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ABSTRACT

In this investigation, a comparative study on the performance and emission characteristics on a Direct
Injection diesel engine fuelled with two different biodiesels — Adelfa biodiesel and Eucalyptus biodiesel. Both
Adelfa and Eucalyptus biodiesels are blended separately with diesel fuel 20% by volume [A20 and E20] and the
various performance and emission characteristics were tested on a single cylinder direct injection diesel engine.
Studies show that the use of biodiesel blends resulted in a significant reduction in Hydrocarbon and Carbon
monoxide emissions with a slight reduction in the Brake thermal efficiency of the engine. However, a significant
increase in the NOx emissions was noted while using the blends of biodiesel.
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INTRODUCTION

A major share of the energy consumed all over the world comes directly or indirectly from fossil fuels like
crude oil, coal and natural gas. Petroleum products like gasoline, diesel etc. is almost on the verge of reaching their
peak production and the fuel reserves across the world are shortening day by day. Alam et al., 2013; Reviewed
these present situations have led to the search for alternative fuels which are completely renewable, clean, green
and eco-friendly. Pradeep kumar et al., 2013; various researches conducted in this field shows that biodiesel can
either be a partial or a complete alternative to petroleum products. i.e, Biodiesel could either be blended with diesel
in some proportions or they could be used as a sole fuel in diesel engines. Prabhar et al., 2011; Reviewed the
following are the reasons promote the use of biodiesel as a suitable alternative to diesel fuel. Unlike diesel,
biodiesel is biodegradable and non-toxic and therefore it significantly reduces toxic emissions when used as a fuel.
Biodiesel could be used in diesel engines with minor or no modifications in conventional diesel engine. Since
biodiesel is made from vegetable oils, it contains no aromatic compounds which results in reduced Sulphur and
particulate emissions. The greater oxygen content present in the biodiesel leads to more effective combustion
thereby reducing the overall emissions. Biodiesel produced from vegetable oils or animal fats, is a completely
renewable source of energy and thereby contributes to the energy sector and economic development of the nation.
Biodiesel could be produced from a wide variety of vegetable oils such as Palm oil, Rice bran oil, Neem oil,
coconut oil, Soyabean oil, Sunflower oil, Jatropha, Pongamia etc. But most of the above are edible oils. Some of
the main non-edible vegetable oils are Jatropha, Pongamia, Mahua, Nerium, Eucalyptus, Cotton seed etc. In the
present work, biodiesels are produced from two different sources of non-edible vegetable oils namely Nerium Oil
and Eucalyptus oil. Adelfa and Eucalyptus biodiesels were produced and blended with petrodiesel 20% by volume
[A20, E20] and the various performance and emission characteristics were analyzed and tested on a single cylinder
direct injection diesel engine. Balusamy et al., 2010; Reviewed High viscosity and low volatility are the two main
problems of vegetable oils which limits their use as a fuel in diesel engines. These drawbacks of vegetable oils are
overcome by the process of ‘Transesterification’. Transesterification process removes the fatty acid content present
in the vegetable oils in the form of glycerol and thereby reduces its viscosity. A20 and E20 (20% blend with
petrodiesel) are selected as the two biodiesel blends under test as they can be used in engines with optimum
performance and no engine modifications.

EXPERIMENTAL SETUP AND ENGINE SPECIFICATION

The various physico-chemical properties of the eucalyptus biodiesel and adelfa biodiesel when compared
to petrodiesel is shown in table 1
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Table 1. Properties of the tested fuels
Property Petrodiesel Eucalyptus Adelfa biodiesel
biodiesel

Calorific value 43.2 MJ/kg 42.5 MJ/kg 42.19 MJ/kg

Specific gravity (15° 830 850 890

C)

Viscosity (40° C) ¢St 1.57 1.68 3.7

Flash point (°C) 56 42 70

Cetane No. 50 47 45

EXPERIMENTAL SETUP

A Kirloskar AV1 engine, naturally aspirated, single cylinder direct injection diesel engine with a maximum
power output of 3.7kW is used for the experimental investigation. The layout of the experimental setup is shown in
Figure 1 and the engine specifications are shown in Table 2.The engine was coupled to a rheostat load bank with
electrical loading. A DC generator with electrical load bank is used for loading purposes. The hydrocarbon [HC],
carbon monoxide [CO] and oxides of Nitrogen [NOy] emissions are measured using the Crypton EN290 gas
analyzer and the smoke opacity is measured using the AVL smoke meter
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Figure 1. Experimental setup
Table 2 Engine Specifications

Particulars Specifications
Make Kirloskar Oil Engines Pvt. Ltd
Model AV 1
Type Four Stroke, constant speed — 1500 rpm
Injection Direct injection
No. of cylinders 1
Bore 80 mm
Stroke 110 mm

Experimental procedure: At first, the engine was started up with diesel fuel and when it is in warmed up
condition, the performance and emission characteristics of the base fuel, diesel, were noted. Then the fuel was
switched to biodiesel blends and the various characteristics noted for different loading conditions of the engine.
The two blends of biodiesel used are A20 [20% Adelfa + 80% diesel] and E20 [20% Eucalyptus + 80% diesel]. The
blend ratio was selected to be 20% by volume with diesel assuming it to give optimum performance. Once the tests
are completed, the fuel was again switched to petrodiesel to avoid any future startup problems.

RESULTS AND DISCUSSION
Performance characteristics:

Brake power Vs brake thermal efficiency: The relationship between BTE and brake power for diesel, A20 blend
and E20 blend is shown in figure 2. It is evident from the figure that the overall characteristics of BTE follow a
general trend for both diesel and biodiesel blends. It can be seen that, for all the cases, the BTE of the engine
increases with an increase in the load on the engine. As expected, the BTE of diesel fuel is found to be higher than
biodiesel blends at almost all loads. The maximum BTE of the engine using diesel was observed to be around 28.6
%. There was a marginal decrease in the BTE of nearly 4.8% while using E20 blend as the fuel. The BTE of the
engine for A20 fuel blend was found to be further lower than that of both diesel and A20 blends. The reason for the
decrease in BTE for biodiesel blends when compared to diesel may be the lower calorific value, higher viscosity
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and higher density of the biodiesels when compared to diesel. Amar pandhare et al., 2013; The BTE of the engine
is also inversely proportional to the specific fuel consumption (SFC) of the fuel.

Brake power Vs specific fuel consumption: Kannan et al., 2013; Reviewed the specific fuel consumption is
defined as the ratio of total fuel consumption to the effective power produced by the engine. The variation of SFC
with respect to brake power for diesel, A20 blend and E20 blends is shown in figure 3. It can be observed from the
figure 3 that the SFC of the engine increases as the biodiesel content in the fuel blend increases. At rated power
output of the engine, Specific fuel consumption (SFC) is found to be lowest for diesel fuel. SFC for E20 fuel blend
is found to be slightly higher than that of diesel and that of A20 blend is found to be the highest at rated power
output. This is because when the biodiesel content in the fuel blend increases, the calorific value of the blend
decreases and for maintaining the same power output and speed of the engine, the flow rate of the fuel blends to the
engine has to be increased. At lower power outputs, the SFC of A20 and E20 blends are found be to slightly lower
than that of diesel fuel.

Emission characteristics

Carbon monoxide emission: Figure 4 shows the effect of engine load on the CO emissions for diesel, A20 and
E20 fuel blends. It can be observed from the figure that the CO emissions are significantly reduced for biodiesel
blends when compared to diesel. At higher loads of the engine, the CO emissions for biodiesels are found to be
much lower than that of petro-diesel. Out of all the tested fuels, E20 fuel blend registered the minimum CO
emissions at 100% load. The reason for the reduction in CO emissions for biodiesel is that biodiesel is an
oxygenated fuel containing more number of oxygen atoms, leading to more complete combustion, thereby reducing
CO emissions.

Unborn hydrocarbon emission: The variation of HC emissions with load for diesel, A20 and E20 fuel blends are

shown in the figure 5. It can be seen from the figure that the lowest HC emissions were recorded by E20 fuel blend.
The HC emissions for A20 blend is also lower than that of diesel. The reduction in HC emissions while using
biodiesel as the fuel can be attributed to the efficient and more complete combustion of the fuel taking place in the
engine due to the presence of greater number of oxygen atoms in the biodiesel fuel blends. It was found from the
investigation that the use of E20 fuel blend resulted in a reduction of HC emission by about 21% while the use of
A20 blend resulted in a reduction of nearly 11% when compared to petroleum diesel.

Oxides of nitrogen (NO)) emission: Figure 6 points out the variation of nitrogen oxides (NOy) emission with
power output for the different fuels tested. It can be noted from the figure that the NOy emissions for biodiesel
blends are always higher than that of petroleum diesel at all loads of the engine. Higher combustion temperatures in
the engine cylinder due to more effective and complete combustion and the greater availability of oxygen atoms in
the biodiesel fuel blends are responsible for the greater NOx emissions of these fuels. The maximum NOx emissions
were noted at the maximum power output of 3.6 kW for all the tested fuels. An increase in NOy emissions of 120
ppm and 80 ppm were observed for E20 and A20 fuel blends respectively when compared to petroleum diesel.

Smoke Opacity: Thermal cracking of molecules due to the high temperature, leads to soot formation. Figure 8
indicates the smoke intensity of the tested fuels with respect to various loads on the engine. It can be seen that E20
fuel blend resulted in an increase in smoke intensity when compared to diesel while the use of A20 fuel blend
resulted in a slight decrease in the smoke especially at high engine loads. The increase in smoke intensity of E20
fuel can be attributed to the higher viscosity of the fuel blend resulting in a poor atomization.
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Fig.4 Brake thermal efficiency
Vs
specific fuel consumption

Fig.3 Brake Thermal Efficiency
Vs brake thermal efficiency

Fig. 5 Brake power Vs carbon
monoxide emission
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Fig. 6 Brake power Vs hydrocarbon  Fig.7 Brake power Vs oxides of Fig. 8 Brake power Vs smoke
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CONCLUSIONS
Following are the outcomes of this experiment investigation.

e The use of biodiesel blends resulted in a marginal decrease in the BTE of the engine mainly due to its lower
calorific value and higher viscosity. E20 blend showed a greater BTE when compared to A20 blend.

e Specific fuel consumption was more for biodiesel blends when compared to diesel fuel. SFC for E20 blend was
slightly higher than diesel while that for A20 was the highest at rated power output.

e NOy emissions were found to be significantly higher for biodiesel blends when compared to diesel. E20 blend
recorded a maximum of 600 ppm NOXx emission when compared to 480 ppm for diesel.

e Smoke Opacity was found to be lowest for A20 fuel blend while E20 blend resulted in a slightly higher smoke
intensity compared to diesel.

The results obtained from this experimental investigation shows that both Eucalyptus and Adelfa biodiesels
could be used as a promising alternative to petroleum diesel, but in small quantities. Even though the use of
biodiesel resulted in a marginal decrease in BTE of the engine, it was noted that there was a significant reduction in
the overall emissions while using biodiesel fuel blends. E20 (20% Eucalyptus biodiesel + 80% diesel) blend
showed more promising results than A20 (20% Adelfa biodiesel + 80% diesel) in terms of performance and
emission characteristics.
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