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Abstract 

There are l"ariou.l'facton for increasing the pelformance and reducing the emissions such as the shape 
oj' rile comlmsrion chamber. lowtion of the spark plug and number of illlake valves. Apart from these rea.1·ons 
rise in the temperature inside rite combustion chamber would also lead to the decrease in emissions as well as 
jitd coll.l'llfllption. Tire idea is to use a d(ff'erellf material with low thermal conductivity for the engine 
cfltllfiOFients. Piston top. cylinder head and cylinder walls are the parts, which come into direct comao with the 
lw1 goses. Of these pi.\'1011 top is the parr where I he composite material was introduced. The material selectedfor 
inlmdttclimr is" cemmic wmpo.,·ire material Aluminium and Silicon Carbide. This ceramic composite molt:Tial 
is 11 /o11· lhermal ctmductire material than the ordinary Aluminium alloy pre.\·ent i11 rhe original pis/on. 
f>r<'l ·iously tlw piston top lwd bec'll coated ll'ith A lumina for a rhickneJs of one mm usin.r: plasma jet spraying. in 
lite' I".('.H"J/1 i11n:stigmimr the piston top had been coared for a thickness of Jmm using press)illing tedlllicfU<' and 
c' IC'II heller results lwn' heen obtctined than the orif,iinal piston. 

Keyll'ord.1: Carlummo11oxide. Hydrocarbon. Oxides of Nitrogen, Composite Marerial. Piston 

1. Introduction 

Approximately eight hundred million vehicles are running on the world's road and 
mainly powered by the internal combustion engines. The environmental impact of these 
internal combustion engines is awesome. The internal combustion engine is the main source 
of these emissions. A German government research has shown that from cradle lO grave a 
typical car engine produces around 56.7 tonnes of carbon dioxide, 2040 million cubic metres 
of polluted air and 26.5 tonnes of solid rubbish. The rate with which the vehicular pollution is 
growing is absolutely astonishing. The centre for science and environment has found that 
during a period 1975 and 1995 the country's economy GDP grew by 2.5 times the vehicular 
pollution grew by 8 times in India. Strict mass emission standards have been legislated al l 
over the world for keeping a check over the vehicular emissions. Modern devices such as 
catalytic converter. exhaust gas recirculation valve, positive crank case ventilation valves play 
a major role in role in reducing the emissions. But they are associated with large number 
of ill effects and lesser performance. Apart from the above techniques changes in the 
mechanical design of the engine such as using a low thermal conductive material for the 
manufacturing of the engine components would also lead to the decrease in emissions. Due to 
the use of low thermal conductive material the heat would be retained inside the chamber as a 
result the fuel air mixture would be burnt in an efficient way. This technique of using the 
engine to be low thermal conductive is called adiabatic engine. 
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Combustion of fuel mainly depends on three T's time, temperature and turbulence. 
Increasing any one of the three T's would rise the efficiency of combustion. Of these due to 
the use of low thermal conductive material the temperature of the combustion chamber would 
increase eventually would decrease the emission and increase the performance of the engine. 
Usually the piston is the part where large amount of heat is dissipated. By using the low 
thermal conductive material over the piston the heat is retained to a large extent. In this paper 
the piston top is coated to a thickness of three mm using press fitting technique. Due to the 
rise in the thickness of the ceramic material the heat is retained inside the combustion 
chamber in a better manner. Which helps in controlling the emissions and performance of the 
engine. 

2. Experimental setup 

Figure l shows the line diagram of the experimental set up. The experimental work was 
carried out on a spark ignition engine. The engine selected for the application is a naturall y 
aspirated single cylinder carburettor type engine. The specifications of the engine are given 
below. 

MAKE: HONDA GK 200 
TYPE: Single cylinder, Air cooled, Side valve 
C.C: 197 CC 
BORE: 67 mm 
STROKE: 56 mm 
C.R: 4.5: I 
POWER OUTPUT: 3.7 kw at 3000 rpm 
LOADING DEVICE: DC swing field Dynamometer 

3. Methodology 

The engine is run using the original piston which is an alloy of Aluminium. The engine 
would be tested for time taken for I 0 m! of fuel consumption and emissions using exhaust gas 
bne analyser. Exhaust gas kane analyser is used fo r measuring unburnt hydrocarbons. carbon 
monoxide. carbon dioxide. oxygen. ratio of air fuel ratio and Oxides of nitrogen present in the 
cxl1aust. The piston is coated with the composite material for a thickness of 3 mm by press 
f itting technique. The piston is first machined for a depth of 3 mm and a diameter of 57 mm 
by counter boring operation. The composite material is machined for the same thickness and 
diameter and then is pressed over the cavity formed on the piston. Again the engine is tested 
for all the parameters as said before. The engine is also subjected to various loads using the 
DC swing field dynamometer. And the parameters were tabulated. 

4. Composite material 

Combination of two or more materials often results in properties superior to that of the 
base metal called as a composite material. Composite material is made up of two phases one 
is the matrix phase and reinforcement phase. The purpose of the matrix phase is w adhere and 
distribute the load uniformly to the reinforcement phase. The reinforcement phase is the one. 
\vhich gives the strength or the speciality of that composite material 

In this paper the composite material used for coating the piston top is the Aluminium 
and Silicon Carbide. While Aluminium is the base metal present in the piston and the reason 
for sckcting silicon carbide is justified below. Silicon carbide is selected because it has got 
<tn o.:.'xccllcnt wear resistance superior to that of most of the ceramics. Silicon carbide also has 
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got low thermal conductivity than that of the Aluminium and it is in an optimum range due to 
this coking of hydrocarbons is avoided. It is also resistant to galvanic action and also it is 
stable for hot gases over a high range of temperature. 

5. Testing 

The Honda GK 200 engine was first run with the original piston and then it is subjected 
!(l various loads ranging from 0.2. 0.6, 1. 1. 1 .6, 1.9 kilo watts. The load is applied by using the 
(lutput of the generator by using a bank of bulbs or by resistance bank. The exhaust gas is 

sampled at a particular point and the exhaust gas kane analyser is used for analysing the gas it 
is used ror analyzing hydrocarbons, Carbonmonoxide, carbon dioxide, oxygen, air fuel ratio 
and ox ides of nitrogen. The graphs are drawn for the emission as well as the performance 
parameters. 

6. Results and discussion 

From the figures following results have been obtained: 
• Fig. 2 shows the variation of CO emissions with BP of the engine It can be observed that 

the CO emission marginally decreases with the composite piston. This is due to Oxygen 
concentration. which is slightly increased with the usage of composite piston. 

• Fig. 3 shows the HC variation with the BP of the engine. The result shows the HC 
<.kcrcased by about I 0 pp m for composite piston II (AI 81% Sic 19%) This reduction is 
du~ to introduction of composite material. which increases the combustion temperature. 

• Fig. 4 shows the variation of oxides of nitrogen with the BP of the engine. The result 
shows that oxides of nitrogen emission increase marginally with composite material when 
compared with the conventional piston. This is due to high combustion temperature with 
the help of the composite material due to its low thermal conductivity. 

• Fig. 5 and 6 shows the variation of performance parameters specific fuel consumption 
and hrake thermal efficiency with the BP of the engine. It can be observed that the 
composite material helps the increasing the performance parameters. 

Conclusion 

From the experiments conducted the following conclusions are made: 
• Due to the increase in the combustion temperature the CO and HC emissions are found to 

be decreasing. 
• The Oxides of Nitrogen emissions are found to be increasing with the combustion 

tcm perature. 
• The performance characteristics considerably increase . 
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BP Vs HC 
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