
 

Available online at www.academicpaper.org 

Academic @ Paper 

ISSN 2146-9067 

International Journal of Automotive 

Engineering and Technologies 

Vol. 5, Issue 1, pp. 1 – 7, 2016 

 

Original Research Article 

Influence of Diesel Fuel and Soybean Oil Ethyl Ester Blends on the 

Performance and Emission Characteristics of a Diesel Engine  

Banu Sugözü* 

Institute of Natural and Applied Sciences, Selcuk University, Konya, Turkey 

Received 17 November 2015 Accepted 22 February 2016 

Abstract 

In this study, blends of soybean oil ethyl ester (SOEE) and diesel fuel are tested as alternative fuel in a 

single cylinder, air cooled pre-combustion chamber diesel engine at different speeds and their effects on 

engine performance and emissions are analyzed. It is observed that the average moment obtained by 5% 

SOEE (B5) is 0.53% lower, the level of power obtained is 1.8% lower; however, specific fuel 

consumption is approximately 4.31% higher than those of diesel fuel. In the experiments conducted with 

20% SOEE (B20), it is observed that the average moment is 1.74% lower, the level of power obtained 

is 5.91% lower; however, specific fuel consumption is approximately 10.94% higher than those of diesel 

fuel. Moreover, while a distinctive decrease is observed in CO emissions of fuel blends, NOx emissions 

are obtained very close to that of diesel fuel. 
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1. Introduction 

The interest of using alternative and 

renewable fuels in diesel engines has been 

accelerated recently due to a rapid decrease 

in world petroleum reserves, increase in the 

prices of the conventional petroleum fuels 

and restrictions on exhaust emissions from 

internal combustion (IC) engines triggered 

by environmental concerns. Nowadays, 

many countries are replacing their 

conventional energy sources with renewable 

and sustainable ones in some extent [1]. 

Among these fuels, alcohols can be used as 

either blends with the conventional fuels in 

the existing engines or an additive in 

biodiesel production [2], have received 

increasing attention. Because of their higher 

octane number and oxygen content, 

combustion of alcohols in spark ignition (SI) 

engines show better results compared to 

gasoline [3]. However, it has been reported 

as a significant matter that there have been 

some difficulties in the ignition of the air–

fuel mixture with the use of alcohols in 

compression ignition (CI) engines owing to 

mainly their low cetane number, high latent 

heat of vaporization and long ignition delay 

[3]. In order to overcome these problems and 

use alcohol in CI engines, different methods: 

namely alcohol fumigation, dual injection, 

alcohol–diesel fuel blend and alcohol diesel 

fuel emulsion, can be employed [4,5]. It was 

reported that the use of alcohol–diesel fuel 

blends in diesel engines extend ignition delay 

period of the combustion process [6,7]. This 

period depends on the kind of alcohol 

blended and becomes longer as the content of 

the alcohol in the blends is increased. 

However, the use of alcohol as blend with 

diesel fuel provides significant improvement 

in the exhaust emissions [7,8]. Biodiesel is 

produced from the transesterification of 

vegetable oils or animal fats and is defined 

chemically as simple monoalkyl esters 

(typically methyl or ethyl) of long chain fatty 

acids that meet the ASTM D6751 [9] or EN 

14214 [10] biodiesel standards. The 

advantages of biodiesel over conventional 

petroleum diesel fuels include superior 

lubricity, derivation from renewable sources, 

essentially no sulfur content, superior flash 

point and biodegradability, as well as a 

reduction in most regulated exhaust 

emissions [11].The objective of this study is 

to investigate the effects of soybean oil ethyl 

ester –diesel fuel blends on the diesel engine 

performance and exhaust emissions. For this 

aim, two blends containing 5% (B5) and 20% 

(B20) SOEE and were prepared and tested in 

a diesel engine. Then, the test results of 

blends were compared with the results of 

diesel fuel.  

2. Materials and Method 

Engine tests were conducted on a single 

cylinder and direct-injection (DI) diesel 

engine. The main specifications of the test 

engine are given in Table 1. In order to 

determine the engine torque, the shaft of the 

test engine was coupled to an electric 

dynamometer, which was loaded by an 

electric resistance. A strain load sensor was 

employed to determine the load on the 

dynamometer. The engine speed was 

measured by an electromagnetic speed sensor 

installed on the dynamometer. The fuel 

consumption rate of the engine was 

determined with a weighing scale having a 

sensitivity of 0.1 g and an electronic 

chronometer having a sensitivity of 0.1 s. 

Table 1. The main specifications of the test engine 
Items Specifications 
Cylinders number 1 

Swept volume 668 cm3 

Bore 90 mm 

Stroke 105 mm 

Compression ratio 21/1 

Maximum speed 3000  min-1  

Maximum brake torque 36.7  Nm at 1800 min-1 

Cooling system Air-cooled 

The soybean oil ethyl ester used in the study 

produced in the following manner. 100 gr. 

vegetable oil, 20 gr. ethanol and 5gr. sulfuric 

acid mixed and heat at 65- 80 oC for 2-5 

hours. Ethanol was used as an alcohol and 

sulfuric acid was preferred as a catalyst in 

this process. A flow diagram of the biodiesel 

production from soybean oil process is 

shown in Fig. 1. As shown in figure, soybean 

oil, after filtering, washing and drying 

process subjected to esterification reaction 
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with an acid catalyst and ethanol. After the 

esterification reaction, water and catalyst 

were separated and biodiesel was obtained as 

a result. 

 
Figure 1. Flow diagram of biodiesel production from soybean oil

Two blending fuels were prepared in volume 

and employed in the experiments along with 

pure diesel fuel. The blends were 95% diesel 

fuel and 5% (B5) SOEE and 80% diesel fuel 

and 20% (B20) SOEE. Just before each 

experiment, the blend was stirred well with 

an electric mixer until a homogeneous 

mixture was obtained. It was observed that 

SOEE blends easily with diesel fuel and the 

blend maintains its homogeneity for a long 

time. Diesel fuel was obtained commercially 

from a local petroleum company and 

employed in the experiments as base fuel. 

The physical and chemical properties of the 

diesel fuel and its blends with SOEE are 

listed in Table 2. 

Table 2. Characteristics of biodiesel and diesel fuel 

Properties Diesel 

Fuel 
B5 B20 

Density (kg/m3) 837.6 843.2 851.3 

Viscosity (mm2/s) 

(at 40oC) 
3.60 4.66 4.74 

Flash Point (°C) 61.5 63.2 65.4 

Calorific Value 

(kJ/kg) 
44980 44650 43350 

Diesel fuel and diesel-biodiesel blends 

specifications have been determined 

according to EN 14214 standards. The 

viscosity of biodiesel is higher than diesel 

fuel. The flash point of biodiesel is higher 

than diesel fuel. The biodiesel, high flash 

point makes possible its easy storage and 

transportation [12].

 
Figure 2. Schematic diagram of experimental set-up

To determine the performance and emission 

characteristics of test fuels, engine was risen 

to the maximum speed can reach and the 

hydraulic dynamometer has begun to be 

installed. All tests were performed at full-

load conditions and the engine speed were 

changed between 1400 and 2200 min-1 with 

intervals of 200 min-1. After each fuel test, 

the engine was operated for at least 30 min to 

consume the fuel which was left in the fuel 

system from the previous test. Each of test 

fuels tested three times and the average of the 

measured values were taken. The engine 

power, torque and specific fuel consumption 

were measured at the engine performance 

tests while the carbon monoxide (CO) and 

nitrogen oxides (NOx) were determined at the 

engine emissions tests. Measurement of CO 
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and NOX exhaust emissions is realized 

utilizing a Testo 350 XL branded portable 

gas analysis device. Schematic drawing of 

engine test mechanism is given in Fig. 2. 

Mixtures of SOEE and diesel fuel (D2) were 

evaluated as test fuels. These fuels were 

100% D2, 5% SOEE–95% D2, 20% SOEE–

80% D2. Test fuels were mixed on a volume 

basis. 

3. Results and Discussion 

3.1. Engine performance 

Fig. 3 shows the influence of different 

SOEE–diesel blend fuels on engine torque. 

The use of biodiesel blended with diesel 

caused a slightly decrease in engine torque at 

all engine speeds. Maximum torque was 

measured at 1800 min-1 for all fuels. At this 

speed, maximum torque was obtained 36.16 

Nm for diesel fuel, 35.89 Nm for B5, 35.63 

Nm for B20. Compared to diesel fuel, the 

maximum decrease in torque was 2.94% with 

B20 in 2200 min-1. Similar results were 

reported by other investigator [13,14,15]. 

 
Figure 3. Engine torque at full load 

Figure 4. Engine power at full load 

The changes in engine power are shown in 

Fig. 4. Calculated power for diesel fuel is 

6.64 kW at 1800 min-1 and 6.50 kW for B5, 

6.21 kW for B20. The lower calorific value 

of biodiesel is the main reason for decrease in 

engine power and torque. Despite the slightly 

decrease in engine torque and power, one can 

say that the engine power and torque 

characteristics of blended fuels are similar to 

pure diesel fuel. Compared to diesel fuel, the 

specific fuel consumption values of SOEE 

were higher in general (Fig. 5). This is 

probably because of the lower calorific value 

of biodiesel fuel. The lowest specific fuel 

consumption values were obtained at 1800 

min-1 with all test fuels while the highest 

specific fuel consumption values were 

obtained at 1400 min-1. The maximum 

decrease in specific fuel consumption was 

3.84% with B5 in 1800 min-1. These results 

are similar to study of other  researchers 

[16, 17, 18]. 

Figure 5.Specific fuel consumption at full load 

3.2. Engine emission results 

CO, formed by the incomplete combustion of 

fuels, is produced most readily from 

petroleum based fuels, which contain no 

oxygen in their molecular structure [19, 20, 

21, 22]. As seen in Fig. 6, lower CO emission 

values were measured with SOEE blends in 

comparison with diesel fuel. The maximum 

decrease in CO emission was 36.21% with 

B20 in 1800 min-1 while the minimum CO 

emission was 675 ppm with B20 in 2200 min-

1. CO emission values in maximum torques 

(1800 min-1) are 1066 ppm for diesel fuel, 

1006 ppm for B5, 680 ppm for B20. The 
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reduction in CO emission with blended fuels 

is due to the fact that the oxygen content in 

the blended fuels increases the oxygen-to-

fuel ratio in the fuel-rich regions and helps 

for the complete combustion [23, 24, 25, and 

26]. 

 
Figure 6. CO emissions at full load 

Considering the NOx emission, Fig. 7 shows 

that the NOx concentration is higher when 

SOEE percentage increases. The highest NOx 

emission values were obtained with all fuel 

blends between 1600 and 1800 min-1 engine 

speeds. The maximum NOx emission values 

for all fuels were measured in 1800 min-1 as 

560 ppm for diesel fuel, 600 ppm for B5, 643 

ppm for B20. There are several reported 

results of slight increase in NOx emissions for 

biodiesel [27, 28, and 29]. 

 
Figure 7. NOx emissions at full load 

It is quite obvious, that with biodiesel, due to 

improved combustion, the temperature in the 

combustion chamber can be expected to be 

higher and higher amount of oxygen is also 

present, leading to formation of higher 

quantity of NOx in biodiesel-fueled engines. 

Nevertheless, in some studies, no change or 

decrease is observed in the amount of NOx 

emissions [30, 31, and 32]. At this point, the 

importance of engine test circumstances 

(such as engine speed and load) arises. Since 

the specific fuel consumption of biodiesel is 

higher than diesel fuel and the oxygen in 

biodiesel provide sufficient oxygen in the 

fuel-rich regions, the number of full burning 

(Stoichiometric) regions increase. Thus and 

so the number of regions where high 

temperatures are obtained increases, nitrogen 

oxide formation is realized at higher levels. 

4. Conclusions 

Blended fuels can be used as alternative fuels 

in conventional diesel engines without any 

major modification. Low sulphur and 

aromatic contents are advantages of SOEE–

diesel fuel blends. No significant problem is 

observed in the engine parts during and after 

the experiments. There were no significant 

torque and power differences between the D2 

and biodiesel (blended fuels) at all engine 

speeds. At all engine speeds, specific fuel 

consumption increased with blended fuels 

depending on the amount of soybean oil ethyl 

ester. But, relative to diesel fuel, specific fuel 

consumption for blended fuels did not 

increase significantly at higher engine 

speeds. Soybean oil ethyl ester–diesel fuel 

blends had the advantages of decreasing CO 

emissions, low sulphur content and higher 

cetane number. 
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