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ABSTRACT 
 

An important alternative for diesel fuel is methyl ester made of vegetable oils. Direct use of 
these fuels without   modification in diesel engines causes some damages on the parts of the 
engines and also, the viscosity of the methyl ester fuels is quite higher than that of diesel fuel 
and their calorific value is lower. Therefore it is not possible to obtain more benefit. Coating 
combustion chamber parts with a ceramic material seems an effective solution for improving 
performance of these lower-quality fuels compared with diesel.   The aim of this study, the 
cylinder head, cylinder liner, piston surface, exhaust, and inlet valves of a diesel engine were 
coated with the ceramic material by plasma spray method. Thermal barrier coatings are 
usually composed of aluminum oxide (Al2O3) as an oxidation resistant layer of 200 
micron that provides thermal insulation toward metallic substrate. The engine that 
thermal barrier coating is applied is called low heat rejection (LHR) engine. Variances 
in performance and emission values of Jatropha methyl ester (JME) and diesel fuel mixtures 
were studied in the ceramic coated and uncoated engines under the same running conditions 
An increase in engine power and decrease in specific fuel consumption, as well as 
significant improvements in exhaust gas emissions and smoke density, were observed for 
all test fuels used in the coated engine compared with that of the uncoated engine. 

Key Words : Low heat rejection engine, Thermal barrier coating, Biodiesel,  
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INTRODUCTION 
Energy demand around the world is 

increasing rapidly as a result of on going 
trends in modernization and industrialization. 
Most of the developing countries import 
fossil fuels for satisfying their energy 
demand. Consequently, these countries have  

to spend their export income earned under 
severe conditions to buy petroleum products. 
The environment also is affected negatively 
due to combustion of    fossil fuels. This is 
important as much as energy crises. In the 
current situation, the main considerations are 
the decrease in fossil fuels and 
environmental pollution. The internal 
combustion engines are affected severely by  * Author for correspondence 
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these considerations. Therefore, it is 
necessary to develop low-emission 
alternative fuels for diesel engines. As a 
result, vegetable oils are an important 
alternative fuel source for diesel engines1,2  
Higher flash points and better lubricating 
ability are their other positive characteristics. 
However, high viscosity and low evaporation 
of vegetable oil-base fuels make their use as 
fuel more difficult3. Direct use of raw 
vegetable oils without modification in diesel 
engines causes some damage to parts of the 
engine and also, the performance is 
negatively affected4,5. The most important 
problem in direct use of vegetable oils is that, 
contamination occurs and the rings adhere to 
each other6. A couple of methods are 
available for modifying vegetable oils to 
make them suitable for use in the engines. 
Transesterification has shown good potential 
for reducing engine problems associated with 
vegetable oils. Transesterification is a 
process in which the Vegetable oil is added 
to a monohydric alcohol (ethanol, methanol) 
with a catalyst to produce an ester and 
glycerol. In other words, alcohol reacts with 
triglyceride to yield ester and glycerol. This 
process decreases viscosity and improves 
the cetane number and heating value. 
These monoesters are known as biodiesel7 
Biodiesel is a fuel, which can be used 
directly in diesel engines without any 
modification or with a small modification. 
Biodiesel may be produced from various 
seed oils. These include, but are not limited 
to, sunflower, canola, hemp, cotton, corn, 
safflower and coconut containing oil. It was 
reported in many studies that8,9 biodiesel fuel 
use improves exhaust emission values due to 
higher oxygen content. Although fuel 
characteristics of biodiesels are made similar 
to those of the diesel fuel with the help of 
many methods like transesterification 
method, their viscosity value is still higher 
than that of the diesel fuel. For eliminating 

this negative feature of biodiesel, it is 
introduced into the combustion chamber after 
it is heated and consequently, it can be used 
more efficiently in diesel engines. Various 
studies were performed on this area. 
Increasing combustion temperature in diesel 
engines increases the efficiency and 
improves emission values of biodiesel. This 
requires combustion chamber parts to be 
produced from the materials with higher heat 
resistance. One way of improving higher 
temperature strength of these elements is to 
coat them with ceramics coating. Allowing 
higher combustion temperatures, results in 
better combustion and thus improved 
emission values for alternative fuels. Coating 
also forms a thermal barrier for the heat 
transferred through the combustion chamber 
parts. Very small part of total energy from 
the combustion is converted into useful 
energy in the internal combustion engines. 
More than half of this energy is exhausted 
from the system via cooling system for 
protecting engine parts against overheating, 
friction, exhaust and other losses. The most 
effective way for increasing useful work of 
the engine is to reduce the losses mentioned 
above. To achieve this, parts of the 
combustion chamber should be made of or 
coated with a material with low thermal 
conductivity and high resistance under high 
working temperatures. Coating engines with 
ceramic materials partly or entirely has been 
started to be used recently. The aim of the 
studies on this matter is generally to increase 
the engine’s   performance, to make the parts 
more resistant against wear. For this purpose, 
both engine parts are coated by using various 
methods. Various methods are used in TBC. 
Thermal barrier coatings are generally 
applied on cylinder head, piston and valves 
through plasma spray method. Coating these 
parts with ceramic also absorbs the negative 
effects of wear, friction, heating, corrosion 
and oxidation and protects (the substrate). 
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Because the temperature in the combustion 
chamber is higher in the ceramic coated 
engines than that of uncoated engines, it is 
possible to use lower-quality fuels within a 
wider distillation range. Furthermore, the 
heat removed by the cooling system will 
decrease and consequently, the temperature 
of the gas in combustion chamber after 
compression will be higher, the first start of 
engine on cold days will be easier and 
knocking and noise caused by combustion 
decrease10. Average in-cylinder gas 
temperatures increase due to insulation in 
LHR engines. In compression stroke 
around TDC in-cylinder gas temperature 
increases by 250 K in LHR engine in 
comparison to standard engine. This reduce 
ignition delay period of fuel injected to 
cylinders. So combustion starts before 
sufficiently mixing of air and fuel. Sun et 
al11 reported that combustion characteristics 
of LHR diesel engines are different from 
standard diesel engines in four ways: 

a) Ignition delay period shortens; 
b) Diffusion burning period increases 

while premixed burning period 
decreases; 

c) Total combustion duration 
increases; 

d) Heat release rate in diffusion 
burning period decreases 

Although, transesterification makes the 
fuel properties of vegetable oil closer to 
petroleum diesel fuel, the viscosity of 
vegetable oil esters (biodiesel) is still higher 
(approximately 2 times) than that of 
petroleum diesel fuel. Biodiesel can be 
heated to reduce its viscosity further, so 
biodiesel can be used more efficiently in 
diesel engines. The concept of a LHR 
engine is believed to be useful in this 
regard. The increased in-cylinder gas and 
cylinder liner temperatures of the LHR 

engine make possible the usage of 
biodiesel without preheating.  So the 
energy of biodiesel can be released more 
efficiently. There have been many studies 
about LHR engines and biodiesel usage in 
standard diesel engines in the      
literature12-15. The objective of this study is 
to examine the effects of using biodiesel as 
an alternative fuel in a diesel engine that has 
had its combustion chamber elements coated 
with ceramic, to determine any significant 
effects on performance and exhaust gas 
emissions. 

MATERIAL AND METHODS 
Biodiesel Production 

Jatropha methyl ester (JME) was 
prepared in laboratory from the common 
Jatropha Curacas vegetable oil, which is 
gaining popularity due to its good properties 
and has been accepted and recommended by 
National Biodiesel Board of India  as a 
source of alternative fuel for blending in the 
commercial diesel. The vegetable oil was 
transesterified by alkali catalyzed 
esterification using methanol (20%) with 
KOH (1%) as catalyst. Oil was heated to 
600C and the mixture of methanol with KOH 
in the desired proportion was added. The 
mixture was agitated for an hour and then 
left for settling for 24 hours. Two distinct 
layers form after gravity settling for 24 h. 
The upper layer was ester and lower layer 
was of glycerol. The lower layer is 
separated out. Glycerol is produced as a by-
product of the reaction. After removal of 
glycerol from the mixture, the ester was 
washed with water thrice. The washed ester 
was then heated to 1100C for removal of 
moisture. The properties of so prepared 
biodiesel were tested in the laboratory using 
standard test Procedures and are listed in 
Table 1. The ester was then blended with 
mineral diesel to be used in CI engine 
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Table 1 : Fuel properties of diesel, raw jatropha oil and jatropha methyl ester 

Properties Diesel Raw jatropha oil Jatropha Methyl ester 

Density (Kg/m3) 850 947 880 
Specific gravity 0.85 0.947 0.88 
Kinematic 
Viscosity@40oC(Cst) 3.05 25.3 5.8 

Calorific Value (KJ/Kg) 42,300 37,300 39,190 
Flash point(oC) 56 215 118 
Fire point(oC) 63 310 147 
 
The engine test rig 

 The performance of jatropha methyl 
ester was studied in LHR engine comparison 
with diesel fuel. The compression ignition 
engine used for the study was Kirloskar 
TV-I, single cylinder, four stroke, and 
constant speed, vertical, water cooled and 
direct injection diesel engine and the details 
are given in Table 2. The experimental set 
up was shown in Fig. 1. The engine was 
coupled with an eddy current dynamometer 
to apply different engine loads. Chromel-
Alumel (k-type) thermo-couples were 
installed to measure gas temperature at 
inlet and outlet ducts as well as cylinder wall 
temperatures. The fuel system was modified 
by adding an additional filter at each 
operating point and a 3-way, hand operated, 
two position directional control valve which 
allowed rapid switches between diesel 
fuel and the biodiesel fuel. The fuel flow 
was measured by the use of a 50 cc 
graduated burette and stop watch. The engine 
speed was measured by in-house designed 
magnetic pick-up sensor connected to a 
frequency meter. The smoke intensity was 
measured by an AVL 413 smoke meter and 
Nitrous oxides (NOX), Carbon monoxide 
(CO), Hydrocarbon (HC) and Carbon dioxide  

(CO2) were measured by an AVL 444 Di gas 
analyser. A ‘‘GF/A’’ glass fibre absolute 
filter was used to collect particulate 
emissions. This was rated at 99% effi-
ciency for particulates 0.3 mm diameter. 
The engine was started on neat diesel fuel 
and warmed up at every stage and the cold 
water temperature was maintained at 
550C. The fuel injection pressure was 
maintained at 205 bar throughout the 
experiment. Then the fuel consumption, 
exhaust gas temperature and exhaust 
emissions of NOx, CO, HC, CO2 smoke, 
particulate trap were measured and recorded 
for different loads. The tests were repeated 
for three times and each test was done for 3 h. 
Finally the average value of the three readings 
was taken for the calculation.The engine 
was first started by a battery with diesel 
as fuel and it was allowed to reach its 
steady state (for about 10 min). The test 
fuels used during this program were neat 
(100%) biodiesel, (100%) diesel fuel, and 
optimized blend of 20 percent biodiesel 
by volume in the diesel fuel. Tests were 
performed on the uncoated engine, and then 
repeated on the coated engine and the results 
were compared  
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Table  2 : Engine specification 

Make Kirloskar-TV1 
General details Four stroke, compression ignition, constant 

speed vertical, water cooled and direct injection 
Number of cylinder One 
Bore 87.5mm 
stroke 110mm 
Compression ratio 17.5:1 
Rated speed 1500 rpm 
Rated output 5.2KW 
Injection pressure 220bar 
Fuel injection timing 23-bTDC 
Type of combustion chamber Hemispherical open type combustion chamber 
 

 
Fig. 1 : Experimental setup 

 
RESULTS AND DISCUSSION 

Specific fuel consumption 
Fig. 2 compares the variation of specific 

fuel consumption (SFC) of diesel fuel, 
biodiesel and optimized blend of 20 
percent biodiesel by volume in the diesel 

fuel at varying brake loads for both uncoated 
engine (UE) and coated engine (CE). It was 
observed that the specific fuel consumption of 
test fuel decreased with increasing load. The 
decrease in SFC was 6.8% for pure diesel, 
3.7% for JME-100, and 9.7% for JME-20 in 
the CE compared with UE.  However, a 
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decrease in SFC was observed for all test fuels 
in CE. This may occur as a result of more 
HC addition to the combustion reaction and 
the decrease in the heat transferred due to the 
ceramic coating of combustion chamber 
elements 
Brake thermal efficiency 

The variation of brake thermal 
efficiency of  the  engine  with diesel fuel,  

Jatropha methyl ester (JME) and optimized 
blend of 20 percent biodiesel by volume 
in the diesel fuel at varying brake loads for 
both uncoated engine (UE) and coated 
engine (CE) is shown in Fig. 3. From the test 
results, it was observed that there was 
considerable increases in efficiencies with 
increase in load. 

 
Fig. 2 : Effect of brake power on specific fuel consumption 

 

 
Fig. 3 : Effect of brake power on brake thermal efficiency 
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The increase in thermal efficiency was 3.4% 
for pure diesel, 5.8% for JME-100, and 7.8% 
for JME-20, in the CE compared with UE. 
The brake thermal efficiency of an engine 
depends on number of factors but the most 
meaningful property is heating value and 
specific gravity. The combination of 
heating value and mass flow rate indicates 
energy input to the engine.  The energy 
input or consumption to the engine in case 
of coated engine is less compared to 
uncoated engine which results in increase in 
efficiency at all loads. 

Hydro Carbon (HC) emissions 
Fig. 4 shows variations of HC emissions 

depending on load of the engine. HC 
emission is low in the CE compare with and 
the UE for all test fuels. For both engines, the 

lowest HC emission occurred in JME-100, 
compared with that of the reference fuel. 
Decreases in HC emission in the CE, 
compared with those of the UE , were 43% 
for pure diesel, 59.1% for JME-100,45.5% for 
JME-20, This decrease in HC emission in the 
CE  may be explained by an increase  in  
after-combustion  temperature  as  a  result  
of  the decrease in heat losses going to 
cooling,  and outside due to the ceramic 
coating, causing more unburned HC to be 
added to the combustion Thus,  the results 
clearly indicate that the ceramic coating 
improves local conditions. Biodiesel causes 
significantly lower HC emission compared 
with the reference fuel in both the UE and the 
CE. This may be because the oxygen amount 
in the biodiesel fuel is approximately 10% 
higher than in diesel. 

 

  
Fig.  4 : Effect of brake power on hydrocarbon emission 

 
Nitrogen oxide (NOx) emissions 

NOx is generally formed at 
temperatures higher than 1800 K. High 

temperatures, especially in the regions 
containing O2, and time spent at these 
temperatures are very conducive to NOx  
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formation. The amounts of N2 and O2 existing 
in the region are also factors in NOx 
formation. 

Fig. 5 shows NOx variations depending 
on the load of the engine. An increase in after 
combustion temperature causes an increase in 
NOx emission. All factors facilitating and 
accelerating the reaction between oxygen 
and nitrogen increase NOx formation. Thus, 
the main factor in NOx formation is 
temperature. However, engine speed, 
combustion chamber content, combustion 
chamber homogeneity, and mixture density  

in the combustion chamber are also factors. 
In fact, according to Fig. 5 NOx emission 
increases with increasing engine load. 
Increases in NOx emission in the CE, 
compared with the UE  are 19.7% for diesel, 
16.3% for JME-100,12.3% for JME-20.The 
NOx increase for all test fuels used in the CE 
may be a result of an increase in after-
combustion temperature due to the ceramic 
coating. Biodiesel and its mixtures used in 
both engines cause more NOx emission 
compared with that of the reference fuel 
because of their higher oxygen contents than 
that of fossil fuels. 

 

 
Fig.  5 : Effect of brake power on smoke 

Smoke density 
Fig. 6 shows variations of smoke 

density with load of the engine. The average 
decrease in smoke density in the CE 
compared with the UE is 19.6% for diesel, 
28.6% for JME-100,and 22.4%for JME-20, 
According to these values, a significant 
decrease in smoke density for all test fuels 
occurred in the CE as a result of the coating. 
Lower smoke density of biodiesel and its 
mixtures in both engine compared with that 

of diesel may be caused by higher oxygen 
content in biodiesel  
Temperature of the Exhaust gas 

Fig. 7 shows variations of exhaust gas 
temperature depending on the load of the 
engine. As seen in Fig. 7, exhaust gas 
temperature increases as the engine load 
increases for all test fuels used in both 
engines. This is because the amount of fuel 
per unit time increases as the engine load 
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increases, and consequently more heat 
energy is produced. As a result, exhaust 
gas temperature increases. The increase in 
exhaust gas temperature in the CE, 
compared with the UE is 7.5% for diesel, 
3.2% for JME-100 and 5.6% for JME-20. The 

increase in exhaust gas temperature for all 
test fuels used in the CE compared with the 
UE may be explained by the decrease in 
heat losses going into the cooling system 
and to the outside due to the coating, and 
transfer of this heat to the exhaust gas. 

 
Fig. 6 : Effect of brake power on NOx 

 

 
Fig. 7 : Effect of brake power on exhaust gas temperature
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CONCLUSION 
In this experimental study, the piston 

surface, cylinder head, cylinder liner and 
valves of a diesel engine were coated with 
ceramic materials. Bio-diesel, mixtures of 
biodiesel, and diesel fuel were used in both 
coated and uncoated engines. It was observed 

that heat transfer via these parts was 
reduced because all parts of the 
combustion chamber were coated with 
ceramic. Higher temperatures in the 
combustion chamber in such engines 
compared with conventional engines 
improved performance and emission values

Table  3 : The test results showed that in the coated engine, compared with the 
uncoated engine 

Description 
Test fuels in Coated engine 

Diesel RME20 / Diesel 
80 RME100 

Brake thermal 
efficiency  

3.4% Increases 7.8% Increases 7.8 % increases 

Specific fuel 
consumption  

6.8% decreases 9.7% decreases 3.7% decreases 

Hydro carbon emission 43.2% decreases 45.5% decreases 59.1% decreases 
NOx 19.7% Increases 12.3% Increases 16.3% Increases 
Smoke 19.6% decreases 22.4% decreases 28.6% decreases 
Exhaust Gas 
Temperature 

7.5% Increases 5.6% Increases 3.2% Increases 

 

This study determined that the ceramic 
coating may be applied successfully without 
requiring any significant modifications to 
the structural characteristics of the internal 
combustion engine. It is believed that, 
ceramic coating absorbs the effective 
effects such as overheating, friction, 
thermal shock, partial flame collisions, 
corrosion and oxidation and protects the 
substrate. It was concluded that diesel as 
well as JME-100 and its mixtures may be 
applied successfully in coated engines, and 
harmful emissions may be reduced 
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