Journal of Chemical and Pharmaceutical SciencesISSN: 0974-2115
Performance and Emission Analysis of Single Cylinder Engine Using Ash

Coated Piston with Pongamia Oil
Kumaran P**, Mohanamurugan S?, Rakeshkumar Seervi D*
1Department of Automobile Engineering, Saveetha School of Engineering, Chennai, Tamil Nadu, India.
2Department of Mechanical Engineering, Jayalakshmi Institute of Technology, Thoppur, Tamil Nadu, India.
*Corresponding author: E-Mail: pkumaran2003@gmail.com
ABSTRACT
Emission produced from various automobile sources and thermal power plants are a major problem to the
environment. The exhaust gases from the combustion process are CO, HC, NOy and particulate matters. These
pollutants have negative impact on air quality, environment and human health that leads in stringent norms of
pollutant emission. To reduce the emission from these automotive sources, in this analysis the piston is coated with
the ash and the performance of the engine is tested with the diesel and with diesel blends. The fly ash was used as
thermal barrier coating material in a diesel engine. The piston crown face was coated with fly ash with NiCrAl as
the bonding material to a thickness of 200pum using plasma spray coating. The engine is tested at different load
conditions from no loaded condition to the full load condition. The emissions reanalyzed using AVL DI GAS 444
gas analyzer.
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1. INTRODUCTION

Diesel engines are the primary power source of vehicles used in heavy duty applications. These include
buses, large trucks, and off-highway construction and mining equipment. And the applications of the diesel engines
have been increased worldwide. Due to the increased use of these engines the emission level has also been
increased. The pollutants from the engine like CO, NOx, HC have the direct effect on the environment and the
human health. NOx is one of the most important emissions from diesel engine. It is most precursors to the
photochemical smog. Component of smog irritates eyes and throat, stir up asthmatic attacks, decrease visibility and
damages plants and materials as well. NOx dissolves with acid rain which has direct and indirect effects both on
human and plants. The excessive use of the fuels causes these various effects to the environment. If the rate of fuel
used today continues then the fuel will be depleted soon. In order to use the fuel efficiently and to decrease the
emission rate from the engines, the diesel blends are used along with the coating of piston with fly ash (Mohamed
Musthafa, 2011).

Therefore to decrease the pollutions caused by the engines and to use the fuel efficiently, the modifications
are done to engine. The modification can be done in the engine parts like piston, cylinder head, valves, etc. The
coating on the piston found to be more effective than other components. The various coating techniques can be
used to coat the fly ash over the piston. The ceramic coating technique over the piston did not produce observable
knock in the engine (Hejwowski, 2002). The fly ash coating technique was found to be very effective in increasing
the oxidation and corrosion resistance of the given carbon steel at 900°C (Buta Singh Sidhua, 2007). The other
modification method is using plasma spray coating technique over the piston. In this method suitable material is
sprayed on the piston crown face as a layer to alter the combustion process of the fuel. This material layer sprayed
is referred to as thermal barrier coating. In this analysis the engine is run by using diesel and diesel blends to
compare the performance and emission levels of the engine when fly ash is coated over the piston.

The diesel blends are used in this analysis because they have a lower flash point, high heating value, high
density and high viscosity compared to the fuels used today (Wong, 1982). Some analysts predict that when the
diesel blends are used instead of the diesel fuel the amount of unburned hydrocarbons (HC), carbon monoxide
(CO) and sulfur levels are considerably decreased. The various other advantages of using diesel blends are that
they have excellent lubrication, higher combustion rate and low harmful substances. The use of diesel blends has
also revealed that the fuel consumption is increased and the life period of the engine is also increased due to the
decrease in the brake power (Srivastava Anjana, 2000; Barnwal, 2004; Puhan Sukumar, 2005). The problem of
using diesel blend is that they require separate storage methods.

2. METHODS & MATERIALS

Materials and Methods for coating: The fly ash used in this analysis range from 10pum-40pum. The spherical
shape was used for the fly ash material. The fly ash consists of Silica (SiO2-45%), aluminum (Al,03-30%), Iron
(Fe203-10%) and Magnesium (MgO-1.5%). The plasma spray coating technique was used to spray the fly ash over
the piston. The plasma spray coating is the method of coating the powder material over the component surface by
injecting the powder at the flow rate of 100-200g/min along with the carrier gas like helium, argon, etc. at a
pressure of 100-200psi at a rate of 5-10 LPM based upon the coating material. In this method the fly ash powder
along with the bonding material is sprayed over the piston crown surface. The tip of the plasma spray gun is kept at
a distance of 4-6 inches apart from the crown surface. The optimized operating parameters for the working of
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plasma spray gun are 500A of current and 60-70V of voltage. The fly ash is sprayed at the rate of 120-150g/min
using argon as a carrier. The gas flows at a high pressure of about 100-120psi and at a rate of 100-150 LPM L.iters
per minute. The hydrogen gas flows at a pressure of 50 psi and at 6-7 LPM into very high temperature plasma
flame where it is rapidly heated and accelerated to a high velocity.

Materials and methods for Pongamia ester: Esterification procedure is a powerful approach to decrease the
viscosity of the vegetable oils. During esterification process, triglyceride of vegetable oil (Pongamia oil) react with
Alcohol (methanol/ethanol) in the presence of catalyst NaOH or KOH and form glycerol and vegetable oil ester. A
proportion of vegetable oil and methanol 2:1 were taken in the round bottom flask. A couple of grams (10g) of
NaOH were additionally added to the flask in the wake of beginning the mixing procedure. The substance were
warmed up to 60°C and blended vivaciously for 45 minutes till the ester was shaped. The blend was cooled to room
temperature and few drops of hydrochloric corrosive were added to stabilize it.

Figure.l. Photographic image of pongonia tree
Table.1. Comparison of properties of diesel and pongonia oil

Properties Diesel fuel | Pongonia oil
Density(kg/m?) 830 880
Kinematic viscosity at 40°C (cSt) | 3.01 4.25
Heating value (MJ/Kg) 42.5 38.3
Flash point (°C) 50 180
Fire point (°C) 63 223

Experimental setup: Experiments were carried out a four stroke, constant speed, water cooled, single cylinder
vertical, direct injection diesel engine. The experimental setup is shown in Fig.2. The engine was coupled with an
SWINGFILED electrical dynamometer to apply different engine loads. Combustion parameters were measured
with AVL pressure transducer fitted on the cylinder head and an AVL 365C angle encoder fixed on the output
shaft of the engine. 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 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 415 smoke meter. Nitrous oxides (NOXx),
Carbon monoxide (CO), Hydrocarbon (HC) and Carbon dioxide (CO_) were measured by the help of AVL DI GAS
444 exhaust gas analyzer. The fuel injection pressure was maintained at 1 bar throughout the experiment. Then the
fuel consumption, exhaust gas temperature and exhaust emissions such as NOx, CO, HC, CO; and smoke were
measured and recorded for different loads. The engine was first started by manual cranking with pongonia oil as a
fuel and it was allowed to reach its steady state (for about 30 min). Tests were performed on the uncoated piston,
and then repeated on the coated piston and the results were compared.
Table.2. Specifications of the engine

General details Four stroke, compression ignition, constant speed vertical,
water cooled and direct injection diesel engine.

No. of cylinders 1

Bore (mm) 87.5

Stroke (mm) 110

Compression ratio 17.5:1

Rated speed (rpm) 1500

Rated output (KW) 4.4

Orifice diameter (mm) 13.6

Co-efficient of discharge | 0.6

Injection pressure (bar) | 220

Fuel injection timing 23-bTDC
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Figure.2. Engine test bed‘ Figure.3. Schematic diagram of experimental setup

3. RESULTS AND DISCUSSION
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Graph.1. Co emission
This graph depicts that the amount of carbon dioxide emission from the exhaust gas is less when modified
piston with B60 blend is used as fuel along with the fly ash coated piston.
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Graph.2. HC emission
The above graph denotes that the amount of un-burnt hydrocarbon from the engine is low when the B60
blend is used as the fuel along with the fly ash coated piston.

Graph.3. CO; Emission
This graph shows that the Carbon monoxide from the engine is low when B100 blend is used as the fuel
along with the fly ash coated piston.
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Graph.4. NO emission
From the above graph it is found that the NO emission from the engine is low when B100 blend is used as
the fuel along with the fly ash coated piston.
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Graph.5. Load vsbrake thermal efficiency for modified piston
It is found that when the B100 is used as the fuel along with the fly ash coated piston, then the brake
thermal efficiency of the engine is found to be close to the efficiency of the engine when diesel fuel is used.
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Graph.6. Load vs specific fuel consumption for modified piston
It is found that when the B100 is used as the fuel along with the fly ash coated piston, then the specific fuel
consumption of the engine is found to be close to the efficiency of the engine when diesel fuel is used.
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Graph.7. Load vs specific fuel consumption for normal piston
It is found that when the blend B60 is used as the fuel without any coating on the piston crown then the
specific fuel consumption of the engine is found to be close to the valve when diesel fuel is used.
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Graph.8. Load vs brake thermal efficiency for normal piston
It is found that when the blend B60 is used as the fuel without any coating on the piston crown then the
brake thermal efficiency of the engine is found to be close to the efficiency of the engine when diesel fuel is used.
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Graph.9. PO diagram
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The above PO graph states that when the modified piston is used with the fly ash coating then the pressure
in the combustion chamber is increased proportionally to the crank angle. This means that there is in increase in the
efficiency of the fuel when the modified piston is used instead of the normal piston.

4. CONCLUSION

Based on the results of this study it is clear that the fly ash and a bind material can be easily coated on the
piston crown to improve the performance of the engine. From these experiments it is clear that the heat transfer in
the engine is reduced when the piston was coated with fly ash and by using different blends. Thus the performance
and the exhaust gases are also affected when the different blends are used for modified and normal piston. It is
clear that the B60 with the fly ash coated piston gives the same performance as of diesel engine with reduced NOx
in the exhaust. The peak pressure was also higher for the coated engine when compared to uncoated engine for
diesel.
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