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Abstract--- In automotive industries, are carrying out in 

order to decrease engine fuel consumption and pollution. 

Design of diesel engines with lower heat rejection, by 

applying thermal barrier coating (TBC) is increasing 

according to fast increase in fuel costs, decrease in fuel 

production with high quality and environmental problems. 

Normally, in diesel engines about 33 percent of fuel energy 

is rejected to coolant fluid. Using TBC can reduce this heat 

loss and lead to better thermal efficiency. Also engine 

components durability can be improved. Therefore, better 

combustion, lower pollution, higher thermal efficiency and 

good fatigue lifetime are the results of using proper TBC in 

engine combustion chamber and exhaust system. The diesel 

engine with its combustion chamber walls insulated by 

ceramics is referred to as LHR engine. In This research, 

experimental study of copper coating in combustion 

chamber of diesel engine and quite positive results are 

found.  

I. INTRODUCTION 

 Adiabatic Engine A.

An engine which is very efficient in transferring combustion 

heat to those parts of the engine which are being cooled by 

the flow of anti-freeze coolant, thus maintaining an even 

temperature of the engine. In this way the engine is warm 

enough for efficient running and it does not overheat. 

An adiabatic process is one in which there is no 

heat added or removed from an isolated system. Heat is not 

transferred into or out of the system. The amount of work 

done by the process is therefore equal to the total change in 

energy. In an internal combustion engine the engine is the 

system. There is work done on the system and by the 

system. There is also heat transfer from the engine to the 

environment, through the coolant system. A system where 

the adiabatic process is employed to a certain extent is the 

adiabatic engine. In theory the adiabatic engine has no heat 

loss. The change in energy for the system, which is the 

diesel engine, is due to work done by the engine and work 

done on the engine. Some advantages of the adiabatic 

engine are described below 
[15]

: 

1. The removal of cooling water along with the radiator, 

fan, and water pump has made the adiabatic engine 

more cost effective. 

2. The increase in temperature due to the insulating 

ceramic material has increased the fuel economy. 

3. Reductions in NOx, unburned hydrocarbons, and 

carbon monoxide are also expected. 

4. The density of ceramics is lower than that of metals so 

the new engine is more lightweight therefore increasing 

fuel economy. 

 Adiabatic Diesel Engine B.

In practice it is impossible to have a 100% adiabatic engine. 

At best the engine can reach 50-60% of adiabatic with 

advanced ceramics. In many cases the adiabatic engine is 

called the low heat rejection engine (LHRE), which more 

accurately describes the technology available today. As 

described earlier in an adiabatic engine there is no heat 

added or rejected. Theoretically one would like to make use 

of the exhaust that is released by the engine. The use of a 

turbocharger idealizes the no heat rejected concept by taking 

the high temperature exhaust and transferring work to the 

engine. 

The adiabatic diesel engine with waste heat 

utilization is a very rewarding concept since there is energy 

being extracted from the hot exhaust gases. The brake fuel 

consumption is reduced because of the following: 

Insulation of the combustion chamber, exhaust and 

intake ports, and the exhaust manifolds
[15]

. 

1. Elimination of the cooling system and the associated 

parts. 

2. Waste exhaust heat utilization by turbo charging. 

The advantages of using an adiabatic diesel engine are
[15]

:  

1. Reduced fuel consumption 

2. Reduced emissions and white smoke 

3. Multi-fuel capability 

4. Reduced noise level 

5. Improved reliability and reduced maintenance 

6. Longer life 

7. Lighter weight 

II. DIESEL ENGINE EMISSIONS 

 Emissions Formation In Diesel Combustion A.

During Diesel combustion, several toxic and non-toxic gases 

are formed. The non-toxic parts are water and carbon 

dioxide. While water is completely unproblematic, the 

emission of CO2 has negative impacts on the environment. 

CO2 is believed to be the main cause of global Warming 

and therefore, its emission has to be reduced. The formation 

of CO2 is directly proportional to the fuel consumption of an 

engine, if fossil fuel is burned. This means, that for a 

reduction of CO2, the fuel consumption has to be reduced. 

The two most problematic emissions in diesel engines are 

nitrogen oxides and soot particles. HC and CO emissions are 

quite low and can be removed fairly easy from the exhaust 

with the help of an oxidation catalyst. How the different 

toxic emissions are formed is described below 
[11]

 

1. Nitrogen Oxides (NOX) 

2. Particulate Matter (PM) 

3. Hydrocarbons (HC) 

4. Carbon Monoxide (CO) 

III. THERMAL BARRIER COATING 

A coating is a covering that is applied to the surface of an 

object, usually referred to as the substrate. The purpose of 

applying the coating may be decorative, functional, or both. 

The coating itself may be an all-over coating, completely 
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covering the substrate, or it may only cover parts of the 

substrate. 

A coating may be defined as a near surface region, 

having properties different from the bulk material it is 

deposited on. Thus the material system (coating and 

substrate) forms a composite, where one set of properties is 

obtained from the bulk substrate and another from the 

coating itself. Coatings may be applied to the surface of 

materials in order to protect the surface from the 

environment that may produce corrosion or other 

deteriorative reactions and/or to improve the surface’s 

appearance. 

 Materials Used For Coating: A.

1. Copper 

2. Aluminium oxide 

3. Zirconium 

4. Nickel 

5. Zinc  

6. Silicon Nitride  

7. Other composite material 

IV. TYPES OF COATING PROCESS 

Mainly coatings are used for piston in I.C Engine as follows: 

1. Electroplating coating 

2. Physical Vapour Deposition 

3. Thermal Spraying Plasma Arc 

In practice, there are different types of coating 

processes used as mentioned above, but in my project work. 

I have used Electroplating coating process for the 

experiment work. 

 Electroplating Coating A.

Electroplating is the application of a metal coating to a 

metallic or other conducting surface by an electrochemical 

process. The article to be plated (the work) is made the 

cathode (negative electrode) of an electrolysis cell through 

which a direct electric current is passed. The article is 

immersed in an aqueous solution (the bath) containing the 

required metal in an oxidised form, either as an aquated 

cation or as a complex ion. The anode is usually a bar of the 

metal being plated. During electrolysis metal is deposited on 

to the work and metal from the bar dissolves: 

 
Fig- 2: electroplating process 

[17] 

V. THE PURPOSES OF ELECTROPLATING 

Some of the purposes for which work are electroplated 

are
[13]

: 

1) Appearance 

2) Protection 

3) Special surface properties 

4) Engineering or mechanical properties. 

The physical embodiment of an electroplating 

process consists of four parts: 

1. The external circuit, consisting of a source of direct 

current (DC), means of conveying this current to the 

plating tank, and associated instruments such as 

ammeters, voltmeters, and means of regulating the 

voltage and current at their appropriate values. 

2. The negative electrodes or cathodes, which are the 

material to be plated, called the work, along with means 

of positioning the work in the plating solution so that 

contact is made with the current source. 

3. The plating solution itself, almost always aqueous, 

called by platters the "bath" 

4. The positive electrodes, the anodes, usually of the metal 

being plated but sometimes of a conducting material 

which serves merely to complete the circuit, called inert 

or insoluble anodes. 

The plating solution, of course, is contained in a 

tank, which must be of a material appropriate to the solution 

it contains: often plain mild steel for alkaline solutions, and 

of steel lined with resistant material for acid solutions 

VI. Ingredients Of A Plating Bath 

Every plating bath contains ingredients which serve one or 

more of the following functions: 

1. To provide a source of the metal or metals being  

deposited. 

2. To form complexes with ions of the depositing metal 

3. To provide conductivity. 

4. To stabilise the solution e.g. against hydrolysis. 

5. To act as a buffer to stabilise the pH. 

6. To modify or regulate the physical form of the deposit. 

7. To aid in dissolving the anodes. 

Most electroplating coatings fall into one of the 

following six categories: 

1) Sacrificial coatings, used primarily for protection of the 

basis metal, usually iron and steel (sometimes call anodic 

coatings, meaning that electrochemically they are anodic 

of protecting the basis metal. 

2) Decorative protective coatings, used primarily for adding 

attractive appearance to some protective qualities. 

3) Engineering coatings - a rather miscellaneous group 

whose members are used for specific properties imparted 

to the surface, such as solder ability, wear resistance, 

reflectivity, conductivity, and many others. They are 

sometimes called functional coatings, though it would 

seem that protection is also a "function". 

4) Minor metals- a small group of metals that are easily 

plated but have rather limited application. 

5) "Unusual" metals - rarely electroplated, and when they 

are, they require special conditions, such as non-aqueous 

solutions. 

6) Alloys - an almost unlimited number of alloys has been 

plated experimentally, since the possible combinations of 

the plate able metals, in various proportions, are 

innumerable. Only a few have attained commercial 

importance.From various experiments is has been found 

that the theoretical exhaust noise frequency is 200-500Hz. 
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VII. EXPERIMENTAL SET UP OF BASE DIESEL ENGINE 

The experimental work was carried out on twin cylinder 

four stroke vertical water cooled diesel engine with a bore of 

80 mm and stroke 110 mm.   The engine is rated for 7.35 

(10 HP) and 1500 RPM with a centrifugal governor to 

control the speed. 

 
Fig. 4:  2d diagram of diesel engine set up 

VIII. ENGINE SPECIFICATION 

Engine type  = Multi cylinder vertical water cooled 

self-governed constant speed diesel engine 

Injection pressure            

= 200bar 

I.V.O                      = 

5° BTDC 

Piston dia                         

= 80 mm 

I.V.C                       = 

35° ABDC 

Compression ratio           

= 16 

E.V.O                      = 

35° BBDC 

Power                              

= 7.5 kw = 10 HP 

E.V.C                      = 

5° ATDC 

Lubrication oil                

= 20w/40. 

Injection timing        

= 23° BTDC 

Lubrication oil required  

= 7 litrs 

Mass flow rate of 

cooling water      

= 0.25 litr/sec 

Dynamometer                 

= 6 KVA 

A/F ratio                   = 

14.8 : 1 

Speed (N)                        

= 1500rpm 

BMEP                       = 

15 kg/cm
2
 

IX. COPPER COATED COMPONENTS 

Here, in experiment we used copper coated pistons, valves 

and cylinder head with 150µm thickness on it with 

electroplating process. 

 
Fig. 5:  copper coated components [ pistons, valves and 

cylinder heads] 

X. RESULT AND DISCUSSION 

 Brake Power Vs Ƞvol A.

 

Fig. 6:  BRAKE POWER VS Ƞvol 

The variation of volumetric efficiency with brake 

power is shown in chart-1 for without copper coated engine 

and with copper coated engine. The with copper coated 

engine has shown better performance at higher loads and at 

lower loads respectively than the without coated base 

engine. Improved volumetric efficiency was observed. 

The Volumetric efficiency was higher for without 

copper coated base engine 74.55% where as for 

with copper coated engine it was 72.72% at brake 

power of 1.42 KW and at the end of high the brake power of 

7.55KW the volumetric efficiency was lower for without 

copper coated base engine 74.18% where as for with copper 

coated engine it was 72.76% 

 brake power vs ƞmech B.

 
Fig. 7: Brake Power Vs Ƞmech 

The variation of mechanical efficiency with brake 

power is shown in chart-2 for without copper coated engine 

and with copper coated engine. The with copper coated 

engine with diesel has shown better efficiency at higher 

loads and at lower loads respectively than the without 

coated base engine. Improved mechanical efficiency was 

observed. 

The mechanical efficiency was lower for copper 

coated base engine 21.13% where as for with copper 

coated engine it was 22.18% at brake power of 1.42 KW 

and at the end of high the brake power of 7.55KW the 

mechanical efficiency was lower for without copper coated 

base engine 58.75% where as for with copper coated 
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engine it was 60.24%. The mechanical efficiency was 

decreased in without copper coated engine compare to with 

copper coated engine. 

 Brake Power Vs Sfc C.

The variation of specific fuel consumption with brake power 

is shown in chart-3 for without copper coated engine and 

with copper coated engine. The with copper coated engine 

has shown better fuel consumption at lower loads 

respectively than the without coated base engine. Fuel 

consumption rate was reduced at lower load. 

The higher specific fuel consumption values in the 

case of copper coated engine. The increase in SFC is due to 

copper coated engine parts of combustion chamber. Coating 

acts as an insulator and increases the in-cylinder. 

As shown in chart-3, SFC of without copper coated 

engine was 0.598 kg/kwhr and in with coated engine low 

brake power was 0.570 kg/kwhr at 1.42kw which is higher 

compare to with copper coated engine and as progress in 

fuel  

 

Fig. 8: Brake Power Vs Sfc 

combustion process fuel was consume much less at 

higher rate at 7.55kw which was 0.252 kg/kwhr in without 

copper coated engine and 0.244 kg/kwhr in with copper 

coated engine. 

 BRAKE POWER VS ȠBTH D.

The variation of brake thermal efficiency with brake power 

is shown in chart-4 for without copper coated engine and 

with copper coated engine. The with copper coated engine 

has shown better efficiency at higher loads and at lower 

loads respectively than the without coated Base engine. 

Improved brake thermal efficiency was observed.  

 
Fig. 9: Brake Power Vs Ƞbth 

The brake thermal efficiency was lower for without 

copper coated base engine 14.36% where as for with copper 

coated engine it was 15% at brake power of 1.42 KW and at 

the end of high the brake power of 7.55KW the brake 

thermal efficiency was increasing without copper coated 

base engine 58.75% where as for with copper coated engine 

was 60.24%. The brake thermal efficiency was drastically 

decrease in without copper coated engine compare to with 

copper coated engine. 

It can be observed from the results that copper 

coating in combustion chamber improves the thermal 

efficiency when compared with Base engine in chart-4. It is 

evident that the copper thermal Barrier coating on piston 

crown and combustion chamber with a thin film of 150 

micron prevents the heat loss from the walls to the 

surroundings. The thermal efficiency was increased due to 

the reduction in heat transfer from the gas to the walls 

during the combustion or expansion because of the higher 

wall temperatures. Thin copper thermal barrier coating shifts 

the combustion from premixed to diffusion stage 

 Heat Balancesheet E.

Chart-5 shows the heat balance sheet of with copper coated 

engine and without copper coated engine.  It is found that 

heat used in producing brake power gets improved by about 

0.86% due to thermal barrier coating. It can be seen that 

approx. 6.53% more heat goes with coolant as compared to 

base engine. This may be due to higher operating 

temperature of coated engine and reduced radiation losses. 

 
Fig. 10: Heat Balancesheet 

Heat lost by radiation and unaccounted losses gets 

reduced. This may be due to thermal barrier coated 

components which reduces the heat loss from the 

combustion chamber 

 BRAKE POWER VS SMOKE DENSITY F.

Chart-6 shows the variation of smoke with brake power for 

different configured engines. The smoke emissions of 

copper coated engine was comparatively lesser than the 

Base engine. It was found that from the results the thin 

copper coating reduced the smoke emissions for all the 

configuration of the engine. This was due to higher gas 

temperatures and enhancement in oxidation, which resulted 

in reduction of soot particles. 

From the chart-6 of Brake Power Vs Smoke for 

copper coated engine and without copper coated engine it is 

observed that the smoke level increase with increase in load 

at all load conditions. At all load conditions there is 

reduction in smoke level due to copper coating. At 4.93kw 

load condition smoke density level gets decreased by 

approx. 24%. 
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Fig. 11: Brake Power Vs Smoke  Density 

 Brake Power Vs Co G.

Emissions of carbon monoxide from diesel engine mainly 

depend upon the fuel physical and chemical properties. The 

reduction in CO in case of TBC engine is lower when 

compared with Base engine. The high in cylinder operating 

temperature reduces the CO emission to a lower level. As a 

whole the TBC engine reduces the CO emission to a 

considerable value at the higher operating temperature. 

Comparatively CO is high at low brake power and reduced 

drastically at high power in copper coated engine shows the 

chart-7. 

 

Fig. 12; Brake Power Vs Co 

From the chart-7 of Brake Power Vs CO for copper 

coated engine and without copper coated engine it is 

observed that the carbon monoxide level increase with 

increase in load at all load conditions. CO level increase in 

with copper coated engine at 4.93kw load condition was 

approx. 19%. 

 Brake Power Vs Co2 H.

The effect of coated engine at different operating condition 

on carbon dioxide (CO2) emission is plotted in chart-8. The 

fuel consumption in copper coated engine is much higher 

than the without copper coated engine. So CO2 is higher at 

higher brake power in coated engine which is shows in 

chart-8. 

Chart-9 shows the effect of coated engine at 

different operating condition on O2 emission is plotted. At 

low load condition O2 is bit lower but at high power, O2 

emission is much less compare to without copper coated 

engine. And is due to high consumption of fuel in 

combustion. 

From the chart-8 observed that O2 level increase in 

with copper coated engine at full load condition 

was approx. 8%. 

 

Fig. 13: Brake Power Vs Co2 

From the chart-8 observed that CO2 level increase 

in with copper coated engine at full load condition was 

approx. 14%. 

 BRAKE POWER VS O2 I.

 

Fig. 14: Brake Power Vs O2 

 Brake Power Vs Hc J.

Chart-10 shows the variation of HC in the exhaust with 

brake power for without copper coated Base engine and also 

for with copper coated engine. At lower power load the HC 

emission is much higher than without copper coated engine. 

In copper coated engine, as brake power increase HC 

emission is increase but not high as much compare to 

without copper coated engine. In high load at 7.55kw HC 

emission is higher due to overheating. 

 

Fig. 15: Brake Power Vs Hc 
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From the chart-10 of Brake Power Vs HC for copper coated 

engine and without copper coated engine it is observed that 

the HC level increase with increase in load at all load 

conditions. At low load conditions there is reduction in HC 

level due to copper coating. At 1.42 kw load condition HC 

level gets decreased by approx. 33%. And at the end of full 

load it will be decreased.  

 Brake Power Vs Nox K.

Chart-11 shows the variation of NOX in the exhaust with 

brake power for without copper coated Base engine and also 

for with copper coated engine. At lower power load the NOX 

emission is little higher than without copper coated engine. 

In copper coated engine, as brake power increase NOX 

emission is increase higher compare to without 

copper coated engine. In high load at 7.55kw NOX 

emission is decreased due to overheating. 

From the chart-11 of Brake Power Vs NOX for 

copper coated engine and without copper coated engine it is 

observed that the NOX level decreased in with copper coated 

engine with increase in load at all load conditions. At low 

load conditions there is reduction in NOX level due to 

copper coating. At full load condition NOX level gets 

decreased by approx. 29%.  

Fig. 16: Brake Power Vs Nox 

XI. CONCLUSION 

The main objective of the study was to investigate the effect 

of copper coated based on diesel engine performance, 

emission and the following conclusions can be drawn: 

- Reduction in HC, CO and PM emissions were observed 

with the use of copper coated engine. 

- Thermal barrier coatings offer the possibility of 

reducing particulate emissions. 

- Slight improvement in mechanical efficiency, 

volumetric efficiency and brake thermal efficiency. 

- Reduced smoke levels. 

- Reduced NOx. 
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