transfers the component over a distance,

generating useful mechanical energy. Air cooled engines are replaced by water cooled

engines which are more efficient, but all two wheelers uses Air cooled engines, because

Air-cooled engines are lighter weight and lesser space requirement.

And after converting the heat to power Excess heat must be removed cycle. The heat is

moved to the atmosphere by means of fluids water and air. In engines, heat is moved to the

atmosphere by fluids low temperature. Due to combustion process Engine temperature is

not consistent throughout the power. If excess heat is not removed, engine components fail

due to excessive temperature.
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The internal combustion engine is an engine in which the combustion of a fuel (normally a

fossil fuel) occurs with an oxidizer (usually air) in a combustion chamber. In an internal

combustion engine, the expansion of the high temperature and -pressure gases produced by

combustion applies direct force to some component of the engine, such as pistons, turbine

blades, or a nozzle. This force moves the component over a distance, generating useful

mechanical energy.

Heat moves from areas of high temperature to areas of low temperature as shown in below

area. In Engine When fuel is oxidized (burned) heat is produced. Additional heat is also

generated by friction between the moving parts. Only approximately 30% of the energy

released is converted into useful work. The remaining (70%) must be removed from the

engine to prevent the parts from melting.

All the heat produced by the combustion of fuel in the engine cylinders is not converted

into useful power at the crankshaft. A typical distribution for the fuel energy is given

below:

Useful work at the crank shaft = 25 percent

Loss to the cylinders walls = 30percent

Loss in exhaust gases = 35 percent

Loss in friction = 10 percent

It is seen that the quantity of heat given to the cylinder walls is considerable and if

this heat is not removed from the cylinders it would result in the pre-ignition of the charge.

In addition, the lubricant would also burn away, thereby causing the seizing of the piston.

Excess heating will also damage the cylinder material.

In IC engine the combustion takes place inside the cylinder where the chemical

energy of the fuel converts into mechanical energy. Only 25 to 35 percent of the total

generated thermal energy converts into useful work and rest of it rejected into the

surrounding. The generated energy causes the engine temperature up to 600oC which may

result into burning of oil film between moving parts and may result into seizing. Hence this

temperature must be maintained up to safe temperature limits. The present study aims to

investigate heat dissipative effect of fins and cylinder made up of different materials. It’s

necessary to analyze the heat transfer rate of fins. The structural and thermal analysis will
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help us to understand the heat dissipation characteristics of engine surface and stresses

induced in the cylinder due to pressure and temperature

1.2 Advantages of Air Cooled Engines

 Its design of air-cooled engine is simple.

 It is lighter in weight than water-cooled engines due to the absence of water jackets,

radiator, circulating pump and the weight of the cooling water.

 It is cheaper to manufacture

 It needs less care and maintenance.

This system of cooling is particularly advantageous where there are extreme climatic conditions

in the arctic or where there is scarcity of water as in deserts. No risk of damage from frost, such

as cracking of cylinder jackets or radiator water tubes.

1.3 Disadvantages of air cooled engines

 Comparatively it is less efficient.

 It is used in aero planes and motorcycle engines where the engines are exposed to air

directly

1.4 Introduction to Fins

Fins are used as heat transfer fins to regulate temperature in heat sinks or radiators. In

the study of heat transfer, fins are surfaces that extend the rate of heat transfer to or from the

environment by increasing convection. Increasing the temperature gradient between the

object and the environment, increasing the convection heat transfer coefficient or increasing

the surface area of the object increases the heat transfer. Adding a fin to an object increases

the surface area and can be economical solution to heat transfer problems.
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Fins are most commonly used in heat exchanging devices such as radiators for in cars, heat

exchangers in power plants etc.,. They are also used in newer technology such as hydrogen

fuel cells. Nature has also taken advantage of the phenomena of fins. As the ears of rabbit

and fennec foxes act as fins to release the heat from the blood that flows through them.

Usually the purpose and importance of fins as a heat exchangers is to transfer heat from

any component which is subjected to temperature which causes damage to it unless it is

dissipated. This phenomena was an essential criteria for the origin of Fins as a heat exchanger

in Engines, specifically Internal Combustion engines.

Fig: 2

We know that in the generation of power there are high ranged temperatures which can

cause the engine to cease and some improper conditions which cause the disaster to the engine.

Fins can be of various types and they are used accordingly to their properties and place of

usage. Fins of IC engines must have optimistic behavior regarding to the design and

manufacturing of an engine. Hence there will be many barriers in selecting the correct fins for

the correct component.



9

CHAPTER-2

LITERATURE SURVEY

SL

N

O

TITLE YE

AR AUTH

OR

DESCRIPTION METHODOLGY

CONCLU

SION

1 ANALYSIS

OF HEAT

TRANSFER

THROUGH

FINS OF AN

IC ENGINE.

2019

Sujan

shrestha,

Nitesh

kumar

yadav,

suman

bikramba

m.

The engine cylinder

having grey cast iron

material with fins is

designed by using

SOLID WORKS

software and the heat

transfer and

temperature

distribution analysis

is done in ANSYS

R19.2 software.

Theoretical and the

simulated values are

to be calculated.

Dimensions of an Ic

engine >> Modelling

of an Ic engine with

fins using SOLID

WORKS >>

Analyzing the

temperature

distribution and heat

flux by using ANSYS

R19.2 software.

Heat

transfer rate

for the grey

cast iron is

very low.

The

deviation in

theoretical

value to the

simulated

result is 9%.

2 DESIGN AND

THERMAL

ANALYSIS

ON

CYLINDER

FINS BY

MODIFYING

ITS

GEOMETRY

AND

MATERIAL.

2019

Ranga

Reddy

Muddasa

ni, Akhil

Raja

Keshetti

The engine cylinder

with different fin

bodies are modelled

by using the CATIA

V5 software and

temperature

distribution and the

heat flux is analyzed

by using the ANSYS

WORKBENCH. The

characteristics of

thermal is to be

simulated for the fins

of different geometry

and material.

Preferable dimensions

for an engine cylinder

>> Modelling of ic

engine with different

bodies is designed by

using CATIA V5 >>

Analysis is done by

using the ANSYS

WORKBENCH to

evaluate the

temperature

distribution and heat

flux.

The result

shows, by

using

circular fin

with

material

Aluminum

6061 is

better since

heat transfer

rate of fin is

more. By

using

circular fins

the weight

of fin body

reduces

compared to

existing

rectangular

engine

cylinder fin.

3 ANALYSIS

OF I.C.

ENGINE

FINS FOR

EFFECTIVE

COOLING

PERFORMA

NCE

2018

Ruchir

Parikh,

Dr.

Umang

Patdiwal

a

The engine fins

analysis is to be done

by using the ANSYS

software for the

different type of fin

shapes. The

temperature

distribution is

analyzed for the

different geometry

fins

Dimensions of an fin

is taken into

consideration >>

Modelling and the

analyzing the

temperature

distribution is done

by using the ANSYS

software.

The serrated

strip fin

geometry

provide

effective

solution. we

found that,

minimum

temperature

distribution

of serrated

strip fin is

29 % less

than the

rectangular

fin and 3.7
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% less than

the circular

4 I.C. ENGINE

CYLINDER

FINS

TRANSIENT

THERMAL

ANALYSIS

BY ANSYS

SOFTWARE

2018

Ravindra

Mohan,

Jagdish

Prasad

IC engine cylinder

with fin is to be

designed by using the

CATIA V5 and the

thermal

characteristics are to

be obtained by the

ANSYS. The cylinder

model is to be

designed with

different shape and

the analysis is done.

Taking the existing

fin model and

developing the new

model >> proposed

model is designed by

using the CATIA V5

>> analysis is to be

done by using the

ANSYS

WORKBENCH.

Thermal

characteristi

cs of the

proposed

model is

high when

compared to

the existing

model.

5 MODELLIN

G AND

THERMAL

ANALYSIS

ON

CYLINDER

FINS

2018

A.Harina

th

The engine cylinder

with aerodynamic and

straight structure fins

having an aluminum

alloy materials is

designed by using

UNIGRAPHIC

software. The

temperature

distribution, heat flux

is to be analyzed

using the ANSYS

V15.0.

Considering the

dimensions of ic

engine cylinder >>

Modelling of an ic

engine using

UNIGRAPHIC

software >> Heat flux

and the temperature

distribution is

analyzed by using

ANSYS V15.0

software.

Maximum

temperature

distribution

is for

aluminum

alloy 7075

and

aerodynami

c fins.

Engine

cylinder

with

aerodynami

c fin and

aluminum

alloy 204 to

alloy 7075

are having

high

thermal

conductivit

y.

6 DESIGN AND

ANALYSIS

OF ENGINE

FINS 2017

S.Manka

yam,

D.Suresh

kumar,

V.Jeevab

harthi

Engine cylinder with

the fins having

different shapes and

materials is to be

designed by using the

SOLID WOKS

software. Thermal

characteristics are to

be analyzed using the

ANSYS software.

The analysis is to be

performed for the

different materials

and the shapes.

Selection of design

parameters >> Engine

is to be designed

using the SOLID

WORS software >>

Thermal

characteristics is to be

analyzed by using the

ANSYS

SOFTWARE.

Aluminum

alloy

AL200

material has

the better

thermal

behavior

than the

alloy

AL6061.Th

e best shape

is concave

shape for

thermal

characteristi

cs.

7 DESIGN

MODIFICAT

ION AND

THERMAL

ANALYSIS

OF IC

2017

Jagdeesh

saini

Engine cylinder with

the fins having the

holes is to be

designed by using the

CREO3.0 and the

analysis of heat flux

and the temperature

distribution variables

Design parameters of

an ic engine >> Ic

engine with holes on

fins is to be designed

by using the CRE03.0

>> Heat flux and

temperature

distribution are

Providing

holes on the

engine fin

may

increase the

heat

distribution

and
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ENGINE FIN are done by using

ANSYS 15.0.

evaluated by ANSYS

15.0 .

increasing

the hole

size may

causes the

minimum

temperature

reduction.

8 THERMAL

ANALYSIS

OF

CYLINDER

BLOCK

WITH FINS

FOR

DIFFERENT

MATERIALS

USING

ANSYS

2017

Obula

reddy,

B.V.R

Reddy.

The cylinder block of

different materials is

to be designed by

using the GAMBIT

software. The heat

and thermal

characteristics are to

be analyze by the

ANSYS15.0

software. The

analysis is to be done

for the different

thermal conductivity

materials.

Dimensions of a

specific ic engine >>

Modelling of an ic

engine by using

GAMBIT software

>> Analysis of heat

transfer rate and the

nodal temperature is

done by using the

ANSYS15.0

Magnesium

and the grey

cast iron

has the

better heat

transfer rate

compared to

the other

thermal

conductivit

y materials.

9 THERMAL

ANALYSIS

OF ENGINE

CYLINDER

HAVING

THICK TIP

FIN WITH

VARYING

SLOT SIZES

AND

MATERIAL

2017

Divyank

dubey,

Dinesh

singh,

Abhishek

Yadav,

Satyajeet

pal.

The engine cylinder

block with different

thickness of fins and

the materials are to be

modeled by using the

SOLID WORKS

software. The heat

transfer and the

variable temperature

distributions are to be

analyze by using

ANSYS

WORKBENCH. By

varying the slot sizes

and material the

analysis is to be done.

Engine cylinder block

dimensions are to be

considered >>

Modelling of an ic

engine block with fins

by using the

SOLIDWORKS

software >> analysis

on engine block is to

be done by using

ANSYS

WORKBENCH.

Up to the

75mm

slotted fins

have the

maximum

heat transfer

rate.

Maximum

temperature

reduction is

also takes

place.

10 DESIGN AND

THERMAL

ANALYSIS

ON ENGINE

CYLINDER

FIN BY

VARYING

FIN

MATERIAL

2017

D.Madha

vi,

D.Dev

Singh

The engine cylinder

with fins is designed

in SOLID WORKS.

The temperature

distribution and the

heat flux is calculated

for the different

materials of fins by

the ANSYS.

Specified cylinder

block is considered

>> modelling is done

by using the

SOLIDWORKS >>

Analysis is done by

using the ANSYS

WORKBENCH.

Total heat

flux is more

for

aluminum

alloy than

remaining

two

materials

for both

condenser

and

evaporator.

So using

aluminum

alloy is

better.

11 HEAT

TRANSFER

ANALYSIS

OF ENGINE

CYLINDER

FINS OF

VARYING

GEOMETRY

2016

Raviulla,

Ashish

Muchrik

ar.

The engine cylinder

fins with different

geometries are to be

designed by using

SOLIDWORKS and

then the temperature

and the heat flux

distribution is to be

done by using the

ANSYS

Standard dimensions

of ic engine >> IC

engine cylinder with

fins is to be designed

by using

SOLIDWORKS

software >>

temperature and the

pressure distribution

is analyzed by using

By

changing

the shape of

the fin to

triangular

shaped, the

weight of

the fin body

reduces

thereby
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WITH

DIFFERENT

MATERIALS

.

ANSYS increasing

the heat

transfer rate

and

efficiency

of

12 HEAT

TRANSFER

ANALYSIS

OF ENGINE

CYLINDER

FIN BY

VARYING

EXTENSION

GEOMETRY.

2016

A.Rames

h Kumar,

S.Nandh

a Kumar.

The engine cylinder

with the different

extension of fins is

designed by using the

SOLIDWORKS. The

temperature

distribution and the

heat flux is evaluated

by the ANSYS.

Analysis of different

extension of fins is to

be in the ANSYS.

Dimensions of the ic

engine cylinder is

considered >>

Modelling of ic

engine is done by

using the

SOLIDWORKS

software >> Analysis

is to be done by using

the ANSYS

WORKBENCH.

Fin with

extensions

provide

near about

5% to 13%

more in

enhanceme

nt of heat

transfer as

compared to

fin without

extensions.

Heat

transfer

through fin

with

rectangular

extensions

higher than

that of fin

with other

type of

extensions.

13 DESIGN AND

THERMAL

ANALYSIS

ON ENGINE

CYLINDER

FINS BY

MODIFYING

ITS

MATERIAL

AND

GEOMETRY

2016

A.Satish

kumar,

MD

karthir

Kaman,

S.Ponsan

kar.

The cylinder of

different geometry

and materials are to

be designed by using

the SOLIDWORKS

software and then the

temperature

distribution and the

heat flux is to be

evaluated by using

the ANSYS.

Dimensions of the ic

engine cylinder is

considered >>

Modelling of ic

engine is done by

using the

SOLIDWORKS

software >> Analysis

is to be done by using

the ANSYS

WORKBENCH.

The

aluminum

alloy

AL2014

showing the

17% higher

temperature

distribution

compared to

the alloy

AL204 due

to the high

thermal

conductivit

y.

14 THERMAL

ANALYSIS

OF ENGINE

FINS WITH

DIFFERENT

GEOMETRI

ES

2016

G.Selvar

aj,

N.Alagiri

samy,

M.S.Sant

osh.

The engine cylinder

fins with different

geometries are to be

designed by using

SOLIDWORKS and

then the temperature

and the pressure

distribution is to be

done by using the

ANSYS.

Standard dimensions

of ic engine >> IC

engine cylinder with

fins is to be designed

by using

SOLIDWORKS

software >>

temperature and the

pressure distribution

is analyzed by using

ANSYS.

The circular

fins are

transferring

the more

heat than

the

rectangular

fins. The

pressure

distribution

is high in

the circular

fins
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15 HEAT

TRANSFER

ANALYSIS

AND

OPTIMIZATI

ON OF

ENGINE

FINS OF

VARYING

SURFACE

ROUGHNES

S

2016

Pulkit

sagar,

Punnet

teotia,

H.C

Thakur,

Akash

deep.

The cylinder with fins

having an aluminum

alloy 6061 is to be

designed and the the

roughness of

250microns,

300microns,

400microns is to be

design on surface of

the engine by

SOLIDWORKS and

the heat and thermal

characteristics are to

be analyzed by

ANSYS R15.0.

Dimensions of ic

engine and roughness

values are to be

considered >>

cylinder with the fins

having the roughness

of different variables

is to be designed >>

heat and thermal

characteristics are to

be evaluated by using

ANSYS R15.0

As the

roughness

of the body

increases

heat flux is

to be

increases

for the same

surface and

volume.

16 HEAT FLUX

AND

TEMPERAT

URE

DISTRIBUTI

ON

ANALYSIS

OF IC

ENGINE

CYLINDER

HEAD

USING

ANSYS

2015

K.Ashok

Reddy,

T.V.Sesh

i Reddy,

S.Satpagi

ri

The cylinder of

different geometry

and materials are to

be designed by using

the SOLIDWORKS

software and then the

temperature

distribution and the

heat flux is to be

evaluated by using

the ANSYS

Dimensions of the ic

engine cylinder is

considered >>

Modelling of ic

engine is done by

using the

SOLIDWORKS

software >> Analysis

is to be done by using

the ANSYS

WORKBENCH

The circular

fin are more

suitable

than

rectangular

fins The

mass is

increased in

circular

cylinder by

10% By

changing

the shape of

the fin, the

weight of

the fin body

increasing

thereby

increasing

the

efficiency.

We have

done

thermal

analysis on

the fin body

by

geometry

and

thickness.

17 DESIGN AND

ANALYSIS

OF

COOLING

FIN

2015

Deepak

Gupta,

Wankhad

e S.R.

The engine cylinder

fins with different

geometries are to be

designed by using the

PRO E. heat transfer

rate and the nodal

temperature is done

by using ANSYS.

Dimensions of ic

engine is to be

considered >>

Modelling of ic

engine is to be done

by using PRO-E

software >> analysis

is done by using the

ANSYS software

Aluminum

alloy 6063

and

thickness of

2.5mm is

better since

heat transfer

rate is more

but weight

of the fin

body

increases.

So if we

consider

weight

using fin

shape

circular by

analysis and

fin shape
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curved by

weight is

better

18 CALCULATI

NG HEAT

TRANSFER

RATE OF

CYLINDER

FIN BODY

BY

VARYING

GEOMETRY

AND

MATERIAL

2015

B.N.Niro

op

Kumar

Gowd,

Ramatula

si

The cylinder of

different geometry

and materials are to

be designed by using

the PRO ENGINEER

software and then the

nodal temperature

and the heat flux is to

be evaluated by using

the ANSYS

Dimensions of the ic

engine cylinder is

considered >>

Modelling of ic

engine is done by

using the PRO

ENGINEER software

>> Analysis is to be

done by using the

ANSYS

WORKBENCH

Thermal

flux is more

for

Beryllium

than other

materials

and by

reducing the

thickness of

the fin

2.5mm, the

heat transfer

rate is

increased.

The shape

of the fin

can be

modified to

improve the

heat transfer

rate

19 THERMAL

ANALYSIS

OF ENGINE

CYLINDER 2014

N.Phani

Raja

Rao,

T.Vishnu

Vardhan

The engine cylinder

fins with different

geometries are to be

designed by using the

PRO E. The

temperature

distribution is done

by using ANSYS.

Dimensions of an Ic

engine >> Modelling

of an Ic engine with

PRO E >> Analyzing

the temperature

distribution and heat

flux by using ANSYS

By reducing

the

thickness

and by

changing

the shape of

the fin to

circular

shaped, the

heat transfer

rate and

efficiency

increases.

20 THERMAL

ANALYSIS

OF ENGINE

CYLINDER

FIN BY

VARYING

ITS

GEOMETRY

AND

MATERIAL

2014

P.Sai

Chaitany

a,

B.Sunnel

a ram,

K.VIjaya

kumar

The fins with circular

and rectangular

geometries were

modeled by using the

PRO-E software and

the analysis of heat

transfer rate and the

nodal temperature is

done by using

ANSYS.

Dimensions of ic

engine >> Modelling

of ic engine is to be

done by using PRO-E

software >> analysis

is done by using the

ANSYS software.

The circular

fin with

aluminum

alloy 6061

has the

better

transfer rate

compared to

the other

materials

and

geometry
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CHAPTER- 3

INTRODUCTION TO ANSYS

3.1 Introduction

ANSYS software, used to simulate interactions of all disciplines of physics, structural,

vibration, fluid dynamics, heat transfer and electromagnetic for engineers.

3.2 ANSYS Workbench

ANSYS Workbench environment is an intuitive up-front finite element analysis tool that is used in

conjunction with CAD systems and/or Design Modeler. ANSYS Workbench is a software

environment for performing structural, thermal, and electromagnetic analyses. The class

focuses on geometry creation and optimization, attaching existing geometry, setting up the

finite element model, solving, and reviewing results. The class will describe how to use the

code as well as basic finite element simulation concepts and results interpretation.

Topics Include:

• Workbench GUI

• Design Modeler

• Overview of FEA

• Engineering Data

• Meshing
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• Parametric Modeling

• Advanced Loads and Boundary Conditions

• Assemblies

• Multiple Load Steps

• Coordinate Systems

• Post processing

• Intro to Thermal Analysis

• Structural Analysis

CHAPTER- 4

DESIGNING OF IC ENGINE CYLINDER FIN

4.1 Introduction

Fins are placed on the surface of the engine cylinder to enhance the amount of heat transfer

by convection. In thermal analysis of the engine cylinder, it is more beneficial to know the

heat dissipation from the engine cylinder through fins and stress due to temperature and

pressure.

The engine chamber subjected to temperature and pressure at a time, so it is important to

study the deformations and stresses in engine due to combined effect. The material property

called thermal conductivity which plays very important role in dissipating heat from internal

surface to external In this study we are performing simulation of IC engine cylinder in by

adding different materials help to study the thermal and structural stress distribution along

with heat flux distribution for better understanding of IC engine.

.

4.2 Materials considered

• Aluminum alloy 6061

• Magnesium alloy

• Grey cast iron

• Titanium alloy
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4.3 Material properties

Material Tensile
strength
(Mpa)

young’s

modulus

(Gpa)

density

(kg/m3)

specific heat

(j/kgk)

thermal

conductivity

(W/mk)

Mg alloy 230 45 1810 1050 72

Aluminum Alloy

6061

310 73 2700 1256 167

Grey cast iron 255 54 7200 45 46

Titanium

alloy

930 120 4620 553 21.9

4.4 Modelling of IC engine cylinder with fins

For simulation 3D model should be designed. So by using the dimensions model is designed

in CATIA software.

Dimensions

PARAMETER DATA

Length of cylinder 74mm

No of fins 7 (Square fins of 120*120 mm )

Width of fin 2 – 3 mm

Total Surface area of
fins

146.62* 103 mm2

Pitch of fins 10mm
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Steps followed in designing model

Models are designed by using CATIA Software .The following steps is to be involved in

designing.

• Select part design option

• Click on sketcher tool and select the plane to draw the sketch.

• Draw the two dimensional sketch and extrude into 3D by using pad tool according to

dimensions.

• Similarly design the cylinder block according to the dimensions.

• By using the extrude option draw the fins over the cylinder and then remove the fin

material that can be drawn on cylinder.

IC Engine Cylinder with Fin Designed
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Design models should be saved in “igs” format in order to attach them in ANSYS.
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CHAPTER -5

SIMULATION IN ANSYS

5.1 Introduction

ANSYS software, used to simulate interactions of all disciplines of physics, structural,

vibration, fluid dynamics, heat transfer and electromagnetic for engineers.

5.2 Objective of the project

In IC engine the combustion takes place inside the cylinder where the chemical energy of the

fuel converts into mechanical energy. Only 25 to 35 percent of the total generated thermal

energy converts into useful work and rest of it rejected into the surrounding. The generated

energy causes the engine temperature up to 600oC which may result into burning of oil film

between moving parts and may result into seizing. Hence this temperature must be

maintained up to safe temperature limits. The temperature distribution must be varied for the

different materials by considering the thermal conductivity properties. To model the engine

cylinder with finned surface by using the CATIA V5 and to analyze the structural and

thermal characteristics of fin of an IC engine using ANSYS

5.3 Analysis

ANSYS Workbench is used for analysis .As the applying load is temperature and pressure at

different material of fins, Transient thermal and the static structural is used in workbench.

Add the required materials and their properties to engineering data in workbench.

Analysis of roof is carried out for four different materials

• Aluminum 6061 alloy

• Magnesium alloy

• Gray cast iron

• Titanium alloy

For these materials simulation is done by applying temperature and pressure at different time

intervals.
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As project analysis is carried out by ANSYS Software the step mentioned below has to be

followed.

• Open ANSYS Workbench and select Transient thermal.

• Link the static structural to the transient thermal. So, that the geometry and the

properties are transferred

• Attach geometry which is designed previously and saved in “igs” format. Define part

behavior by applying materials.

• Define connections

• Apply mesh controls

• Define analysis type

• Establish analysis setting

• Define initial condition

• Apply loads and support

• Solve

• Review result

Transferring of data to steady state thermal to static structural
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CHAPTER -6

RESULTS AND DISCUSSIONS

IC engine cylinder with fin is modelled in CATIA software. This engine cylinder block is

analyzed in ANSYS for heat distribution and the stresses developed in it.

Analysis of roof is carried out for four different materials

• Aluminum 6061 alloy

• Magnesium alloy

• Gray cast iron

• Titanium alloy

All four materials of engine are analyzed and temperature distributions and the stresses and

deformations are observed

For all conditions red zone indicates engine maximum temperature, stresses and deformation

and blue zone indicates minimum temperature, stresses and deformation.

Applying of temperature and convection
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TEMPERATURE DISTRIBUTION

1. Aluminum 6061 alloy

2. Magnesium alloy

3. Gray cast iron alloy

4. Titanium alloy
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TOTAL HEAT FLUX DISTRIBUTION

1. Aluminum 6061 alloy

2. Magnesium alloy

3. Gray cast iron alloy

4. Titanium alloy
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Importing of thermal solutions to static structural section

Applying of pressure and remote displacement
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TOTAL DEFORMATION

1. Aluminum 6061 alloy

2. Magnesium alloy

3. Gray cast iron alloy

4. Titanium alloy
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EQUIVALENT STRESS

1. Aluminum 6061 alloy

2. Magnesium alloy

3. Gray cast iron alloy

4. Titanium alloy
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EQUIVALENT STRAIN

1. Aluminum 6061 alloy

2. Magnesium alloy

3. Gray cast iron alloy

4. Titanium alloy
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Tabular form:

Materi
al

Temp
distribu
tion (c)

(min)

Total
heat flux

(w/m2)
(max)

Total
heat
flux

(w/m2)
(min)

Total
deformati

on
(m)

(max)

Total
deformati

on
(m)

(min)

Equivalent
Stress
(pa)

(max)

Equival
ent

stress
(pa)

(min)

Equivalent
strain

(max)

Equivalent
strain

(min)

Al
Alloy
6061

578.31 2.5360e5 372.90 1.0807e-3 3.315e-4 2.1044e7 2343.1 3.0543e-4 1.1733e-7

Magn
esium

551.66 2.4493e5 382.86 1.1953e-3 3.7075e-4 3.2546e7 3560.6 7.2325e-4 2.3182e-7

Grey
cast
iron

527.18 2.3694e5 409.14 4.957e-4 1.5459e-4 4.9433e7 6184.8 4.4939e-4 2.1027e-7

titaniu
m

462.82 2.1573e5 536.33 4.227e-4 1.2947e-4 6.7807e7 7637.6 7.0637e-4 2.1655e-7

Graphs

Graph1
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Graph 2:

Graph 3:
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Graph 4:

Graph 5:
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CONCLUSION

• In present work, a cylinder fin body is modelled and transient thermal and static structural

analysis is done by using CATIA V5 and ANSYS WORKBENCH. These fins are used for

air cooling systems for two wheelers. In present study, Aluminum alloy 6061, magnesium

alloy, gray cast iron and titanium alloy are used and compared with each other alloys.

• The materials are considered in the study. By changing the material of the fin results in

increasing the heat transfer rate and for less deformation and stresses.

• Heat transfer rate in the aluminum 6061 alloy is higher compared to the magnesium and

the other alloys.

• Equivalent Stresses developed in the engine are high in titanium alloy and low in the

aluminum 6061 alloy. Equivalent strain in the magnesium alloy is high and less in the

aluminum 6061 alloy.

• The results shows, by using the fin with material Aluminum Alloy 6061 has better heat

transfer rate and also has a better structural characteristics.
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