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Abstract - In the recent years, vehicle population increased
enormously which increases the demand of fossil fuel. The
availability of crude oil supply decreases continuously, these
reasons makes the researchers to find new renewable
alternative fuel especially biofuels. Some of the vegetable
plants like karanja, neem, and mahua, rapeseed, jatropha,
soabean, etc. were already found as successful production of
biodiesel. But the problems in these sources were the land
availability. Still, it has been reported that the use of
biodiesel considerably reduced emission and increase the
performance of the engine. The most promising method for
the production of biodiesel is transesterification process
.Now-a-days researchers have reported the possibility for
the production of biodiesel. In the present study, karanja,
neem and mahua biodiesel blend with diesel ratio of (10%),
(20%) and (30%) is blends with diesel are used in the IC
engine.
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1. INTRODUCTION

The resources of petroleum as fuel are dwindling day
by day and increasing demand of fuels, as well as increasingly
stringent regulations, pose a challenge to science and
technology. With the commerecialization of bio-energy, it has
provided an effective way to figurant against the problem of
petroleum scarce and the influence on environment. India is
one of the fastest developing countries with a stable
economic growth, which multiplies the demand for
transportation in many folds. Fuel consumption is directly
proportionate to this demand. India depends mainly on
imported fuels due to lack of fossil fuel reserves and it has a
great impact on economy. In Indian scenario, the data
available from auto fuel consumption reveals thatin the year
2017-18, 12.85 million metric tonnes (MMT) petrol and
66.91 MMT of diesel were consumed with a crude oil import
amounting to rupees 3,88,044 corers. Biodiesel is a promising
alternative for our diesel needs. India ranks 6th in terms of
consumption of energy ie. 3.5% of the total world’s
commercial energy.

1.1 History of Engine

Although the history of the diesel engine extends
back into the closing years of the 19th century when Dr
Rudolf Diesel began his pioneering work on air blastinjected

stationary engines, and in spite of the dominant position in
now holds in many application, it is today the subject of
intensive development and capable of improvements. Before
1914, building on the work of Dr Rudolf Diesel in Germany
and Hubert Akroyd Stuart in the UK, the diesel engine was
used primarily in stationary and ship propulsion applications
in the form of relatively low speed four-stroke normally
aspirated engines. Dr. Rudolf Diesel invented the diesel
engine to run on a host of fuels including coal dust suspended
in water, heavy mineral oil, and, vegetable oils. Dr. Diesel’s
first engine experiments were catastrophic failures, but by
the time he showed his engine at the world exhibition in Paris
in 1900, his engine was running on 100% peanut oil. Dr.
Diesel was visionary.

The 1914 -18 war gave considerable impetus to the
development of the high speed diesel engine with its much
higher specific output, with a view to extending its
application to vehicles.

2. Research Methodology
2.1 Materials and method

Based on the availability of karanja, neem and mahua
biodiesel blend with diesel, the properties like calorific value,
kinematic viscosity, flash point and fire point, karanja, neem
and mahua biodiesel blend with diesel is estimated in the
table 3.1,3.2, and 3.3 selected for biodiesel preparation and
experimental analysis. Various blending combinations of
multi-blend biodiesel i.e. KF-1 (karanja fuel 10%, diesel 90%
by volume), KF-2 (karanja fuel 20%, diesel 80% by volume),
KF-3 (karanja fuel 30%, diesel 70% by volume) are prepared
as shown in table 3.1

Tabl 2.1 Preparations of flue samples of multi-blend
biodiesel along with diesel

Preparation of flue samples of multi-blend biodiesel

along with diesel

S.No. | Fuel KBD + Pure diesel

samples = Quantity obtained

1. KF-1 100ml + 900ml
= 1-litre

2. KF-2 200ml + 800ml
= 1-litre

3. KF-3 300ml + 700ml
= 1-litre
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Table 2.2 Preparations of flue samples of multi-blend
biodiesel along with diesel

Preparation of flue samples of multi-blend biodiesel
along with diesel

S.No. | Fuel NBD + Pure diesel
samples = Quantity obtaine

1. NF-1 100ml + 900ml
= 1-litre

2. NF-2 200ml + 800ml
= 1-litre

3. NF-3 300ml + 700ml
= 1-litre

Table 2.3 Preparations of flue samples of multi-blend
biodiesel along with diesel

Preparation of flue samples of multi-blend biodiesel
along with diesel

S.No. | Fuel MBD + Pure diesel
samples = Quantity obtained

1. MF-1 100ml + 900ml
= 1-litre

2. MF-2 200ml + 800ml
= 1-litre

3. MF-3 300ml + 700ml
= 1-litre

2.2Catalytic Pyrolysis

Transesterification: it is most commonly used and
important method to reduce the viscosity of vegetable oils. In
this process triglyceride reacts with three molecules of
alcohol in the presence of a catalyst producing a mixture of
fatty acids, alkyl ester and glycerol. The process of removal of
all the glycerol and the fatty acids from the vegetable oil in
the presence of a catalyst is called esterification. This
esterifies vegetable oil is called bio-diesel. Biodiesel
properties are similar to diesel fuel. It is renewable, non-
toxic, bio-degradable and environment friendly
transportation fuel. After esterification of the vegetable oil its
density, viscosity, cetane number, calorific value, atomization
and vaporization rate, molecular weight, and fuel spray
penetration distance are improved more. So these improved
properties give good performance in CI engine.

CH~—0OCOCR CH=0H R~COOCH

I Catalyst

CH=— OCOR, + IHOCH ‘—('”—UH + R—COOCH

CH~—0OCOR CH~—0H R~—COOCH,
Friglyceride Methanol Glyeerol Methyl esters

(parcct oil) (alcohol) (biodicesel)

Fig 2.1 Transesterification equation

Physical and chemical properties are more improved in
esterified vegetable oil because esterified vegetable oil
contains more cetane number than diesel fuel. These
parameters induce good combustion characteristics in
vegetable oil esters. So unburnt hydrocarbon level is
decreased in the exhaust. It results in lower generation of
hydrocarbon and carbon monoxide in the exhaust than diesel
fuel. The vegetable oil esters contain more oxygen and lower
calorific value than diesel. So, it enhances the combustion
process and generates lower nitric oxide formation in the
exhaust than diesel fuel.

==

Fig 2.1 Photograph of experimentation I.C engine set-up
3. RESULTS AND DISCUSSION
3.1Introduction

The experimental results obtained from the tests carried
out on engine performance presented in this section. These
include results at constant speeds with differentloads for the
different fuels i.e. standard diesel fuel and the three multi-
blend biodiesel products. The results are discussed from the
viewpoint of using multi-blend biodiesel (karanja, neem and
mahua) as an alternative fuel for compression ignition
engines.

Ty
\
1

Chart1 Variation of brake thermal efficiency with respect
to brake power

Chart1 shows the variation of brake thermal efficiency with
brake power for various multi-blends biodiesel (karanja,
neem and mahua) are KBD-10, NBD-10, MBD-10 along with
pure diesel respectively. Brake thermal efficiency is
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increasing with increasing brake power for all multi-blends of
biodiesel (karanja, neem and mahua) and diesel. It may be
due to reduction in heat loss and increase in power with
increase in load. At rated power of 1.52 KW almost all the
multi-blends have near efficiency to diesel in which KBD-10
have maximum thermal efficiency (27.47%) as compared to
diesel (28.71%). It may be because of the presence of oxygen
in biodiesel which enhances the combustion as compared to
diesel and biodiesel is more lubricant than diesel that
provides additional lubrication. Multi-blends of biodiesel
(karanja, neem and mahua) have higher viscosity, density and
lower calorific value than diesel.

Chart2 Variation of brake thermal efficiency with respect
to brake power.

For various multi-blends biodiesel (karanja, neem and
mahua) are KBD-20, NBD-20, MBD-20 along with pure diesel
respectively. Brake thermal efficiency is increasing with
increasing brake power for all multi-blends of biodiesel
(karanja, neem and mahua) and diesel. It may be due to
reduction in heatloss and increase in power with increase in
load

Chart3 Variation of brake thermal efficiency with respect
to brake powe

Atrated power of 1.545 kW almost all the multi-blends have
near efficiency to diesel in which KBD-20 and have maximum
thermal efficiency (27.30%) as compared to diesel (28.71%).
Multi-blends of biodiesel have higher viscosity, density and
lower calorific value than diesel. Chart 3 shows the variation
of brake thermal efficiency with brake power for various
multi-blends biodiesel (karanja, neem and mahua) are KBD-
30, NBD-30, MBD-30 along with pure diesel respectively.
Brake thermal efficiency is increasing with increasing brake

power for all multi-blends of biodiesel (karanja, neem and
mahua) and diesel.

\Chart4 Variation of specific fuel consumption with
respect to brake power

The variation in SFC (specific fuel consumption) with brake
power for various multi-blends biodiesel (karanja, neem and
mahua) are KBD-10, NBD-10, and MBD-10along with pure
diesel as shown in Fig. 4.4the specific fuel consumption when
using multi-blend biodiesel is expected to increase as
compared to the consumption of diesel fuel. SFC decreased
sharply with increase in load for all fuel samples.
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Chart5 Variation of specific fuel consumption with respect
to brake power

The variation in SFC (specific fuel consumption) with brake
power for various multi-blends biodiesel (karanja, neem and
mahua) are KBD-20, NBD-20, and MBD-20 along with pure
diesel as shown in Fig. 4.5 the specific fuel consumption when
using multi-blend biodiesel is expected to increase as
compared to the consumption of diesel fuel. SFC decreased
sharply with increase in load for all fuel samples. The main
reason for this may be that the percent increase in fuel
required to operate the engine is less than the percent
increase in brake power due to relatively less portion of the
heatlosses at higherloads. As the SFC is calculated on weight
basis, so higher densities resulted in higher values of SFC.
Maximum SFC is obtained in KBD-20 (0.701) at 1.545 kW.
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Chart6 Variation of specific fuel consumption with respect
to brake power

The variation in SFC (specific fuel consumption) with brake
power for various multi-blends biodiesel (karanja, neem and
mahua) are KBD-30, NBD-30,and MBD-30 along with pure
diesel as shown in Fig. 4.6 the specific fuel consumption when
using multi-blend biodiesel is expected to increase as
compared to the consumption of diesel fuel. SFC decreased
sharply with increase in load for all fuel samples The main
reason for this may be that the percent increase in fuel
required to operate the engine is less than the percent
increase in brake power due to relatively less portion of the
heatlosses at higherloads. As the SFC is calculated on weight
basis, so higher densities resulted in higher values of SFC.
Maximum SFC is obtained in KBD-30 (0.665) at 1.541 kW.

Chart7 Variation of mechanical efficiency with respect to
brake power

The variation of mechanical efficiency with brake power for
pure diesel and multi-blend biodiesel (karanja, neem and
mahua) are shown in Fig. 4.7 the mechanical efficiency of
pure diesel is slightly higher than the multi-blendbiodiesel. In
this case the pure diesel and KBD-10, NBD-10 and MBD-10
are almost nearer to each other. From the graph it is evident
that as the percentage of multi-blend biodieselincreases in
diesel the mechanical efficiency goes on decreasing. The
mechanical efficiency of the engine is maximum at 1.520 kW
pure diesel compare to other multi-blendbiodiesel. This
happens due to lower calorific value and higher viscosity of
multi-blend biodiesel compared to pure diesel.
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Chart8 Variation of mechanical efficiency with respect to
brake power

The variation of mechanical efficiency with brake power for
pure diesel and multi-blend biodiesel (karanja, neem and
mahua) are shown in Fig. 4.8 the mechanical efficiency of
pure diesel is slightly higher than the multi-blendbiodiesel. In
this case the pure diesel and KBD-20, NBD-20 and MBD-20
are almost nearer to each other. From the graph itis evident
that as the percentage of multi-blend biodieselincreases in
diesel the mechanical efficiency goes on decreasing. The
mechanical efficiency of the engine is maximum at 1.545 kW
pure diesel compare to other multi-blendbiodiesel. This
happens due to lower calorific value and higher viscosity of
multi-blend biodieselcompared to pure diesel.
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Chart9 Variation of mechanical efficiency with respect to
brake power

The variation of mechanical efficiency with brake power for
pure diesel and multi-blend biodiesel (karanja, neem and
mahua) are shown in Fig. 4.9 the mechanical efficiency of
pure diesel is slightly higher than the multi-blendbiodiesel. In
this case the pure diesel and KBD-30, NBD-30 and MBD-30
are almost nearer to each other. From the graph itis evident
that as the percentage of multi-blend biodieselincreases in
diesel the mechanical efficiency goes on decreasing. The
mechanical efficiency of the engine is maximum at 1.541 kW
pure diesel compare to other multi-blendbiodiesel. This
happens due to lower calorific value and higher viscosity of
multi-blend biodiesel compared to pure diesel.
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Chart10 Variation of indicated thermal efficiency with
respect to brake power

Chart10 shows variation of indicated thermal efficiency with
respect to brake power. From the graph it observed that the
indicated thermal efficiency is maximum at starting brake
power in the range of 0-1.52 kW brake power. Pure diesel has
higher indicated thermal efficiency compared with all multi-
blendbiodiesel. This is due to higher calorific value of diesel
with lower viscosity. Maximum indicated thermal efficiency is
obtained that 32.21% at 1.52kW

Chart11 Variation of indicated thermal efficiency with
respect to brake power

Chartl1l shows variation ofindicated thermal efficiency with
respect to brake power. From the graph it observed that the
indicated thermal efficiency is maximum at starting brake
power in the range of 0-1.545 kW brake power. Pure diesel
has higher indicated thermal efficiency compared with all
multi-blend biodiesel. This is due to higher calorific value of
diesel with lower viscosity. Maximum indicated thermal
efficiency is obtained that 31.26% at 1.545 kW
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Chart12 Variation of indicated thermal efficiency with
respect to brake power

Chart12 shows variation of indicated thermal efficiency with
respect to brake power. From the graph it observed that the
indicated thermal efficiency is maximum at starting brake
power in the range of 0-1.541 kW brake power. Pure diesel
has higher indicated thermal efficiency compared with all
multi-blend biodiesel. This is due to higher calorific value of
diesel with lower viscosity. Maximum indicated thermal
efficiency is obtained that 30.93% at 1.541kW
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Chart13 Variation of volumetric efficiency with respect to
brake power.

From the chart it observed that the volumetric efficiency is
slightly variation in the average brake power and almost
constant. There is no much variation in the pure diesel
compared to multi-blend biodiesel. From the graph pure
KBD-10 having least it observed that 73.52%,77.5% and
80.57% at 0.615 kW, 1.08kWand 1.52 kW. This is due to
presence of oxygen during the combustion.
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Chart13 Variation of volumetric efficiency with respect to
brake power.

There is no much variation in the pure diesel compared to
multi-blend biodiesel. From the graph pure KBD-20 having
least it observed that 72.18%,77.13% and 78.41% at 0.590
kW, 1.09 kWand 1.545 kW.This is due to presence of oxygen
during the combustion. From the chart it observed that the
volumetric efficiency is slightly variation in the average brake
power and almost constant
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Chart14 Variation of volumetric efficiency with respect to
brake power.

There is no much variation in the pure diesel compared to
multi-blendbiodiesel. From the graph pure KBD-30 having
leastit observed that 61.578%,67.65% and 67% at 0.589 kKW,
1.088 Kw and 1.541 kW.This is due to presence of oxygen
during the combustion.

CONCLUSIONS

Use of a multi-blend biodiesel is considered as a new possible
source of alternative fuel for diesel engine. No difficulty was
faced at the time of starting the engine and the engine ran
smoothly at constant engine speed of 1500 RPM. Based on
the experimental work with multi-blend biodiesel, at
maximum load, the following conclusions are drawn. The
performance parameter like brake thermal efficiency, brake
specific fuel consumption, brake specific energy
consumption, torque have similar result at wide range of
power output.

» The brake thermal efficiency of KBD-30 has
maximum 26.02% compare to pure diesel 18.71% at
1.5 kW brake power due to the presence of oxygen
in the molecular structure of multi-blend biodiesel
intensifies the complete combustion phenomenon.

» The mechanical efficiency of pure diesel is slightly
higher than the multi-blend biodiesel at 1.5 kW
brake power due to lower calorific value of multi-
blend biodiesel.

» The indicated thermal efficiency have maximum at
average brake power in the range of 0.5-1.5 kW.
Pure diesel has higher indicated thermal efficiency
compared with other multi-blend biodiesel.

» The volumetric efficiency is slightly decreases in the
average brake power and almost constant. There is
no much variation in the pure diesel compared to
multi-blend biodiesel.

» Maximum specific fuel consumption is obtained in
NBD-30 (0.903) compare to pure diesel at 1.5 kW
brake power.
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