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ABSTRACT
Even today, diesel engines are playing an important role in power generation, transportation and farming industries
because of its better thermal efficiency and fuel economy. Biodiesel is an alternative diesel fuel that can be produced
from renewable feedstocks such as vegetable oils, waste frying oils, and animal fats. In the present work, the
performance characteristics of a diesel engine had been studied when engine was run on the blend of soybean oil
methyl ester and diesel fuel. The diesel engine used is a 44-stroke,
stroke, single cylinder, water cooled, 1500 RPM speed,
compression
ression ignition having variable compression ratio, which was first run with diesel and then bio-diesel
bio
fuel.
The methyl ester of soybean oil is prepared and blended with diesel fuel in five different compositions varying from
5% to 25% in steps of 5%. Experiments
eriments have been performed at compression ratio 16, 17 and 18 with load variation
from no load to full load. The performance parameters taken for this study are performance brake thermal
efficiency, brake specific fuel consumption and exhaust gas tempera
temperature.
ture. It has been found that the increase of
compression ratio increases the brake thermal efficiency but reduces brake specific fuel consumption.

Keywords: Soybean Biodiesel, Performance, Variable Compression ratio, diesel Engine.

INTRODUCTION
In the era of energy–environment
environment crises, it is
important to identify renewable and
alternative clean burning fuels. One of the
best way to solve the problem of increasing
crises and pollution is to substitute the
petroleum with vegetable fuels properly
known as biodiesel. Biodiesel is an
alternative diesel fuel derived from the
transsterification of vegetable oils, animal
fats, or waste frying oils with alcohols to
give the corresponding fatty acid methyl
esters [1].
]. Biodiesels are oxygenated fuels
and can be used in diesel engines to improve

combustion efficiency [2]. They can also be
produced from a wide variety of plant oils,
both edible and non-edible.
edible. The non-edible
non
oils available in India are soybean, karanja,
karanja
Jatropha, rubber seed, mahua, neem, saal
etc.[3].
Many studies have been conducted in the
field of biodiesel fuels. Dawody& Bhatti [4]
conducted an experiment on a single
cylinder, direct injection diesel engine at a
fixed speed of 1500 RPM, with full load
l
condition and operating on diesel fuel with
different blends of a soybean methyl ester
(SME) and measure the brake specific fuel
consumption (BSFC) and brake thermal
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efficiency (BTE) and found that there is an
increase in BSFC and decrease in BTE of
soybean biodiesel blends as compare to the
diesel fuel. The brake specific fuel
consumption (BSFC) was 14.65% higher as
compared to diesel fuel. Selvam et al. [5]
investigated Engine performance parameters
with methyl esters of beef tallow as neat
biodiesel (B100) and its blends with diesel
fuel at constant engine speed of 1500 RPM,
with different loading conditions and found
that with an increase in engine load, BSFC
decreased. There is a little decrease in BTE
for biodiesel and its blends. Prajapati et al.
[6] performed the Experiment for fixed
compression ratio 18 using biodiesel diesel
and its blends with variation of different
loading condition and compared with diesel
fuel and observed that as the load increased,
BTE of all test fuels increased and with
increased in load, BSFC decreased. Ozener
et al. [7] investigated the performance
characteristics of conventional diesel fuel
and biodiesel produced from soybean oil and
its blends. The tests were performed at
steady-state conditions in a single-cylinder
direct injection diesel engine over the entire
RPM range (1200–3000). They observed
that a 2–9% increase in the brake-specific
fuel consumption due to the biodiesel’s
lower heating value. Qi et al. ]8] analyzed
the performance characteristics of the engine
fueled with Soybean biodiesel and diesel
were compared and found that the fuel
properties of biodiesel are slightly different
from those of diesel. The viscosity of
biodiesel is evidently higher than that of
diesel, especially at low temperatures. The

specific gravity of the biodiesel is
approximately 6.1% higher than that of
diesel. The BSFC for biodiesel is higher
than that for diesel. The higher fuel
consumption reflects its lower heating value.
Both fuels give nearly identical BSFC.
Ghosh et al. [9] investigated the
performance characteristics of a diesel
engine run on soybean oil methyl ester
(SME), Pongamia methyl ester (PME) and
diesel fuel. A 4-stroke single cylinder direct
injection water cooled constant speed diesel
engine was first run with diesel fuel and then
bio-diesel. They observed that At full load
condition brake thermal efficiency of SME
and PME is 4.46% and 6.75% respectively
lower than diesel and brake thermal
efficiency of SME is 2.29% higher than
PME. Exhaust gas temperature of biodiesel
blends were higher than neat diesel fuel at
all load conditions and at full load condition
exhaust gas temperature of SME and PME is
38°C and 8°C respectively higher than
diesel fuel. Sivaramakrishnan [10] evaluated
the performance and emission of a single
cylinder four stroke variable compression
multi fuel engines when fueled with 20%,
25% and 30% of Karanja blended with
diesel and compared with standard diesel.
They found that Brake thermal efficiency of
the blends increases as compression ratio
increases.
EXPERIMENTAL PROCEDURE
The experiments were conducted on a
Kirloskar TV1 engine at KIET, Ghaziabad
which has power 3.5 kW @ 1500 RPM.
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This engine is single cylinder, four stroke,
constant Speed, water cooled, variable
The set-up has stand-alone panel box
consisting of air box, two fuel tanks for duel
fuel test, manometer, fuel measuring unit,
transmitters for air and fuel flow
measurements, process indicator and
hardware interface. Rota meters are
provided for cooling water and calorimeter
water flow measurement. The detail
technical specifications of the test engine
given in the Table 1.
=The methyl ester of soybean oil is prepared
and blended with diesel fuel in five different
compositions (Table 2). With the help of a
measuring flask, different blends i.e. B5 (5%
SME and 95% diesel), B10 (10% SME and
90% diesel), B15 (15% SME and 85%
diesel), B20 (20% SME and 80% diesel) and
B25 (25% SME and 75% diesel) were
prepared on volume basis to perform the
required operations on engine.
There were two fuel tanks in which one is
filled with diesel and second one filled with
prepared soybean blend, The engine was
started at no load condition with diesel fuel
at compression ratio 16 for at least 20-25
minutes and once the engine warms up, it is
switched over to Soybean oil with the help
of a two-way valve which is provided on the
control panel. The performance of Soybean
biodiesel blend is calculated from no load (0
Kg) to full load conditions (8 Kg) by
varying the load on engine gradually and
then the compression ratio is changed from
16 to 17 and 17 to 18 and readings were
taken in same manner. Then the next

prepared blend is filled up into the tank and
readings are taken similarly. During
switching off the engine the Soybean oil
valve is closed and diesel inlet valve is
reopened and engine is allowed to run for 510 minute in order to avoid the starting
problem during next start. An I.C Engine
software 9 is used to taken the readings at
each interval.
RESULTS AND DISCUSSION
In the present work, the main objective was
to fuel the diesel engine with Soybean oil
and the performance characteristics of
different blends have been compared with
baseline data obtained from diesel. The
relationships between independent variables
i.e. compression ratio (CR), load and
performance variables are shown in the
figures and the results are discussed in the
following sections.
BRAKE THERMAL EFFICIENCY
Tungsten carbide cobalt (WC-Co) composite
is an advanced engineering material having
major applications in the field of cutting
tools, dies, mining tools, indenters and other
industrial applications where hardness and
wear resistance are critical parameters [1].
Similar findings were observed by several
researchers [2-5].The variation of brake
thermal efficiency (BTE) of the Soybean
biodiesel and its blends with respect to load
is shown in Fig. 2 and it is then compared
with the standard base line data obtained
from diesel. It is observed that Brake
thermal efficiency of all blends increased as
the load increased. Thermal efficiency in
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general,
decreases
with
increasing
proportion of biodiesel in the test fuels. This
is due to the methyl esters of Soybean oil is
having higher viscosity, density and lowers
calorific value than the diesel fuel. The
higher viscosity leads to decreased
atomization,
fuel
vaporization
and
combustion and hence the thermal efficiency
of biodiesel is lower than that of diesel.
As the CR is increased from 16 to 18, it is
noticed that BTE increases for all the blends,
the reason being better combustion (Fig. 3).
At higher CR the properties of fuel improves
results in proper atomization hence the BTE
increases.
BRAKE SPECIFIC FUEL CONSUMPTION
The brake specific fuel consumption
(BSFC), is found to increase with increasing
proportion of biodiesel in the test fuels
under all loading conditions. This is due to
lower calorific value, higher viscosity and
density of biodiesel in comparison with
diesel fuel. As the density of biodiesel is
higher than that of diesel fuel, which means
the same fuel consumption on volume basis
results in higher specific fuel consumption
in case of biodiesel. For all the test fuels, the
specific fuel consumption values are higher
at low load and decreases to minimum
values when load increases because of the
lower calorific value of biodiesel.
CR 18
As the CR increases from 16 to 18, it is
noticed that the BSFC is decrease for all the
blends (Fig. 5). The reason behind it is that

the engine produces more brake power than
an engine running at higher CR, hence the
BSFC decreases at higher CR.
EXHAUST GAS TEMPERATURE
When the load increases, the exhaust gas
temperature (EGT) increases with diesel as
compared to Soybean methyl ester (SME).
The reason behind it is that the calorific
value (or heat of combustion) of diesel is
more than that of SME, therefore greater
amount of heat is released in the combustion
chamber leading to higher temperature. As
shown in graph when the percentage of the
blends increases, the exhaust gas
temperature decreases, the reason behind it
is that as the percentage of Soybean
biodiesel in the blends increases, the volume
of diesel fuel decreases accordingly, which
causes a reduction in calorific value of the
fuel hence lesser amount of heat is released
in the combustion chamber for higher blends
which reduces the temperature of exhaust
gases.
As the CR increases from 16 to 18, EGT
increases respectively, because when the
combustion becomes better inside the engine
cylinder which leading to a rise in cylinder
pressure which further increases the
temperature inside the cylinder so rate of
combustion increases and the temperature of
gases coming out after expansion (EGT)
increases.
where, mi = Initial mass and mf
=Final mass
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CONCLUSIONS
From the present work, the performance
characteristics of variable compression ratio
diesel engine which is fueled with Soybean
biodiesel is investigated at different load and
compression ratio and the results are
compared with the standard base line data
obtained from diesel fuel. Following
conclusions have been found.
[1] Brake thermal efficiency (BTE) for all
the blends increases with increase in load and
compression ratio because of better
combustion at higher load.
[2] BTE of Soybean biodiesel and its blends
decreases with increases in percentage of
soybean methyl ester (SME) in blends
because of decreasing calorific value and
BTE for all blends is lower than diesel.
[3] Brake specific fuel consumption (BSFC)
are found to be higher for SME and its blends
as compared to diesel fuel because of lower
calorific value of biodiesel.
[4] With the increase in load, BSFC
decreases due to better quality of combustion
of fuel and increasing brake power.
[5] Exhaust gas temperature (EGT) for all
the SME and its blends are found to be lower
than diesel fuel because of high calorific
value of diesel fuel and lower viscosity than
SME.
[6] EGT is further found to be increased at
higher compression ration because of proper
atomization of fuel inside the combustion
chamber.
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cooled, variable compression ratio (VCR) Diesel Engine

.
Figure 1: Experimental set-up of VCR Diesel Engine
Table 1: Technical specifications of VCR Diesel Engine
Parameter

Specification

Manufacturer

Kirloskar

Model

TV1

Number of cylinders

1

Number of stroke

4

Bore (mm)

87.5
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Stroke (mm)

110

Compression Ratio

12 to 18:1

Speed (RPM)

1500

Rated output

3.5 KW

Orifice diameter (mm)

20

The methyl ester of soybean oil is prepared and blended with diesel fuel in five different
compositions (Table 2). With the help of a measuring flask, different blends i.e. B5 (5% SME
and 95% diesel), B10 (10% SME and 90% diesel), B15 (15% SME and 85% diesel), B20 (20%
SME and 80% diesel) and B25 (2
(25%
5% SME and 75% diesel) were prepared on volume basis to
perform the required operations on engine.

Table 2: Physico-chemical
chemical properties of diesel with Soybean methyl ester blends
S.N. Blends

Density Viscocity
Calorific
(g/ml)
(cst)@400c Value
(cal/gm)

1

Pure
Diesel

0.844

2.74

10456

2

B05

0.846

2.92

10430

3

B10

0.848

3.15

10403

4

B15

0.850

3.29

10376

5

B20

0.853

3.46

10351

6

B25

0.857

3.61

10327

7

B100

0.883

5.89

9949

Test
Method

IS 1448 IS 1448 P
P- IS 1448
P-32
25
P-6

BTE(%)

BTE Vs Load

CR16
B0
B05
B10
B15
B20

Load (Kg)
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BTE (%)

BTE Vs Load

CR 18

B0
B05
B10
B15

Load (Kg)

BTE(%)

Figure 2:Variation
Variation of BTE Vs Load at CR 16, CR 17 and CR 18
BTE Vs CR At Full Load
28
27.15
27.07
26.96
B0
26.76
26.46
26.32
27
26.15
25.9
25.81
B05
25.54
25.46
25.41
26
25.2
24.93
24.9
24.6
B10
25
24.24
23.51
24
B15
23
B20
22
B25
21
16

17
CR

18

Figure 3:Variation of BTE Vs CR

Figure 4:Variation
Variation of BSFC Vs Load at CR 16, CR 17 and
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Figure 5:
5:Variation of BSFC Vs CR

Figure 6:Variation
Variation of EGT Vs Load at CR 16, CR 17 and CR 18
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Figure 7:Variation of EGT Vs CR
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