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Abstract— As per the second law of thermodynamics the 

efficiency of the engine depends upon the extraction of work 

against the heat supplied Minimization of heat rejection leads 

to increase the work. Heat rejection takes place through the 

engine piston, valves and cylinder heads to the surroundings. 

The aim of the study is to minimize this heat rejection to the 

surroundings. Heat transfer through the engine parts is 

minimized by applying the thermal barrier coating materials 

on the top surface of the engine piston, cylinder head sand 

valves. In this study an attempt is made to reduce the intensity 

of thermal and structural stresses by using a layer of the 

ceramic material, like Yttrium stabilized zirconia (YSZ) 

which has low thermal conductivity, high thermal resistance, 

chemical inertness, high resistance to erosion, corrosion and 

high strength was selected as a coating material for engine 

component. This study present the effect of coating on the 

piston and the performance of modified four stroke petrol 

engine and the emission characteristics of the exhaust gas. 
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I. INTRODUCTION 

Internal combustion engines are the integral part of every 

automotive, we come across in our day-to-day life. The 

reliability of IC Engines, especially petrol (gasoline) based 

make them the most widely used prime mover in 

automobiles. However they are having very poor thermal 

efficiency. IC engines are constantly being modified in order 

to meet the rising demand for more efficient generation of 

power. The increasing pollution levels caused due to 

vehicular emissions also stress the need for intense research. 

It has been observed that there is an undesirable heat loss of 

more than 15% in an IC Engine through its combustion 

chamber walls and piston. This heat loss can be avoided by 

making use of TBC materials. Ceramics have a higher 

thermal durability than metals therefore it is usually not 

necessary to cool them as fast as metals. Low thermal 

conductivity ceramics can be used to control temperature 

distribution and heat flow in a structure. Thermal barrier 

coatings (TBC) provide the potential for higher thermal 

efficiencies of the engine, improved combustion and reduced 

emissions. In addition, ceramics show better wear 

characteristics than conventional materials. 

Lower heat rejection from the combustion chamber 

through thermally insulated components causes an increase in 

available energy that would increase the in-cylinder work and 

the amount of energy carried by the exhaust gases, which 

could be also utilize. [7] A lot of experimental study has been 

done to utilize these ceramic properties to improve thermal 

efficiency by reducing heat losses, and to improve 

mechanical efficiency by eliminating cooling systems. In this 

article, we propose the use of thermal barrier coating 

materials in various components of IC Engine which could 

greatly improve the thermal efficiency and volumetric 

efficiency of the engine. A lining of TBC is provided 

throughout the combustion chamber region which includes 

the cylinder liner, piston, overhead valve block and valves.[4] 

The effect of various TBCs is studied by creating a CAD 

Model of prototype engine and the heat transfer across the 

interface has been analyzed using analysis software ANSYS.  

II. LITERATURE REVIEW 

1) Abdullah Cahit Karaoglanli, Kazuhiro Ogawa,Ahmet 

Turk and Ismail Ozdemir, Thermal Shock and Cycling 

Behavior of Thermal Barrier Coatings (TBCs) Used in 

Gas Turbines[1] has presented Gas turbine engines work 

as a power generating facility and are used in aviation 

industry to provide thrust by converting combustion 

products into kinetic energy.[1]  

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

Y. Wang, X.G. Sun,   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. [2] 

3) Nitesh  Mittal, Robert Leslie Athony, Ravi Bansal, C. 

Ramesh Kumar, ―Study of performance and emission 

characteristics of a partially coated LHR SI engine 

blended with n-butanol and gasoline  has describes to 

meet the present requirements of the automotive 

industry, there is continuous search to improve the 

performance, exhaust emission, and life of the IC 

engines. The meet the first two challenges, researchers 

are working both on newer engine technologies and 

fuels. [3] 

4) Helmisyah A.J., Ghazali M.J. Characterisation of 

Thermal Barrier Coating on Piston Crown for 

Compressed Natural Gas Direct Injection (CNGDI) 

Engines has presented the high temperature and pressure 

produced in an engine that uses compressed natural gas 

with direct injection system (CNGDI) may lead to high 

thermal stresses. The piston crown fails to operate 

effectively with insufficient heat transfer. In this study, 

partially stabilized zirconia (PSZ) ceramic thermal 

barrier coatings were plasma sprayed on CNGDI piston 

crowns (AC8A aluminium alloys) to reduce thermal 

stresses.[4] 

5) M. Cerit, V. Ayhan, A. Parlak, H. Yasar “Thermal 

analysis of a partially ceramic coated piston: Effect on 

cold start HC emission in a s park ignition engine” 
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Applied Thermal Engineering the Effect of partially 

thermal barrier coating on piston temperature 

distribution and cold start HC emissions of a spark 

ignition (SI) engine are investigated numerically and 

experimentally. A Thermal analysis was performed for 

both standard and coated pistons by using a commercial 

code, namely ANSYS. Thus, cold start HC emissions 

considerably decrease compared to the standard engine 

without any degradation in engine performance. 

Maximum decrease in HC emissions was 43.2% 

compared to the standard engine.[5] 

6) Ravikumar T, Kiran K, Ravichandra V Koti, Chetan 

Appasab Chougale “Alternative Thermal Barrier 

Coatings for CI Engines The depletion of supply of fossil 

fuels and their increased cost has driven the attention 

towards energy security. The energy security can be 

partially achieved by improving the efficiency of energy 

producing equipment’s. Diesel fuels can be used more 

efficiently in low heat rejection engines (LHR), in which 

the temperature of combustion chamber is increased by 

creating thin layer of ceramics, a thermal barrier 

coating.[6] 

7) D.R. Clarke and S.R. Phillpot, paper proposes the use of  

Thermal Barrier Coating materials namely Perovskite 

Type Strontium Zirconate and Ruddlesden–Popper 

structured Barium Lanthanum Titanate 

BaLn2Ti3O10(BLT) by means of using a commercial 

code called ANSYS. Finally, the results obtained from 

all four thermal simulations are compared with each 

other. The effects of coatings on the efficiency of engines 

are investigated. Further investigations on these results 

reveal that there is a considerable reduction in heat loss 

through combustion chamber when TBCs are used. [7] 

8) Vinay Kumar. D, Ravi Kumar.P, M. Santosha Kumari, 

―Prediction of Performance and Emissions of a 

Biodiesel Fueled Lanthanum Zirconate Coated Direct 

Injection Diesel engine using Artificial Neural Networks 

has presented different techniques are being attempted 

over the years to use low pollution emitting fuels in 

diesel engines to reduce tail pipe emissions with 

improved engine efficiency. Especially, Biodiesel fuel, 

derived from different vegetable oils, animal fat and 

waste cooking oil has received a great attention in the 

recent past. Application of thermal barrier coatings 

(TBC) on the engine components is aseriously perused 

area of interest with low grade fuels like biodiesel 

fuels.[8] 

III. GENERAL CONCEPT OF TBC 

Thermal barrier coatings (TBCs) have been successfully 

applied to the internal combustion engine, in particular the 

combustion chamber, to simulate adiabatic engines. The 

objectives are not only for reduced in-cylinder heat rejection 

and thermal fatigue protection of underlying metallic 

surfaces, but also for possible reduction of engine emissions.  

The application of TBC reduces the heat loss to the engine 

cooling jacket through the surfaces exposed to the heat 

transfer such as cylinder head, liner, piston crown and piston 

rings. The insulation of the combustion chamber with ceramic 

coating affects the combustion process and hence the 

performance and exhaust emissions characteristics of the 

engines. 

 
Fig. 1: Concept of TBC 

Thermal barrier coatings typically consist of four 

layers: the metal substrate, metallic bond coat, thermally-

grown oxide (TGO), and ceramic topcoat. The ceramic 

topcoat is typically composed of yttrium stabilized zirconia 

(YSZ) which is desirable for having very low conductivity 

while remaining stable at nominal operating temperatures 

typically seen in applications. This ceramic layer creates the 

largest thermal gradient of the TBC and keeps the lower 

layers at a lower temperature than the surface. However, 

above 1200 °C, YSZ suffers from unfavorable phase 

transformations, going from t'-tetragonal to tetragonal to 

cubic to monoclinic. 

IV. WORKING OF TBC 

Thermal barrier coating system are more aggressively 

designed to protect gas turbine and diesel engine hot 

oxidative  section components in order to meet future engine 

higher fuel efficiency and lower emission goals. A schematic 

drawing of  a thermal barrier coating system is shown in fig. 

where the four layers of the thermal barrier system can be 

seen: 1)substrate, 2) bond coat (BC), 3) thermally grown 

oxides (TGOs), and 4) top coat (TC). The topcoat consists of 

a ceramic layer, which provides the necessary insulation, and 

the metallic bond coat ensures good adhesion of the ceramic 

coating and provides oxidation resistance. The top coat, 

which is ‘strain tolerant’ due to the presence of micro 

structural defects (pores, cracks, splat boundaries), ranges in 

thickness from 200 to 500 mm for gas turbine engines and up 

to 2mm for diesel engines. In diesel engine applications 

where the temperatures are usually lower, the ceramic like 

YSZ coating is generally applied directly onto the alloy. 

 
Fig. 2: Scheme of Coating Construction of Barrier Layers 

and a Role of Individual Sub Layers 
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The properties of thermal barrier coating systems 

depend strongly on the structure and phase Composition of 

the coating layers and the morphology of and the adhesion at 

the ceramic metal Interface. They have to be controlled by the 

process itself, the process parameters and the characteristics 

of the applied materials. 

Chemical composite on processing morphology 

particle size and size distribution. Although there are many 

techniques forded position of TBC’s such as EBPVD (PS) 

flame spray, HVOF, cold spray, Electric arc spray and slurry 

spray technique (SST). But for relatively small components 

such as blades and vanes in aerospace turbines, the coatings 

can be applied by electron beam physical vapor deposition 

(EBPVD). For larger components such as the combustion 

chambers and the blades and vanes of power generation 

stationary turbines, the coatings are usually applied by plasma 

spraying (PS). 

A thermal sprayed coating effectively increases the 

components life and value, decreases machinery downtime, 

and improves performance in a wide variety of applications. 

Thermal spraying can provide thick coatings as well as thin 

coatings. Thermal barrier coatings (TBC) can also be used to 

improve reliability and durability of hot section metal 

components and are also helpful in enhancing engine 

performance and thermal efficiency in diesel engines. As the 

combustion chamber temperatures of ceramic coated engines 

are higher than those of uncoated (base engine) engines, it 

may be possible to use a fuel with a large distillation range 

and lower quality fuels. TBCs consist of a ceramic topcoat 

and a metallic intermediate bond coat due to which they are 

considered as duplex systems the topcoat consists of ceramic 

material whose function is to reduce the temperature of the 

underlying, less heat resistant metal part. The bond coat 

protects the metallic substrate from oxidation and corrosion 

and also promotes the ceramic topcoat adherence.  

V. COATING SYSTEM 

A. The Plasma Spraying Process 

A schematic of the plasma spray gun, with the thoriated 

tungsten cathode inside the water-cooled copper anode. A 

gas, commonly a mixture of argon and hydrogen, is injected 

into the annular space between the two. To start the process, 

a DC electric arc is stuck between the two electrodes. The 

electric arc produces gas ionization, i.e. gas atoms lose 

electrons and become positive ions. Electrons move with high 

velocity to the anode, while ions move to the cathode. On 

their way, electrons and atoms collide with neutral gas atoms 

and molecules. Hence, the electric arc continuously converts. 

The gas into plasma (a mixture of ions and electron of high 

energy). 

The plasma is on average, electrically neutral and 

characterized by a very high temperature. The kinetic energy 

of the plasma (mostly carried by free electrons) is converted 

into thermal energy during collisions between ions, electrons 

and atoms. In this way, the plasma is capable of producing 

temperatures up to approximately 104K. The hot gas exits the 

nozzle of the gun with high velocity. Powder material is fed 

into the plasma plume. The powder particles are melted and 

propelled by the hot gas onto the surface of the substrate. 

When individual molten particles hit the substrate surface, 

they form splats by spreading, cooling and solidifying. These 

splats then incrementally build the coating.  

Plasma plumes exhibit radial temperature gradients. 

Whereas particles that pass through the central core of the 

plasma tend to be melted, superheated or even vaporized, 

particles that flow near the periphery may not melt at all. This 

will affect the final structure of the coating, which may 

contain partially molten or unmelted particles. Voids, 

oxidized particles an dun melted particles can appear in the 

coating. These effects may be desirable, or they may be 

unwanted, depending on the requirements of the coating. 

 
Fig. 3: Schematic Diagram of Plasma Spray Gun. 

VI. CURRENT MATERIALS FOR IC ENGINE 

The most widely used materials for construction of IC 

Engines are Grey Cast Iron, Aluminum alloys and steels in 

some parts. Close-grained cast iron is the material most 

commonly used for liner construction. Some liners are plated 

on the wearing surface with porous chromium, because 

chromium has greater wear-resistant qualities than other 

materials. While aluminum and cast iron alloys have 

dominated the market for engine block materials for many 

years, new materials that were either once impossible or too 

expensive to consider have now become reality. Over the past 

couple of years, new machining processes and material 

fabrication have increased the use of compacted graphite cast 

iron over gray cast iron as the material of choice to produce 

cylinder blocks for diesel- and regular petroleum-fueled 

vehicles. But perhaps the greatest innovation in engine block 

technology is the production of a magnesium alloy that is able 

to perform under the difficult conditions an engine is put 

through. AMC-(Australian Magnesium Corporation) 

magnesium alloy will be able to increase fuel efficiency and 

power-to-weight ratios of automotive engines while 

decreasing emission levels. 

 
Fig. 4: Commonly Used Materials for Construction of IC 

Engines 
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VII. EXPERIMENTAL SETUP 

 
Fig. 5: Schematic Diagram of the Experimental Setup. 

A Honda GK 200 engine was tested with brake drum load. 

The engine tests were conducted in single cylinder, air cooled 

spark ignition engine at constant speed of 2500 rpm. Two 

types of test were conducted namely base line test and coated 

piston test by the following procedure. The load was given as 

20%, 40%, 60%, and 80% and full load and the readings were 

taken. For each load the time taken for 10CC of fuel was 

measured. The exhaust emission and smoke parameter was 

measured by exhaust gas analyzer and smoke meter. Initially 

readings were taken normal (uncoated) piston. After taking 

the readings, the engine parts were dismantled. Cylinder 

heads, piston, walls were coated with YSZ. Same procedure 

was repeated to predict the performance of the engine with 

the coating. Fig. shows the schematic diagram of the 

experimental setup. 

VIII. PROBLEM IDENTIFICATION 

A high contraction of spray particles occurs during the spray 

process as a consequence of a high cooling rate on impact of 

the hot particles onto a cold substrate. If the flattened spray 

particles show strong adhesion to the substrate and to each 

other, high tensile residual stresses occur due to the restricted 

contraction. This leads to micro crack initiation Residual 

stresses in thin and thick TBCs are equal but shrinkage forces 

are different. The shrinkage forces are directly proportional 

to the coating thickness and residual stresses. After exceeding 

a certain thickness they are so high that they cause micro 

cracks (segmentation) when the bonding is good or coating 

delamination if adhesion is poor. Moreover, in the case of 

ineffective or even no substrate cooling, the substrate 

temperature will rise continuously during spraying. 

Expansion of the substrate and contraction of the coating 

occurs at the same time. This also initiates macro cracks. 

Assuming good adhesion of the ceramic coating to the 

substrate, these cracks will run perpendicular to the substrate 

and parallel between the layers. The size of the layer 

segments decreases with increasing substrate temperature 

(Ref 3). The cracks perpendicular to the substrate seem to be 

acceptable be-cause the residual stresses of the TBC are 

reduced, whereas cracks in the parallel direction create large 

delamination’s and must, therefore, be avoided. 

Segmentation also might be obtained by thermal post 

treatment as well as by thermal cycling. The shrinkage forces 

need to be reduced to spray TBCs of higher thickness. The 

shrinkage forces can be lowered, at certain coating thickness 

by decreasing the value of residual stress Therefore, a 

preheating temperature of 150 °C had been chosen. The 

substrate temperature was kept constant during spray 

IX. CONCLUSION 

The use of TBCs greatly reduced the heat dissipation through 

engine body during combustion. The following inferences are 

made. 

1) The use of TBCs in IC Engines will definitely improve 

the thermal efficiency. 

2) Furthermore, BLT TBC is found to be the most viable 

TBC material for use in petrol (gasoline) based IC 

Engine, on account of its high thermal phase stability and 

low thermal conductivity. 

3) Smaller engine cooling system is sufficient. 

4) More intake charge may be expected in case of naturally 

aspirating engines which means higher volumetric 

efficiency as well. 

5) The liner would show lesser wear because of higher 

hardness of TBC materials. 
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