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Abstract. In the present study investigates the effect of bio-ethanol on the
performance and emissions of a biodiesel blend fueled compression
ignition engine. The experiments are conducted using pongamia biodiesel
blend B20 (20% pongamia biodiesel +80% diesel) with 5, 7.5 and 10%
(v/v) of bio-ethanol on a four stroke single cylinder diesel engine. The tests
are conducted at different load conditions. Performance and emissions
characteristics are investigated for different bio-ethanol compositions. The
results show that the brake thermal efficiency is maximum for B20E7.5
blend with a minimum brake specific fuel consumption. Carbon monoxide
emission is minimum for B20E7.5 blend and NOx emission decreases as
the bio-ethanol percentage is increased from 5 to 7.5%. The study reveals
that 7.5% bio-ethanol with B20 pongamia biodiesel blend results better
performance and emission characteristics.
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1 Introduction

Diesel engines produce higher torque at low speeds, which is the key requirement of
internal combustion engines. Hence diesel engines are widely used in transportation and
industrial sector. Increased use of fossil based fuel in engines cause twin problems viz.
energy crisis and environmental degradation. Several attempts being tried by various
researchers to overcome these issues [1-3]. Engine modification and fuel modification are
the two extensive methods by which these issues can be minimized. Engine modifications
include varying the fuel injection parameters such as varying fuel injection pressure and
timing [4, 5], combustion chamber designs etc. [6]. Fuel modification method is the tuning
of the fuel properties to achieve complete combustion [7]. Use of alternative fuels for
compression ignition engines are most promising way to reduce environmental degradation
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without negotiating the engine performance. Literature report reveals that there are several
alternative fuels being tried in diesel engines [8-9]. These alternative fuels are derived from
vegetable seed oils and animal fat. Due to their higher viscosity, straight oils and fats are
converted to methyl esters by transesterification process [10]. The methyl ester produced by
transesterification is known as biodiesel. Biodiesel has high potential and is a renewable
source of energy. Higher viscosity and lower calorific value of neat biodiesel restricts it
direct use in compression ignition engines. The physical properties of the biodiesel can be
improved by blending with petro-diesel. A blend of 20% biodiesel with 80% diesel (B20)
results better results in terms of engine performance and exhaust emissions. Researchers
reported that the B20 blend of biodiesel of various vegetable oils contribute acceptable
performance and emission levels results without any engine modifications [11, 12]. Inbuilt
oxygen content of biodiesel helps to achieve more complete combustion, this intern results
lower carbon monoxide (CO), unburnt hydrocarbon (HC) and smoke emissions. But
biodiesel combustion cause higher emission of oxides of nitrogen (NOx) [13].

NOx emission of internal combustion engine is mainly due to availability of oxygen,
temperature of residual gas, resident time etc. NOx emission can be minimized by pre-
combustion and post-combustion treatments [14, 15]. There are other methods
significantly used in reduction of NOx such as use of alcohol as a fuel additive. Due to its
higher latent heat of evaporation, lower residual gas temperature is achieved, resulting in
lower NOx emission. He et al. [16] reported lower NOx when the ethanol was blended
with diesel. Tutak and Bereczky [17] investigated the combustion studies in CI engine
when the engine was operated with ethanol-diesel blends. The found lower NOx emission
for E85 blend. Use of alcohol as an additive to the fuel blend drastically reduces CO, HC,
smoke and NOx emission. This method is also used in biodiesel fuel operated CI engines.
Zhu et al. [18] studied the effect of ethanol-biodiesel fuel on the CI engine emissions. They
observed lower NOx and smoke emissions for alcohol blended biodiesel blends. Similar
results reported by [19]. But the literature available on bio-ethanol blended biodiesel fuels
operations are scanty.

In the present investigation, an attempt has been made to investigate the effect of bio-
ethanol on the performance and emissions of a CI engine when operated using biodiesel-
blend. Pongamia biodiesel B20 blend is selected and three test fuel blends are prepared by
adding bio-ethanol in a proportion of 5, 7.5 and 10% by volume to B20 blend. Performance
and emission are analyzed at varying load conditions.

2 Materials and Methodology

Pongamia biodiesel is prepared by transesterification process [20]. Bio-ethanol is produced
from the cashew apples by fermentation process. The ethanol produced from fermentation
process contains small amount of water, it known as raw ethanol. The test fuel blends are
made by adding bioethanol to the B20 pongamia biodiesel in a proportion of 5, 7.5 and
10% by volume. The physical properties are determined as per ASTM standard and
tabulated in Table 1.

Table 1: Physical properties of Test fuel blends

Property B20ES5 B20E7.5 B20E10
Flash point (°C) 50 41 43

Fire point (°C) 55 49 48
Lower calorific value (MJ/kg) 40.89 40.49 40.09
Kinematic viscosity (cSt) 3.69 3.63 4.21
Density (kg/m?) 840 848 860
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Fig. 1 Schematic representation of the experimental setup

The experiments are conducted on a four stroke single cylinder water cooled diesel engine.
Eddy current dynamometer is used to load the engine. Schematic representation of the
experimental set up is as shown in Fig. 1. The tests are conducted using three test fuel
blends namely B20ES5, B20E7.5 and B20E10 at 25, 50, 75 and 100% of full load of the
engine. Emission parameters like carbon monoxide (CO) and NOx are measured using
AVL Exhaust gas analyzer. The data pertaining to performance and emissions are recorded
for these loads. Performance parameters like brake specific energy consumption (BSEC),
brake thermal efficiency (BTE) and emissions like NOx and CO are analyzed and
discussed.

3 Results and discussion

The engine is run on three different test fuel blends as mentioned above. The performance
and engine exhaust emission characteristics are analyzed and discussed.

3.1 Brake thermal efficiency (BTE)
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Fig. 2 Brake thermal efficiency verses load
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Fig. 2 shows the relation between BTE with engine load for the test fuels. For all fuel
blends, BTE increases as the load increased and reach maximum at 75% load. BTE is the
ratio of brake power to the heat energy supplied. Hence it depends on the calorific value of
the fuel and the combustion quality. The fuel blend B20E7.5 has a BTE of 28.8% at 75%
load, which is maximum among the fuels tested. This may be due to the reason that the
inbuilt oxygen content of the fuel favors the combustion and more heat will be generated
which intern results higher efficiency. B20ES and B20E10 result lower BTE due to
incomplete combustion and lower caloric value respectively. This is also due to increased
BSEC of the fuel blends.

3.2 Brake Specific Energy Consumption (BSEC)
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Fig. 3 Brake specific energy consumption verses load

Fig. 3 shows the BSEC for different fuel blends at varying load conditions. BSEC decreases
as the load increased and minimum at 75% load. For the fuel blend B20E7.5, BSEC is
minimum compared to other fuels tested. This may be due to the complete utilization of the
injected fuel and reduced CO and unburnt hydrocarbons by more complete combustion.
Even the fuel blend B20ES has extra oxygen content, more complete combustion is not
achieved resulting in increased BSEC. In B20E10, more inbuilt oxygen available, but
higher BSEC is obtained. Increase in bio-ethanol percentage in the fuel blend increases the
inbuilt oxygen content, but the decreases the calorific value. So higher BSEC is obtained
for higher bio-ethanol blend.

3.3 Carbon monoxide emission

In the Fig. 4, Carbon Monoxide (CO) increases as the load increased for all fuel blends due
to rich mixture combustion during higher loads. The reasons for higher CO emission are too
rich fuel-air ratio, lack of oxygen content, combustion duration etc. Use of bioethanol
increases the fuel borne oxygen, which intern promotes combustion. The percentage of
bioethanol increased from as the fuel-air ratio increased from 5 to 7.5%, CO emission
decreases. Further increment of bioethanol has no significant benefit results higher CO
emission. This may be due to higher latent heat of vaporization, which reduces the rate of
combustion. More CO formation takes place instead of CO, formation.
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Fig. 4 Carbon monoxide verses load

3.4 NOx emission
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Fig. S NOx emission verses load

Fig. 5 shows the variation of NOx emission for various fuel blends at different loads. NOx
emission increases as the load increased irrespective of the fuel. There are several reasons
for the formation of NOx in CI engine. Higher combustion temperature, availability of
oxygen and resident time are the key reasons for the formation of NOx. In this study, NOx
decreases as the composition of bio-ethanol is increased. Out of three fuel blends tested,
B20ES5 gives higher NOx. Increase of bio-ethanol increases the oxygen content, but higher
latent heat of vaporization of the bio-ethanol decreases the combustion temperature. This
helps in reduction of NOx for higher bio-ethanol blends.

5 Conclusion

In the present study, the effect of bio-ethanol on the performance and emission of B20
pongamia biodiesel fuel blend. An analysis has been made to optimize the bio-ethanol
composition in the blend. From the study, the following conclusions have been made.
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e Bio-cthanol produced from cashew apples by fermentation is a potential fuel
additive to the CI engine operation.

e B20E7.5 has higher BTE compared to other fuel variants tested. It gives a
maximum BTE of 28.8% at 75% load.

o Lower BSEC of 12500 kJ/kWhr is obtained for B20E7.5 compared to B20ES and
B20E10 blends.

e B20E7.5 results lower CO emission of 0.43% where as B20ES5 and B20E10
respectively give 0.55 and 0.6% at full load condition.

e NOx emission decreases as the percentage of bio-ethanol increased in the blend. A
maximum NOx of 628 ppm is obtained for B20E5 blend whereas 590 and 550
ppm are respectively obtained for B20E7.5 and B20E10 blends.

From the study, it can be concluded that a blend having 7.5% of bio-ethanol has significant
benefits in terms of performance and emissions.
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