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ABSTRACT 
A world wide search for the petroleum fuels is going on due to the rapid depletion of the fossil fuels and the pollution created 
by them. The production of sugar cane in our country is more and also alcohol is the byproduct in the production of sugar. 
This recognize the alcohol as a better replacement because these are derived from the plants and produces little emissions. But 
due to its high latent heat of vaporization, alcohols may not burn in the conventional diesel engines. These alcohols can be 
ignited in the high temperature combustion chambers (Insulated Engines) which retains the heat in the combustion chamber. 
This reduces the ignition delay and aids for the complete combustion and further improves the thermal efficiency. So for the 
experiment Insulated engine is developed by applying a layer of insulating material (partially stabilized zirconium) on the 
combustion chamber components and air gap insulation to the piston. The amount of heat in the combustion chamber mainly 
depends on heat transfer through the piston because all other parts of the combustion chamber are insulated. So, different 
piston materials like cast iron, Nimonic alloy and brass are tried on the test engine with an objective to find the best one in 
terms of performance, emissions and other combustion parameters with alcohol as a fuel. Among all, the brass piston is found 
to be best in terms of efficiency and emissions. The efficiency can be further improved by providing turbulence in the 
combustion chamber. So in the present experiment grooves is provided on the brass piston and the same is compared with all 
other piston materials. Tests are conducted on a single cylinder 4-stroke water cooled 3.68 KW diesel engine with alcohol as a 
fuel. Due to lower viscosity of alcohol the amount of fuel injected into the combustion chamber is more and this makes the 
engine difficult to run. So injection pressure is reduced to165 bar for the experimentation. Out of all these pistons tested, one of 
them (brass Piston with 9 grooves) is found to be best in terms of efficiency and emissions.   
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1. INTRODUCTION 
Due to the high self ignition temperature of the alcohol it requires high compression ratios in the conventional diesel 
engine [1]. But for the high compression ratios the engine will become bulky. So in order to ignite the alcohols in the 
combustion chambers, production of high temperatures are necessary. This can be achieved by the insulation of the 
combustion chamber surfaces [2, 3 and 4]. Kamo and Bryzik [5] have demonstrated the use of Partially Stabilized 
Zirconium (PSZ) as the insulating material and also reported reduction in carbon monoxide, carbon particulates and 
smoke emission levels. Woshini et. Al [6] reported the performance of ceramic coated engine with PSZ to 7% 
improvement in fuel consumption and reduction in HC emissions due to premixed combustion.  Wallace et [7] have 
reported the use of a thermal barrier piston in the adiabatic engine and developed the temperature distribution analysis 
and reported that the piston top temperature were higher by around 4000C for the thermal barrier pistons. According to 
the Kobori et [ 8] the insulation in the combustion chamber decreases the premixed fraction and increases the diffusion 
phase of combustion. Sun et [ 9  ] argued that decrease in premixed combustion by 75% with the ceramic insulation 
increases the BSFC by 9% 
 

The insulated high temperature components include piston, cylinder head, valves and cylinder liner. So the insulating 
materials used in the combustion chamber should have lower thermal conductivity, good mechanical strength and must 
capable of withstanding for higher temperatures [8,11]. With the insulation of the engine the exhaust energy is 
increased compared to that of the conventional engine.  Therefore, more technical innovations must be developed to 
extract useful energy from the exhaust and to derive the maximum benefits from this insulated engine concept. 
Additional power and improved efficiency derived from an adiabatic engine will be possible because the energy lost to 
the cooling water and exhaust gas, can converted into useful power through the use of turbo machinery. 
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2. OBJECTIVE 
The main objective of this investigation is to experimentally determine whether an insulated engine improves the 
efficiency when different piston materials are used with alcohol as fuel at a reduced fuel injection pressure of 165 bar. 
The total experiment consists of  

(i)     Preparation of the Insulated components of the engine thereby developing the Insulated engine 
(ii) Material and methods Conducting of the investigations with different piston materials 
(iii)  Conducting of the investigations with different piston materials (Results) 

 

2.1 INSULATED ENGINE COMPONENTS PREPARATION 
 

For the development of the Insulated engine (IE) in the present investigations the coating material selected must 
withstand for higher temperature and should also have sufficient strength. Among all the coating materials searched 
the partially stabilized Zirconium (PSZ) is found to be quite useful for adiabatic engine application because of its 
excellent insulating characteristics, adequate strength and thermal expansion characteristics [2, 5, 6,]. The insulated 
engine developed is having an air gap piston and liner, PSZ coated cylinder head and valves. The coating thickness on 
the components was based on the theoretical analysis and recommendations made by Wong et al [13 ].The insulation 
methodology is explained in detail as follows. 

2.1.1 Insulated Air Gap Piston          
 

In this a 2 mm air-gap (whose thermal conductivity is low) is provided between a metallic crown and the standard 
piston made of Aluminum alloy. This air gap is optimized based on the literature available [10]. The metallic crown 
and standard piston were separated by copper and steel gaskets. Figure.1 shows the air gap insulated piston with brass 
insert. 
 

 
 

Figure1: An air-gap insulated piston with brass insert 
 
2.1.2 Insulated Cylinder Head and valves  

The combustion chamber area of the cylinder head and the bottom surfaces of the valves are machined to a depth of 0.5 
mm and are coated with PSZ material for the same depth [3].The details of cylinder head and valves are as shown in 
the Figure 2. 
 

      
 

   Figure 2: PSZ coated cylinder head and valves 
 

2.13 Insulated Cylinder Liner  
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A thin mild steel sleeve is circumscribed over the cast iron liner maintaining a 2mm layer of air in the annular space 
between the liner and the sleeve [10]. The joints of the sleeve are sealed to prevent seepage of cooling water into the 
air-gap region. 
 
2.2 MATERIALS AND METHODS 

 
A stationary, four stroke, 3.68 Kw direct injection Kirloskar water cooled single cylinder diesel engine is used to 
conduct experiments. If the engine is operated at normal injection pressures the amount of alcohol injected (due to low 
viscosity) in to the engine will be more and further it may cool the engine due to its higher latent heat of vaporization. 
So the fuel injection pressure is reduced to 165 bar for the experiment. With the high self ignition temperature of 
alcohol it takes more time for the vaporization. So the injection timing is made advanced to 270 bTDC. All the tests are 
conducted at the rated speed of 1500 rpm [12]. The experimental set up used is as shown the following Figure.3. 
 

                             
 

               Figure 3. Experimental set up of Insulated Engine Test Rig 
 

From the experiments it is observed that among various losses of heat in the combustion chamber, maximum heat 
transfer occurs through the piston. So in order to reduce the heat transfer, a piston is designed (similar to that of 
original piston) which is capable of absorbing heat from the hot combustion gases during the peak cycle temperature 
conditions and gives out the same to the incoming fresh charge during the suction and compression strokes of the next 
cycle. This improves the combustion efficiency and further thermal efficiency. So in order to retain the heat in the 
combustion chamber, to reduce the heat losses from the piston crown to the piston skirt and to the exhaust three 
thermal barrier piston crowns are designed, such as Cast Iron, Nimonic alloy and Brass (BP). These crowns are same in 
the size of the original piston and can be interchangeable (14). 
 

Further the combustion efficiency can be increased with good turbulence in the combustion chamber. So an attempt is 
made in this work with different number of grooves on the brass crown piston in an insulated engine. The size of the 
groove on the piston crown is selected in such a way that maximum number of grooves can be generated.  This brass 
crown is further knurled to increase its surface area thus facilitating better heat transfer rate from the hot gases to the 
crown. The photographic views of the above piston crowns are as shown in the figures (Fig 4-8). This can be adapted to 
any engine without any major modifications to the original design. Two different number of grooves ( 9 and 12) on the 
brass crown piston are tried in the present work along with Cast iron, Nimonic alloy and Brass  pistons in order to find 
the best one at  which the insulated engine gives maximum performance and the same is compared with aluminum  
piston. The three different configurations of brass piston attempted are as follows. 

(i)  BP   : Plain brass piston 
(ii) BP9: Brass piston with 9 grooves 
(iii) BP12: Brass piston with 12 grooves 

 

                 
Figure: 4 Photo Graphic View of Cast iron crown                   Figure: 5 Photo Graphic View of Nimonic alloy  crown 
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Figure: 6 Photo Graphic View of Brass crown piston               Figure: 7 Photo Graphic View of Brass Crown  
                                                                                                    Piston with 9 grooves (BP9)    
                          

                                                      

                     Figure: 8 Photo Graphic View of Brass crown piston with 12 grooves (BP12) 

2.3 Results and discussion 

A variable load test is conducted on a 5 B.h.p diesel engine by changing piston crowns with Insulated engine (air gap 
piston, air gap cylinder liner, PSZ coating cylinder head and Valves) configuration. For the experiment alcohol is used 
as a fuel at an injection pressure of 165 bar. The concentrations of smoke (Bosch smoke meter); CO, UHC and NOx are 
measured using non-dispersive infrared (NDIR) AVL exhaust gas analyzer. Air suction rate and exhaust air flow rates 
were measure with the help of an air box method. Temperatures at the inlet and exhaust valves are monitored using 
Nickel-Nickel Chromium thermocouple thermocouples. Time taken to consume 20 cc of fuel was noted using a digital 
stop watch. Engine RPM is measured using an electro-magnetic pick up in conjunction with a digital indicator of 
AQUTAH make and the analysis of these results are as follows. 

2.3.1 Exhaust Gas Temperature 

The exhaust gas temperatures for six different piston materials or configuration on an Insulated engine are shown in 
the exhibit 1. At higher loads the insulated engine with brass piston generated maximum temperature and for 
aluminum it is lower over a wide range of operations because brass material acts as a good heat reservoir. This 
increases the combustion efficiency and is further enhanced by the positive ignition of alcohol. The temperature for 
brass piston is 5600C and for aluminum it is 5100C at full load. The temperatures of Cast iron and Nimonic alloy lie in 
between these two extremes. Further the turbulence in the combustion chamber with number of grooves on the piston 
crown causes for the formation of homogeneous mixtures and increases the combustion efficiency. The insulated engine 
with BP9 configuration shows maximum exhaust gas temperature at rated loads and is followed by BP12.  It is 
observed that the temperature at rated load for BP9 is 2.32% more than BP. This high temperature exhaust gas energy 
can be recovered by turbo compounding. 
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Exhibit 1: Variation of Exhaust Gas Temperature with Power Output 
 

2.3.2 Brake Thermal Efficiency 

As the brass crown piston acts as a good heat reservoir, the brake thermal efficiency increases with the complete 
combustion in the chamber. This is evident from the exhibit 2. So the brake thermal efficiency of the brass crown piston 
is increased by  

                                   

Exhibit 2: Variation of Brake Thermal Efficiency with Power Output 

about 4% compared to aluminum crown piston at rated loads. The improvement in brake thermal efficiency of Cast 
iron is marginal. Compared to aluminum piston the efficiency increased by 2.3% for Nimonic alloy in the insulated 
engine. The improvement in the brake thermal efficiency depends on the turbulence generated in the combustion 
chamber. The brake thermal efficiency is increased by about 2.53%, 1.58% for BP9 and BP12 compared to BP at rated 
loads. 

2.3.3 Volumetric efficiency 

Exhibit 3 shows the variation of volumetric efficiency for different piston materials in an insulated engine. The 
variations in the volumetric efficiency depend on the temperatures generated in the combustion chamber.  The 
temperatures with brass piston is more than other pistons, the heat transfer to the incoming air is high during the intake 
stroke which results in the volumetric efficiency drop. This further affects the combustion by reducing the amount of air 
available for combustion and thus reduces the power output. The volumetric efficiency of the aluminum piston crown is 
varying from 85% at no load to about 82% at full load. For brass crown piston in the insulated engine, it is found that 
the drop in volumetric efficiency is more. The absolute drop in the volumetric efficiency is about 5% as compared to the 
aluminum crown piston at rated speed. It is observed that with the Cast iron piston the decrease in volumetric efficiency 
is marginal due to lower temperatures. The volumetric efficiencies of engine with Nimonic vary in between these two 
extremes. For BP9 of the insulated engine the drop in volumetric efficiency is more and is about 1.2% as compared to 
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BP at rated load and for BP12 it lie in between BP and BP9. So the drop in power output of an insulated engine can be 
compensated by supercharging or turbocharging. 
 

 

 

           Exhibit 3: Variation of Volumetric Efficiency with Power Output 

 

2.3.4 Ignition Delay 

The variation of the ignition delay with power output is illustrated in exhibit 4. Due to the high temperatures with 
insulated engine, the ignition delay is reduced to all the piston materials compared to aluminum piston. The brass 
crown piston shows the lowest ignition delay due to the hotter combustion chamber among all the pistons tested and 
highest ignition delay is for aluminum piston. It is observed that the ignition delay of an insulated engine with 
aluminum piston varies from 220CA at no 
 

 

     Exhibit 4: Variation of Ignition Delay with Power Output 

load to about 190CA at full load. The performance of brass crown piston with respect to delay period is commendable 
and this record a reduction of 10% and 13% at no load and rated load respectively compared to aluminum piston. The 
ignition delays of Cast iron, and Nimonic alloy varies in between brass and aluminum. With the higher turbulence in 
the combustion chamber, this will further reduced for the grooves on the brass piston. The effect of this is to reduce the 
time lag for initiating combustion, bringing down delay periods. The reduction in the ignition delay of BP9 is 6.25% at 
rated load compared to Brass piston. The ignition delay of BP12 lies between Brass piston and BP9.  

2.3.5 Hydrocarbon (HC) Emissions 
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The amount of unburnt hydrocarbons present in the exhaust as function of load for different piston crown materials is 
illustrated in Exhibit 5. It can be seen that in spite of rich air-fuel mixture due to lower volumetric efficiency, the HC 
emission are considerably reduced. Because of higher wall temperatures in the insulated engine, the flame quenching 
near the walls is reduced and it further reduces the formation of HC emissions.  At the rated load with the brass crown 
piston, the reduction in HC emissions is about 17.3% compared to aluminum piston. For the Cast iron crown it is 
marginal and for Nimonic alloy piston the reduction is about 12% compared to aluminum piston.   Due to hotter 
combustion chamber with the turbulence by the grooves on the brass piston and the presence of oxygen with alcohol, 
the HC emissions are reduced by 9.26% and 7% for BP9 and BP12 compared to BP.  
 

                               

Exhibit 5: Variation of Hydro Carbon Emissions with Power Output 

2.3.6 Nitrogen Oxide (NOx) Emissions  

The formation of NOx depends on the heat transfer and evaporation rate of the fuel. The temperature with brass crown 
piston is more in the combustion chamber, so the heat transfer between the fuel and crown increases, which further 
increases the  

 

 
              Exhibit 6: Variation of NOx Emissions with Power Output 

 

evaporation rate of the fuel. This increases the combustion phenomenon and due availability of oxygen with alcohol, 
the NOx formation also increases. But the amount of NOx formation is slightly reduced by the latent heat of 
vaporization of alcohol. So the increase in NOx emissions with brass crown piston is more and with cast iron piston it 
is marginal compared to aluminum piston. The increase in NOx emissions with brass crown piston is about 6.1% and 
1.12% with cast iron piston compared to aluminum piston at rated load. The NOx emissions of Nimonic alloy lie 
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between brass and cast iron pistons.  With the turbulence in the combustion chamber the temperature increases further. 
So NOx formation is more with BP9 and BP12 and is about 3.4%  and 0.9% more than BP at rated load. This is evident 
with Exhibit 6.               

 2.3.7 Aldehyde Emissions 

The aldehydes are the major pollutants emitted from the alcoholic engine. These aldehydes (more than 170 ppm) 
irritate the mucous membranes in the eyes and the respiratory system of the human beings. The aldehydes form in the 
quench zone during the expansion and exhaust processes [121]. Due to the high temperature in the combustion 
chamber, the unburnt hydrocarbons are oxidized and form into aldehydes. The variation of aldehyde emissions with 
power output for various configurations of the insulated engine is illustrated in exhibit 7. With the increase of load in 
the insulated engine, the amount of alcohol induction is also increased and further aldehyde levels are also increased 
and this is evident from the above graph. This formation increases with the higher temperatures in the combustion 
chamber. But with the higher latent heat of vaporization of alcohol, this formation is slightly compensated. It is 
observed that among all the piston crown materials tested. 

 
 
     Exhibit 7: Variation of Hydro Carbon Emissions with Power Output 

Aldehyde are lowest for Cast iron piston and highest for brass crown piston compared to aluminum piston due the 
amount of heat generated in the combustion chamber. At rated load for brass crown piston it is 5.76% higher and with 
cast iron piston it is marginal compared to aluminum piston. These emissions with Nimonic alloy is in between brass 
and cast iron pistons.  This formation further increased with the turbulence and complete combustion. For BP9 it is 
4.6% higher than BP.                               

3. CONCLUSIONS 
 Based on the above results and discussions, the following conclusions are drawn: 

 With the turbulence by the grooves in the combustion chamber it forms homogeneous mixture and higher 
amount of heat is generated. This further enhanced the combustion efficiency. The improvement of brake 
thermal efficiency with brass crown piston is found to be 4% at rated load compared to aluminium crown 
piston. Compared to brass piston the efficiency increased by 2.53% BP9 configuration.  

 Due to higher temperatures the density of air reduced and this caused for the reduction in the volumetric 
efficiency. But this can be compensated with turbo compounding.  

 With the higher temperatures in the combustion chamber the ignition delay period of brass crown piston is 
reduced and is further reduced with BP9. 

 With the higher wall temperatures in the insulated engine, the flame quenching near the walls is reduced and 
it further reduces the formation of HC emissions. 

 The higher latent heat of alcohol dominated the temperatures generated in the combustion chamber. The 
increase in NOx emissions with brass crown piston is about 6.1% and 1.12% with cast iron piston compared to 
aluminium piston at rated load. This formation is 3.4% higher for BP9 compared to Brass piston. 
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 Due to the high temperature in the combustion chamber, the unburnt hydrocarbons are oxidized and form into 
aldehydes. This increases further with the temperatures in the combustion chamber, but is compensated with 
latent heat of vaporization. 
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