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Abstract. The addition of ethanol to a blend of vegetable oil (VO) and diesel, in general, has been found to
improve the compression ignition diesel engine performance. In the present investigation, the inﬂuence of
ethanol on Mesua ferrea Linn oil–diesel blend has been studied. Mesua ferrea Linn trees, abundant in the north
eastern states of India, have the potential to supplement the fossil diesel. The blend studied is composed of 30%
Mesua ferrea Linn oil and 70% diesel by volume (VO30). Ethanol is added 5 and 10% by volume to VO30
binary blend to form two ternary blend VO30E05 (5% ethanol and 95% VO30) and VO30E10 (10% ethanol and
90% VO30). Experiments have been carried out in a four-stroke, single cylinder, water cooled, stationary diesel
engine at various engine loads. The addition of ethanol results in an increase of brake thermal efﬁciency up to
1.5% as compared to neat VO30. The brake speciﬁc fuel consumption of the engine increases on an average by
1.8 and 3% with the use of 5 and 10% ethanol, respectively. The use of ethanol results an increase of CO and HC
emissions while a decrease of NOX emission.
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1. Introduction
In the current energy scenario, there is an urgent need to
redress the gap in demand and supply of fossil fuel along
with the conservation of environment at the same time. In
view of this, fuels derived from the renewable sources have
now been emphasized either for replacing or supplementing
the fossil fuel. The oil derived from the seeds of vegetables could serve as an alternative to supplement the huge
demand of fossil diesel both in transport and power sectors.
This vegetable oil (VO) is renewable, reliable, and can be
derived from thousands of vegetation species such as cotton, deccan hemp, jatropha, karanja, poon, rice bran, sunﬂower and others. However, the direct use of VOs in diesel
engines results in the reduction of brake thermal efﬁciency
(BTE), increase in brake speciﬁc fuel consumption (BSFC),
and increase in the emissions of CO, unburned hydrocarbon
(HC) and smoke due to their high viscosity and density as
compared to diesel [1–7]. The simplest way to overcome
this problem is to blend VO with diesel. The blending not
only improves the BTE, but also reduces the BSFC and the
emissions of CO, HC and smoke [5, 8–11]. It has also been
reported that the blending of VO by 10% to diesel gives
lower metallic debris in the lubricating oil in comparison to
*For correspondence

neat diesel [12]. Blending VO up to 20% with diesel gives a
comparable performance to that of neat diesel [13]. However, with the use of higher amount of VO in the blend, the
overall engine performance tends to deteriorate. To mitigate this deterioration, ethanol is added to VO–diesel binary blend to form ternary blend consisting of VO, diesel
and ethanol. In the ternary blend, ethanol has been used in
the range of 2.5–40% by volume for different compositions
of VO and diesel [14–17]. Qi et al reported that the addition
of ethanol produced higher BSFC, CO and HC emissions,
while it decreased the emissions of NOx and smoke in
comparison to neat VO–diesel blend that consisted of 50%
rapeseed oil and 50% diesel by volume [14]. In the
experimental investigation of Sathiyamoorthi and
Sankaranarayanan [15], the BSFC, BTE, NOX emission,
heat release rate and combustion pressure were found to be
higher, while the HC and smoke emissions were lower with
the addition of 2.5 and 5% of ethanol to VO–diesel blend
that consisted of 25% lemongrass oil and 75% diesel by
volume. In the varying composition of ethanol and castor
oil by 10 and 60%, 20 and 50%, 30 and 40% with 30%
diesel by volume, Prakash et al [16] reported similar BTE,
combustion and emission characteristics by using 30%
ethanol blend as compared to neat diesel. Kandasamy et al
[17] carried out 500 h durability, performance and emission
tests on a single cylinder high speed automotive diesel
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engine fuelled by ethanol blended biodiesel (cotton seed
methyl ester) fuel. The base fuel B5 was composed of 95%
diesel and 5% biodiesel by volume, whereas the blended
fuel consisted of 80% B5 and 20% ethanol (B5E20) by
volume. The durability test indicated an adverse effect on
engine wear when 20% of ethanol was introduced to the
base fuel (B5). The addition of ethanol resulted in the
reduction of maximum torque and maximum power by
3.9% and 5.5%, respectively owing to loss of heating value.
The smoke and CO emissions (on average) from B5E20
were found to be lower than B5, whereas the formation of
unburned hydrocarbon emissions were more with B5E20 as
compared to B5 [17]. Liu et al studied the effects of
ethanol-diesel-polyoxymethylene dimethyl ether (PODE)
blends on the combustion and emissions characteristics on a
six-cylinder heavy duty diesel engine. The study observed
that under all loads, the blending of ethanol and PODE into
diesel can fast-track the combustion rate in late combustion
stage. At low and medium loads, the BSFC of blends
increased, whereas the BTE of blends was found similar to
that of the engine run on neat diesel. However, BTE of
blends was lower than that of diesel at high load. The
blending of PODE and ethanol to diesel reduced the CO,
hydrocarbon and soot emissions and increased the NOx
emission [18]. Dey et al used artiﬁcial neural network and
fuzzy logic system in the prediction and optimization of
engine parameters on diesel–palm biodiesel–ethanol blends
[19]. The study optimized the blend and engine load as
D85BD10E5 (85% diesel, 10% palm biodiesel, 5% ethanol)
and 20% respectively, for the maximum reduction of
BSFC, NOx, unburned HC and CO2 emissions as compared
to other blends. Wu et al [20] studied the effects of
tetrahydrofuran (THF) and ethanol on combustion and
emissions of a six-cylinder heavy-duty diesel engine where
the volume ratio of THF was 5%, and the ethanol ratio was
0%, 10%, and 30%. The study revealed a prolonged ignition delay, rise in peak heat release rate and increase in
BTE with the increase of ethanol. The soot emission was
found to decrease signiﬁcantly, while the hydrocarbon and
CO emissions increased signiﬁcantly at low loads with the
addition of ethanol [20].
In our previous study [21] on the implications of Mesua
ferrea Linn oil–diesel blend (VO10, VO20 and VO30) on
performance, combustion and emission characteristics of a
single-cylinder four-stroke diesel engine, the BTE was
found to drop while BSFC, CO and HC emissions increased
with the increase of Mesua ferrea Linn oil composition in
the blend. This was attributed to the high viscosity of
Mesua ferrea Linn oil. The VO10 consisted of 90% diesel
and 10% Mesua ferrea Linn oil while the VO20 consisted
of 80% diesel and 20% Mesua ferrea Linn oil and the
VO30 consisted of 70% diesel and 30% Mesua ferrea Linn
oil by volume. In order to reduce the viscosity of the VO30
blend, ethanol was introduced as an additive to VO30
blend. Ethanol being of biomass origin was used as an
additive because of its lower viscosity as compared to
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diesel and Mesua ferrea Linn oil. The use of ethanol in the
blend led to a greater amount of utilizing VO and saving of
fossil fuel. Hence, this kinds of novel investigation are
necessary for effective utilization of fuel which is locally
available. In view of this, the present investigation attempts
to ﬁnd the inﬂuence of ethanol on performance, combustion
and emission characteristics of stationary diesel engine run
on Mesua ferrea Linn oil–diesel blend. Ethanol is added 5
and 10% by volume to VO30 blend to form two ternary
blends viz., VO30E05 and VO30E10. The VO30E05 consists of 5% ethanol and 95% VO30 by volume, while the
VO30E10 consists of 10% ethanol and 90% VO30 by
volume. Experiments have been carried out at various
engine loads to study the performance, combustion and
emission analysis of the diesel engine. In this study, ethanol
of 5 and 10% is considered for blending with VO30 primarily to reduce the viscosity and to reduce the fuel cost.
As ethanol is expensive, the fuel cost will increase with the
increase in the amount of ethanol. In order to explore the
utility of VO30 in the stationary diesel engine, the experiment matrix as shown in table 1 has been considered.
Mesua ferrea Linn, (also known as iron wood or rose
chestnut), grows well in many parts of India particularly in
the north eastern states. More than 10 million kilogram
seeds are estimated to produce annually in the state of
Assam. The oil yield of the seed is up to 75% by weight
[22]. This oil has the potential to supplement the fuel
requirement to run stationary diesel engines which are used
for irrigation and power generation particularly in the rural
areas.

2. Experiment set-up and procedure
The schematic diagram of the experiment set up is shown in
ﬁgure 1. The experimental set up is consisted of engine,
dynamometer and control panel. The detailed speciﬁcations
of the engine is shown in table 2. The dynamometer is an
eddy current type and it induces an electromagnetic loading
on the engine crankshaft which is measured through strain
gauge load cell. The control panel includes an assembly of
air box, data acquisition device (DAD), dynamometer
loading unit (DLU), fuel measuring unit, manometer, tank
for diesel, and digital display units for temperature, engine
speed and load. The tank for oil blends is provided separately which is connected to fuel ﬂow meter in the control
panel through valves and pipes. The ﬂow rate of water to
calorimeter and engine cooling are measured by using
rotameter. The setup is equipped with crank angle (CA)
sensor of 1° resolution, three resistance temperature
detector type sensor for water temperature measurements,
two K-type thermocouples for measurement of the gas
temperature and two low noise cable piezo sensor to
measure the fuel injection and cylinder pressure. The piezo
sensor is of PCB Piezotronics INC make, model S111A22,
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Table 1. Experimental matrix.

Mode
Diesel

Fuel
used
Neat diesel

CR
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Table 2. Speciﬁcations of the engine.

IT

Loading conditions
(%)

23° BTDC 20, 40, 60, 80, 100
17.5

Binary blendVO30
Ternary
VO30E05
blend
VO30E10

range of 5000 psi, the diaphragm is of stainless steel and
sealing is welded hermetic type. The signals from the
sensors are transmitted to DAD, and through the USB port
it is communicated to a computer where the online data are
displayed and generated through the Labview based engine
performance analysis software package Enginesoft. The
AVL DIGAS 44 N exhaust gas analyzer is used to measure
the engine emissions. It consists of non-dispersive infrared
system to measure CO, CO2, HC and electrochemical
sensor for measurement of NOX and O2. The speciﬁcations
are presented in table 3.
The experiment starts with the baseline diesel mode. The
procedure includes warming up the engine at no load
condition until the exhaust gas and outlet of the cooling
water temperatures attains a steady condition. Engine load
is then gradually increased to 20%. On attaining a steady
state condition, the fuel ﬂow rate, air ﬂow rate, speed,
exhaust emissions, cylinder and fuel pressure variation are
recorded. Engine load is then gradually increased from 20%
to 40, 60, 80 and 100% loads and data are recorded on
attaining the steady state at each load. The water for engine

Engine
Make and
model
Type

Bore 9 stroke,
capacity
Power,
Injection timing
Compression
ratio
Dynamometer
Make and
model
Type

Kirloskar Oil Engines Ltd., TV1
Four-stroke, single-cylinder, watercooled, direct injection, constant speed,
naturally aspirated, CI engine
87.5 mm 9 110 mm, 661 cc
3.5 kW at 1500 rpm, 23° BTDC
17.5:1

Saj Test Plant Pvt. Ltd., AG10
Eddy current with loading unit, water
cooled

cooling and calorimeter is maintained at the rate of 300 and
100 l/h respectively. Similar experimental procedures are
followed for the VO30, VO30E05 and VO30E10 blends.
The properties of the test fuels are shown in table 4. A
sequential perturbation technique based on the methodology prescribed [23] is used to evaluate the uncertainties in
the measurement of parameters. The relative errors in the
measurement of engine speed, load, caloriﬁc value of fuel,
fuel ﬂow rate and air ﬂow rate are found to be 0.5, 0.5, 1, 1
and 1% respectively. While the estimated uncertainties of
fuel–air ratio, BTE and BSFC were ±1.4, ±1.6 and ±1.2%,
respectively.
The following parameters have been used to the study the
behavior of the VO run diesel engine under the inﬂuence of

Figure 1. Schematic diagram of experimental set-up.

285

Page 4 of 11

Sådhanå (2020)45:285

ethanol. The BSFC provides the rate of fuels quantity
required for unit power with the use of different fuels. On
the other hand, the BTE serves as the performance index to
indicate on how much of the amount of supplied fuel
energy is converted to useful work with the use of tested
fuels. The heat release rate of fuels provides the insight of
fuel combustion. The following expressions are used for the
determination of parameters for performance and combustion analysis.
Brake Power (BP)
BP ¼

2pNwR
; kW
60000

ð1Þ

where N, w and R are the speed of engine (rpm), engine
load (kg m/s2) and dynamometer arm radius (m),
respectively.
Brake Thermal Efﬁciency (BTE)
BP  3600
BTE ¼
 100; %
m_ f  CVf

m_ f  3600
; kg=kWh
BP

Pn1 þ 2ðPn Þ þ Pnþ1
4

ð5Þ

The change in pressure per unit change in CA (dPn =dh)
was determined by using ﬁrst-order ﬁnite difference equation with fourth-order accuracy [29] which is expressed as
dPn Pn2  8ðPn1 Þ þ 8ðPnþ1 Þ  ðPnþ2 Þ
¼
12ðDhÞ
dh

ð6Þ

3. Results and discussion
3.1 Performance analysis

ð3Þ

Net Heat Release Rate (NHRR)
The NHRR has been calculated using the following
equation which on the basis of ﬁrst law of thermodynamics
and ideal gas law [25]
dQn
c
dV
1
dP
P
þ
V
; J= CA
¼
c  1 dh c  1 dh
dh

Pn ¼

ð2Þ

where m_ f and CVf are the mass ﬂow rate (kg/s) and caloriﬁc
value (kJ/kg) of fuel respectively.
Brake Speciﬁc Fuel Consumption (BSFC)
BSFC ¼

complete engine cycle, DAD records 720 pressure and
volume data at the rate of one pressure and volume data per
one degree of crank rotation. The number of engine cycles
considered for determining heat release rate at a particular
load is 20. Upon differentiating, the raw pressure data
recorded by the DAD shows a noisy trend with the successive values, and therefore, the smoothing of recorded
instantaneous pressure data (Pn) was necessary for better
results which is done using the equation following as suggested by Stone [29].

ð4Þ

Where dQn =dh, h, c, P and V are NHRR, CA, ratio of
speciﬁc heat, instantaneous cylinder pressure (N/m2) and
volume (m3) respectively. The value of for c is considered
as 1.35 as reported in literatures [25–28].
The NHRR is determined using the instantaneous pressure and volume recorded during the experiments. On each

The brake speciﬁc fuel consumption (BSFC) of the tested
fuels at the different loads of the engine is shown in ﬁgure 2. It indicates a reduction in the BSFC with the
increasing load for all the fuels. This has been attributed to
the increase of combustion temperature in combustion
chamber with increasing load resulting in a higher rate of
increase in brake power as compared to increase in the fuel
consumption with increasing load [14]. The addition of
ethanol in VO30 leads to higher BSFC and the value is
higher with the larger fraction of ethanol in the blend. In
comparison of VO30, the average increase in BSFC for
VO30E05 is 1.8% with maximum increase of 4.4% at the
engine load of 40%. While it is 3% for VO30E10 with
maximum increase of 5.2% at 40% engine load. As
VO30E05 and VO30E10 blends have lower caloriﬁc value

Table 3. Speciﬁcations of exhaust gas analyzer.
Measured Gas

Range

Resolution

CO

0–15 vol.%

0.01 vol.%

CO2

0–20 vol.%

0.01 vol.%

HC

0–30,000 ppm

B2000: 1 ppm
[2000:10 ppm

NO
O2

0–5000 ppm
0–25 vol.%

1 ppm
0.01 vol.%

Accuracy
0–10% ± 0.02% abs
10.01–15%
0–16% ± 0.3% abs
16.01–20%
0–4000 ppm ± 8 ppm
4001–10,000 ppm
10,001–30,000 ppm
±5 ppm
±0.02% abs

±3% rel
±15% rel
±3% rel
±5% rel
3% rel
5% rel
10% rel
1% rel
1% rel
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Table 4. Properties of used fuels.
Properties
Caloriﬁc value of fuel
Density at 15°C
Viscosity at 40°C
Stoichiometric air–fuel ratio
a

Units
kJ/kg
kg/m3
mm2/s
–

Diesel
42,000 [24]
828a
2.036b
15.0a

VO30
a

40083
869a
4.996b
14.1a

VO30E05
a

39420
865a
4.806b
13.7a

VO30E10
38755a
861a
4.616b
13.4a

Calculated; bMeasured

as compared to VO30 blend, this imposes a need of consuming higher amount of VO30E05 and VO30E10 fuel to
produce a same unit of brake power in the output.
The BTE of the tested fuels depicted in ﬁgure 3 shows an
increase of BTE with the increasing load. The diesel mode
recorded a higher BTE as compared to other fuels
throughout the entire range of experiments. The blending of
5% ethanol to VO30 (i.e., VO30E05) has not shown any
signiﬁcant variation of BTE as compared to neat VO30.
However, with the addition of 10% ethanol to VO30 blend,
the BTE improves. The BTE for the VO30 blend is 22%,
25.3% and 27.5% at the engine loads of 60, 80 and 100%.
While for VO30E10 blend, it is found to be 22.3%, 25.4%
and 27.8%, respectively. This indicates a signiﬁcant inﬂuence of ethanol on VO30. The addition of ethanol in VO30
reduces the viscosity and density of fuel. This leads to
better atomization of fuel and formation combustible mixture thereby improving the combustion. Moreover, the
ethanol blending results in the formation of leaner fuel air

mixture as revealed in ﬁgure 4, compared to VO30. This is
due to the reduction in the density of fuel that promotes an
improved combustion. The fuel air equivalence ratio
decreases by 0.3, 2.1 and 2.4% with the use of VO30E10 as
compared to VO30 at the loads of 60, 80 and 100%,
respectively. Figure 5 represents the variation of exhaust
gas temperature (EGT) with different engine loads for the
tested fuels. In general, the VO blends display higher EGT
in comparison to the diesel. This has been attributed to the
presence of higher boiling constituents in the VOs which do
not effectively evaporated during the main combustion
phase and this constituents continue to burn in the late
combustion phase results in higher EGT [5]. Prakash et al
[16] assumes that the poor volatility and higher viscosity
with slow combustion of VOs is responsible for higher
EGT. The ethanol blended VO30 does not show a
remarkable consistency in EGT trend. It varies from a little
higher to lower values as compared to the neat VO30. This
could be due to the lower percentage of ethanol in the VO–

Figure 2. Variation of BSFC with the engine load.

Figure 3. Variation of BTE with the engine load.
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diesel to cause any remarkable effect on EGT. Prakash et al
reported a lower EGT with the use 20 and 30% ethanol in
VO–diesel blend [16].

3.2 Combustion analysis
The in-cylinder pressure variations of tested fuels with
engine CA at part-load of 60% and full-load of 100% are
illustrated in ﬁgure 6. All the test fuels exhibit similar
pressure trends across the given range of the engine CA.
The VO30 maintains a lower cylinder pressure proﬁle in
comparison to the other fuels especially in the full-load of
the engine. This could be due to the higher viscosity of
VO30 which results in the formation larger fuel droplets
affecting the proper combustion of the fuel. With the
addition of ethanol in VO30, the combustion of fuels
improves leading the increase in the cylinder pressure, in
comparison to neat VO30 as revealed in ﬁgure 6. The use
of diesel recorded a highest rate of pressure rise (RoPR) at
both part- and full-loads as depicted in ﬁgures 7 and 8
respectively. At 60% load, the peak RoPRs are 5.9, 5.5, 5.2
and 5.2 bar/deg.CA for diesel, VO30, VO30E05 and
VO30E10, respectively. While they are 7.3, 6.3, 7.1 and 7.0
for diesel, VO30, VO30E05 and VO30E10, respectively at
full-load. However, the start of the RoPR of diesel takes a
little longer time than that of the other fuels. The variation
in the combustion duration with the engine load is depicted
in ﬁgure 9. The VO30 indicates shortest combustion
duration as compared to the other test fuels. This could be

Figure 4. Variation of fuel–air equivalence ratio with the engine
load.

Figure 5. Variation of EGT with the engine load.

due to high viscosity of VO30 resulting in incomplete
combustion. The combustion duration prolonged with the
addition of ethanol to the VO30 which is longer with higher
the amount of ethanol in the blend. This is possibly due to
the longer ignition delay with the addition ethanol in the
blend. With ethanol in the blend, the fuel cetane number
decreases and latent heat of evaporation increases [20].
Figure 10 shows the variations of peak cylinder pressure
(PCP) for test fuels at various engine loads. The VO30
recorded a lower PCP in comparison to the other fuels. This
is possibly due to the incomplete combustion due to the
higher viscosity of fuel. However, with the use of ethanol in
the blends, the PCP increases and it is greater with larger
amount of ethanol in the blend. At full-load of the engine,
the PCP of VO30 increases from 61.4 bar to 63.5 bar and
64.7 bar with the addition of 5 and 10% ethanol, respectively. This higher pressure with the addition of ethanol
could be attributed to the longer ignition delay resulting in
the combustion of larger amount fuel at premixed phase. In
ﬁgure 11, the net heat release rate (NHHR) data of the test
fuels at the engine loads of 60 and 100% are shown. The
diesel mode shows the highest NHRR, while VO30 has
shown the lower NHRR as compared to other test fuels.
Further, it indicates an impact of ethanol content in VO30
on the combustion and its consequent heat release rate. The
peaks NHRR are 75.2, 75.7 and 76.2 J/°CA for VO30,
VO30E05 and VO30E10, respectively at 60% engine load.
While at the full-load, they are 82, 91.6 and 92.9 J/°CA for
VO30, VO30E05 and VO30E10, respectively. The higher
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Figure 6. Pressure-crank angle diagram of engine at 60 and 100% load for different fuels.

Figure 7. Rate of pressure rise diagram of engine at 60% load of engine for different fuels.

Figure 8. Rate of pressure rise diagram of engine at 100% load of engine for different fuels.

NHRR of ethanol blended VO30 might have resulted a
better engine BTE in comparison to neat VO30. Qi et al
[14] and Sathiyamoorthi and Sankaranarayanan [15] have
also reported higher NHRR with ethanol in VO–diesel
blend [14, 15].

3.3 Emission analysis
The CO emission from the engine exhaust for the test fuels
are shown in ﬁgure 12. It reveals a higher CO emission
with VO30 as compared to the diesel. This increase is in the
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Figure 9. Variation of combustion duration with the engine load.

Figure 10. Variation of peak cylinder pressure with the engine
load.

range of 28–81%. This is probably due to the higher viscosity of VO30. The higher viscosity results in the formation larger fuel droplets leading to incomplete combustion
and formation of CO. With the addition of ethanol in VO30,
CO emission is found to increase further. Although the
addition ethanol reduces the viscosity of fuel remarkably in
many investigation, it also increases the CO emission
[14, 16, 30]. This has been attributed to the cooling effect of
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ethanol due to which in-cylinder gas temperature reduces
thereby causing poor oxidation reaction rate [14]. Moreover, VO30 being viscous fuel, it bounds a high CO
emission. For all the test fuels, the NOX emission of engine
increases with the increase of engine load as indicated in
ﬁgure 13. With the increasing load, more fuel is being
injected and combusted in cylinder leading higher combustion gas temperature and formation of NOX [14]. In
comparison to diesel, the VO30 exhibits a lower NOX
emission as indicated. At the engine load of 60, 80 and
100%, NOX emitted by diesel is 27, 46 and 146 ppm higher
than VO30 respectively. This has been attributed to the
lower caloriﬁc value of VO30 that leads to the reduction in
peak in-cylinder pressure and temperature [30]. Overall, the
addition ethanol in VO30 records a marginal reduction in
the NOX. At the full-load, NOX emission is 472, 438 and
421 ppm for VO30, VO30E05 and VO30E10, respectively.
The combined effect of high VO content in blend and high
latent heat of vaporization of ethanol might have inﬂuenced
the combustion and results in the lower NOX emission.
The HC emission at the engine exhaust for the test fuels
is depicted in ﬁgure 14. It increases with the increase of
engine load for all the cases. This is due to increase in fuel–
air equivalence ratio with increasing load, as shown in
ﬁgure 4, which results in relatively lesser availability of
oxygen for the combustion process [3–5]. The VO30 yields
a higher HC emission as compared to diesel. It increases
from 12 to 30 ppm, 21 to 24 ppm and 27 to 33 ppm at the
engine load of 40, 60 and 100%, respectively. The higher
viscosity of VO30 affects the fuel spray quality resulting in
an incomplete combustion and the formation HC [5]. The
addition of ethanol to VO30 increases the HC emission and
it is higher with greater the fraction of ethanol in the blend.
Qi et al assumes that the cooling effect of ethanol reduces
the in-cylinder gas temperature that results in the poorer
oxidation reaction rate and higher emission of HC [14].
Figure 15 represents the variation of CO2 emission at various engine loads. The CO2 emission increases with the
increase of engine load. As more fuel is injected into the
combustion chamber, the in-cylinder gas temperature
increases with the increasing load, and hence, the CO2
emission is bound to increase. However, the VO30 shows a
comparatively lower CO2 emission as compared the other
fuels. This is possibly due to the poor combustion of fuel
which is evident from more CO and HC emissions.

4. Conclusion
This study attempts to ﬁnd the inﬂuence of ethanol on
Mesua ferrea Linn oil–diesel blend VO30 for driving a
single cylinder four-stroke stationary diesel engine. Ethanol
is added 5 and 10% by volume to VO30 blend to form two
ternary blends viz., VO30E05 and VO30E10. Experiments
are performed at various loads of the engine at compression
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Figure 11. NHRR diagram of engine at 60 and 100% engine load for different fuels.

Figure 12. Variation of CO emission with the engine load.

ratio of 17.5, running at 1500 rpm and having an injection
timing of 23° before top dead center. The addition of
ethanol results a marginal increase in the BTE with 10%
addition to VO30. This increase is in the range of 0.5 to
1.5% as compared to neat VO30. However, 5% does not
show any signiﬁcant change in BTE. Due to lower caloriﬁc
value of ethanol, the BSFC of engine increases (on an
average) by 1.8 and 3% with the use of 5 and 10% ethanol,

Figure 13. Variation of NOx emission with the engine load.

respectively. The combustion duration prolonged with the
addition of ethanol to the VO30 and this is found to be
longer with higher the amount of ethanol in the blend. The
use of ethanol also results in increase in the emissions CO
and HC. However, it reduces the NOX emission up to 7 and
11% with the addition 5 and 10%, respectively. In this
study, addition of ethanol up to 10% to the VO30 blend
improves the viscosity of the blend and thereby improves
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Abbreviations
BP
Brake power
BSFC Brake speciﬁc fuel consumption
BTE
Brake thermal efﬁciency
CA
Crank angle
DAD
Data acquisition device
EGT
Exhaust gas temperature
HC
Hydrocarbon
NHRR Net heat release rate
PCP
Peak cylinder pressure
PODE Polyoxymethylene dimethyl ether
RoPR
Rate of pressure rise
THF
Tetrahydrofuran
UHC
Unburned hydrocarbon
VO
Vegetable oil

Figure 14. Variation of HC emission with the engine load.

List of symbols
CO
Carbon monoxide
NO
Nitrogen monoxide
NO2 Nitrogen dioxide
NOX Oxides of nitrogen
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