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ABSTRACT

This experimental work is carried out to analyse the performance, combustion, emission characteristics in a diesel engine.
The modification is primarily on the piston head, with the normal piston head being coated by alumina—zirconia powder to assess the
performance and emission characteristics of a single-cylinder DI diesel engine fuelled with biodiesel (cedarwood oil) —Diesel blend
and neat diesel. There are a wide variety of choices for coating a piston, so different combinations of coatings were applied over the
piston head in modeling software and analyzed with, and the most efficient pair was chosen. The efficiency of a thermal barrier
coating is understood by its resistance towards heat transfer and wear. In the Cl engine roughly 30% of the heat energy is rejected to
the coolant system, 30% to the exhaust system, nearly 6-10% by friction and the remaining energy is only being used to do useful
work. By coating the piston the heat conduction through head is reduced and a partial adiabatic environment is created in the
combustion chamber, which is used to call it as Low Heat Reduction Engine (LHRE). The high combustion temperature which
presides in the combustion chamber could be an effective solution for the combustion of any biodiesel which have high viscous
property. This will achieve better and more efficient combustion, which leads to more power and less fuel consumption. The objective
of this work is to study the combustion and emission characteristic of the LHRE and compare it with the un-coated normal piston
engine.
Keywords: alumina—zirconia; performance; emission; cedarwood; LHRE
INTRODUCTION

A lot of researches are being done in the field of alternative fuels with modification in the conventional engines. One
amongst them would be ceramic coated engines (CP), which would produce a partial adiabatic environment in the combustion
chamber and reduces the heat loss through the piston head, reduces the load on the cooling system, minimises the fuel consumption
and also increases the engine efficiency. But it also results in higher combustion temperature than the uncoated engine (NP), which is
an advantage for fuels with high viscous property such as bio-diesel. The coating is applied by thermal spraying process called Plasma
spray technique. The material is melted and the molten droplets form a deposit over the surface. On the basis of the above facts an
effort is made to study the performance and emission characteristics of the alumina-zirconia (Al203-ZrO2) coated engine fuelled
with cedarwood biodiesel. The results are compared with normal piston (NP) engine and the graphs are plotted.
MATERIALS AND METHODS
Preparation of Al203-ZrO2plasma spray coating: Several researches have been conducted with the intention of obtaining higher
performance and lower emissions with LHRE. Some research findings are summarized on performance and emission characteristics
of LHRE and listed in Table 1.In the present study, the alumina—zirconia powder is coated in the piston head to assess the
performance and emission characteristics of a single-cylinder DI diesel engine fuelled with neat diesel and 20% blend of cedarwood
biodiesel with diesel. The fuel Properties are listed in Table 2. The piston-crown was coated with 250um thickness of A1203-ZrO2
over 50pm thickness of the Ni-Al bond coat by the plasma spray method shown in Figure 2.The substrates to be coated were
sandblasted prior to the coating process to produce surface roughness.
Engine test rig: The experimental investigation of performance and the emission characteristics were carried out in a Kirloskar,
single-cylinder, 4-stroke, air-cooled and constant speed (1500 rpm) DI diesel engine. The engine technical specification is given in
Table 3 and the schematic sketch of test engine rig is shown in Figure 1. The test engine was coupled with the eddy current
dynamometer. The exhaust tail pipe emissions were measured with the help of an AVL FIVE gas analyzer and AVL415smoke meter.
RESULTS AND DISCUSSION
Brake thermal efficiency:Brake thermal efficiency (BTE), more for diesel than biodiesel blend because of diesel’s high calorific
value and better spray characteristic which results in the effective utilization of air.BTE is more for CP than NP due to the effect of
insulation creates a hot surface and increased the probability of contact between the fuel and air particles.
Brake-specific fuel consumption: BSFC have increased in bio-diesel blend. This may be due to more number of oxygen atoms
present in biodiesel. Because of this fact, additional fuel was consumed in order to maintain the same power output
Carbon monoxide (CO): CO is the product of incomplete combustion due to insufficient oxygen which will otherwise convert to
carbon dioxide. From the graph, the diesel emits more CO due to the lack of oxygen in fuel compared to biodiesel blend. CO is less
for both CP because of complete combustion
Hydrocarbon (HC):HC is less for both CP compared to NP this may be due to decreased quenching distance and increased lean
flammability limit in CP and also it less for biodiesel than diesel because the oxidation reaction will be near completed in combustion
chamber.
Oxides of nitrogen (NOx): NOx emission is a direct function of temperature. At high temperature nitrogen molecules in air start to
break up and react with oxygen forming NOx. From graph both biodiesel blends will have high NOx due to more oxygen content,
which increases the combustion temperature.
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Figure.1.Experimental set-up

Figure.2.Coated piston

Table.1.Previous Findings in LHRE

S.No Researchers Fuels Used Coating Material Inference made
1 Selman Aydin waste NiCrAl- Lower BSFC,CO and HC emissions reduced, increase in
' (2014) cooking oil (ZrO2+MgO+Al203) NOx
2 Hanbey and Ozturk | Corn methyl AI203-TiO2 Improvement in BTE (4.6%), reduction in SFC and CO
' (2010) ester (4.7 and22%) with increased NOx (8.8%)
3 Sivakumar and Diesel Yitria Stabilized Zirconia Heat loss and BSFC reduced (5-10%) and (28.29%), HC
) Senthil Kumar and CO reduce by (35.17% and2.72%)
Table 2.Properties of Fuels.
Properties Diesel | Cedarwood
Kinematic Viscosity @40°C (centistokes) | 3.4-4 | 4.3
Flash point (°C) 55 102
Density (Kg/m®) 860 920
Calorific Value (KJ/Kg) 43500 | 39897
Table 3.Test Engine Specification.
Make Kirloskar AV 1
Type Four-stroke, single-cylinder, vertical, water-cooled
Bore 87.5mm
Stroke 110 mm
Speed 1500 rpm
Power 4.4 KW
Bond coat Ni-Al (50pm thickness)
Applied coating Al203-ZrO2 (250um thickness)
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Figure 3. The variation of Brake Thermal Efficiency for the Figure 4. The variation of the Brake Specific Fuel
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Figure 5. The variation of CO for the Figure 6. The variation of HCs for the Figure 6. The variation of NOx for
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Discussion:The present work concludes thatAl203-ZrO2coating may be applied in the diesel engine’s piston to improve the engine
performance and the emissions when using an alternate fuel .LHRE has some constraints like higher NOx emissions so some of
suggestions are through incorporating exhaust gas recirculation and catalytic converter, the issue can be addressed.
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