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ABSTRACT

In this investigation, attention is focused to foud the effect of combustion chamber shape oné¢henmance and
emission characteristics of a stationary dieseliradguelled with methyl esters of vegetable oiltoidal shape
combustion chamber was fitted in a 4.4kW naturadipirated single cylinder Direct Injection Compriessignition

(DI CI) engine and tests were conducted when fdedl¢h diesel and Corn oil Methyl Ester (COME). C&Mad

shorter ignition delay than diesel because of #$tdr spray characteristics. From performance cludeaistics it

was observed that COME had slightly lesser themffadiency compared to diesel. The specific fuakcmption of
the COME is slightly higher than that of diesel. HGO and Smoke density and soot concentration Emgsare

lesser for COME than diesel. At part load conditi®x emission was found to be higher for COME fttliasel.
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INTRODUCTION

With the stock of fossil fuels diminishing throughidhe world and demand for energy based comfaerdsnaobility
ever increasing, time is ripe that we strike a bedabetween energy security and energy usage. Maréaving
uplifted to such a sphere of engineering excelleneeerting back to the ages of the bull carts pithve next to
impossible thereby compelling us to search forskegof alternative fuels to derive energy to ctesur needs.

Several sources of energy, especially for drivihg futomotives are being developed and testedcidudi

utilization of this alternative fuels is the cafl the hour for a nation to see itself through thegh days ahead.
Engine development is heavily controlled by inciegly stringent emission legislation, leading topich

developments. The future of gaseous/alternativis fdepends on the maximum of polluting emissioovedid, the

technology available and the cost of concepts dgesl. Promising developments are taking placedratka of the
conventional prime mover for the diesel engine.

Vegetable oil based fuels are renewable but usealiyiot be directly used as fuel for engines ag these a lot of
problems which include deposit formation, carbotizaof injector tips, misfire and so on [2,3]. Beeproblems
reduce the life of the engines and increase thesams as the engine wears out. Hence, all thete dve subject to
processes to reduce their viscosities, which ireltrdns esterification, micro emulsion and pyrdystc. out of
which trans esterification is most widely used [4,5

In this present study an attempt is made to ingasdi the effect of toroidal combustion chamber shap the
performance and emission characteristics of thénenghen fuelled with COME and diesel. Methyl eslerived
from Corn oil was employed as a fuel and the resutire compared with that of diesel.

1. MODIFICATIONSON THE COMBUSTION CHAMBER

The combustion chamber has been modified to adarshape from the sphericalshape on the pistonrcior the
squish and swirl movement of the air, maintaining tonstant compression ratio. The K-factor ofdbebustion
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chamber geometry (ratio of the piston bowl volumehe clearance volume) was maintained at 0.74ratie of
D/d (ratio of piston crown diameter to piston balidmeter) is altered to achieve toroidal shape ftoenSpherical

shape.
/—R 2.00
87.5
—>53.

* rI.E[I

_

=5

\\\\\ \
R

NN\

L] | O e r

Fig.1.Toroidal Combustion Chamber

Tablel: Propertiesof Diesel and COME

Property Unit Diesel| COMH
Density kg/m | 821 882
Kinematic viscositf cSt 3.52 7.64
Flash point °C 49 178
Cetane Number - 50 38
Calorific value kJ/kg| 44,300 39,700

Table2: Engine Specifications

Engine Type Four stroke, constant speed, direetiign, diesel enging
Make and Model Kirloskar and TAF1

Combustion Chambef  Toroidal

Maximum Power 4.4 kW @ 1500 RPM

Maximum Torque 28 N-m @ 1500 RPM

Bore 87.5 mm

Stroke 110 mm

Compression Ratio 17.5:1

Injection Timing 23.%TDC

2. TESTING PROCEDURE

The engine was fitted with toroidal combustion chamand tests are conducted at different loadsirgjadrom no
load to rated load condition to maintain constamgiee speed. At each load air, fuel flow rate, castion and
composition of exhaust gases are recorded. Undadgtstate conditions the above parameters weogdet at
various loads. The engine is interfaced with AVLldilrmeter software for the measurement of combustion
parameters such astRdiagram, heat release rate, ignition lag. Exhgastconstituents were measured with exhaust
gas analyzer and smoke intensity was measuredAMthsmoke meter. The engine was next run with COb4tel

the readings were taken as before. The test rqmasented for toroidal combustion chamber at wiffeloads for
diesel and COME.

RESULTSAND DISCUSSION

3.1. Combustion Characteristics

3.1.1. Ignition Delay

Fig.2 shows the ignition delay for diesel fuel AME with Brake power. The ignition delay of COM&Efound to
be lower compared to diesel. The reason may bedltlee cylinder gas temperature at the time ofciinpm. The
toroidal shape of the combustion chamber is greatiseasing the turbulence in the piston bowl wilitate breakup
of the fuel jet and improving evaporation and pbgbtelay. It enhances faster reaction starts lagl &ccelerates it
to ignition. The self igniting capability is inditad by means of cetane number of the fuel. It hieecdimpact on
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ignition delay and also intentional to the knockictzaracteristics of DICI engines. Higher the cetanmber the
ignition delay period is shorter.
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Fig.2 Variation of Ignition delay with Brake power

3.1.2. Pressure Variation with Crank angle
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Fig.3Variation of Cylinder pressurewith crankangle

Fig.3 shows the rate of pressure rise of dieselGDWE with respect to crank angle. Diesel fuel tieess maximum
rate of pressure rise near TDC and COME reach theimum rate of pressure rise earlier than dies€IME
possesses high viscosity than diesel and thateigdghson lower rate of heat release. The trend rshwdiesel
release higher heat rate due to fuel accumulates,spiirl and turbulence motion of the air leadiogsudden and
drastic rise in pressure in the toroidal combustibamber. The piston shape is help to attain theérman rate of
pressure rise than that of COME.

3.1.3. Heat releaserate
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Fig.4Variation of Heat release ratewith crankangle

Fig.4 shows the heat release rate of diesel and E@ith respect to crank angle. This is mainly dué¢hie toroidal
chamber having capable of proper fuel mixing wiitphhpressure air by means of turbulence motiorg ptemixed
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burning phase is to increase higher heat releaseDa@sel has higher heat release rate comparnbe t6OME. The
pre combustion phase of the air fuel mixture haviigh intensity, it is help to release higher hed¢. COME have
lower heat release rate, so lesser fuel accumulasete the cylinder and hence the pre combustimse is lesser
for the COME. It is observed that, diesel ignitetef, but releases a higher amount of heat. HOWE@ME ignite
earlier and the advance in ignition. This is maiimigreased oxygen content in the fuel, which redube ignition
delay and heat release rate. It is observed tleatrZiximum heat release rate of 92.25 J/Deg. C&derded for
diesel at 3° bTDC, while COME records its maximueatrelease rate of 61.957 J/Deg.CA at 5° bTDC.

3.2. Performance Characteristics
Engine performance characteristics are the majsiifization that governs the suitability of a fudlhis study is
concerned with the estimation of brake specifid imnsumption (BSFC) and brake thermal efficierBYE) of the

Diesel and COME.

3.2.1. Brake ther mal Efficiency

£g
o2 —=—DIESEL
gﬁ ——COME

0 1.1 22 33 44
Brake Power (kW)

Fig.5Variation of Brake thermal efficiency with Brake power

Fig.5 shows the variation of brake thermal efficigmwith respect to brake power for diesel and CONDEesel
shows higher brake thermal efficiency than tha€C&ME. Swirl air motion of the toroidal combustiohamber is
used to promote rapid mixing of the injected fu@hvair to accelerate combustion. COME having highiscosity
and lower heating value, lower self ignition tengiare, can results in low gas flow resistance tlireeducing
volumetric efficiency. It also increases heat tfanghis may result in loss of brake thermal efficy.

3.2.2. Specific fuel consumption
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Fig.6Variation of Specific fuel consumption with Brake power

Fig.6 shows the variation of specific fuel consuimptwith respect to brake power for diesel and CONEe brake
specific fuel consumption for COME were slighthghéer than that of the diesel at the part load darexcept full
load. The brake specific fuel consumption of a eliesgine depends on the relationship among volafrieel
injection, specific gravity, viscosity and heatingjue of the fuel. COME is not having capable todquce the same
amount of energy because of its lower specific ityand lower heating value compared to Diesel.
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3.3. Emission Characteristics
3.3.1. Nitrogens of oxide
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Fig.7Variation of Nitrogens of oxides with Brake power

Fig.7 shows the variation of NOx with respect taker power for diesel and COME. The NOx emissiorhef
COME is slightly higher than that of the DieseRa&®so of the load and full loads. The NOx variatidrtte COME
and diesel shows similar trends. The higher connfmusemperature and oxygen present in the COMEsazau
higher Nox emission, especially at maximum outpwer.

3.3.2. Carbon monoxide
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Fig.8Variation of Carbonmonoxide with Brake power

Fig.8 shows the variation of CO with respect tokkrpower for diesel and COME. Carbon monoxide (@Qjiesel
engines is formed during the intermediate combuossimges. Diesel engine operates well on the leina$ the
stoichiometric ratio. The CO emission of dieséhigher compared to COME. Because of the oxygenecrim the
fuel, in addition to the air supplied during indoct of toroidal combustion chamber to reduce theliy@ombining
with CO to form CQ. At high temperatures, fuel sprays of vegetabie uidergo chemical reactions, which include
thermal cracking (producing lighter compounds) audymerisation at the spray core (producing hedow-
volatility compounds). The air—fuel mixing process affected by the difficulty in atomisation of tHeeavy
compounds. The resulting locally rich mixture caus®re CO to be produced during combustion, dulkeedack of
oxygen.

3.3.4. Soot

Fig.9 shows the variation of soot concentrationhwiespect to brake power for diesel and COME. Soot
concentrations are an indication of particulatetemgpresent in the exhaust of an engine. Partiesilarimarily
contain carbon particles. The soot concentratitlovie the same trend as that of HC and CO emissiemsn fig.9

it is clear that the soot concentration reducedh witreasing COME. The variation in soot concerdragt lighter
loads was negligible. The soot formation stage lysuavolves dehydrogenation of unburned hydrocarkforming
carbon nuclei for the particles. Then the growtgstoccurs through coagulation and aggregatiorthafr @¢arbons

in the exhaust. During formation and growth, oxiolatof the particles occurs and it forms CO and,3Qne such
oxidation species exist in the combustion prodo€the COME, thus explaining the increase in,@missions and
the decrease in soot concentration. This theosuported by the fact that soot oxidation is basedhe partial
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pressure of oxygen present in the exhaust. As #ngap pressure of oxygen increases, soot oxidaticneases,
thereby reducing particulates. Since COME is argeryted fuel, the oxygen present in the fuel irmsahe partial
pressure of oxygen present in the exhaust, thenelbgasing soot oxidation.
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Fig.9Variation of Filter Smoke number with Brake power
CONCLUSION

The main conclusions of this study are as follows:
The ignition delay for COME is found to be loweaththat of diesel which may be due to higher oxygmment of
COME and better spray characteristics. The ignitielay decreases with increase in load.

The rate of pressure rise pattern is same for tiesel and COME.
The combustion rate was found to be maximum foseliand minimum for COME.

Heat release was found to be maximum for dies#stmtensive pre combustion phase. The maximunt tedease
occurs for COME was found to be earlier.

The specific fuel consumption of the COME is sligtitigher than diesel due to its specific gravitiscosity and
heating value of the fuel.

The brake thermal efficiency of the COME is sligHthwer than the diesel due to the lower heatingezaf COME
and formation of C@

The COME burn more efficiently than diesel and asks lesser CO. This indicates better combustitinteo€OME.
The NOx emissions of the COME were slightly higtiem diesel at 25% and full load condition.

The HC emissions decrease which implies efficiemigustion of COME compared to diesel because dfigker
oxygen content.

Soot concentration was considerably low for the BObbmpared to diesel because of oxidation of threara
particles emissions to CO otherwise £O

Smoke density of COME lower compared with diesgdaat load.
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