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Abstract

In this study, the effects of diesel fuel-biodiesel (produced from safflower oil) blends on engine
performance and exhaust emissions were investigated as experimentally in a single cylinder, four-
cycle, normal aspirated diesel engine. In the results of tests, engine torque, engine power and specific
fuel consumption as performance values of test fuels were commentated. VValues of engine torque and
engine power from biodiesel were lower than diesel fuel fuel as average 26% amount, and values of
specific fuel consumption from biodiesel were higher than diesel fuel as average 41.5% amount. CO
emission values of biodiesel decreased as average 74% amount according to diesel fuel. With using
biodiesel, increased as average 2.45 fold amount for CO, emissions, as average 1.3 fold amount for
NO emissions, and decreased as average 87% amount for HC emissions with compared to diesel fuel.
The obtained values were estimated for different inputs by using the ANNs model. The data obtained
from the ANNS is very close to the experimental data.
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1. Introduction

Increased global warming and decline in
petroleum reserves in the world have led to
the need for alternative engine fuels.
Nowadays, biodiesel is the most common
alternative engine fuel for diesel engines
(CI). The most important reasons to prefer
of biodiesel are to be especially renewable
and environmental friendly. Besides, it can
use in Cl engines as pure and mixing due to
the properties of fuel and physico-chemical
of biodiesel are similar with diesel fuel.
Biodiesel can produce from all vegetable
oils and animal fats [1-4]. However,
researchers have oriented to the production
of biodiesel from waste cooking oil in recent
years [5-8]. The most widely method in
biodiesel production is transesterification
that is the name of the chemical
esterification process which is converts the
molecules called triglyceride of the
vegetable oil and animal fat similar to the
molecular properties of diesel fuel to short
straight chain and it is reduce density and
viscosity by separating fatty acids from
glycerol [9].

The following results were encountered
when the literature survey on the use of
biodiesel in Cl engines is made:

Biodiesel has been no significant effect on
engine performance in low proportions
mixtures [10-12]. Besides, the addition of
biodiesel up to 20% to diesel fuel has been
shown to improve the lubrication properties
of the fuel [13-14]. Other than these,
biodiesel has adversely affected engine
performance parameters. Because, its some
fuel properties such as lower heating value
(LHV), density, kinematic viscosity have
caused injection pumping losses and
reduced combustion efficiency [15-18].
Exhaust gas temperature increased with
using biodiesel due to early starting of
combustion by shortening ignition delay of
biodiesel [4,19-20]. Biodiesel increased
NOx emission due to its higher exhaust gas
temperature and oxygen content, while it
decreased CO and HC emissions.

In this study, we were investigated
parameters of performance and exhaust

emission obtained with used of its blends
with diesel fuel and biodiesel produced from
safflower oil as test fuels in a single cylinder
Cl engine. Artificial neural networks
(ANNs) model created with experimental
results and all results were compered.

2. Experimental Apparatus and Test
Procedure

The tests were performed on a single-
cylinder, four stroke, water cooled, direct
injection Cl engine. The specifications of
engine, gas analyzer and hydraulic
dynamometer used in tests were given in
Table 1.

Table 1. Specifications of test apparatus.

Test Engine

Model Antor 3LD510

Engine type Four stroke
Direct injection

Cylinder number 1

Total cylinder volume (cm?®) 510

Diameter x Stroke (mm X mm) 85 x 90

Compression rate 17.5:1

Max. engine speed (rpm) 3300

Max. engine torque (Nm) 32.8

Max. engine power (kW) 9

Injector pressure (bar) 190

Hydraulic dynamometer

Mark — Model Net fren-NF150

Range of speed (rpm) 0-6500

Range of torque (Nm) 0-450

Load cell for torque

Mark — Model CAS-SBA 200L

Range of weight (kg) 0-200

Load cell for fuel consumption

Mark — Model CAS - BCL-1L

Range of weight (kg) 0-3

Gas analyzer

Emission Range of measurement | Accuracy

CO (v/lv) 0-18 +0.001

CO; (VIv) 0-10 +0.01

HC (ppm) 0-9999 +1

NO (ppm) 0-5000 +1

In this study, diesel fuel and safflower oil
based biodiesel produced by
transesterification method in the pilot plant
at Selcuk University in Konya/Turkey were
used as test fuels. The fuel properties of
diesel fuel, biodiesel and their binary
mixtures were given in Tables 2. The
prepared test fuels are coded as SB10 (90%
diesel fuel + 10% biodiesel), SB20 (80%
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diesel fuel + 20% biodiesel), SB50 (50%
diesel fuel + 50% biodiesel) and SB (%100
biodiesel).The phase separations of test fuels
were checked for six weeks, and any phase
separation was not observed for this times.
Fuel properties determined analysis methods
as EN I1SO 121 (density), EN ISO 310
(viscosity), ASTM D 24 (LHV) and EN ISO
516 (cetane number).

Tests were performed in Automotive
Laboratory of Aksaray University at
Aksaray/Turkey.Tests were carried out by
keeping the speed fixed on each 200 rpm
engine speed between 1000 — 3000 engine

speeds by changing dynamometer load
while motor is on full throttle opening. Any
modifications weren’t made on the test
engine  during the  experiments.The
schematic diagram of the experimental setup
is shown in Fig. 1.

Table 2. Some fuel properties of test fuels.

Diesel

Property fuel SB SB10 SB20 SB50
Density,

at 15°C (kg/m?) 8345 | 8856 | 837 844.4 | 859.6
Viscosity,

at 40°C (mm?/s) 2794 | 4353 | 2855 | 3.02 3.434

LHV (MJ/kg) 43.14 | 38.59 42.54 42.08 40.72

Cetane 552 | 557 |553 |555 |556
number
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Fig. 1.The schematic diagram of the experimental setup.

An Artificial Neural Network model was
constructed with the data obtained from the
experimental study. In the modeling, 70% of
the obtained data were used in ANNs
training. The remaining 30% dataset was
used in the validation and performance
testing of the ANNs. A schematic
representation of the ANNs is shown in
Figure 2. In the ANNs model, which is
trained as 2 inputs 9 outputs, the inputs are
respectively the engine speed and fuel
blends ratio. Outputs are engine
performance and exhaust emission values.

The ANNs model was created using the
Neural Net Fitting tool integrated with
MATLAB software. It consists of two layers
with forward feed.lt also uses sigmoid
function as an activation function in hidden
layers.Weight coefficients were improved
by Levenberg-Marquardt backpropagation
algorithm and ANNs was trained. ANNs
performance varies depending on some
network characteristics such as the number

of hidden layers, the number of network
nodes in each layer.In this study, when the
results obtained by trying different ANNs
constructions are evaluated, the number of
ANNSs input layers which are given the best
performance is selected as 10.

Hidden Qutput
Input L Output
Fig. 2. ANNs model as schematic

3. Results and Discussions

Test results were presented as effective
engine torque (EET), effective engine power
(EEP), brake thermal efficiency (BTE),
brake specific fuel consumption (BSFC)
values and volumetric efficiency as motor
performance parameters; carbon mono-
oxide (CO), carbon di-oxide, nitrogen oxide
(NO) and hydrocarbon (HC) as exhaust

emission parameters.
3.1. Engine performance
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EET is the torque values measured on the
flywheel. The EET value of each fuel used
in the tests is compared with that of the
diesel fuel. Maximum EET value was
obtained at 1400 rpm engine speed. EEP is
the value calculated via the EET.Maximum
EEP value was obtained at 2800 rpm engine
speed. The effects of using biodiesel on
engine torque and engine power are shown
in Figure 3. The EET values obtained with
SB10, SB20, SB50 and SB fuels were
reduced by 5.47%, 11%, 14.11% and 26%,
respectively, compared to diesel fuel. When
the maximum EEP values are compared; at
the engine speed of 2800 rpm, the EEP
value obtained with diesel fuel was
measured as 8.54 kW, while the EET value
obtained with the SB10, SB20, SB50 and
SB fuels was measured as 8.09 kw, 7.72
kW, 7.5 KW and 6.17 kW respectively.

The primarily reason of decreased effect on
EET and EEP of biodiesel is that it has
lower LHV than diesel fuel. It is reported
that low LHV decreases the combustion
energy at the end of burn in the cylinder, so
the EET and EEP values are reduced.
However, increasing the viscosity of
biodiesel has adversely affected the spray
characteristics of the fuel.The diameter of
sprayed fuel grains is higher than that of
diesel fuel due to higher viscosity.
Therefore, when the high viscosity fuels are
injected, they is no good atomization, and
cannot penetrate well into compressed air in
the cylinder. In this case, the duration of
evaporation of the fuel increases, and it
burns for a longer period of expansion.
These causes have been shown in many
studies in the literature [1,3,17,21].

40 —o— Diesel Fuel - o -SB10

Effective Engine Torque (Nm)

.0+ SB20 - A— SB50 —o—SB

Effective Engine Power (kW)

1000 1400 1800

Engine Speed (rpm)

2200 2600 3000

Fig. 3.Comparison of EET and EEP results

The BSFC is the amount of fuel consumed
for obtain power per unit time. The lowest
BSFC values are 264.71 g/kWh at 1500 rpm
engine speed with diesel fuel, 285.52 g/kWh
at 1400 rpm engine speed with SB10 fuel,
301.07 g/kWh at 1400 rpm engine speed
with SB20 fuel, 314.72 g/kWh at 1400 rpm
engine speed with SB50 fuel, 376.54 g/kWh
at 1400 rpm engine speed with SB fuel.
Thermal efficiency is the rate of conversion

to useful work by engine of heat energy
obtained with burning fuel. The BTE values
obtained with SB10, SB20, SB50 and SB
fuels were decreased by 4.33%, 9.56%, 11%
and 21%, respectively, with respect to diesel
fuel. Figure 4 shows the comparison of
BSFC and BTE values obtained by test
fuels. It is reported that the biodiesel usage
adversely affects BSFC and BTE because of
it reduces combustion quality and efficiency
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due to its lower LHV and bad spray
characteristics [3-4,21-26].
Volumetric efficiency (VE) is one of the

most important  parameters used in
commenting engine performance and
emission  parameters. Improved  in

performance and emission values seen
thanks to burning closer to full combustion
by the volumetric efficiency increases.
Figure 5 shown changes in volumetric
efficiency values. Maximum volumetric
efficiency value was obtained at 1400 rpm

biodiesel, the VE values obtained with SB10
fuel are 1.72% on average, the VE values
obtained with B20 fuel are 3.69% on
average, the VE values obtained with SB50
fuel are 5.4% on average and the VE values
obtained with SB are 9.53% on average
decreased in comparison with diesel fuel. Its
waste exhaust gas temperature values are
higher due to the burning-end temperature
of biodiesel is higher than that of diesel fuel.
Therefore, it is estimated that the VE values
decreases for increased temperature of the

engine speed. As the result of the use of air taken into the cylinder.
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Fig. 5.Comparison of volumetric efficiency results
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3.2. Exhaust emissions

The most important reason for the formation
of CO emissions is the inadequacy of
oxygen in the combustion chamber.lIt is seen
that the use of biodiesel reduces CO
emission values, and the CO emissions were
further decreased due to increase in the
proportion of biodiesel in the mixtures. The
CO emission values decreased by 74.08%
on average with wuse biodiesel. CO:
emission, a sign of full combustion, is a gas
that generated by combustion of
hydrocarbons fuels and causes global
warming by its greenhouse effect created in
the atmosphere.However, some researchers
think that CO> gas generated by the use of
biodiesel is used by plants for
photosynthesis [27-28]. The CO2 emission
values increased by 2.45 times on average
with use biodiesel. Figure 6 shown changes
in CO and CO2 emissions. Many studies
have shown that biodiesel decreased CO
emission because of its oxygen content [1,3-
4,18,23]. The increase in CO2 emission
values of biodiesel can be explained by the
fact that the number of C atoms of biodiesel
is higher than diesel fuel [15,21,25,29-30].
HC emission occurs due to causes such as
not fully burning the fuel, reducing the
combustion temperature and insufficient
oxygen. Biodiesel decreased HC emission
values by 86.65 % on average compare to
diesel fuel. Reducing the HC emission
values of biodiesel can be explained by the

increase of the exhaust gas temperature due
to improving the combustion efficiency of
the  oxygen content of  biodiesel
[1,3,18,23,31-32]. Figure 7 shown changes
in HC and NO emissions. It is reported that
the biodiesel usage increased the NO
emissions because of its higher exhaust gas
temperature and the oxygen content [3,33].
The NO emission values obtained with
SB10, SB20, SB50 and SB fuels were
increased by 15.67%, 31.29%, 94.55% and
1.3 times, respectively, with respect to
diesel fuel.

3.3. ANNs modeling

After obtaining the model, output
parameters were obtained with ANNSs. The
graphs showing the correctness of the output
parameters obtained from ANNs are shown
in Figure 8.When the engine performance
parameters obtained by ANNs are
examined, it is seen that the correlation
coefficient of the EET data is 0.979, the
correlation coefficient of the EEP data is
0.99, the correlation coefficient of the BSFC
data is 0.988, the correlation coefficient of
the BET data is 0.986 and the correlation
coefficient of the VE data is 0.988.
However, it is seen that the correlation
coefficient values for exhaust emission
parameters are 0.996 for CO. emission,
0.986 for CO emission, 0.993 for HC
emission and 0.997 for NO emission.When
these results are evaluated, ANNs model
gives successful results in predicting of both
engine performance parameters and exhaust
emission parameters.
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4. Conclusion

As a result of the tests, the engine
performance and exhaust emission values of
biodiesel use were examined and the results
are presented.The data obtained as a result
of the tests were evaluated in general and
the following results were obtained mainly;
e It has been found that the use of
biodiesel improves the cetane number,
but it adversely affect especially the fuel
properties such as LHV, viscosity,
density, CFPP, oxidation stability.
e The use of biodiesel caused some
reduction in  engine  performance
parameters.
e While the use of biodiesel decreased
CO and HC emissions, it increased CO>
and HC emissions.
e These output parameters can be
estimated for different inputs by using
the ANNs model.
These results; Although biodiesel reduces

engine performance values somewhat
compared to diesel fuel, the fact that the
emission values are very favorably

influenced suggests that biodiesel and
biodiesel blended fuels can be used in diesel

engines without any modification to the
engine and without the need to change any
operating parameters.
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