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ABSTRACT 

 

Various types of thermal barrier coating have been carried out in order to improve the efficiency of the engine. In this paper variation in 

the coating thickness has been discussed with conventional coating materials, Aluminium– Titanium and their effect in the performance of 

the engine is studied.Aluminium possessing Low thermal conductivity and lower material density suits idler to TBC. Titanium known for 
its high temperature with standability offers the thermal stability to the coating material.  To increase the efficiency and to overcome the 

heat loss in the IC engine by coating the low thermal conductivity material in the engine combustion chamber. Here we differ the coating 

thickness of the TBC material in the combustion chamber and compare the performance of the IC engine. In the internal combustion diesel 

engine efficiency range is about 38 – 42%. It means about 60% of the fuel energy is wasted inform of heat energy to the atmosphere. For 

reducing this energy loss combustion chamber components are coated with low thermal conductivity material. This paper makes a study of 

performance of diesel engine with different thickness of thermal barrier coating TBC on IC engine. Here we select Aluminium Titanium 
are the low thermal conductivity material used as the TBC in IC engine. The low thermal conductivity material are coated in the  piston 

top, inlet & exhaust valve and cylinder head at two level of thickness of TBC and compare the performance and emission of the IC diesel 

engine   
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INTRODUCTION 

 

In the internal combustion diesel engine 

efficiency is mainly depends on the temperature in 

the combustion chamber. The temperature of the 

combustion chamber is increase the efficiency will 

automatically increase. To reduce the heat loss in the 

combustion chamber, low thermal conductivity 

material is used to coat in the cylinder head, valves 

and piston top. This will reduce the heat loss. On 

other hand the combustion chamber temperature will 

be increased because of arresting the heat transfer 

from the engine to the surrounding.  

In this project the thermal barrier coating TBC 

of Aluminium-Titanium Al-Ti is coated in the piston 

top, vales and cylinder head in the various level of 

thickness and evaluates the performance changes 

according to the different thickness level of TBC in 

the engine.  And also discuss about the emission 

level in the different level of TBC.  

Hear the project we get a clear view about the 

TBC and the TBC methods. The various level of 

performance different in the varying the level of 

TBC thickness. The coating of TBC is done by 

Plasma spraying method. The range of thickness of 

TBC is 0.5mm and 1mm in the engine. The final 

result will be the comparatively study of performance 

and emission of IC diesel engine. 

Finally the following readings were noted brake 

power, specific fuel consumption, brake thermal 

efficiency, hydrocarbon, oxides of nitrogen, carbon 

monoxide. These results are evaluated in the graphs 

manner by four sets, they are Study state condition, 

0.5mm TBC, 1mm TBC, 1.5mm TBC. 

L. Wang, X.H. Zhong, Y.X. Zhao, S.Y. Tao, W. 

Zhang, Y. Wang, X.G. Sun, ―Design and 

optimization of coating structure for the thermal 
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barrier coatings fabricated by atmospheric plasma 

spraying via finite element method‖ [16] has 

presented fabricating the thermal barrier coatings 

(TBCs) with excellent performance is to find an 

optimized coating structure with high thermal 

insulation effect and low residual stress. This paper 

discusses the design and optimization of a suitable 

coating structure for the TBCs prepared by 

atmospheric plasma spraying (APS) using the finite 

element method. The design and optimization 

processes comply with the rules step by step, as the 

structure develops from a simple to a complex one. 

The research results indicate that the suitable 

thicknesses of the bond-coating and top-coating are 

60–120 μm and300–420 μm, respectively, for the 

single ceramic layer YSZ/NiCoCrAlY APS-TBC. 

D. Freiburg, D. Biermann, A. Peukera, P. 

Kersting,H. -J. Maier, K. Möhwald, P. Knödler, 

M.Otten, ―Development and Analysis of 

Microstructures for the Transplantation of Thermally 

Sprayed Coatings‖has presented thermally sprayed 

coatings and tribological surfaces are a point of 

interest in many industrial sectors. They are used for 

better wear resistance of lightweight materials or for 

oil retention on surfaces. Lightweight materials are 

often used in the automotive industry as a weight-

saving solution in the production of engine blocks. It 

is necessary to coat the cylinder liners to ensure wear 

resistance. In most cases, the coating is sprayed 

directly onto the surface. Previous research has 

shown that it is possible to transfer these coatings 

inversely onto other surfaces. This was achieved with 

plasma sprayed coatings which were transplanted 

onto pressure-casted surfaces. 

A. Moridi, M. Azadi and G.H. Farrahi, 

―Coating thickness and roughness effect on stress 

distribution of A356.0 under thermo-mechanical 

loadingshas presented Cast aluminium-silicon alloy, 

A356.0, is widely used in automotive components 

such as diesel engine cylinder heads and also in 

aerospace industries because of its outstanding 

mechanical, physical, and casting properties. 

Thermal barrier coatings are applied to combustion 

chamber in order to reduce fuel consumption and 

pollutions and also improve fatigue life of 

components. However, studies on behaviour of 

A356.0 with thermal barrier coating are still rare. 

The purpose of the present work is to simulate stress 

distribution of A356.0 under thermo-mechanical 

cyclic loadings, using a two-layer elastic-visco-

plastic model of ABAQUS software. The results of 

stress strain hysteresis loop are validated by an out of 

phase thermo-mechanical fatigue test. Ceramic 

coating thickness effect on stress distribution of test 

specimens is investigated. Different thicknesses from 

300 to 800 microns of top coat and also roughness of 

the interfaces are simulated to get best stress gradient 

which can cause an improvement of fatigue life. 

 

Engine Setup: 

 

 

 
 

Fig. 1: Engine setup 

 

Engine Specification: 

 
Table 1: Engine specification 

Engine model KIRLOSKAR TV1 Engine  

Engine type Vertical,Four Stroke  

Fuel used  Diesel 

Bore Diameter 80 mm 

Stroke Length  110 mm 
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Brake Power 3.728 KW 

Compression Ratio 16 : 1 

Speed  1500 RPM 

Injection type Direct injection 

Cooling WATER 

Engine power 5 bhp 

No of cylinder 1 

Injection pressure 210 bar 

Specific gravity of fuel 0.8275  

Calorific value 42000 Kj/Kg 

 

Plasma Spray Technique: 

A high temperature plasma stream is created by 

non-transferred plasma arc within the torch. Many 

gases may be ionized this way, argon or nitrogen 

with small additions of hydrogen and helium are 

popular choices. 

In an ionized gas, free electrons have been 

stripped from the atoms and recombination releases 

very significant thermal energy. The plasma stream 

can reach temperatures of 10,000-50,000 degrees 

Fahrenheit. 

The sizes of the Aluminium- titanium are less 

than 10 microns. Due to the high temperature the 

barrier materials are deposited in the engine materials 

with high bond. This bond is not affected by the 

operating temperature and pressure inside the 

combustion chamber of the IC diesel engine.  

The arrangements of the plasma spray coating 

method are shown in the fig. plasma gas is passed 

between the anode and cathode the high temperature 

flame will be produced. The powered form of 

Aluminium – Titanium is passed in the flame the 

powder material are coated in the working surface 

with high bonding 

 

 

 
 

Fig. 2: Plasma Spray Technique 

 

Total Fuel Comsumption: 

The total fuel consumption values are obtained 

from the formula. This means after coating the 

engine the TFC is considerably reduced. The 

different between of the TBC thickness the range of 

engine total fuel consumption are shown in the fig 

 

 
 

Fig. 3: % of load Vs TFC 

 

Specific Fuel Consumption: 

Specific fuel consumption is the ratio of the total 

fuel consumption to the brake power. The specific 

fuel consumption of the engine is reduced after the 

thermal barriers coating. 
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Fig. 4: %of load Vs SFC 

 

Brake Thermal Efficiency: 

The brake thermal efficiency is finding by the 

formula. The brake thermal efficiency is mainly 

based on the temperature inside the combustion 

chamber. If the temperature is increased in the 

combustion chamber the efficiency is increased if the 

operating temperature is decreased the efficiency is 

also decreased. 

 

 
 

Fig. 5: %  of load Vs Brake thermal efficiency 

 

Hydrocarbon: 

Concentration of the exhaust in parts per million 

(ppm). = Unburned Petrol represents the amount of 

unburned fuel due to incomplete combustion exiting 

through the exhaust. This is a necessary evil. We 

don't want it so try to keep it as low as possible. An 

approximate relationship between the percentage of 

wasted fuel through incomplete combustion and the 

ppm of HC is about 1/200 (1.0% partially burned 

fuel produces 200 ppm HC, 10%=2000 ppm HC, 

0.1%=20 ppm HC) 

 

 
 

Fig. 6: % of load Vs Hydrocarbon 

 

Oxides of Nitrogen: 

(This is only seen by a 5-gas analyser) Only seen 

with dynamometer or engine under load.NOx 

emissions rise and fall in a reverse pattern to HC 

emissions. As the mixture becomes leaner more of 

the HC's are burnt, but at high temperatures and 

pressures (under load) in the combustion chamber 

there will be excess O2 molecules which combine 
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with the nitrogen to create NOx. NOxincreases in 

proportion to the ignition timing advance, 

irrespective of variations in A/F ratio. This gas is 

related to the exhaust gas detoxification systems ( in 

conjunction with Co and HC), exhaust gas 

recirculation systems. Those systems bring some of 

the inert (processed) exhaust gas back in to the 

engine to be burned again. This time around this gas 

has no O2 extra molecules and prevents high 

combustion temperatures and further increase in 

NOx formation. NOx is Very Dangerous Lethal Gas 

and air pollutant! 

 

 
 

Fig. 7: % of load Vs Oxides of nitrogen 

 

Carbon Monoxide: 

Concentration of the exhaust in percent of the 

total sample. = Partially Burned Petrol, This is the 

petrol that has combusted, but not completely. This 

gas is formed in the cylinders when there is 

incomplete combustion and an excess of fuel. 

Therefore excessive CO contents are always a sign of 

an overly rich mixture preparation. (The CO should 

have become CO2 but did not have the time or 

enough O2 to became real CO2 so it is exhausted as 

CO instead.) CO is HIGHLY POISONOUS 

ODORLESS GAS! Always work in well ventilated 

areas!

 

 
 

Fig. 8: % of load Vs Carbon monoxide 

 

Conclusion: 

In this paper, the advantages and disadvantages 

of several materials for use as thermal barrier 

coatings in diesel engines were reviewed. A multi-

layer system is a promising approach to satisfy the 

competing requirements of the coating. The 

thicknesses of the different layers must be optimized 

to minimize the stresses under service conditions. 

The result is compared with the condition of the 

engine performance and emissions are1 mm TBC 

compared with different level TBC in the same 

engine. The positive results are came like decreases 

of SFC and TFC. Increases in the brake thermal 

efficiency and the emissions are reduced after 

coating the engine. This will give the better 

performance of the engine compared to the steady 

state condition of the Single cylinder, four stroke, 

water cooled, direct ignition diesel engine.The 

graphs are shows the better understanding of the 

performance results of the engine with different 

thickness of TBC. 
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