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Abstract – The objective of this study is to investigate experimentally the performance of compression ignition engine using 
various bio diesels extracted from corn, sun flower, and palm oils. The engine was operated at constant load and variable 
speed. The following parameters were analyzed: brake power, brake specific fuel consumption, Brake thermal Efficiency, 
and exhaust temperature. The results shows that the use of bio diesel blends can be used in compression ignition engine with 
no modifications, and can replace pure diesel fuel. In addition the bio diesels produce brake power almost the same as pure 
diesel. The engine consumes less fuel for corn and sun flower bio diesels than pure diesel. The BSFC for corn and sun 
flower bio diesels are less than that of pure diesel. Corn and sun flower has higher thermal efficiency than pure diesel. All 
bio diesels blends produces less NOx emissions than pure diesel. 
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I. INTRODUCTION 
 
Petroleum products have played a major role in the 
advancement of technologies and the development of 
various sectors in the world. The transport sector 
consumes a large quantity of petroleum products, and 
plays a major role in the economics of any country. 
Using blends of bio diesel in the compression ignition 
(CI) engines can contribute in decreasing the 
operation costs.  
 
One of the major important source of renewable 
energy is bio diesel. Numerous researchers studied 
the use of bio diesel derived from used or new 
vegetable oils in CI engines. Bhatt et, al. [1[ studied 
the suitability of mabua oil as alternative fuel for CI 
engines. They reported that muhau could be easily 
substituted up to 20% in the diesel without any 
significant differences in the performance of CI 
engines. Moreno et. Al. [2] investigate engine 
performance of both diesel fuel and by mixing it with 
0, 25%, 50%, 75%, and 100% sunflower oil. The 
results demonstrates that the torque and power 
maintained within the same levels as when using pure 
diesel, where as the Brake Specific Fuel Consumption 
(BSFC) increases within acceptable limits. Gaurav et. 
al. [3] reviews diesel engine performance using bio 
diesel from various oils. Puneet and Sharma [4] 
studied the performance characteristics of diesel 
engine fuelled by bio diesel. They reveals that the 
most of the bio diesel gives higher thermal efficiency 
and lower BSFC.  Liaquat et. al. [5] performed 
experimental analysis of engine performance using 
bio diesel obtained from non-edible oil. They 
concluded that the biodiesel blend fuels can be used 
in CI engines without any engine modifications, and 
have beneficial effects both in terms of emissions 
reduction and alternative diesel fuel. Ramana et. al. 

[6] studied experimentally the performance of engine 
using biodiesel blends. Hey concluded that the fuel 
consumption reduced, and obtained an environmental 
safety by controlling the exhaust emissions. The 
objective of this study is to compare the performance 
of a CI engine using different blends of bio diesel 
derived from: corn, sun flower, and palm oils, at 
constant load and variable engine speed. 
 
II. EXPERIMENTAL APPARATUS AND 
PROCEDURE 
 
The engine used was PETTER PHIW, single 
cylinder, direct injection, four stroke, with 
compression ratio 17:1. 
 
The bio diesel blends were prepared by adding 4 gm 
of sodium hydroxide to 200 cc. of methanol in a 
blender, while the blender operating on its lowest 
speed for about 2 minutes. Then 1000 cc. of 
vegetable oil was added to the mixture, while the 
blender continued to operate for about 30 minutes. 
Then the mixture was allowed to settled for about 4 
hours. The mixture separated into two layers; the 
bottom layer was glycerin, and the top layer is the bio 
diesel. 
The properties of bio diesel is calculated according to 
the following equation: 
Pmix. = ∑ mi . Pi  
 
Where, Pmix. is the property of the mixture, mi is mass 
fraction of component I, and Pi is property of 
component i. 
 
Table 1 shows the properties of bio diesel from the 
various vegetable oils.  
The engine was started with diesel fuel, and until the 
engine reached the operating temperature. Then the 
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engine operated using blends of bio diesel with diesel 
in proportion (20% bio diesel from vegetable oil, and 
80% pure diesel). The following parameters were 
recorded: instantaneous speed (r.p.m.), fuel 
consumption, Torque, Exhaust temperature, inlet and 
outlet temperature of the water cooling system at 
constant load and variable engine speed. 
 

 
Table 1  Properties of bio diesel from various vegetable oils 
 
III. RESULTS AND DISCUSSIONS 
 
From the collected data during each experiment, 
brake power, brake specific fuel consumption, and 
brake thermal efficiency were analyzed, and were 
plotted versus engine speed. Figure 1 shows the brake 
power as a function of the engine speed. It is clear 
that the brake power of all blends increases with 
increasing the speed. The brake power of palm bio 
diesel is the highest, then the pure diesel. The higher 
values for palm bio diesel and pure diesel is mainly 
due to their respective higher heating values, as 
indicated in table 1.  
 

 
Figure  1 Brake Power as a function of speed 

 
Figure 2 shows fuel mass flow rate as a function of 
the engine speed. It is clear that the consumption of 
all blends increases with increasing the speed. The 
highest consumption is for balm bio diesel, followed 
by pure diesel. The lowest values is for corn bio 
diesel. The reason for lower consumption for corn bio 
diesel could be attribute to improved combustion due 
to its oxygen content. 
 

 
Figure  2 Fuel mass flow rate as a function of speed 

 

Figure 3 Shows the BSFC as a function of engine 
speed. The BSFC is defined as the ratio of the mass 
flow rate of fuel and the brake power produced. It is a 
measure of the capability of the engine in converting 
fuel to brake power. It is desirable to have lower 
BSFC, which indicates that the engine uses less fuel 
for producing the same amount of power. The BSFC 
is decreasing as the speed increases until an optimum 
value at 2200 rpm, then increases. The highest values 
of BSFC is for palm bio diesel, and that because it 
has the highest fuel consumption. Similarly the 
lowest values is for corn bio diesel, because it has the 
lowest fuel consumption. The average decrease in 
BSFC for palm bio diesel compared to diesel is about 
20%. 
 

 
Figure  3 Brake Specific Fuel Consumption as a function of 

speed 
 
Figure 4 shows the thermal efficiency as a function of 
engine speed. It is clear from the figure that the 
thermal efficiency increases with the speed until 
optimum value at 1800 rpm. This is due to the fact 
that with increasing engine speed, the output power 
of the engine increases, then the thermal energy 
decreases after 1800 rpm.  Corn bio diesel has the 
highest efficiency, this is because of higher oxygen 
content, resulting in more complete combustion, 
producing higher thermal energy in the engine. 

 

 
Figure  4 Brake Thermal Efficiency as A function of speed 

 
Figure 5 shows the exhaust temperature as a function 
of engine speed. It is clear that as the engine speed 
increases the exhaust temperature for all blends 
increases. The engine exhaust temperature has been 
considered as one of the important parameters . It is a 
good parameter in analyzing the exhaust emissions 
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especially for NOx. The higher the exhaust 
temperature, the higher emissions of NOx.  The 
exhaust temperature of all bio diesels are lower than 
pure diesel. This is because pure diesel has higher 
heating value than all blends of bio diesel. Thus pure 
diesel produces NOx emissions more than all blends 
of bio diesel. 
 

 
Figure  5 Exhaust Temperature as a function of speed 

 
CONCLUSIONS 
 
In this study, a comparison of the performance for a 
compression ignition engine, using pure diesel and 
bio diesels fuel blends. Results shows that the use of 
bio diesel blends can be used in compression ignition 
engine with no modifications, and can replace pure 
diesel fuel. In addition the bio diesels produce brake 

power almost the same as pure diesel. The engine 
consumes less fuel for corn and sun flower bio diesels 
than pure diesel. The BSFC for corn and sun flower 
bio diesels are less than that of pure diesel. Corn and 
sun flower has higher thermal efficiency than pure 
diesel. All bio diesels blends produces less NOx 
emissions than pure diesel.  
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