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ABSTRACT 

An idea of Low Heat-Rejection Engines (LHR) is to provide thermal insulation in the path of heat flow to 

the coolant and increase thermal efficiency of the engine. LHR engines are classified into low grade, medium grade 

and high grade engines depending on degree of insulation. Low grade engines consist of thermal coatings on 

piston, liner, cylinder head and other engine components, medium grade engines provide an air gap in the piston 

and other components with low-thermal conductivity materials like aluminum, cast iron and mild steel etc and high 

grade engines are  combination of low and medium grade engines. In this paper a novel air gap insulated piston was 

designed. Aluminum material is used in the piston crown. This pistons models Conventional and Air Gap Insulated 

Piston modeled by Pro/E. Then the pistons are analyzed for both structural and thermal analysis and results are 

compared. 
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INTRODUCTION 

 The subject of Low Heat-Rejection Engines (LHR Engine) has been given considerable attention recently 

as engine builders struggle to find remaining avenues to improve economy and lower emissions. Cooling an engine 

is a “necessary evil” which designer would gladly forego if it were possible. But local hot spots, high cost of 

materials able to survive at elevated temperatures, and lubrication problems generally have prevented elimination 

of the cooling system. Beyond the complication of a cooling system, there is the knowledge that is sizable fraction 

of the energy input to the engine is simply being thrown away. In today’s fuel economy aware setting it is natural 

that ways are being sought to effect a double benefit in which cooling system can be dispensed with and, at the 

same time, more of the input energy put to work. Of the individual surface areas of the combustion chamber of an 

engine, the piston offers pretty area for insulation because a large portion of the total combustion chamber surface 

heat transfer occurs through this area. The study from earlier research on the engine says about fifty percentage of 

heat rejection occurs in the liner cooling zone, to which the largest provider is the piston. 

 Air gap insulated pistons are generally used in diesel engines to keep the combustion chamber at optimum 

high temperature. The air gap in between piston crown and piston body has low thermal conductivity. Due to this, 

the temperature in the piston crown is high, when compared to conventional piston. Due to this surface temperature 

of the combustion chamber is very high, the air inducted into the combustion chamber is rapidly exposed to high 

temperature and it is more than the conventional piston. When the air is inducted to the combustion chamber its 

temperature is raised because of the average temperature of the combustion chamber is raised. Due to this the fuel 

which is injected in to the combustion chamber attains the self ignition temperature quickly and so the combustion 

occurs smoothly. The pressure rise in the uncontrolled combustion is very less and the maximum temperature of the 

cycle is comparatively less. The complete burning of fuel occurs smoothly in the controlled phase. K. 

Kumarasekaran et al 1 made a novel design of an air gap insulated piston has been proposed which is expected to 

give a larger life compared to the existing designs. The new composite piston is made of a crown piece which is 

fitted to the base of a piston through a gasket by an interference fitting and locked by oral shaped riveted radially.  

 Investigations 2 were carried out with air gap insulated piston with nimonic crown with pure diesel 

operation, and reported brake specific fuel consumption was improved by 3%. Experiments were conducted 3 with 

air gap insulated piston with superni crown and air gap insulated liner with superni insert with varied injection 

liming and injection pressure with different alternate fuels like vegetable oils and alcohol and reported that LHR 

engine improved the performance with alternate fuels. The CI engine is converted into a LHR engine by applying a 

ceramic coating on the cylinder head and on the liner 4. Air gap was created 5 in the nimonic piston crown and 

experiments were conducted with pure diesel and reported that BSFC increased by 7% with varied injection 

timings.  

 Parker. D.A. et al 6 the concept of an air gap insulated piston has been explored using bolted and 

welded/roll banded designs. Pistons with bolted on crowns demonstrated the effectiveness of air gap insulation, but 
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roll bonded and weld designs were found to be more robust and to provide the complete sealing of the air gap 

necessary for continued insulation. Though it was   observed effective insulation provided by an air gap, the bolted 

design employed by them could not provide complete sealing of air in the air gap. It was made a successful attempt 

of screwing the crown made of low thermal conductivity material, nimonic (an alloy of nickel) to the body of the 

piston, by keeping a gasket, made of nimonic, in between these two parts. However, low degree of insulation 

provided by these researchers 7, 8 was not able to burn high viscous fuels of vegetable oils. In this paper a novel air 

gap insulated piston was designed. Aluminum material is used in the piston crown. This pistons model 

(Conventional and Air Gap Insulated Piston), which was created using Pro-E, it is exported from Pro-E to ANSYS 

for analysis. Then the pistons are analyzed for both structural and thermal analysis and results are compared. 

 The air gap piston has a conventional skirt and ring pack together with a crown piece whose contact with 

the piston body is arranged to provide adequate mechanical strength with the minimum of conductive heat transfer. 

At relatively low temperatures, heat transmission across the air gap is controlled by conduction and convection at a 

very low level. However, as the temperature of the crown rises, radiative heat transfer becomes predominant, and in 

the most advanced designs special precautions have to be taken to minimize this. From the operational viewpoint 

the location of the principal insulating region in the piston is very important. According to the principles set out. If 

the insulation can be situated above the ring pack later can operate at normal, or even reduced, temperature relative 

to an insulated piston. 

Some of the merits by using air gap insulated piston are: 

Reduction of Delay Period: Due to the average temperature in combustion chamber increases, the air temperature 

which is inducted into the chamber also increases which helps the fuel to attain self ignition temperature quickly 

and mixes with air readily and atomized easily. 

Reducing the Emission: As we know that if the delay period is lowered, the complete combustion occurs 

smoothly which results in reduction of emission.. The overall combustion is dominated by the controlled phase for 

combustion. The premixed combustion resulting from the shorter delay period, lower the CO, HC and SMOKE 

emission and even reduces the particulate emissions. 

Reduction in Noise level: It is clear that the overall combustion is dominated by the controlled phase of 

combustion. So the abnormal pressure rise due to uncontrolled combustion is minimized and the knocking is 

reduced. This helps engine to run smoothly without noise. 

Fuels with higher viscosity can be used: The air inducted during the suction stroke is exposed to the walls of the 

combustion chamber. This raises the air temperature that helps the atomization and mixing fuels. So, the fuels with 

high viscosity can also be used. 

Increase in thermal efficiency: The conduction through the piston is desirably reduced. This increases the thermal 

efficiency of the cycle. 

Input Data: The properties of the aluminum material are given as inputs for Aluminum Material is tabulated in 

Table 1. 

Table.1.Properties of the Aluminum Material 

Parameter Value 

Density 2.72 x 103 Kg/m3 

Modulus of Elasticity 90 G Pa 

Thermal conductivity 190 W/m K 

Air Temperature above the Piston crown 1200K 

Wall Temperature of the piston 680K 

Modeling: Aluminum material is used in the piston crown. This pistons models Conventional and Air Gap 

Insulated Piston which was created using Pro-E. Air insulation that is gap between crown and piston body provide 

as 1mm. In Air gap insulated piston model, crown and body is joined by bolt concept. 

RESULTS AND DISCUSSION 

 Aluminum material is used in the piston crown. This pistons models Conventional and Air Gap Insulated 

Piston, which was modeled using Pro-E, it is exported from Pro-E to ANSYS for Structural and Thermal Analysis. 

The properties of the aluminum material are given as inputs from Table 1. 

Structural and Thermal Analysis for Conventional Piston:  
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Structural and Thermal Analysis for Air Gap Insulated Piston with Aluminum Piston Crown: Air insulation 

that is gap between crown and piston body provide as 1mm. In Pro/E model, crown and body is joined by bolt 

concept. After structural and thermal analysis of conventional piston and air gap insulated piston by 1mm, the 

combustion average temperature of the combustion chamber is raised for aluminum piston based on the ANSYS 

result, than conventional piston. The structural analysis on air gap insulated piston is compared with the 

conventional piston and the results are acceptable limit. 

 
Fig.1. Air gap insulated piston Pro/E model 

  

 

 
 

Fig.3. Von Mises Stress of Conventional Piston 

 
 

Fig.4. Deflection of Conventional Piston Fig.5. Thermal Analysis of Air Gap Insulated Piston 
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Fig.6. Von Mises Stress of Air Gap Insulated Piston Fig.7. Deflection of Air Gap Insulated Piston 

Table.2.Comparison results for Air Gap Insulated Piston 

Analysis 
Conventional 

Piston 

Air Gap 

Insulated Piston 

% of heat dissipate from top to bottom 98.55% 68.46% 

Max von mises stress N/mm2 1.33 x 103 1.27 x 103 

Max deflection mm 1.45 1.27 

 Based on the result Table 2, the heat loss was much lesser in Air Gap Insulated Piston .As per thermal 

analysis the air gap insulated piston with Aluminum crown, the temperature above the crown will increased around 

30% with same stress and minor deflection. 

CONCLUSION 

 The thermal analysis on air gap insulated piston shows, that the temperature is maintained high above the 

crown with very less amount of heat getting transmitted down than a conventional piston. Further, analysis using 

ANSYS software shows that of piston crown will increases the insulation property of the air gap. The average 

temperature of the combustion chamber is raised by 30 % for aluminum piston based on the software result than 

conventional piston. The structural analysis on air gap insulated piston is compared with the conventional piston 

and the results are satisfactory. 
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