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ABSTRACT 

An experimental work was conducted for the study of biofuel influence on engine performance. Biofuels 

were prepared by the addition of different percentage of vegetable oils (olive oil and Castrol oil) to 

liquid gasoil to be used in compression ignition engine. The amounts of these vegetable oils were 

separately added to make biofuel mixture strength of the “5% to 20%”.  The engine speed was varied 

from 1000 rpm to 2800 rpm into 400 rpm increment. Upon operation, engine economy was found to 

deteriorate slightly, with a considerable gain in terms of environmental pollution reduction. The major 

results obtained are “CO & UHC” reduction, as well as “CO2” increase on the expense of higher “NOx” 

production  level.  Engine  specific  fuel  consumption, however,  increases slightly under steady power 

 production. 

 

KEYWORDS:  

 
INTRODUCTION 

 
Considerable number of researchers [1, 2, 3 and 4] has conducted comprehensive studies to verify the 

possibility of substituting conventional fuels (gasoline, diesel) with renewable biofuels in an attempt to reducing 
pollution, maintaining at the same time acceptable power level. Biodiesel derived from sunflower, rapeseed, 
canola or jatropha cruces can be used as a substitute or an additive to diesel. It is a non-toxic and environmental 
friendly as it produces substantially less CO, soot and the combustion gases contain no sulphur dioxide and 
unburned hydrocarbons. However, such technology is not problem-free. Vegetable oils are extremely viscous 
which leads to unsuitable pumping process, thus increases injection pressure, lower vaporization rate  resulting 
in an inefficient mixing with air in continues combustion burner.  In addition, larger size fuel droplets from 
injector nozzle rather than spray of fine droplets lead to poor atomization, and poor volatility due to large 
molecular weight and bulky molecular structure, which all leads to inefficient - mixing of fuel with air and thus 
causing incomplete combustion. In general, the oil composition in terms of carbon, hydrogen, oxygen and 
nitrogen percentage varies depending on the agricultural species. The higher and lower heating value of 
vegetable oils is lower than that of diesel by 9 – 14 %. Cheng Tung Chong et al., [3] studied the combustion of 
liquid fuel sprays in a variety of power systems, including burner, compression-ignition engines, industrial 
furnaces and boilers. Biodiesels have been recognized as potential substitutes for conventional fuels. Their 
physical properties are comparable to conventional diesels in cetane number, with slightly lower heating values. 
Biodiesels have been successfully used as blend with diesel in combustion systems for their emissions 
reduction. 

M. Abu-Qudais, [5], studied the effects of ethanol fumigation and ethanol diesel fuel blends on the 
performance and emissions of a single cylinder diesel engine. The optimum percentage for ethanol fumigation is 
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20% which produces an increase of 7.5% in brake thermal efficiency and reduction of soot by (51%). The 
optimum percentage for ethanol diesel fuel blends is 15%, producing an increase of 3.6% in brake thermal 
efficiency, and a reduction of 32% in soot mass concentration. Similar investigation by M.A. Hamdan et al.,   
[6], concluded that15% ethanol–diesel blend operated with the highest thermal efficiency. Mustafa Canakci , 
[7], studied the effect of two different biodiesels “prepared from animal fat-based, and from soybean oil” on 
engine performance and emissions. Both biodiesel fuels provided significant reductions in particulates, carbon 
monoxide, and unburned hydrocarbons. However, the conversion of the biodiesel fuel's energy to work was 
equal to that from diesel fuel. 

S. Kalligeros, et al., [8], substituted marine diesel with biodiesel produced from sun flower oil and olive oil. 
Both biodiesels improved emission in terms of particulate matter, carbon monoxide, nitrogen oxide and 
hydrocarbon, with slight increase of the volumetric fuel consumption. 

Abdullah Abuhabaya et al., [9], also concluded that the effects of using sunflower oil blends, on diesel 
engine performance, decreases harmful gas emissions significantly while maintaining similar performance 
output and efficiency. In similar respect B.S. Sanchez et al., [10] found that soot and CO2 emissions were 
reduced substantially when using sunflower oil blends. Olive oil usage was the subject of   M.P. Doradoa et al.,  
[11], Studies on the performance of diesel  engine fueled with waste olive oil methyl ester. Emissions 
improvement were obtained by the decrease of CO (up to 58.9%), CO2 (up to 8.6%,), NO (up to 37.5%), and 
SO2 (up to 57.7%), whereas NO2  were increased by (up to 81%). In addition, a slight increase in brake-specific 
fuel consumption (lower than 8.5%) that may be tolerated due to the exhaust emission benefits. K. 
Sureshkumara et al., [12], studied the possibility of fueling unmodified diesel engine with Pongamia pinnata 
methyl ester (PPME) and its blends with diesel. The results reveal that blends of PPME with diesel up to 40% 
by volume (B40) provide better engine performance and improved emission characteristics. Murugu Mohan 
Kumar Kandasamy et al., [13], studied the performance of a single cylinder diesel engine using various blends 
of rice bran and pungam oil with diesel fuel (B20, B40, B60, B80). They concluded that the highest engine 
efficiency is obtained for the B60 of pun gam oil. Nafis Ahmad [14], studied the effect of using karanj, jatropha 
and rice bran fuel blends with diesel in a single–cylinder diesel engine and concluded that blends of karanj, 
jatropha and rice bran oils and pure diesel oil exhibited similar performance and broadly similar emission level 
under comparable operating conditions.  

Kamal Kishore Khatri et al.,[15], conducted experimental investigations on a single cylinder engine, run on 
Karanj-Diesel blend and Diesel oil at different injection timings. Almost similar performance were obtained for 
both  diesel oil and Karanj-Diesel blend with a  slightly increase of smoke emissions were observed with 
Karanj-Diesel blend mainly due to poor atomization of Karanj oil which can be attributed to low calorific value 
of Karanj oil.  Swarup Kumar Nayaka et al., [16],  investigated the possibility of producing  biodiesel from neat 
Mahua oil via base catalyzed trans esterification and mixing with a suitable additive (Dimethyl carbonate) in 
varying volume proportions in order to prepare a number of test fuels for engine application. The prepared test 
fuels are used in single cylinder water cooled diesel engine at various load conditions to evaluate the 
performance and emission parameters of the engine.  

The results of investigation show increase in brake power and brake thermal efficiency with load for all 
prepared test fuels. It is also seen that CO, HC, smoke and NOx emissions tend to decrease with increase in 
additive percentage. K. Nantha Gopal et al., [17], studied a comparative investigation of blends of  WCO 
biodiesel and diesel. The results reveal that the WCO biodiesel has similar characteristics to that of diesel. The 
brake thermal efficiency, CO, HC and smoke opacity are observed to be lower in the case of WCO biodiesel 
blends than diesel. On the other hand specific energy consumption and NOx of WCO biodiesel blends are found 
to be higher than diesel. Madhujit Deb et al., [18],  Attempted an experimental investigation to explore the 
performance characteristics of a single-cylinder four-stroke compression-ignition engine operated in dual-fuel 
mode with hydrogen as an alternative fuel.  Hydrogen with diesel was observed to increase brake thermal 
efficiency by 15.7% at 40% full load, volumetric efficiency by 78.5% at full load condition and a reduction of 
41.4% in specific fuel consumption at 20% full load compared to baseline diesel operation. Ali Mahdi, [19] 
investigated the effect of added amount of alcohol to the gas oil on the  performance of a  boiler system, and 
found that adding alcohol to the gas oil will reduce CO and soot  emissions in the products of combustion. John 
Britt,  [20] investigation revealed  that  biodiesel emissions are substantially lower in carbon dioxide, carbon 
monoxide, sulfur dioxide, and a host of other emissions than petroleum diesel emissions. In fact, the amount of 
carbon dioxide emitted into the air by burning is the same amount that is theoretically absorbed by growing of 
soybeans or corn.   

P. Sreenivas et al., [21] and Hemant Y.  Shrirame, et al.,  [22]  presented a method of producing biodiesel 
from castor oil by trans esterification of the crude oil as a viable clean alternative fuel. It is nontoxic, 
biodegradable, renewable fuel. Furthermore, its advantages over petroleum based diesel fuel include a higher 
cetane number which improves ignition quality, lower sulpher, lower aromatics, lower volatility and presence of 
oxygen atom in the molecule produces efficient combustion. Its application in a conventional combustion 
systems results in substantial reduction of unburned UHC and CO.  Hideskatsu Fujishima et al., [23] 
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investigated the reduction of NOx by using   waster vegetable oil (WVO) in the combustion system of a  boiler 
when temperature less than 130◦C . Their results have clearly demonstrated that.  
2. Engine Performance mathematical model: 

Based on general heat engine thermodynamics, the engine performance can be simulated according to the 
following simple model [24]: 

1- Fuel mass flow rate.  

m� � = �� 

 �	
�
× ρ  

   kg
sec�                                                                                                                                        (1) 

2- brake power 
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    �               (2) 

3-  Brake specific fuel consumption       

bsfc = 
� #

$%
× 3600  )*
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               (3) 

4- Air consumption  (C.I. engine) 
2� 3,35�. = 2.056 × 109: × √<= )*

>�5
             (4) 

5-  brake thermal efficiency   

?�@A. = �B

C� D∗E.F.G
                  (5) 

 
3 – Experimental work:  

The experimental work of this study was conducted at the laboratories of the Department of Mechanical 
Engineering. The test rig was completely designed and fabricated in arm filed company in accordance with 
engineering laboratory requirements, equipped with the instrumentation needed to accomplish the goal of 
general research and training studies. 

 
3.1 - Experimental setup: 

The experimental test rig, shown in Fig.1, comprises of 4-stroke, single cylinder, 175 cm3 displacement air 
cooled C. I .Engine, coupled to an electrical dynamometer for brake torque measurement;[Technical specification 
- Table (A.1 - Appendix A)]. The speed of the dynamometer can be controlled and adjusted by control system. 

  

 
 

Fig. 1: combustion system test rig 
 
Instrumentation provided for the measurement of operating variables during the test is Brake torque (N. m), 

Engine speed (rpm), Fuel consumption, Air consumption and Exhaust temperature. 
The electric dynamometer shown in figure (2); is connected to the engine by a belt. The dynamometer 

works as a starter to rotate the engine at the first of engine operation. The dynamometer speed can be adjusted 
by modern electronic control system which comprise from electronic element (hard ware) and software 
(programs). When the speed of the dynamometer is higher than the engine speed the torque indicator shows 
negative value, but when the speed of the engine is higher than the dynamometer the torque indicator shows a 
positive value. The engine brake torque measurement is done by using torque sensor fixed beside of the 
dynamometer to transmit the electrical signal generated when increasing the engine load due to decreasing the 
dynamometer speed. In this situation the stator plate exerts a force on a quartz crystal contained within the 
torque sensor. Thereby, such load – force is converted to electrical signal, transmitted thereafter by cable wire to 
be processed for torque reading in (N.M). 

 



47-732016, Pages:  April) 4(12. esearchRciences Spplied Aournal of J 2016/ Dr. Raoof M. Radhi and Murtadha. S. Imran       40 

 

 

 
 

 
Fig. 2: Test rig dynamometer 

 
Fig. 3: speed measurement system. 

 
The engine speed measuring system includes speed sensor mounted at the top of the dynamometer shaft in 

which a bolt is inserted at small clearance with the sensor. The bolt causes cutting to the magnetic field generated 
by speed sensor when passes with it during dynamometer shaft rotation. In this situation the electric plus 
generation is accomplished which is transmitted later via cable to the hard ware and software of the control 
system. The speed measuring system is shown in the figure (3). 

Air measurement system, calibrated by the manufacturer, comprises of a special air box, orifice and 
manometer. The pressure differential between the atmosphere and pressure inside the air box is measured. 

The fuel is supplied from a (100) ml glass tube, and measured by timing the consumption of a specific 
volume with a simple stop watch. 

Exhaust gas analyzer type (mod 488 – Italy) was used to analyze engine emissions. The analyzer detects the 
CO – CO2 – HC – O2 contents.  

 
3.2 - Preparation of fuel samples: 

Samples were prepared by mixing gas oil with certain ratios of olive oil and Castrol oil; samples are shown in 
figures (4): 
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Fig. 4: biofuel samples 
3.3 -  Calibration: 

The measuring instrumentation were calibrated prior to the commencement of the test program to ensure 
correct data reading for further accrete performance analysis and conclusions 
 
I - engine speed calibration: 

The engine speed measurement system was calibrated using speed indicator reading with laser tachometer. 
The calibration result is shown in the figure (5) 

 

 
Fig. 5: engine speed calibration curve 
 
II -  Exhaust temperature thermocouple calibration: 

Thermocouples are calibrated using a standard thermometer in a very simple procedure. i.e,  the 
thermocouple and a standard thermometer are inserted in a distilled water vessel. Heat was applied with an 
electric heater with heat regulator to change the water temperature. Several reading of the water temperature was 
read with both thermometer and thermocouple and the two readings are compared for calibration.  

 
3.4 -  Experimental procedure: 

he following steps were done to implement the experimental work.  
I. The engine test rig and instrumentation were set to stand-by mode. The biofuel samples were made 

available for use, prior to the test starting stage.  
II. Measuring engine speed, brake torque, the pressure differential between the atmosphere and pressure 

inside the air box, timing of fuel consumed for volume of (100) ml and exhaust temperature. With and without 
using dual fuel. 

 
RESULTS AND DISCUSSION 

 
The results obtained from the experimental work are presented here to demonstrate the effect of using dual 

fuel on compression ignition engine performance. The main operating variables expected to be affect by using 
dual fuel in CI engine are break power, specific fuel consumption, engine emission, and types of additives to the 
original fuel. 

Summary of the major results are presented through the following concluded remarks:  
1 – Sufficient samples of the biofuel mixture blends are prepared prior to the start of the experimental work. 

These sampled are kept and stored for use whenever required.  The percentages of the vegetable oils (Castrol & 
Olive oils) in the base gasoil to be selected for this work are (5%, 10%, 15%, and 20%) by volume. These 
mixture strengths are thought to satisfy the goals of the present work. 

2 – The engine fuel consumption was found to rise with increasing mixture strength, reaching a maximum 
value of (11.61% & 10.4%) with  mixture blend  of (20% by volume)  for Castrol & olive oils respectively, as 
shown in the Figures (6 & 7). Such behavior can be attributed to the reduction of mixture fuel heating value, 
since the presence of oxygen; biodiesels have a lower calorific value than the diesel fuels. 
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Fig. 6: The increasing in fuel consumption with increasing olive oil percent in gas oil. 
 

 
 
Fig. 7: The increasing in fuel consumption with increasing Castrol oil percent in gas oil 

 
3 – Using electrical dynamometer, in these tests, for brake torque measurement presented the general trend 

of increasing brake power with engine speed, as shown in Fig (8). This is expected, as the dynamometer control 
system varies engine speed to maintain the set value of load on the expenses of consuming extra fuel for both 
types of dual fuel used in the experimental work. The maximum value of break power is 1.8 kW occur at speed 
2000 rpm.  

 

 
Fig. 8: show the variation of break power with engine speed. 
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4 – As mentioned in (2 & 3) above, and due to increasing dual fuel consumption with steady power output, 
the specific fuel consumption increases in s similar trends with fuel consumption for similar causes. Once again, 
the maximum increase in the specific fuel consumption reaches a value of (11.61% & 10.4%) with mixture 
blend of (20% by volume) for Castrol & olive oils respectively. This is demonstrated in Figs. (9 & 10) 

 

 
Fig. 9: show the of using gasoil and olive oil blend on specific fuel consumption 
Fig. 10: show the effect of using gasoil and olive oil blend on specific fuel consumption. 

 
5 – In general, biofuel mixture of both Castrol and Olive oil with gasoil fuel causes, when combusted, a 

reduction in CO, HC and increase in CO2. Furthermore, NOx emissions will also increases for different reasons, 
which will be discussed below. The detail of emission results is mentioned as follows:    

i. The effects of vegetable oils oxygen content can similarly be regarded as excess air in respect to 
conventional combustion process. Thereby, the expected complete combustion will eventually leads to full 
conversion of carbon and hydrogen fuel content to carbon dioxide and water. Consequently, carbon monoxide 
and unburned HC will almost disappear from combustion products. This has been clearly demonstrated 
experimentally in this work. The tests results with respect CO, UHC and CO2 emission are presented as follows: 

ii.  The maximum reduction in CO when using gasoil-Castrol oil and gasoil-olive oils with (20%) blends is 
(34.88% and 28.85%) respectively. This shown in Figures (11 & 12). 

 

 
Fig. 11: show the effect of using gas oil and olive oil blend on CO emissions. 
Fig. 12: show the effect of using gas oil and Castrol oil blend on CO emissions. 

 
iii.  Similarly for UHC consideration, where (33.64% and 42.1%) are the maximum reductions using (20%) 

blends of gasoil-Castrol oil and gasoil-olive oil-gasoil blends respectively. The Figures (13 & 14) shows such 
results 
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Fig. 13: show the effect of using gas oil and olive oil blend on UHC emissions 
Fig. 14: show the effect of using gas oil and Castrol oil blend on UHC emissions 

 
iv. Furthermore, due to improved combustion, (CO2) is increased by (37.93% and 43.1%) for (20%) blends of 
gasoil-Castrol oil and gasoil-olive oil respectively. This is shown in Figures (15 & 16). 

 
Fig. 15: show the effect of using gas oil and Castrol blends on CO2 emission 
Fig. 16: show the effect of using gas oil and Olive oil blends on CO2 emissions. 

 
v. It is generally known that Nitrogen oxide (NOX) formation rate rises in high temperature - surplus oxygen 
environment. Therefore, the presence of oxygen in vegetable oils tends to worsen emissions content in terms of 
NOx pollutant. On the other hand, the oxygen present reduces the heating value of the duel fuel so that the 
exhaust temperature will be reduced. The oxygen effects seem to counter balance and surmount that of exhaust 
temperature. The overall results concerning NOx emission is shown in Figs. (17 & 18). Where a maximum 
increase in (NOX) emission when using (20%) gasoil-Castrol oil and gasoil-olive oil blends is (42.6% and 
46.95%) respectively. 

 

 
Fig. 17: show the effect of using gas oil and olive oil blend on NOX emissions. 
Fig. 18: show the effect of using gas oil and Castrol oil blend on NOX  emissions. 



47-732016, Pages:  April) 4(12. esearchRciences Spplied Aournal of J 2016/ Dr. Raoof M. Radhi and Murtadha. S. Imran       45 

 

 

5 – In a comparative attempt to differentiate between the effects of various vegetable oils addition to 
conventional gasoil, and from the above mentioned results shown in Figs [(6) to (18)]. It can be seen that the 
reduction in CO, UHC, and increase in CO2 resulted from the olive oil addition is improved compared to those 
obtained from Castrol oil as shown in  the above results.  

One reason for such results may be attributed to fuel viscosity. Many published data are found in the 
literature, where values of (985 and 81) cP [25 and 26] for castor and olive oils are considered in our study. 

It’s generally known that higher fluid viscosity means higher boiling point and thus lower volatility. In this 
respects, viscosity determines the size of injected fuel droplets, which in turns govern atomization quality of the 
injected fuel spray. Since, prior to combustion, fuel must first vaporized in order to facilitate good mixing with 
air, and thereafter resulting in good and homogeneous fuel air mixture,  which is an essential requirement for 
good and efficient combustion. Therefore, high viscosity reduces combustion process efficiency, and thus 
engine overall performance may deteriorates considerably. 

Such trends of results were obtained whereby it can be finally concluded that  olive oil shows better 
performance tendency than castor oil. 
 
Conclusions: 

The effects of using dual fuel on CI engine performance have been studied for biofuels comprise separate 
mixtures of gasoil with each of Olive and Castrol oils, for a variety of engine speed. Accordingly, the following 
conclusions can be drawn from the above test results:     

1. Under given operating conditions, “fuel and specific fuel” consumption of a CI engine is found to 
increase in the presence of the selected biofuel mixture strength. i.e: 

20% by volume Maximum % increase in “ 2� H “ Maximum % increase in “sfc” 
Castrol oil 11.61 11.61 
Olive oil 10.4 10.4 

 
2. In respect to environmental pollution, dual fuel improved combustion process, causes thereby effective 

reduction in CO, UHC and increase of CO2 emissions. i.e: 
20% by volume Maximum %  reduction Maximum %  increase 

CO UHC CO2 NOx 
Castrol oil 28.85 33.64 37.93 42.6 
Olive oil 34.88 42.1 43.11 46.95 

 
3. The gasoil-olive oil blends offered better results than Castrol oil blend. Such behaviorcan be attributed to 

that olive oil has better chemical and physical properties than Castrol oil. 
 

Nomenclature 
symbol parameter unit 
A/F Air to fuel ratio Kg/kg 
aTDC After top dead center degree 
aBDC After bottom dead center degree 
bTDC Before top dead center degree 
bp Brake power kW 
bsfc  Brake specific fuel consumption Kg/kw.hr 
bsec Brake specific energy consumption Kg/kw.hr 
bthe Brake thermal efficiency % 

I volume of fuel consumption  
J�  Torque of engine  N.m 
N  rotational speed  rpm 
∇P pressure differences by the manometer  

 
Appendix 
 
Table A-1: Main technical specifications of compression ignition engine (C.I. engine). 

  diesel engine  
Engine type Single cylinder, 4 stroke 
Engine model L40AE-S 
Combustion type DI, , natural aspirated 
Displacement 199cm3 
Valve per cylinder two 
Bore 68 mm 
Stroke 55 mm 
Compression ratio 17 
Engine cooling type forced air cooled   
Lubrication  Forced lubrication 
Engine oil capacity 0.8 L 
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engine rotation direction counter clock wise (view from output shaft) 
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