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In recent decades, with growing concerns about pollution from fossil
fuels, researchers and manufacturers are seeking for cleaner
alternatives for vehicles. To do so, biodiesel, a fuel derived from
vegetable oil waste, seems to be a favorable choice as a replacement
for diesel fuel in engines. This study (in-vitro study) has revealed the
analysis of the performance criteria of a four-stroke diesel research
engine using different blends of diesel and biodiesel. In this way,
different volumetric mixtures of diesel and biodiesel (B0, B20, B40,
B60, and B80) have been appraised by an electric brake lever for
several load percentages. The engine has been tested under different
loads (0%, 25%, 50%, 75%, and 100% of the electric brake lever's
capacity) and engine speeds (1250, 1400, 1450, 1500, and 1535
revolutions per minute) with a fixed throttle position. Thereafter, by
utilizing different measurement tools, some important outputs have
been drawn such as various performance plots of the engine
containing, volumetric efficiency, specific fuel consumption (SFC), rate
of fuel consumption, thermal efficiency, air-fuel ratio, braking power,
braking torque, rate of air consumption and pollutant gases emitting
from the engine. Afterwards, the performance investigation of the
engine considering the laboratory results and various graphs have
been assessed. It is worth mentioning that inputs’ parameters are,
namely, volume percentage of fuel mixture, engine speed and engine
load percentage, and the output, engine performance parameters and
air quality index. As exhibited, amongst the aforesaid blends, B40 has
the least amount of SFC and air quality index at different brake lever
loads. Consequently, it can be suggested that B40 may be a more
economical and environmentally friendly alternative for real-world
usage.
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EXTENDED ABSTRACT

Introduction

Nowadays, due to the rapid industrialization of nations, there is an increasing demand
for fossil fuels. However, the reserves of fossil fuels are depleting at an alarming rate all
around the world, and new reserves, which have been discovered using the most
sophisticated technological tools, are not sufficient to meet the increasing demand of the
market. Thereafter, there is a great necessity to find alternative sources. On the other
hand, the fuels used in the transportation industry are subject to strict laws to control
pollution, and to this end, replacing fossil fuels with clean ones to help preserve the
environment is an undeniable issue. All the efforts of researchers are to find alternative
fuel sources with low pollution and cost-effectiveness, and as a result, reducing
dependence on fossil ones. Among the proposed alternative fuels for diesel engines,
biodiesel and diesel-ethanol mixture have attracted much attention in recent years
because these kinds of fuels have renewable energy carriers. In addition, studies have
shown that using these renewable fuels makes it possible to reduce carbon monoxide
(CO) and unburned hydrocarbons (UHCs) from diesel engines. It is important to note that
the production capacity of the aforesaid fuels is available in Iran. Because of the clean
usage of biodiesel, many previous studies have been conducted on modelling and
performance of fuel, and its effect on diesel engine efficiency. As the diesel engine can use
biodiesel without major changes, the way is paved for an in-vitro study.

Results and discussion

The fuel rate was reduced and increased by further increasing the percentage of
biodiesel fuel (more than 40%). The decreasing trend of the fuel rate from BO to B40 and its
increasing trend from B40 to B80 were similar at different brake lever loads. Therefore, B40
had lower fuel consumption than other fuel mixtures and its use is recommended as an
optimal mixture from the point of view of economy and optimal fuel consumption. In
addition, by increasing brake lever loads, the fuel consumption rate increased. The thermal
efficiency increased by increasing the percentage of biodiesel in fuel mixtures by up to 40%
v/v and reduced by further increasing the percentage of biodiesel (more than 40%). B40
had the highest thermal efficiency compared to other fuel mixtures. By increasing the
percentage of biodiesel in fuel mixtures by 40% v/v, the volumetric efficiency was reduced.
By further increasing the percentage of biodiesel (more than 40%), the volumetric efficiency
increased. This is despite the fact that the changes in volumetric efficiency by increasing the
percentage of biodiesel in the fuel mixture were insignificant, the reduction in efficiency in
B40 can be ignored and the volumetric efficiency at constant load is considered for all
constant fuel mixtures. The effective average braking pressure and braking torque were
constant at constant load for all fuel mixtures due to their direct relationship with braking
power. By increasing the percentage of biodiesel in fuel mixtures by 40%, the temperature
of the exhaust outlet was reduced, and by further increasing the percentage of biodiesel in
the fuel mixtures, from 40 to 80%, the temperature of the exhaust outlet increased. The
trend of changes in the temperature of the exhaust gas at different loads was also the same.
By increasing the load, the temperature of the exhaust gas increased. The braking power of
the engine at a certain load was almost constant for all fuel mixtures. By increasing the
percentage of biodiesel in the fuel mixture by up to 40% v/v, the air-to-fuel ratio increased
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and was reduced by further increasing biodiesel in the fuel mixture (more than 40% v/v).
The trend of changes in the air-fuel ratio was the same at different brake lever loads.
Therefore, B40 had the highest air-fuel ratio among the rest of the fuel mixtures. By
increasing the percentage of biodiesel in fuel mixtures by 40% v /v, the SFC of brake reduced
and increased by further increasing the percentage of biodiesel in fuel mixtures (40-80%
v/v). The trend of changes in the SFC of the brake was the same as the percentage of
biodiesel in fuel mixtures at different brake lever loads.

As shown, CO released in the fuel mixture was lower in 40% fuel mixture than in all the
mixtures. Furthermore, by increasing the load of the brake lever, CO emission increased,
which was due to the incomplete mixture in the combustion chamber. The released CO, was
reduced by 40% fuel mixture and increased by increasing the percentage of biodiesel, and
by increasing the brake lever load, the release of CO, increased in all mixtures. NOy released
in 40% fuel mixture was less than all the mixtures. Also, by increasing the load, NOy emission
increased.

Conclusion

A study of the engine air use rate showed that for all diesel and biodiesel mixtures at
different brake lever loads, the rate of air consumption was approximately the same, which
is due to the constant temperature in the laboratory during engine testing. By increasing the
percentage of biodiesel in fuel mixtures by up to 40% v/v, B40 had the lowest SFC and
emissions at different brake lever loads. Therefore, economically and given lower fuel
consumption and air quality index, it is superior to other fuel mixtures and its use is
recommende.
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