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Table 1- Fuel properties of diesel and poultry fat oil biodiesel

o gas (ASTM) (3031 5,1uitis! g, J{EPRYRES Jpogs  Jpe g
Properties Standard Test Method Allowable limit  Biodiesel Diesel Unit
.- I £y I
SIS0 D-240 - 40.5 422 MJkg'
Heating value
. ‘ e
Jbes &w D-92 Min 130 153.2 62.7 °C
Flash point
A0°C 3 Sl 5515 D-445 1.9-6 474 252  mm’s’
Kinematic viscosity at 40°C
s S D-2500 Min -7 -1 3 °C
Cloud point
Sy B D-97 Min -10 5 21 °C
Pour point
[CY
o N D-4052 Max 0.9 0.861 0.820 g em™
Density
= p
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Fig.1. Schematic diagram of the engine test stand: 1. Fuel tank, 2. Fuel measurement system, 3. Tractor,
4. Dynamometer, 5. Remote control system and 6. Data acquisition unit
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Fig.2. 5 dynamometer manufactured by NJ-FROMENT
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Table 2- Revolution range and capacities of dynamometer

Jlail sgod U g D390 Og oy 39luiS o iy
Contact mode Revolution range Maximum power Maximum torque
‘-‘Q’;‘;’O”m 270-1250rpm 335kW (450hp) at 900rpm  3250Nm (24001b-ft) at 600rpm
E”; 4 770-2600rpm 335kW (450hp) at 2600rpm  1050Nm (7751b- ft) at 1450rpm
ngine
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Table 3- MF-399 tractor motor specifications

oo Perkins A63544
Model
ol jlw &5, Ol ygige 8y
Manufacturer factory =~ Motor Sazan Company
)..\..L.w Slass 6
Cylinder No.
Stroke
B 98.6mm
Bore
Pl oz 5.8L
Cylinder volume
31y s
ey 1,5,3,6,2,4

Ignition arrangement
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Fig.3. FTO flow meter manufactured by American
FLOWTECH Company
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Table 4- Variance analysis of engine speed and biodiesel percentage on engine performance parameters

Olupe (ke Oluye (ke B a0 Olupo (855ke
e Silae e oly 2990 yoldS 2990 B9 S g
Sources of Degrees of  Mean squares Mean squares Mean squares of
variation freedom of engine of engine engine specific fuel
power torgue consumption
Jigs 2oy
Biodiesel 4 11.798%* 217.862%* 1081.848%*
percentage
(A)
0990 191
Engine speed 3 307.293%* 95.751%* 977.635%*
B)
blize L5
Interaction 12 1.165%* 12.563%* 1034.222%*
(AB)
oialejl oz 40 0.026 0.047 11.417
Error (E)

** Significant at 1% level.
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Fig.4. The revolution vs. torque of engine for different combinations of biodiesel and diesel
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Introduction: Depletion of fossil fuels and environmental degradation are two major problems faced by the
world. Today fossil fuels take up to 80% of the primary energy consumed in the world, of which 58% is
consumed by the transport sector alone (Mard et al., 2012). The combustion products cause global warming,
which is caused of emissions like carbon monoxide (CO), sulfur dioxide (SO,) and nitrogen oxides (NOy). Thus
it is essential that low emission alternative fuels to be developed for useing in diesel engines. Many researchers
have concluded that biodiesel holds promise as an alternative fuel for diesel engines. Biodiesel is oxygenated,
biodegradable, non-toxic, and environmentally friendly (Qi et al., 2010).

Materials and Methods: In this study transesterification method was used to produce biodiesel, because of
its simplicity in biodiesel production process and holding the highest conversion efficiency.

Transesterification of poultry fat oil and the properties of the fuels: Fatty acid methyl ester of poultry fat
oil was prepared by transesterification of oil with methanol in the presence of KOH as catalyst. The fuel
properties of poultry fat oil methyl ester and diesel fuel were determined. These properties are presented in Table
1.

Tests of engine performance and emissions: After securing the qualitative characteristics of produced
biodiesel, different biodiesel fuels of 5%, 10%, 15%, and 20% blended with diesel fuel were prepared. A
schematic diagram of the engine setup is shown in Fig.1. The MF-399 tractor engine was used in the tests. The
basic specifications of the engine are shown in Table 3. The engine was loaded with an electromagnetic
dynamometer. The X5 model dynamometer manufactured by NJ-FROMENT was used to measure the power and
the torque of the tractor engine. The speed range and capacity of this device are shown in Table 2. A FTO Flow
Meter, manufactured by American FLOWTECH Company, was used to measure the fuel consumption (Fig.3).
Its measuring range is 37-1537 ml min™".

Results and Discussion: The engine performance was evaluated in terms of engine power, engine torque and
specific fuel consumption at different engine speeds. The variation of engine torques with Bs, By, Bis, By and
diesel fuel are presented in Fig. 4. The engine torque for biodiesel blends was more than that by diesel fuel only.
The mean engine torques for Bs, By, Bis and Byy were 2.5%, 2.8%, 3%, and 3.5% higher than that by only
diesel, respectively. This is due to the better combustion of biodiesel compared to diesel fuel. The variation of
engine powers with Bs, Byg, Bys, By and diesel fuel are presented in Fig. 5. The engine powers for biodiesel
blends were more than that by diesel fuel. The mean engine powers for Bs, By, Bi5 and B,y were higher than that
by diesel by 2.5%, 3%, 3.5%, and 4%, respectively. This is because of good combustion of biodiesel resulted
from higher oxygen content. The mean specific fuel consumptions for Bs, By, B;s and B,, were higher than
diesel fuel about 4.1%, 7%, 8.8%, and 2%, respectively (Fig. 8). The density of biodiesel was higher than that of
diesel fuel, which means the same fuel consumption on volume basis results in higher specific fuel consumption
in case of biodiesel.

Conclusions: The values of viscosity, density and flash point of poultry fat oil biodiesel were found to be
closely matched with ASTM D-6751 standard specifications. Viscosity and density of biodiesel were found more
than those for diesel. The calorific value of biodiesel was found to be lower than that of diesel. Poultry fat oil
biodiesel cannot be used as a neat diesel fuel in cold weather conditions due to its relatively low cloud point.
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Preheating and lowering freezing point is required to eliminate this problem. The engine performance with
poultry fat oil biodiesel and its blends are comparable with those of pure diesel fuel. Results indicated that B,y
blend had the best performance and the lowest specific fuel consumption.
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