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Thermal Analysis of a Diesel Piston with different material parameter 

 

 

 

Abstract: 

This study is subjected with the numerical 3D simulation of a four stroke, internal combustion 

engine. The main goal of this study is to provide an understanding on the subject of how to 

model heat transfer in a diesel piston and between the piston and the surrounding cylinder liner 

by delivering an extensive report and a reliable and thorough modelling methodology. The 

modelling technique is then to be implemented in a Finite Element model and Finite Element 

analysis of engine piston. 

In this work, firstly, thermal analysis is investigated on a conventional (uncoated) diesel piston, 

made of aluminum silicon alloy of different material property for design and thermal analysis 

with boundary condition. This study compared the different aluminum silicon alloy material 

property and defined the balance composition of piston material for minimums the thermal stress 

The effects of different property of piston material on the thermal behaviors of the pistons are 

investigated. The finite element analysis is performed by using computer aided design software. 

The main objective is to investigate and analysis the thermal stress distribution of piston at the 

real diesel engine condition during combustion process. This paper describes the mesh 

optimization by using finite element analysis technique to predict the higher stress and critical 

region on the component. Find the heat transfer by piston design. The analysis is carried out to 

reduce the stress concentration on the upper end of the piston i.e. (piston head/crown and piston 

skirt and sleeve). With using computer aided design CATIA V5, and thermal analysis by 

ANSYS-16. 

Keywords: IC Diesel piston engine, thermal and heat flow Analysis, Three-Dimensional Finite 

Element Analysis, Material Properties. 
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Introduction: 

Automobile components are in great demand these days because of increased use of automobiles. 

The increased demand is due to improved performance and reduced cost of these components. 

R&D and testing engineers should develop critical components in shortest possible time to 

minimize launch time for new products [1]. This necessitates understanding of new technologies 

and quick absorption in the development of new products and help to optimization of piston 

failure. A piston temperature will be generate at power stroke and heat is one of impotent main 

courses of piston failure because this part generate so many courses like heat flow, thermal 

stress, wear etc. piston is a component of reciprocating IC-engines [2]. It is the moving 

component that is contained by a cylinder and is made gas-tight by piston rings. In an engine, its 

purpose is to transfer force and heat flow in system from expanding gas in the cylinder to the 

crankshaft via a piston rod and/or connecting rod. As an important part in an engine, piston 

endures the cyclic gas pressure and the inertial forces at work, and this working condition may 

cause the fatigue damage of piston, such as piston side wear, piston head/crown cracks and so on 

[3]. The investigations indicate that the greatest thermal stress appears on the upper end of the 

piston and thermal stress, heat flow concentration is one of the mainly reason for piston failure. 

On the other hand piston overheating-seizure can only occur when something burns or scrapes 

away the oil film that exists between the piston and the cylinder wall. 

Classification of heat engine:- 

 

Figure 1: Types of heat engine 
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A heat engine is a machine, which converts heat energy into mechanical energy. The combustion 

of fuel such as coal, petrol and diesel generates heat. This heat is supplied to a working substance 

at high temperature [4]. By the expansion of this substance in suitable machines, heat energy is 

converted into useful work.it is following types. 

Piston: 

The piston of an engine is the first part to begin movement and to transmit power to the 

crankshaft as a result of the pressure and energy generated by the combustion of the fuel. The 

piston is closed at one end and open on the other end to permit direct attachment of the 

connecting rod and its free action [5]. The materials used for pistons are grey cast iron, cast steel 

and aluminum alloy. However, the modern trend is to use only aluminum alloy pistons in the 

tractor engine. 

 
Figure 2: Piston 

Heat transfer on the piston combustion side:- 

The piston top is directly exposed to the combustion within the engine cylinder. However, the 

combustion does not occur uniformly across the diesel piston top. There are temperature 

variations along both the radial and circumferential direction of the piston top surface. This is 

due to the way fuel and air is introduced to the cylinder for a diesel engine [6]. As the air is 

compressed, fuel is sprayed in to the cylinder via the fuel injector. Some parts of the piston top 

are therefore more directly exposed to the combustion. As the combustion commences, the zones 

where the combustion propagates to will have a higher temperature than the rest of the piston. A 

consequence is that the diesel piston will have different heat transfer coefficients, HTCs, along 

its top surface [7]. As this thesis focus on a detailed thermal analysis, an averaged HTC of the 

surface is not suitable and a more sophisticated spatial HTC expression is necessary. The piston 

top surface is shown in Figure 3 & 4.  
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Figure 3 Diesel piston and cylinder liner          Figure 4 Illustration of piston ring Assembly 

Parameter of piston: 

The piston is one of the weak spot I.C. engine assembly a piston will fail due to wear and 

irregular heat flow in cylinder [8]. The piston will be creating a model in CATIA-V5 software 

and taking dimension by base paper table 1 shown the dimension of diesel engine piston. Then 

the model imported to Ansys -16.0 to complete thermal analysis. 

Table 1: Engine Specifications 

PARAMETERS VALUES 

Engine Type Four stroke, Diesel engine 

Induction Air cooled type 

Number of cylinders Single cylinder 

Bore 51 mm 

Stroke 48.8 mm 

Length of connecting rod 97.6 mm 

Displacement volume 99.27 cm3 

Compression ratio 8.4 

Maximum power 6.03 KW at 7500 rpm 

Maximum Torque 8.05 Nm at 5500 rpm 
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Characterization of Materials 

The materials chosen for this work are A2618, A4032 and Al-GHS1300 for an internal 

combustion engine piston [9]. The relevant mechanical and thermal properties of A2618, A4032 

and Al-GHS1300 aluminum alloys are listed in the following table. 

Table 2: Characterization of piston material 

SN PARAMETERS A2618 A4032 Al-GHS 1300 

1 Elastic Modulus (GPa) 73.7 79 98 

2 Ultimate Tensile Strength (MPa) 480 380 1300 

3 0.2% Yield Strength (MPa) 420 315 1220 

4 Poisson’s Ratio 0.33 0.31 0.3 

5 Thermal Conductivity (W/m/ 
o
C) 147 154 120 

6 Coefficient of Thermal Expansion (1/K) 25.9 x 10-5 79.2 x 10-5 18 x 10-5 

7 Density (Kg/m3 2767.99 2684.95 2780 

 

 

 

Meshing Of the Diesel Engine Piston 

In the present thesis work meshing of the model has been done using default meshing type and 

tetrahedral method [10]. During analysis default meshing is taken in Leaf spring in ANSYS 16.0. 

Fig.6 shows the meshing of piston is 

Figure 5 CAD Model by CATIA-V5 

with following dimension 
Figure 6 Mesh Model by ANSYS-16.0 
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Boundary Condition and Material Property 

Finite Element Analysis has been carried out to accurately predict the safe design of Diesel 

Engine Piston under temperature in ANSYS software [11]. The temperature will be rise in five 

step with time is 120ºc to 370ºc has been applied on top land of piston and heat flow and 

convection from the piston body [12]. During analysis two boundary conditions has been 

considered which on piston are as follows: 

1. Temperature is applied top land of piston thermal stress and heat flow from FEA. 

2. Convection and heat flow  UX ,UY , UZ , RX , RY direction and free the RZ direction and other 

end fixed UY, UZ, RX, RY, direction and free the UX and RZ direction [13]. 

 

Figure 7 Temperature on top land of piston 

 

Figure 8 Heat flow direction of piston 
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Results and Discussions 

In the present chapter, results obtained and observations made for the Diesel engine piston static 

structure thermal analysis, thermal stress heat flow, heat transfer with different boundary 

condition, for piston are presented [14]. Aluminum silicon alloy of different material property 

this work compared the different aluminum silicon alloy material property and we define the 

balance composition of piston material for minimums the thermal stress [15]. 

The thermal stress, heat flow and direction of heat flow have determined under the constant 

boundary condition temperature 120  at top land, convection 154w/m
2
 of piston wall inside and 

outside heat flow also flow from the inside and outside of piston body with constant 120ºc ,of 

piston for different composition material of piston alloy material, aluminum vary with 78% to 

82% and silicon will change the aluminum composition 22% to 18%, further the corresponding 

all figure, table, and Graph from 6.1 to 6.9  are present result output of given boundary condition 

[16]. 

Table 3: Thermal stress, heat flow and direction of heat flow for different composition  

material of piston 

SN 
Composition of piston alloy Thermal stress 

N/mm
2
 

Heat flow W/m
2
 

Direction of heat 

flow W/m
2
 Aluminum% Silicon% 

1 77 23 229.06 3.2919*10
5
 2.1304*10

5
 

2 78 22 225.97 3.16*10
5
 2.0492*10

5
 

3 80 20 226.2 3.1704*10
5
 2.0557*10

5
 

4 22 18 223.43 3.0445*10
5
 1.9783*10

5
 

Table 4: Compared the mathematical, F.E.A. & Error with different composition 

Alloy of piston 

SN 
Composition of piston alloy 

Mathematical F.E.A Error % 
Aluminum % Silicon % 

1 77 23 269.6 229.06 17.70 

2 78 22 264.3 225.97 16.90 

3 80 20 279.5 226.2 23.56 

4 82 18 268.3 223.43 20.08 
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Fig. 9 Thermal Stress at 82% Al &18% Si material composition of piston 

Table 5: Thermal Stress at 82% Al &18% Si material composition of piston 

 

 

Graph: 1 Thermal Stress at 82% Al &18% Si material composition of piston  
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Fig. 10 Heat flow at 82% Al &18% Si material composition of piston 

Table 6: Heat flow at 82% Al &18% Si material composition of piston 

 

 

Graph 2 Heat flow at 82% Al &18% Si material composition of piston 
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Fig. 11 Direction Heat flow at 82% Al &18% Si material composition of piston 

Table 7: Direction Heat flow at 82% Al &18% Si material composition of piston  

 

 

Graph 3 Direction Heat flow at 82% Al &18% Si material composition of piston 
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CONCLUSION 

A 3-D Finite Element Model is used to analyses the IC diesel engine piston. Heat flow and 

temperature flow is accepted out in ANSYS. This ANSYS is used to simulate the temperature 

and boundary conditions of the IC diesel engine piston heat for a thermal analysis [17]. 

The percentage variations of heat flow, thermal stress, and direction of heat flow with reference 

to IC diesel engine piston with different commotion of material 82 % of Al. and 18% of Si. This 

composition alloy is superlative composition it improve the thermal conductivity, heat flow, 

thermal stress.   

 This composition decrease the 6% of thermal stress as compared to standard composition of 

piston material.223.43N/mm
2 

 It is improved the thermal conductivity 11% and heat flow 10% as compared to standard 

composition of piston material. 3.0445*10
5
 W/m

2
, 1.9783*10

5
.
 

 In this work also find the FEA method and mathematical approach for validate the analysis 

result and also find the percentage of error in both methods. We consider the standard design 

parameter for find the given boundary condition and optima the design of piston technology. 

 The deferent between FEA method and mathematical approach result will be reducing 20%. 

 Overcome the analysis time and maintain the number of variation of any system result. 

 As compared mathematical result the FEA result more equate and generated the more 

parameter of result. 
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