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ABSTRACT
The main objective of this present study is to evaluate the performance characteristics of thermal barrier coating in direct
injection diesel engine. Combustion chamber of the engine (piston crown, cylinder head and valves) were coated with
partially stabilized zirconia of 0.5 mm thickness. Plasma spray coating technique has been used to coat the engine
components. Experiments were carried out in a single cylinder, four stroke direct injection diesel engine. The results showed
that, the brake thermal efficiency of diesel engine is increased marginally after ceramic coating. Also, the specific energy
consumption decreased with engine coating. Carbon monoxide and hydrocarbon emission levels are decreased but in
contrast, the oxide of nitrogen emission level was increased due to the higher peak temperature.
KEYWORDS: Diesel engine, Ceramic coating, Partially stabilized zirconia.

INTRODUCTION
Energy conservation and efficiency have always been
the quest of engineers concerned with internal
combustion engines. The diesel engine generally
offers better fuel economy than petrol engine. Diesel
engine normally rejects about two third of its heat
energy produced, one-third to the coolant, and one
third to the exhaust, leaving only about one-third as
useful power output [1, 2]. If we reduce the heat
rejected to the coolant, the thermal efficiency of the
engine can be improved, at least up to the limit set by
the second law of thermodynamics. Low Heat
Rejection engines aim to do this by reducing the heat
lost to the coolant and recovering the energy in the
form of useful work [3]. This can be achieved by
means of thermal barrier coatings to the engine
components [4, 5]. The use of thermal barrier
coatings to increase the temperature in diesel engines
has been pursued for over 20 years. Converting an
ordinary engine into low heat rejection engine
through thermal barrier coatings have many
advantages including higher power density, fuel
efficiency, and multi fuel capacity due to higher
combustion chamber temperature (900°Cvs.650 °C)
[6,7]. Jaichandar et al [1] have investigated
theoretical and experimental work on low heat
rejection engine and also overview about previous
research efforts. They used different materials used
for coating such as silicon carbide (SiC), silicon
nitride (Si3N4), Zirconia (ZrO2), aluminium titante
(Al2O3 TiO2), Chromium oxide (Cr2O3) and reported
that the inner cylinder temperature greater than 600˚C
will enable the use of less volatile fuels to auto ignite.
Lawrence at al [8] have investigated the effect of
thermal barrier coating in a diesel engine using
ethanol as a fuel and reported that the brake thermal
efficiency and power output of the engine increased
after coating due to the reduction of heat loss in the
surroundings. Ken Voss et al [9] have studied the
zirconia coated two stroke engine for the durability of
coating and emissions characteristics and found that
the ceramic coated cylinders helped in reducing the
particulate matter to a large extent. They concluded
that the ceramic coated engine showed 50% reduction
in NOx emissions. Santhanakrishnan and Ramani
[10] studied the effect of ceramic coating on
performance and emission characteristics of a diesel
engine using alternate fuels. They reported that the
diesel engine after coating offers higher brake
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thermal efficiency, lower specific fuel consumption
and lower emission levels compared to uncoated
engine. The aim of the present work is to increase the
engine performance and to make the engine parts
more resistance to wear. For this purpose, thermal
barrier coatings are applied on cylinder head, piston
and valves through plasma spray method. In this
study the cylinder head, valve, and piston of the test
engine were coated with a partially stabilized zirconia
of 0.5 mm thick by the plasma spray coating method.
MATERIALS AND METHOD
Increased combustion temperature can increase the
efficiency of the engine; decrease the CO and NOx
emission rate. The most common thermal barrier
coating system is partially stabilized zirconia (PSZ)
which has shown good performance in turbine blade
coatings where temperatures approach 1100°C [11].
Partially stabilized zirconia is a mixture of zirconia
polymorphs. A smaller addition of stabilizer to the
pure zirconia will bring its structure into a tetragonal
phase at a temperature higher than 1,000˚C [12]. In
this study, Yttrium Partially Stabilized Zirconia (YPSZ) was used as a coating material. This material
was coated on the engine components for a thickness
of 0.5mm through plasma coating method. The
properties of partially stabilized zirconia used are
given in Table 1.
Table 1. Properties of partially stabilized zirconia
Property
Density (g.cm-3)
Modulus of Rupture (MPa)
Hardness – Knoop (GPa)
Young’s Modulus (GPa)
Specific Heat (J/kgK)
Thermal Conductivity (W/mK)
Poisson ratio

PSZ
5.7 - 0.75
700
10 - 11
205
400
1.8 - 2.2
0.23

Experiments were carried out in a vertical, single
cylinder, naturally aspirated, four stroke, constant
speed, water cooled, direct injection diesel engine.
The specification of the engine is shown in Table 2.
The engine was operated at a constant speed of 1500
rpm. The series of tests were carried out in the engine
with and without coating.
Table 2. Specification of the engine
Make
Type
No. of cylinder
Rated output (kW)
Bore (mm)
Stroke (mm)
Rate speed (rpm)
Cooling type

Kirloskar
Four stroke, direct injection
One
5.95
95
115
1500
Water cooling
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RESULTS AND DISCUSSIONS
Figure 1 shows the variation of brake thermal
efficiency with respect to brake power. It can be
observed that at maximum load (5.81kw), the brake
thermal efficiency of the engine was increased by
7.05% in low heat rejection engine. Zirconia is a low
thermal conductivity material. It will act as barrier for
the heat transfer to the surroundings from the engine
and reduces the heat loss from the engine. The
reduction in heat loss ultimately increased the power
output and thermal efficiency of the engine.
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diesel engine. At all the load conditions, the carbon
monoxide emission levels decreases for low heat
rejection engine. It can be observed that at maximum
load condition, the carbon monoxide of the ceramic
coated engine was decreased by 18.6% compared
with normal uncoated engine.

Figure 3. Variation of exhaust gas temperature

Figure 1. Variation of brake thermal efficiency

Figure 2 shows the variation of brake specific energy
consumption with respect to brake power. The brake
specific energy consumption is an important
parameter to measure fuel efficiency of an engine.
The BSEC was very high with low load operation
and low for higher loads. It can be observed that at
maximum load condition, the brake specific energy
consumption of the low heat rejection engine was
decreased by 15.8% compared with normal uncoated
engine. This is because of the higher surface
temperatures of its combustion chamber, the BSFC
values of the low heat rejection engine were lower
than those of the standard engine. Similar type of
result was obtained by Buyukkaya et al [13] who
investigated the effect of thermal barrier coating on
diesel engine.

Figure 4. Variation of carbon monoxide emission

Figure 5 shows the variation of unburned
hydrocarbon emission with respect to brake power.
The results of the hydrocarbon emission show a
similar trend as that of the carbon monoxide
emission. From the figure, it is understood that, the
low heat rejection engine achieved lower
hydrocarbon emission than the conventional engine.
At maximum load condition, the unburned hydro
carbon emission of the ceramic coated engine was
decreased by 22.8% compared with normal uncoated
engine.

Figure 2. Variation of brake specific energy
consumption

Figure 3 shows the variation of exhaust gas
temperature at various loads for both the
conventional and low heat rejection engine. Diesel
fuel operation in LHR modes indicates a higher
exhaust temperature than the baseline diesel due to
the insulation in the combustion chamber [14]. At
low loads there was very slight difference in the
exhaust temperature for the engine before and after
ceramic coating.
Figure 4 shows the variation of carbon monoxide
emission with respect to brake power for both the
conventional and low heat rejection engine. The high
operating temperature in LHR engine makes the
combustion nearly complete than the limited
operating temperature condition as in the case of
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Figure 5. Variation of unburned hydrocarbon emission

Figure 6. Variation of oxides of nitrogen emission
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Figure 7 shows the variation of carbon monoxide
emission with respect to brake power for both the
conventional and low heat rejection engine. Form the
figure, it has been observed that the smoke emission
of the low heat rejection diesel engine are lower than
the conventional engine. At maximum load
condition, the smoke emission of the thermal barrier
coated engine was decreased by 11.7% compared
with conventional uncoated engine.
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Figure 6. Variation of smoke emission

CONCLUSION
The following conclusions were drawn from the
experimental study of direct injection compression
ignition engine with coated with partially stabilized
zirconia.
• The brake thermal efficiency of the low heat
rejection engine marginally increased and the
specific
energy consumption
decreased
compared with uncoated engine.
• The carbon monoxide, unburned hydrocarbon
and smoke emissions of the low heat rejection
engine is lower than the conventional engine.
• The exhaust gas temperature and oxides of
nitrogen increased with thermal barrier coating
due to higher combustion temperature.
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