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Abstract:

Parameters as a fuel economy, exhaust emissions, enough yield taking from using alternative fuels in vehicles
are dependent directly properties of using alternative fuel. Therefore, properties of using alternative fuels need
to be close or suitable to those of self fuels in vehicles. So, properties of alternative fuels need to be determined.
Right of these determines need to be done in the boundary of measurement where its standard is obvious. These
measurements pose problems for fuel producers due to being time consuming, being very expensive, exhibiting
sensitivity and requiring special and trained personal. In this study, in order to support the solution of the above
mentioned problems, relations between the properties of the fuel have been determined henceforth it has been
aimed determination of other properties via using these relations. For this aim Cotton oil ME, Hazelnut oil ME,
Mustard ME, Palm ME, Canola ME, Soybean ME, Olive oil ME, Sunflower ME, Frying waste oil ME, Serving
as food waste oil ME, Used olive oil ME, Used canola ME, Canola ME were produced and their properties
were determined. Also by using literature data of Peanut ME, Babassu ME, Suet ME, Rubber seed ME, Karanja
oil ME, Mahua oil ME, Nahor oil ME and Almond oil ME statistic relations between methyl esters fuel
properties were statistically determined.
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INTRODUCTION

Today, technologic developments have brought about energy problems. Especially, the motor vehicles
use fossil-based fuels. The formation of these kinds of fuel requires a long-period of time. The number of the
systems using fossil-based fuels is increasing and thus we are running out of fossil-based fuels. That is why
researchers have looked for alternative energy sources. One of these alternative fuels is biodiesel which is a
renewable fuel. Biodiesel is an alternative “green” fuel produced from herbal oils, animal oils and waste oils by
means of reaction with catalyst and alcohol [1-5].

It is also important that this alternative fuel can be used in already available vehicle without any extra
cost. In vehicles, to have an adequate efficiency from alternative fuels, the parameters such as exhaust emissions,
fuel economy are directly dependent on the features of alternative fuel. Therefore, the alternative fuels’
properties should be close and suitable to the properties of the one originally used in the vehicle. That is why the
properties of the alternative fuels are to be determined. The determination of these properties is to be carried out
according to standard measurement methods. The fact that these measurements require a long time,
sensitiveness, experienced and educated staff, and their high cost is another problem for alternative fuel
producers [6-11].

The determination of the properties of the fuels is done with different devices. Generally the cost of
these devices is high. Besides, the determination of in this study, the relationship among the properties of these
fuels are determined to contribute to the solution of the problems mentioned above and thanks to these
relationships, it was aimed to determine the other properties [12-15].

MATERIAL AND METHODOLOGY

Material

According to the previous studies, in the use of herbal oils as fuels, the important point was the determination of
the herbal oil which is the closer to the diesel fuel properties. For this aim to be fulfilled, the fuel properties of
herbal oils are to mixed with each other and with petrol-based fuels. However, as the oxidation time is very
short, it shows a kind of instability. Besides, the cetane number is very low. Such properties as high number of
cetane, high oxidation time, low viscosity, low freezing point and low flow point highlight safflower, nut, rape,
soybean, sesame, cotton, sunflower, palm and peanut oil as diesel fuel.

In this study, the fuel properties of cotton oil ME, nut ME, cruet ME, palm ME, canola ME, safflower ME,
peanut ME, babassu ME, suet ME, soybean ME, rubber seed, olive oil waste ME, sunflower ME, poppy ME,
karanja oil ME, mahua Oil ME (MOME), nahor (beach sheoak) oil ME, waste oil used for frying, food waste oil
methyl ester (RCOME), used olive oil ME, used canola ME, canola ME, almond oil ME as biodiesel were
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chosen as material. The viscosity, density, moisture amount, thermal value, flashing point, clouding and flowing
point and ash amount of the biodiesel were measured (Table 1) [16-19].

The equipments and devices used in the study

Methyl ester production reactor
Viscosity meter

Hydrometer

Flash point test device

Clouding and flowing point test device
Copper corrosion test device

o Ash amount determining device

o Water amount determining device
o Calorimeter

o Sulphur-carbon device

e Washing unit

o Digital scale

Chemical and washing substances used in the study

o Methanol; Merck brand of methanol with CH;OH 99.5% purity, with a density of 0.791-0.793 kg/liter, with a
distillation interval between 64-65 °C was used.

e Sodium hydroxide; AK chemical brand of sodium hydroxide with NaOH molecule weight of 32.04 g/mol,
core substance of 99.5 % was used.

Methodology

The essential of the production of the methyl ester is the preparation of the catalyst which is used in the reaction
of herbal oil with methyl or ethyl alcohol. The esterification of the oils called biodiesel is done with either
methanol or ethanol. In this reaction, aside or alkali materials can be used as catalyst. In the previous studies, it
was revealed that the use of alkali catalyst yield better results such as shortening the time of reaction, increasing
the conversion of herbal oil to biodiesel [1, 20-21].

The Determination of Fuel Properties

In the measurement of the viscosity of the fuels, Stanhope-Seta brand Redwood No: 1 model viscosity meter was
used. The device was calibrated to be able measure as Redwood/second. Hydrometer was used to measure the
density of the fuels produced.

The flash point of the biodiesel was determined with a Koehler brand portable type flare point determiner device.
The measurements were repeated at least for three times.

To determine the ash amount, the ash amount determiner device in the laboratory of the Karaman Vocational
High School was used.

To determine the water amount the water amount determiner device in the laboratory of S.U. Karaman
Vocational High School was used.

In the measurement of the Low Heating Value (LHV), LECO AC-350 thermal efficiency test device which
measures according to ASTM D2015-85 standards was used.

In the determination of sulphur carbon amount, LECO SC-144DR test device which measures according to
ASTM D5453-93standards was used.
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Table 1 Methyl ester samples and their properties

Methyl Ester (ME) Viscosity mm*/s Density Flash point (FP) LHV

(40 °C) kg/m® (15 °C) €0 (Low Heating Value)
MJ/kg)
Cotton oil ME 3.69 880 164 39.16
Nut ME 3.59 860 128 38.70
Mustard ME 4.10 881 173 38.06
Palm ME 4.90 870 170 35.74
Canola ME 4.63 885 155 38.24
Safflower ME 4.03 880 180 36.98
Peanut ME 4.90 883 176 38.10
Babassu ME 3.60 879 127 31.80
Suet ME 4.63 877 161 37.20
Soybean oil ME 4.08 885 174 37.56
Rubber seed 5.81 885 170 36.50
Olive oil waste ME 5.29 882.3 169 39.67
Sunflower ME 4.22 880 170 35.92
Opium ME 3.50 888 150 37.30
Karanja oil ME 3.80 882 134 35.88
Mahua Oil ME (MOME) 5.20 865 127 36.90
Nahor oil ME 4.10 897 142 35.25
Frying oil waste ME 4.30 880 150 38.25
Food waste oil ME (RCOME) 4.60 883 152 37.90
Waste Olive oil ME 5.29 880.1 169 37.50
Canola waste oil ME 6.30 885 190 36.50
Canola oil ME 4.48 888 162 38.24
Almond oil ME 2.34 880 180 37.30
RESULTS AND DISCUSSION

The numeric data obtained was assessed with Tarist program and the statistical results and the regression
equations among them were created and the results obtained from these equations were interpreted (Figure 1 —
Figure 6).

Equation (1) gives the relationship between heating values (HV) and density (D). It was seen that the relation
between these two properties was found to be significant (r>= 0.959, %1).

HV =-0.000165+ 0.100830x D —0.000067x D? 1)

When the effect of flash point on thermal value was examined (Eq. 2); the relation between these two features
was found to be significantly high (r’= 0.967, 1 %).

HV = -0.038410+ 0.458471x FP —0.001395x FP? (2
As for the effect of flash point and kinematics viscosity (KV) on heating value (Eq.3), it was found out that there
was significant relation (r’= 0.967, 1%).

HV =-0.039178 +0.143684 x KV —0.010012 x KV ? + 0.453380 x FP —0.001380 x FP? (3)

Kinematics viscosity and density affected heating value (significant at r>= 0.959 and 1% level) (Eq. 4).
HV = -0.000168+1.116102x KV —0.106581x KV? + 0.095106 x D —0.000064 x D*  (4)

It was found out that flash point and density significantly affect heating value (Eq 5). (r>= 0.972, 1%).
HV = 0.000920+0.018476x D —0.000057x D* +0.806302x FP —0.002480x FP? (5)

It was seen that the flash point, density and kinematics viscosity are related to heating values according to linear
regression (Eq. 6). (= 0.958, 1%).

HV =0.102749222 + 0.046936771x KV + 0.037588108 x D + 0.023431365 x FP (6)

42



FUELS AND COMBUSTION IN ENGINEERING JOURNAL J_/!g

Today the determination of the various properties of fuels can be achieved with very expensive testing
equipments. Besides, considering that these devices are imported from abroad, it is evident that they cause extra
economic burden for the economy of our country. The fact that not all the firms have these devices and that the
producers need to determine whether their products meet biodiesel standards increase the cost of biodiesel
production. Besides, the determination of the properties of the biodiesel takes times. In this study, the relations
between the features of the biodiesel were examined to get rid of the disadvantages mention above. The results
suggest that;

1. In biodiesel fuels, formulas which were confirmed to be statistically-reliable and were derived from
regression equations after tiring, long-lasting and expensive measurements can be used.

2. The number of biodiesel samples and repetitive measurements are to be high and the fault percent is to be
low.

3. When using the relationships fount out, the result must be compatible with the previous measurements
(deviations up to 5 % can be tolerated)

In the determination of some of the features of biodiesel, the relations (of density, kinematics viscosity, flash

point, the lower heating value) can be used.
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Fig 1 The variation of density with viscosity for vegetable oil methyl esters
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Fig 2 The variation of flash point with viscosity for vegetable oil methyl esters

44



FUELS AND COMBUSTION IN ENGINEERING JOURNAL

45

40

35

. 0” ¥ 2t 354 .
PR o ¢ . -

30

25

20

LHV (MJ/kg)

15

10

2 3 4 5 6 7

viscosity (mm?/s at 40 C)

Fig 3 The variation of LHV with viscosity for vegetable oil methyl esters
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Fig 4 The variation of flash point with density for vegetable oil methyl esters
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Fig 5 The variation of LHV with density for vegetable oil methyl esters
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Fig 6 The variation of LHV with flash point for vegetable oil methyl esters
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