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Abstract—As the demand and prices of various petroleum
products have been on the rise in recent years, there is a growing
need for alternative fuels. Biodiesel, which consists of alkyl
monoesters of fatty acids from vegetable oils and animal fats, is
considered as an alternative to petroleum diesel. Biodiesel has
comparable performance with that of diesel and has lower brake
specific fuel consumption than diesel with significant reduction in
emissions of CO, hydrocarbons (HC) and smoke with however, a
slight increase in NOx emissions. This paper analyzes the effect of
cooled exhaust gas recirculation in the combustion characteristics of
a direct injection compression ignition engine using biodiesel blended
fuel as opposed to the conventional system. The combustion
parameters such as cylinder pressure, heat release rate, delay period
and peak pressure were analyzed at various loads. The maximum
cylinder pressure reduces as the fraction of biodiesel increases in the
blend the maximum rate of pressure rise was found to be higher for
diesel at higher engine loads.
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I. INTRODUCTION

A

large number of studies has shown that biodiesel is one of
the promising renewable, alternative and environmentally
friendly bio-fuels that can be used in diesel engine with little
or no modification in the engine [1]-[5]. The stringent
emission laws, the depletion of fossil fuels and relation of
fuels with politics have forced the world to find alternatives to
fossil fuels. Numerous vegetable oil esters (biodiesel) have
been investigated for use in internal combustion engines and
have been shown to have higher potential to reduce CO2
emission [6], [7]. The effects of different fuels on the
performance characteristics of engines have been extensively
reported.
The common engine parameters on which effects have been
quantified include brake specific fuel consumption, brake
effective power and thermal efficiency. Many researchers
have compared the performance of engines running with
biodiesel and its blends with engines running with normal
diesel. It has been reported by a large number of researchers
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that the use of biodiesel results in higher brake specific fuel
consumption and higher thermal efficiency when compared to
the use of diesel in an engine [8]-[11]. However, use of
different biodiesels in an engine results in variations in engine
performance and emission due to variation in various physical
and chemical characteristics of biodiesel [12]. The effects of
these physio-chemical properties on fuel supply system such
as fuel pump, fuel filter and air-fuel mixing cylinder have
already been reported [13]. To improve the performance and
emission characteristics of the engine running with biodiesel
and to understand the effects of physical properties of the fuel
on the engine performance and emissions a detailed
investigation is required on the underlying combustion and
heat release characteristics. The heat released and resulting
pressure and temperature fields affect the performance and
emission characteristics. However most of the researchers so
far have correlated the performance and emission
characteristics of biodiesel against test parameters such as
biodiesel fraction blend, engine speed, engine load, injection
timing, injection pressure and engine compression ratio.
However, there are very few works that have been reported on
the engine combustion characteristics and heat release
phenomena corresponding to different biodiesels and its
blends [14]. Therefore, the objective of this study is to
investigate the combustion characteristics and heat release rate
phenomena of a compression ignition engine running with
biodiesel blend.
Zhang and Van Gerpan [15] investigated the combustion
characteristics of turbo charged direct-injection diesel engine
using blends of methyl, isopropyl and winterized methyl ester
of soybean oil with diesel as a fuel. They investigated the
combustion characteristics at the maximum torque engine
speed and for 20% and 100% engine load. They found that all
fuel blends except isopropyl ester had similar combustion
behavior. Fuel injection starts earlier for high engine loads.
The cetane number was higher for biodiesel and its blends in
comparison with diesel. All blends had a shorter ignition delay
and a lower premixed burn fraction than diesel. Senatore et al.
[16] reported that with the rapseed oil methyl ester, heat
release always took place earlier than diesel, because fuel
injection starts earlier for biodiesel blends owing to their
higher density, leading to a higher peak cylinder temperature.
McDonald et al. [17] investigated soybean oil methyl ester as
a fuel on a Caterpillar indirect-injection diesel engine and
found that overall combustion characteristics were quite
similar to those of diesel except for a shorter ignition delay for
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TA
ABLE II
PROPEERTIES OF BIODIEESEL BLENDED FUELS
U
(B20)
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II. EXPERIM
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Fig. 1 Expperimental setupp

Fig. 1 shoows the schematic representation of the
exxperimental seetup used in thhis study.
A swinging field electricaal dynamomeeter is used too apply
thhe load on thee engine. Thiss electrical dyynamometer consists
c
off a 5-kVA AC
A alternator (220V, 1500
0 rpm) mounnted on
beearings and on
o a rigid fraame for the swinging field type
looading. The output pow
wer is obtaiined by acccurately
m
measuring
the reaction
r
torquue by a strain gauge type looad cell.
A water rheosstat with an adjustable depth
d
of imm
mersion
ellectrode is proovided to dissiipate the poweer generated.

B. EGR System
m
A piping arraangement is m
made to tap thee exhaust gasees from
thee exhaust pipee and to conneect it to the innlet air flow paassage.
Floow rate of thee exhaust gasses through th
he pipe is con
ntrolled
byy a control vaalve. This conntrol valve reegulates the exhaust
e
gaases and the mixture
m
of freshh air and exhaaust gases are sent to
p
thee inlet manifoold. The exhauust gases are tapped after passing
thrrough 10m off exhaust pipee and a pulse reducer tankk. After
tappping, it travels 8m in the ppiping arrangeement which reduces
r
thee temperaturee of tapped exhaust gasees as equal to the
am
mbient air annd it does not cause any
a
change in the
tem
mperature off the inlet aair before addmitting in to the
combustion chamber.
C. Testing Proocedure
Tests are connducted on thhe engine fueelled with bioodiesel
bleend. The testss are conducteed at constantt speed equall to the
ratted engine speeed of 1500 rppm at variouss loads starting from
noo load to 100%
% of the ratedd load conditio
on and at eachh load,
combustion parrameters werre measured.. NOx emisssion is
M
exhhaust gas anaalyzer and the smoke
meeasured with MRU1600
concentration iss measured with AVL smokke meter.
III. RESULTSS AND DISCUSSION
A. Cylinder Pressure
P
at Various Loads
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Fig. 2 Variation of cyylinder pressuree at 0% load
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Fig. 6 Variation of rate of heat release at 50% load
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Fig. 7 Variation of rate of heat release at 100% load
Fig. 4 Variation of cylinder pressure at 100% load

Figs. 2, 3 and 4 show the variation of cylinder pressure at
various crank angles for different loads. The oxygen
concentration is changed when the exhaust gas is recycled to
the intake for the control of the emissions of oxides of
nitrogen. As the oxygen concentration is decreased, the
ignition delay period becomes longer. So, longer the delay, the
more rapid and higher is the pressure rise. The average
cylinder pressure with EGR is found to be 1.54% greater than
that without EGR.

Figs. 5, 6 and 7 show the variation of heat release rate at
various crank angles for different loads. The introduction of
exhaust gases increases the heat released during rapid
combustion phase. This is due to the utilization of un-burnt
fuel particles which releases heat during combustion process.
So, the net heat released with EGR is greater than the heat
released without EGR. The average heat release in the
cylinder with EGR is found to be 5.7% greater than that
without EGR.
C. Ignition Delay

B. Heat Release at Various Loads
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Fig. 3 Variation of cylinder pressure at 50% load
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Fig. 5 Variation of rate of heat release at 0% load
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Fig. 8 Variation of ignition delay
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Fig. 8 compares the ignition delay of the biodiesel blend
with and without EGR. At no load conditions, the ignition
delay is more for with EGR. This is due to the more time
available during start of injection and start of combustion. As
the load increases, the ignition delay increases. In case of
without EGR there is a significant decrease in the ignition
delay at 50% load. At full load, delay is less when compared
to without EGR. The average ignition delay with EGR is found
to be 0.95% longer than that without EGR.
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EGR – Exhaust Gas Recirculation
WEGR – Without Exhaust Gas Recirculation
CI – Compression Ignition
CO – Carbon Monoxide
CO2 – Carbon dioxide
HC – Hydrocarbons
NOx – Oxides of Nitrogen
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