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INTRODUCTION 
Higher efciencies, lower specic fuel consumptions and reduce 
emissions in modern internal combustion (IC) engines has become the 
center of attention to engine researchers and manufacturers. The global 
concern over the depletion of fossil fuels and the more stringent 
emissions regulations has placed the obligation on the engine industry 
to produce practical, economical and environmentally conscious 
solutions to power our automobiles. Heat utilization is one of the 
primary loss mechanisms in an internal combustion engine and it plays 
a crucial role in all aspects of engine operation. As a result, the want to 
better understand the effects of heat transfer on engine dynamics has 
led to a great deal of work in the eld.

Silvio Memme[1] investigated and compared a baseline copper 
coating and a metal TBC. It was found reducing surface roughness of 
both coatings increased in-cylinder temperature and pressure as a 
result of reduced heat transfer through the piston crown. These 
increases resulted in small improvements in both power and fuel 
consumption, while also having measurable effect on emissions. 
Engine modication with copper coating on piston crown and inner 
side of cylinder head improves engine performance as copper is better 
conductor of heat and good combustion is achieved with copper 
coating. [2-3]. Muralikrishna etal.[4-6] studies the performance of SI 
engine by changing fuel composition, change of combustion chamber 
design and with provision of catalytic converter. Methanol blended 
gasoline (gasoline blended with methanol, 20%, by vol) improved 
engine performance and decreased pollution levels when compared 
with pure gasoline on CE. Ravindra Gehlot et.al.[7] analyzed ceramic 
coated diesel engine piston and found a signicant increase in the 
pistons top surface temperature occurs with coating having holes. 
Although, the substrate temperature is decreasing with increase the 
radius of the holes. S.Srikanth Reddy et.al.[8] performed thermal 
analysis using ANSYS and optimized the piston using nite element 
analysis. The inuence of ceramic coating thickness on temperature 
variations are studied by nite element method using ANSYS. S. 
Krishnamani et.al.[9], The temperature distribution analyses were 
conducted for the ceramic coating thickness of 0.3 mm over the piston 
crown surface. The results of the piston coated with two different 
coatings were analyzed. Dr.K.Kishor determined the temperature 
distribution across the piston, liner and cylinder head of conventional 
Engine (CE) and Copper Coated Engine (CCE) to study the 
performance of lubricating oil with the help of nite element method 
(FEM) using ANSYS software package. Hongyuan zhang[11] 
introduced the principle of thermal analysis for the combustion engine 
piston, gets the heat exchange coefcient of the piston top and the heat 
exchange coefcient distribution of the piston and the cooling water 
through calculation, calculates the temperature eld of the piston with 
the nite element method and modies the calculation model by 
repeatedly comparing the result with the measured temperature. It is 

found out that the temperatures of the piston top and the rst circular 
groove are relatively high after calculating the temperature eld and 
based on the results the optimization scheme of adding the cooling oil 
chamber is applied to the piston structure. Results show that, after 
optimization, the maximum temperature of the piston top is decreased 

0 0to 264 C, and the temperature at the rst ring is decreased to 204 C, 
thus improving the working condition of the piston ring. Soniya 
kaushik[12]

ENGINE SPECIFICATIONS

Experiment was conducted on the engine of four- stroke, single-
cylinder, variable compression ratio (3:1–9:1) and variable spark 
timing (250 to 280 BTDC), water-cooled, SI engine with a maximum 
power of 2.2 kW coupled with eddy current dynamometer.

FEA Steps
1. Pre-preferences
2. Pre-processor
3. Solution
4. Postprocessor

MODELLING AND MESHING
A 3D geometric model of piston was created using modeling software 
Solid works. The dimensions were taken from experimental engine 
setup: piston bore diameter is 70 mm, stroke is 66.7 mm with cast 
aluminum alloy as material and copper coat thickness is 3 mm. The 
part drawing converted into STEP. File and exported to ANSYS 
Workbench where meshing and simulation was performed. The model 
and mesh was shown in gure.1and 2.

The use of a metal based coating on the piston crown and its effect on heat transfer were studied in an SI engine. The piston 
crown is the top surface closest to the cylinder head of the piston which is subjected to tremendous pressure forces and heat 

during normal engine operation. The main objective of this paper is to analyze numerically a heat transfer in the copper coated (CCE) and 
conventional (CE) piston of four stroke spark ignition engine which is determined mainly as a function of temperature from crown to skirt. Piston 
was modeled using solid works, boundary conditions were calculated analytically from experiment and a study state thermal analysis was 
performed using ANSYS Workbench. Copper coated piston showed better heat transfer and structural stability than piston without coating.  
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Bore 70 mm 
Stroke 66.7 mm 

Rated output 2.2 kW 
Speed 3000 rpm 

Sparkignition timing 25 o  BTDC 
Compression ratio 3:1 to 9:1 

Specic fuel consumption 475 gm/ kW h 
Lubricating oil SAE-40 

Make Greaves Limited 
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Figure.1 Solid modeling of a piston with copper coating

Figure.2 Meshing of a piston

BOUNDARY CONDITIONS AND ANALYSIS
The boundary conditions have been calculated from experimental 
analysis. A heat ux of 2.1 Mpa has been applied on top of the piston i.e 
piston crown and an environmental initial condition of convection 
coefcient 10w/m2 K applied to the skirt of the piston. 

A steady state analysis was performed under above said operating 
conditions.  

RESULTS AND DISCUSSION
The results of analysis is shown in gure.3

Figure.3 Comparison of temperature ow in conventional and copper 
coated engine piston

Figure.3 shows the temperature distribution in piston with copper coat 
on top of the piston. It is observed that a lower heat rejection from the 
combustion chamber through thermally insulated components causes 
an increase in available energy which in turn would increase the in-
cylinder work and the amount of energy carried by the exhaust gases, 
which could also be utilized in later stages. It is relatively a thermal 
barrier copper coating material which has approximately 26.8% more 
thermal stability than conventional piston. It can resist phase transition 

0up to 1300 K with thermal conductivity of 0.7 W/mK which is an 
added advantage in terms of reliability of engine operation in the event 
of sudden surge in temperature during combustion. 

0 0It is observed that the temperature variation in CE was 402 C to 215 C 
0 0against 509.89 C to 273.45 C which indicates the heat enhancement in 

copper coated engine due to low heat rejection to neighboring 
components like piston liner and head. Temperature along the radius of 

0 0 0 0the piston was determined 401.91 C to 359.8 C and 508 C to 464 C in 
CE and CCE respectively indicates that the nodal temperature was 
uniform in CCE when compared to CE. 

 The vertical temperature was observed from top of the piston to 
0 0bottom of the piston which is to be 361.89 C to 215.81 C for CE and 

0 0461.24 C to 273.61 C for CCE. 

0 0A temperature of 280 C and 298 C for CE and CCE was noted at the 
place of lubricating oil which is under safe limit of SAE40 lubricant oil 
melting temperature according to data available.

Distribution of heat ux also uniform in CCE than CE resulted in better 
heat transfer per unit area for CCE.

CONCLUSIONS
The following conclusions are made from the numerical analysis.
1. Copper coated piston showed 23.34% increased heat ux over 

conventional.
2.  A uniform temperature distribution was observed in CCE than 

CE.
3. Heat rejection to liner was lessening in CCE when compared to 

CE by 21.13%.
4. More heat of 5.019% is converter into work using copper coating 

on piston crown which leads to over all increased performance of 
engine.

5. From the analysis it was observed oil used for lubrication was not 
0evaporated due to copper coated, resulted temperature (273 C to 

0311 C) was within the limit which indicates the safe guard to liner.

SCOPE 
This work limited to only thermal load conditions. A coupled analysis 
can be done to determine the effect of combined load on piston due to 
copper coat. Different piston materials and coating materials can be 
tested. Coating thickness also an important factor which effect the 
work done and heat rejection in engine, but from the thermal barrier 
coating literature it was found 3mm thickness was best suited for better 
performance. 
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