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  As a renewable and alternative fuel for compression ignition engines, biodiesel instead of diesel has been increasingly 

fuelled. In the recent 10 years many researchers investigated the effects on engine performances and emissions which are the 

harmful in diesel engine. Around the world researched are devoted to reduce such emissions with different ways like fuel 

modification, combustion chamber design and treating the exhaust gas, etc., In this connection the hunt for the suitable 

alternative fuels for diesel engine initiated.  

The paper focused on effective utilization of fuel blend in DI diesel engine operating at different exhaust gas recirculation. In 

this work an effort was made to compare the performance characteristics of the diesel engine fuelled with pure diesel, pure 

Mahuva biodiesel and the blend of diesel-biodiesel-ethanol (ternary fuel blends). It was observed that the performance of the 

diesel engine with ternary fuel blends is as par with pure diesel. The experiments were conducted on single cylinder direct 

injection diesel engine at constant speed 1500 rpm. The engine was run without EGR, and 5% EGR. The blends are considered that 

with 5% , 10% of blend for EGR and without EGR. The results obtained were compared with that of pure diesel fuel.  
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1. INTRODUCTION 

Fossil fuel consumption is steadily rising in 

industrial as well as in transportation sector as a result of 

population growth in addition to improvements in the 

standard of living. The continually depleting resources 

of fossil fuel and the highly toxic emissions which are 

produced due to these fuels have largely hastened the 

need for alternate fuels for internal combustion (IC) 

engines. Several fuels have been tried for running 

internal combustion engines. These include straight 

vegetable oil, biodiesel, alcohol, natural gas and 

hydrogen. Hydrogen has been found to have several 

properties which are essential for a green alternate fuel 

to be used in IC engines. Its high auto ignition 

temperature and low ignition energy coupled with its 

various other combustive properties help in enhancing 

engine performance. The high diffusivity of hydrogen 

which is about four times that of gasoline improves the 
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mixing process of fuel and air. As the burning velocity 

rises the actual indicator diagram is nearer to the ideal 

diagram and the thermodynamic efficiency increases. 

 

2.  BROAD CLASSIFICATION OF BIOFUELS 

Classification based on Generation (Suc-classification of 

the secondary biofuels) According to this classification, 

the biofuels have been kept in four groups based on the 

source materials. They are: first generation, second 

generation, third generation and fourth biofuels 

 
Figure-1: Broad classification of biofuels 

 

3. EXPERIMENTAL SETUP AND METHODOLOGY 

3.1 Production of Mahuva oil 

  Mahua oil is extracted from mahua seed by 

mechanical expeller. First the dry fruits were collected in 

a drum, and the kernels were separated. Later the 

kernels were dried and then fed into the oil extraction 

machine. The oil obtained by pressing is collected in a 

drum. Then filtration is done to remove the unwanted 

particles left in the extruded oil in order to obtain the 

pure vegetable oil.  

The oils obtained from expeller were used for 

biodiesel production. Degumming process was carried 

out for Neem and Polanga oil to nullify the gum effect.. 

Then the oils were analysed for determination of their 

acid values by titrating against a known strength of KOH 

solution.  

The methods adopted for degumming were 

treating the crude mahua oil first with immobilized 

phospholipase and then extracting the 

phospholipase-treated crude oil with pure water. 1% 

phosphoric acid was added to 1200 ml of crude 

neem/polanga oil. The mixture was heated and stirred at 

900 C. Then the mixture underwent settling for 24 hours 

resulting in gum free mahua oil. 

 

Fig 2: mahuva oil from seeds 

 

It is semi-evergreen herbage indigenous to 

IndiaMahua oil has around 20% FFAs and has a yield of 

181,000 metric tons per year in India. 

 

Fig. 3: .Life cycle analysis of mahua oil biodiesel 

The unprocessed yet filtered rawmahua oil is greenish 

yellow in color. The fatty acid profile determines the 

quality and effectiveness of fats and oils. According to 

the fatty acid profile of mahua oil, the main fatty acids 

are palmitic acid, stearic acid, oleic acid, and linoleic 

acid. Table 2 indicated mahua oil contains a high 

concentration of saturated along with mono-unsaturated 

fatty acids.  

Oils and fats can be processed into bio-diesel in 

at least four ways transesterification, dilution, 

micro-emulsions, and pyrolysis. The standard method is 

transesterification. It is a chemical process that forms 

fatty acid alkyl esters and glycerine, which is catalyzed 

by oil or fat and an alcohol. 
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3.1 Exhaust gas recirculation 

Diesel engines have inherently high thermal 

efficiencies, resulting from their high compression ratio 

and fuel lean operation. The high compression ratio 

produces the high temperatures required to achieve 

auto-ignition, and the resulting high expansion ratio 

makes the engine discharge less thermal energy in the 

exhaust. The extra oxygen in the cylinders is necessary to 

facilitate complete combustion and to compensate for 

non-homogeneity in the fuel distribution. However, high 

flame temperatures predominate because locally 

stoichiometric air–fuel ratios prevail in such 

heterogeneous combustion processes . Consequently, 

Diesel engine combustion generates large amounts of 

NOx because of the high flame temperature in the 

presence of abundant oxygen and nitrogen 

 

Fig 4:Exhaust gas recirculation 

3.2 DIFFERENT TYPES OF BLENDS  

 The different types of blended bio fuels used in these 

projects are  

1. B0    : 100% PURE DIESEL 

2. B5    : 5% MAHUVA OIL &95% DIESEL 

3. B10   : 10% MAHUVA OIL& 90% DIESEL 

4. B15   : 15% MAHUVA OIL & 85% DIESEL 

Table 1: Properties of blends 

S.N

o 
Blend 

Viscosit

y(Stoke

s) 

CV 

(Kj/kg) 

Flash 

Point(0

C) 

Fire 

Point(0

C) 

Density 

45
0

C 

(Kg/m3) 

1 B0 2.65 46000 55 61 640 

2 B5 2.98 45125 69 74 655 

3 B10 3.45 44150 71 76 671 

4 B15 4.12 43750 83 88 684 

5  

MAHU

VA 

OIL 

27.63 37450 212 227 915 

3.3  Test rig  specification 

Table 2 : Specifications of the engine and the 

dynamometer 

 

 
Figure 5: 4 stroke 1- cylinder diesel engine WITH EGR 

 

4 RESULTS AND ANALYSIS 

4.1 PERFORMANCE PARAMETERS 

4.1.1 EGR VS BREAK POWER AT Torque of 24Nm 

 
Fig 6: variation of brake power with EGR 

4.1.2 EGR VS BRAKE THERMAL EFFICIENCY AT 

Torque of 24Nm 
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Fig 7: variation of BTE with EGR 

 

4.1.3 EGR VS EXHAUST GAS TEMPERATURE AT 

Torque of 24Nm  

 
Fig 8: variation of EGT with EGR 

 

4.1.4 EGR VS  Brake Specific fuel consumption 

(Kg/Kw Hr) AT Torque of 24Nm 

 
Fig 9: variation of BSFC with EGR 

 

4.1.5 EGR VS  Brake mean effective pressure (bar) AT 

Torque of 24Nm 

 
Fig 10: variation of BMEP with EGR 

 

4.1.6 EGR VS  Volumetric efficiency (%)AT Torque of 

24Nm 

 
Fig 11: variation of Volumetric Efficiency with EGR 

 

4.2 EMISSION ANALYSIS  

4.2.1 EGR VS Hydrocarbon At Torque of 24Nm  

 
Fig 12: variation of HC with EGR 

0
10
20
30
40
50

B
R

A
K

E 
TH

ER
M

A
L 

EF
FI

C
IE

N
C

Y
(%

)

% of Exhaust gas Recirculation

EGR VS BRAKE THERMAL EFFICIENCY AT Torque of 
24Nm 

B0

B5

B10

B15

0
100
200
300
400
500

Ex
h

au
st

 g
as

 t
e

m
p

e
ra

tu
re

(0
C

)

% of Exhaust gas Recirculation

EGR VS EXHAUST GAS TEMPERATURE AT Torque of 
24Nm 

B0

B5

B10

B15

0
0.05

0.1
0.15

0.2
0.25

B
ra

ke
 s

p
e

ci
fi

c 
fu

e
l 

co
n

su
m

p
ti

o
n

(K
g/

K
w

 H
r)

% of Exhaust gas Recirculation

EGR VS Brake specific fuel consumption At Torque 
of 24Nm

B0

B5

B10

B15

4.7
4.8
4.9

5
5.1
5.2
5.3
5.4
5.5
5.6

B
ra

ke
 m

e
an

 e
ff

e
ct

iv
e

 p
re

ss
u

re
(b

ar
)

% of Exhaust gas Recirculation

EGR VS brakemean effective pressure At Torque of 
24Nm 

B0

B5

B10

B15

72

74

76

78

80

82

NO EGR 5% EGR 10%EGR 15%EGR

V
o

lu
m

e
tr

ic
 e

ff
ic

ie
n

cy
(%

)

% of Exhaust gas Recirculation

EGR VS volumetric efficiency AT Torque of 24Nm 

B0

B5

B10

B15

0

20

40

60

80

100

NO EGR 5% EGR 10%EGR 15%EGR

H
yd

ro
ca

rb
o

n
(p

p
m

)

% of Exhaust gas Recirculation

EGR VS Hydrocarbon At Torque of 24Nm 

B0

B5

B10

B15



  

 

 
49     International Journal for Modern Trends in Science and Technology 

 

 

4.2.2EGR VS  NITROGEN OXIDE EMISSION (ppm) 

At Torque of 24Nm 

 
Fig 13: variation of NOx with EGR 

 

4.2.3 EGR VS  CARBON DI OXIDE (%)At Torque of 

24Nm 

 
Fig 14: variation of CO2 with EGR 

 

4.2.4 EGR VS   CARBON MONOXIDE (%)At Torque of 

24Nm 

 
Fig 15: variation of CO with EGR 

 

 

 

5. CONCLUSION 

The experimental results shown in this paper thatengine 

performance and emissions of all blends whererun on 

the diesel engine and compared with standarddiesel fuel 

1. Smooth working of engine is observed with mahua 

oil by blending with diesel without any 

modifications.  

2. Percentage increase in mahua oil increases the 

viscosity of diesel.  

3. Increase in percentage of mahua oil changes the 

properties of blends.  

4. Slight increase in brake thermal efficiency and 

decrease in specific fuel consumption is observed in 

the case of mahua oil compared to that of diesel at 

different EGR. 

5. Mahua oil and its blends can be used directly without 

any major engine modification.  NOx for various 

EGR rates.  

6. CO for various EGR rates.. The brake thermal 

efficiency decreases with a corresponding increase in 

the percentage of Mahua oil blend.  

7. Mximum torque of 24 Nm and 10% Mahua oil blend 

is found to be optimum condition considering the 

SFC and BT efficiency.  

NOx emissions are higher for Mahua oil and its blends. 

As the percentage of blend increases, the NOx emission 

rates are also higher. Three EGR flow rates are used to 

reduce the NOx emissions. 10% EGR flow rate is found 

to be optimum for the 10% Mahua oil blend 24Nm 

considering the emission of NOx and BT efficiency. 
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