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ABSTRACT

The selection of proper blends is of great of importance when it comes to usage of alternate fuels .In this
study, the effect of various proportions of ethanol blended gasoline on the performance of a two stroke Sl engine
has been studied. Performance tests were carried out on pure gasoline initially followed by blends of ethanol (5%
and 10%) along with gasoline. The experiments were conducted on an unmodified commercial two stroke Sl
engine. Though the fact remains that two stroke engines are in a stage of extinction owing to the stringent emission
policies, yet a huge number of two stroke engines are in operation, especially in developing countries such as India.
Hence a study on the same has rendered us with an understanding of the optimum proportion of ethanol-gasoline
blends for an existing two stroke engine.The experimental investigation has revealed that the thermal efficiency of
the engine peaks when the proportion of ethanol in the blend was kept at 5%, whilst overall, fuel consumption of
the engine is the least when the ethanol blend was kept at 5 %.
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INTRODUCTION

Developing countries such as India account for a significant consumption of petroleum resources, with
India being world’s 4" largest consumer. However, due to factors such as lack of petroleum resources and
fluctuations in global oil prices, energy security in the developing world is not always guaranteed, which
necessitates import of significant chunk of crude oil, causing a heavy toll on foreign exchange reserves. Thus there
is a dire need for mandating the usage of alternate fuel sources. Ethanol (CH3;CH,OH) is a potential alcohol based
alternate fuel source. Developing countries, having an established agriculture sector, can easily tap potential of this
alternate fuel source, as it can be synthesized easily by biochemical means from agricultural resources such wheat,
sugarcane, beet etc.

The usage of ethanol as an alternate fuel offers several advantages. It possesses a higher octane number
than gasoline and hence can withstand increased combustion pressures, without knocking and has replaced
traditional anti knocking additives such as MTBE. Due to its higher latent heat of vaporization compared to
gasoline it absorbs a large amount of heat which lowers the temperature of the exhaust gas. Although the calorific
value of ethanol is low, the heat produced by the mixed gas of ethanol and gasoline under theoretical air fuel ratio
is higher than gasoline.This results in an increased volumetric efficiency.

However, ethanol as an alternate fuel has its own drawbacks. Its lower calorific value than gasoline implies
that for a particular load, fuel consumption is increased. IC engine will cease at higher blends of ethanol, without
modifications of engine components. Ethanol,being miscible with water at all proportions, can absorb moisture and
hence cause corrosion of several engine parts. Coelho et al suggest that aluminium, copper and brass should be
avoided. Moreover alcohols have tendency to attack rubber used in fuel hoses. To overcome this problem, Naegeli
et al suggest the usage of fluorinated rubber.

While, across the world, stringent emission requirements have resulted in decrease in production of two
stroke engines, it is seen that existing two stroke engines still continue to be used, especially in countries where
mandates regarding emission norms are not strictly implemented, such as India. Two stroke engines due to inherent
simplicity, lower costs are still used as a source of motive power for portable devices such as chainsaws and
agricultural implements such as lawn movers.

While the government of India has mandated the usage of 5% ethanol blended gasoline in 2003 across 9
states and 5 union territories in 2003, the mandate has not been completely adopted by oil companies. The authors
of this paperhave carried out experimentations on the usage of ethanol blended gasoline as an alternative fuel
source for an existing well used two stroke engine, to study its suitability as a fuel and also to determine the
optimum proportions of ethanol-gasoline fuel mixture for a two stroke engine.  Ghazikani et al found that 10%
and 15% ethanol blended gasoline mixtureswhen used in single cylinder water cooled two stroke engine-JAP J34
decreased trapping efficiency and increased scavenging efficiency, while ethanol in lesser proportions, despite its
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lower calorific value reduced fuel consumption.lodice et al studied the CO and HC emissions for various ethanol
gasoline blend fuelled two stroke engine. It was found that CO and HC cold start emissions reduced when ethanol
blended gasoline was used as a fuel.lguarta et al performed various tribological tests on lubricants suited for two
stroke engines running on ethanol. They found that synthetic based lubricants were the best lubricant choice for
ethanol fueled two stroke engines as they had good lubricity, along with biodegradability, lower evaporation rate
and toxicity. Yao Li-hong et al tested different ethanol gasoline blends as a fuel for two stroke single cylinder
gasoline engine loaded with eddy current dynamometer. They found that the torque and power peaked when
ethanol proportion in the mixture was at 10%, while a reduction in HC and CO emissions were reported for ethanol
gasoline blends.

Fig.1Test setup — Engine with the mechanical
dynamo meter

Experimental setup: The experiments were performed on a test rig consisting of a two stroke Suzuki 100 cc
internal combustion engine(shown in figure 1) producing maximum power of 5.818kW with a compression ratio of
6.9:1,coupled with a mechanical dynamometer. The engine was selected due to the fact that it is one of the most
successful two stroke engines in India and still continues to be used, powering many existing two stroke Suzuki
motorcycles. The engine was well used and tests were conducted without modifications. The test rig consists of a
terminal for measuring parameters such as engine speed and fuel consumption. Since the engine lacks any constant
speed governing mechanism as such, an implement for controlling engine speed was added. For tests on
gasoline,semi synthetic 2T lubricant was premixed with gasoline in the ratio 1:25 while for ethanol blended
gasoline mixtures, pure synthetic 2T lubricant was used in the same ratio, suggested by Iguarta et al.

Selection of parameters: The tests were conducted on the engine at two different speeds, 1350 rpm and 2000 rpm.
The low speed range was selected so as to increase the loading range. The loading range was selected as 0-6 kg.The
parameters were chosen in accordance with the presentworking condition of the engine. Two different blends of
ethanol with gasoline were tested by varying proportions of ethanol 5%, 10% and compared with unblended
gasoline.

Test methodology: At both speeds, performance test was conducted by way of increasing load from 0 kg to 6 kg.
The load tests were conducted by loading to engine gradually at a constant speed. Initially the test was performed
with gasoline as the fuel and then with 5% and 10% by volume of ethanol blended with gasoline. For every loading
condition, the test variables were recorded and performance characteristics such as thermal efficiency and fuel
consumption were evaluated.

RESULT AND DISCUSSION
Performance characteristics:

It is found that at both speeds, fuel consumption increases compared to gasoline, with the increase being
more noticeable at higher percentage content of ethanol. This is due to the lower heat content of ethanol, when
compared to gasoline, due to its lower calorific value. It is noticed that there is an overall increase in the thermal
efficiency of the engine, for ethanol blended fuels, when compared to gasoline. This is due to the fact that ethanol,
due to its lower boiling point, aids in complete combustion of fuel.

Figure 2(a), (b) and 3(a), (b) shows the variation in fuel consumption of different blends of ethanol with
gasoline. At 1350 rpm it is seen that, for 40% load, the total fuel consumption is the least, when the ethanol content
is around 5%.At 2000 rpm, it is seen that the fuel consumption is observed to be the maximum when the ethanol
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content was 10%, when the engine was loaded with 20% and 40% of totalload, whereas the fuel consumption at 5%

of ethanol was the least.
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Fig.2Variations in (a) total fuel consumption, (b) Fig.3Variations in (a) total fuel consumption, (b)
brake specific fuel consumption, (c) indicated brake specific fuel consumption, (c) indicated
thermal efficiency and (d) brake thermal efficiency  thermal efficiency and (d) brake thermal efficiency
at 1350rpm at 2000rpm

The variations in thermal efficiency of ethanol blended gasoline are depicted in figure 2(c), (d) and 3(c),
(d). It was found that the indicated thermal efficiency peaked when the ethanol content was at 5%, for loads of
20%, 40%, 60%. It is, however, noticed that for both 1350 rpm and 2000 rpm, Brake specific fuel consumption
remains fairly constant with variations in the % of ethanol. This is due to the fact that increase in ethanol content
lowers the heat content of the fuel, resulting in negating the effects of increase in brake power. At both 1350 rpm
and 2000 rpm, the peak in indicated thermal efficiency at 5% ethanol content and the subsequent dip in thermal
efficiency at 10% is attributed to the fact that increasing ethanol content causes a cooling effect and hence an
ignition delay, causing partial combustion , hence reducing efficiency.

CONCLUSIONS

The investigations have provided an experimental insight into the usage of ethanol blended gasoline as a
fuel for a used commercial two stroke gasoline engine. The experimental investigation has revealed that
e Thermal efficiency of the engine is improved for ethanol blended gasoline mixtures when compared to regular

gasoline, with the peak observed upon usage of 5% of ethanol.
e The fuel consumption of the engine is the least when the ethanol blend was kept at 5 %.

Thus, it is concluded that ethanol blended petroleum mixture; with 5% ethanol content by volume is an
optimum fuel blend for a used commercial two stroke engine, with an increase of thermal efficiencies and a
decrease in fuel consumption being observed.
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