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Assessment of Ethanol as Fuel Additive to
Diesel-Biodiesel Blends on Combustion and
Performance Characteristics in CI Engine
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Abstract—Biodiesel is one of the most promising and
technically viable partial replacements to the petroleum diesel.
Many research works were carried out on diesel -biodiesel blends
focusing on the performance and emission aspects of the CI
engine. Diesel biodiesel blends encounter with operational
problems like higher viscosity, higher surface tension and less
intensity atomization of the burning mixing. These set back in the
diesel-biodiesel can be overcome by the addition of the ethanol to
the diesel -biodiesel mixture. An attempt has been made to use
higher concentration of ethanol by using Karanja biodiesel as
medium of mixing with diesel. In this paper discussion has been
made on the effect on the performance and combustion aspects of
CI engine operating on the Diesel-biodiesel-ethanol blends

Abbreviation
BTE:
Break
Thermal B20: 20% Biodiesel 80% Diesel
Efficiency
SFC
:
Specific
Fuel ET05:
5%Ethanol,15%Karanja
Consumption
Biodiesel and 80%Diesel.
BSFC: Break Specific Fuel ET10:10%Ethanol,10%Karanja
Consumption
Biodiesel and 80%Diesel.
BTE: Break Thermal Efficiency ET15:15%Ethanol,15%Karanja
SI: Spark Ignition
Biodiesel and 70%Diesel.
CI: Compression Ignition
ET20:20%Ethanol,10%Karanja
Biodiesel and 70%Diesel.
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1.

INTRODUCTION

Population development of world is required to help
practically 1.5 billion individuals to achieve 8.8 billion by
2035[1]. Due to quicker pace of urbanization when
contrasted with the past, by 2040 extra 2 billion might be
added to the urban focuses [2]. Consequently prospect of
financial development relies upon the long haul avaibility of
energy from the sources that are affordable, accessible and
however much as could be expected environmental friendly.
When contrasted with China, India vitality request
development is just about multiple times higher [2].
Constantly 2035, petroleum product (coal, oil, gas) remains
the main supporters of worldwide energy needs.
Considering the fuel assets, biodiesel is a most
encouraging contrasted with non-renewable energy source.
Biodiesel is utmost encouraging elective wellspring of
vitality for natural advantages, for example, non-perilous
and environmental neighborly [3,4]. Without the
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modification of the engine biodiesel diesel blends can be
used with certain amount of the energy loss.
Partial use of biodiesel along with the diesel has some
disadvantages like reduced energy content, elevation in the
viscosity, tendency of carbon deposition on the fuel line [5].
Energy content of the biodiesel-diesel blend diminishes as
the section of the biodiesel rises in the blend because of the
inferior content of energy [6]. These shortcomings diminish
the combustion and performance aspects of the CI engine
[7].
In order overcome the problems related to the biodiesel
diesel blend and part replace of both diesel biodiesel,
ethanol is added as the third liquid fuel along with the
diesel-biodiesel blend. Ethanol is rich source of the oxygen
which not only acts as the oxygenating mediator it also cuts
the viscosity of the diesel biodiesel blend. Use of ethanol
helps the good performance, combustion and emission
aspects of the diesel locomotive [8]. Use of ethanol
incorporated diesel dates back to 1980 in the diesel
locomotive without the modification has been attempted
[9,10].
Need for the new energy resources, renewed government
policies and use in the petrol brought the ethanol into
mainstream in the locomotive fuels research and motives the
higher percentage use in the diesel biodiesel blend.
A.C. Hansen et al [11], reviewed the papers on the
ethanol-diesel blend, draws the conclusion that ethanol
addition to the diesel change the properties with respect to
diesel, in particular chemical energy, flowability and the
resistance between the two layers of the fluid. Addition of
5% ethanol by volume reduces 2% energy content of the
diesel fuel. Compared to the diesel operation the diesel
ethanol blend use reported with the reduction in the
performance in linear proportion reduction in the energy
content of the blend. Reduction in the particulate matter
were reported in almost all investigations. They attributed
this trend to the enrichment of the oxygen content of the
blend because of the ethanol.
Dattatray Bapu Hulwan et al [12], investigated the three
blends namely blend A (70% diesel:20% ethanol:10%
biodiesel), blend B (50% diesel:30% ethanol:20%
biodiesel), blend C (50% diesel:40% ethanol:10%
biodiesel), compared these blends with the diesel. Conveyed
that the trivial rise in the chemical conversion efficiency
(BTE), fuel consumption with respect shaft power produced
increases, reduction in the smoke opacity at elevated loads
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noticed. Remarkable decrease in the carbon monoxide tail
end emission was noticed at the lower load. Concluded that
the blend B showed the substantial performance in terms of
performance
S.M. Krishna et al [13], verified the ethanol incorporated
diesel biodiesel blend in the diesel engine generator. Six
testing blends were investigated starting from the ethanol
from 5% by volume in increment of 1% by volume up to
10% ethanol. All the testing blends exhibits the properties in
line with the petroleum diesel. The blend which contains the
5%ethanol-15%biodiesl-78%diesel tested for the highest
heating value with 37.01MJ which is 4% less than that of
diesel. This blend exhibits lower specific fuel consumption
among all blends but 3.7% higher than that of the diesel.
They accredited this to the less energy content of the blend
as related to the diesel. Above blend has same conversion
efficiency that of the diesel.
F. Pradelle et al [14], experimented with the
B15(15%biodiesel along with diesel) as base line
comparative fuel. Compared this blend with the ethanol
proportion from 5% to 20% in the B15 blend. Specific fuel
increased by 5% for 5% ethanol B15 blend. Also reported
that as ethanol percentage increase the ignition delay also
increases owing the lower cetane number. Thermal energy
conversion increases with the increase in the ethanol
content.
In order to pay a way for the use of higher proportion of
ethanol in the diesel-ethanol blends, the karanja biodiesel
can be used as a cosolvent and property enhancer. An
attempt is made to use higher ratio of ethanol for estimation
of the combustion and performance aspects of the CI engine.
This paper throws a light on the performance and
combustion aspects of the diesel locomotive.
Main motive of the investigation is to use higher content
of the ethanol in diesel by using karanja biodiesel as a
cosolvent. Illustrative plan of the anticipated work has been
denoted in the Fig. 1.

2.2. Investigation fuel combinations
Different fuel combinations were explored
Particular

Density
(Kg/m3)

Kinematic
viscosity
(Centistokes)

Calorific
Value
(KJ/kg)

B20

808

17.026

42740

ET05

820

5.25

42340

ET10

811

4.23

41940

ET15

809

3.52

40910

ET20

796

3.159

40510

a) 5%Ethanol,15%Karanja Biodiesel and 80%Diesel.
Termed as ET05
b) 10%Ethanol,10%Karanja Biodiesel and 80%Diesel.
Termed as ET10
c) 15%Ethanol,15%Karanja Biodiesel and 70%Diesel.
Termed as ET15
d) 20%Ethanol,10%Karanja Biodiesel and 70%Diesel.
Termed as ET20
All above combinations were prepared by volume basis.
Test results from these combinations were compared with
the petroleum diesel and B20 blends. Properties of all
elements used and combinations of the fuel blends were
found and tabulated in table 1 and table 2 respectively.
2.3. EXPERIMENTAL PROCEDURE
Engine is started with the diesel, engine is made to run on
the diesel for 15 minute. Later it is shifted to the testing
combinations. After each test combination engine is again
made to run on the diesel for 15 minutes so that the
residualfuel is burnt along with the diesel. During the test all
the parameter of interest like time taken for 10ml fuel
consumption, cooling water temperature, exhaust gas
temperature and eddy current dynameter were tabulated.

Fig.1 Illustrative plan of the anticipated work
2.

Fig.2 Engine Test Set Up

RESOURCES AND APPROACH

2.1. Test Engine Setup
Test were conducted on the single cylinder water cooled
diesel engine which is interfaced with the computer to
measure the combustion data. Compression ratio of the test
engine is 16.5 with displacement 0.11m and having the bore
0.08m. Suitable arrangements were made to measure the
speed, fuel consumption. The set illustration is as shown in
the Fig.3 and actual set is as shown in the Fig.2.
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In ET05 percentage of ethanol is 5% which decreases the
viscosity and Oxygen content is increase hence there is a
complete combustion which may lead to lower the specific
fuel consumption.
For ET20 blend, which shows the highest SFC, reason
may be as ethanol percentage increases the chances of pre
ignition maybe high since ethanol is the most volatile fuel.
Hence the specific fuel consumption is more.
Fig.3 Experimental set up illustration

3.1.2 Energy Conversion (BTE)

Table 1 Properties of the three base fuels
50

840

Kinematic
viscosity
(Centistoke
s)
5.14

749
850

2.2
4.2

Density
(Kg/m3)

Particular
Karanja
Biodiesel
Ethanol
Diesel
3.

BRAKE THERMAL
EFFICIENCY

Table 2 Properties of the different fuel combinations
Calorific Value
(KJ/kg)
37700

Density
(Kg/m3)

B20
ET05
ET10
ET15
ET20

808
820
811
809
796

Kinematic
viscosity
(Centistokes)
17.026
5.25
4.23
3.52
3.159
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ET15

ET10
ET15
2

0

2

-500

150

0 Kg

100

2 Kg

50

4 Kg

0
0
500
-50
CRANK ANGLE

6 Kg
8 Kg
10 Kg

Fig.6 Rate of energy release v/s Crank position for Pure
Diesel

4

BRAKE POWER IN KW

Fig.4 Effect of ethanol on specific fuel consumption
From the above graph, the SFC for B20, ET10, ET15, is
agreeing with the pure diesel whereas ET20 shows highest
specific fuel consumption and ET05 shows appreciable
decrease in specific fuel consumption.
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ET20

3.2.1 Heat Release Rate

ET20

0

4

3.2 Combustion Test

0.6

ET05

10

Effect of ethanol on energy conversion (BTE) are shown
in Fig.5 for different diesel-karanja biodiesel-ethanol blends.
From the above graph, for all the blends energy conversion
efficiency is higher for ET15 blend and this combination
shows the highest energy conversion efficiency.
As ratio of ethanol increases, the energy conversion also
rises, by adding ethanol, the viscosity of fuel combination
may decreases which in turn promote the good atomization
and spray patterns which may lead to complete combustion
and hence the heat release rate is high.

0.7

0.3

ET05

RATE OF HEAT RELEASE
(J/DEG)

SPECIFIC FUEL CONSUMPTION IN
KG/KW-HR

3.1.1 Specific Fuel Consumption
The results obtained pertaining to the performance of the
engine is demonstrated with the help of graphs. Effect of
ethanol on specific fuel consumption for blends B20, ET05,
ET10, ET15 and ET20 are shown in Fig.4.

B20

20

Fig.5 Effect of ethanol on energy conversion (BTE)

3.1 Performance Test
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RESULTS AND DISCUSSION
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Fig.8 Rate of energy release v/s Crank position for ET05
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Fig.11 Rate of energy release v/s Crank position for
ET20

Fig.7 Rate of energy release v/s Crank position for B20
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For different crank angle rate of the energy release for
different fuel combination are presented in Fig.6 to Fig.11
for different diesel- karanja biodiesel -ethanol blends. From
the above graphs, as load increases, the turbulence may also
increase which lead to good air fuel mixture, similarly as
load increases, the rate of energy release also increases.
Heat release increases with the increase in percentage of
ethanol, this may be because the energy content of the fuel
may be increased as there is surge in part of ethanol. As
percentage of ethanol increases, oxygen content will
increase which may lead to recovering burning, and hence
the heat release proportion also increases.
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3.2.2 Peak Pressure
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Fig.12 Chamber pressure v/s Crank position for pure
diesel
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Fig.9 Rate of energy release v/s Crank position for ET10
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Fig.10 Rate of energy release v/s Crank position for
ET15
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Fig.13 Chamber pressure v/s Crank position for DB20
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As percentage of ethanol increases the peak pressure also
increases, since the peak pressure is the function of good
combustion. As the percentage of ethanol increases, there
will be better combustion which in turn increases the peak
pressure.
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Fig.14 Chamber pressure v/s Crank position for ET05
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Fig.15 Chamber pressure v/s Crank position for ET10
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Fig.16 Chamber pressure v/s Crank position for ET15
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The cylinder pressure with crank angle for different fuel
combination are presented in Fig.12 to Fig.17. from the
graphs, it is observed that as load increases, the turbulence
may also increases which lead to good air fuel mixture, in
the same way as percentage of ethanol increases, oxygen
content will increase which may lead to better combustion,
and hence the heat release rate also increases.
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CONCLUSIONS

Main motive of the paper investigates use higher content
of the ethanol in diesel by using karanja biodiesel as a
cosolvent.
In ET05 percentage of ethanol is 5% which decreases the
viscosity and Oxygen content is increase hence there is a
complete combustion which may lead to lower the specific
fuel consumption.
For ET20 blend, which shows the highest SFC, reason
may be as ethanol percentage increases the chances of pre
ignition may be high since ethanol is the most volatile fuel.
Hence the specific fuel consumption is more.
As fraction of ethanol upsurges, the brake thermal
efficiency also increases, by adding ethanol, the viscosity of
biodiesel may decreases which in turn promote the good
atomization and spray patterns which may lead to complete
combustion and hence the heat release amount is tall.
As load increases, the turbulence may also increase which
lead to good air fuel mixture, similarly as load increases, the
degree of heat release also upsurges. Heat release increases
with the upsurge in proportion of ethanol, this may be
because the energy content of the fuel may be increased as
there is increase in percentage of ethanol. As percentage of
ethanol increases, oxygen content will increase which may
lead to better combustion, and hence the heat release rate
also increases.
As percentage of ethanol increases the peak pressure also
increases, since the peak pressure is the function of good
combustion.
As the percentage of ethanol increases,
there will be better combustion which in turn increases the
peak pressure.
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