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Biodiesel is renewable and sustainable alternative fuel that is derived from vegetable oils and
animal fats. In this paper an experimental investigation is conducted to evaluate the use of
soybean oil methyl ester (biodiesel) in the diesel fuel at blend ratios of B0, B2, B5 and B10. In this
study, the performance and emissions characteristics of conventional diesel fuel and biodiesel fuel
blends were compared. The tests were performed at steady-state conditions in direct injection
diesel engine with 90 kW power that was equipped with EGR and no modi ication of calibration.
The experimental results of brake-specific fuel consumption (BSFC), torque and exhaust
temperature as well as carbon dioxide (CO2), smoke, nitrogen oxide (NOx), carbon monoxide (CO)
and unburned hydrocarbon (UHC) emissions were presented and discussed. The results of engine
performance parameters at different conditions (different load and engine speed) showed
negligible loss of engine power and significant increase in brake specific fuel consumption due
to lower heating value of biodiesel. Smoke, CO and HC emissions were decreased by increasing
blends of soybean oil as compared to pure diesel. However the increase in engine NOx and CO2

emissions was observed with the increase of biodiesel percentage in the blended fuel.

Keywords:
Biodiesel
Diesel engine
Performance
Emission
brake-specific fuel consumption (BSFC)

  

1-   
20 

 .1970   ]1[ .



    

        

  

406  1394155  

     

  

 .

]2[ .
 

]3[ .  
 

 .  1 
  

 .    10 12 
 .

   
 ]4[ . 

 2 ]5[ 
 
2250 

 CO9/58%CO26/8%SO2

7/57 %NO5/37 %NO2 81 % . 
B20  

3 hp 300 
CO  .NOx 

 
 ]6[.  
) B20 B100 (

4 46/8360 hp 212 

 CONOx 
 ]7[. 

2500  
 . 

 
 

 .  NOx 10 
23 .  %  

NOx  . CO 
HC ]8[. ]9[  

 20 %

1- Bio-degradable
2- Dorado
3- Cummins ISB 
4- Iveco 

 .
83 %25 %

74 %12 %  20 %
  .

5/14 %6 % 
 .]10[  

3000 
1 4 

2 9 .  
]11[  

1500  
 .7/48 %65/14 %

 .
20 100 36/11 %7/41 .  %

 20
40 100 %61/295/4 07/8 % 

 .]12[ 5 10  
 3000  

  
4   .NOx 7/8 %

     . 
CO 

 .  
 10 -12 %

   
  

   .
]13[ B5  

 4000 
 .7/0 %2/1 %

 .]1[ 
  . 

7 28/1 %
76/16 % 

  .  
 

  .
 ) COHCCO2 NOx (

   25 10 
 . 

   

2-    

2-1- 
 

 



    

        

1394155  407  

 . 1  .
   25  10 

 .  
4 

2  .
    

 
  

2-2-   
5/1 

90 
  )1)   (1 .(

) EGR (. 
EGR ECU   .3  

 .

 1         
 

 

ASTM D-92130157°

  
ASTM D-4456-9/1  343/4mm2/

s

ASTM D-97-3-°

ASTM D-1303b 1-

---- ----887/0g/cm3

 2    
 

   EN ISO 5165  515/63-

EN ISO 20844  108/31mg/kg

 ASTM D-92 555/86°

 ASTM D-4452-4/586/3mm2/s

 ASTM D-13011-

 EN ISO 12156  460480µm

EN ISO 12185 820-845816g/cm3

 1 5/1 90  

1- Irankhodro Powertrain Co. (IPCO)

 3 5/1 90 
4 

4
5/1

- 1600 
1 :5/16

) 165

  
 .

 . 
 .

   . 
 NOxCOCO2O2 HC 

 .2   
4 

2-3-     
   

 . 
 

    .

  

 4  

) Nm(1±
) rpm(1±

3%± 
5%± 

  
 2   



    

        

  

408  1394155  

  .
 

5 
 

 .
6 70 

1  .70 
    .  

  

3-      

3 -1-     
 3 4   

 . NOX 
)  30  (

NOX 
. 

 
NOX  .NOX     

  
1 

NOx  .rpm 3000
) 30   

rpm 2000  
 

 
 

 .
  

 2014 ]10[ .
  5 6  

CO    .
 CO   . 

CO 
45 B10   .CO 

 .
 11  

 

 5   

  1   2   ) rpm(  
1    Nm 30  1000  
2    Nm 30  2000  
3    Nm 30  3000  
4    Nm 30  4000  

1- Rich zones

  
 3 NOX   

  

 4 NOX   
  

CO NOX  .
 

CO 

 5 CO   
 



    

        

1394155  409  

 6 CO   
  

  
 CO   .

 

    .CO 
  

]14[.
 

  .UHC 
 7 8  .

   
 .UHC B10  

 
  

 
 

 ]15[ .  

 7  HC  
  

  
 8 HC   

  
 9 10 1 

  .
      .

   10 
  .

   
   

  
 9   

  

 10   
 

1- Smoke 



    

        

  

410  1394155  

 
    

 .
CO2    

 . 11 12  
   .

3-2-   
13  .   
   

   
  .

 B2 
B10 8  .

   
 10 %

   
 

  .  

 11 CO2    
  

 

 12 CO2    
 

 
  .

 .
 14 15  .  
           
 .      10     

      .  
    16  17  .

 
  

 ]10[ .
B10 .

 13       

 14            

 15            



    

        

1394155  411  

 16        

 

 17         

4-    
  

   
 . 

B10  .
 .5 -27  .

10  
 .  

  .2 5 
10  .  

 25 10  B5 
  

 .B10 

 5   

5- 

 ( )    
 

  .  

6 - 
[1] M. Canakci, Combustion characteristics of turbocharged DI

compression ignition engine fueled with petroleum diesel fuels and
biodiesel, Bioresource technology, Vol. 98, No. 6, pp. 1167-1175, 2007.

[2] J. A. Morón-Villarreyes, C. Soldi, A. M. de Amorim, M. G. Pizzolatti,
Diesel/biodiesel proportion for by-compression ignition engines, Fuel,
Vol. 86, No. 12, pp. 1977-1982, 2007.

[3] M. Redel-Macías, S. Pinzi, D. Leiva, A. Cubero-Atienza, M. Dorado, Air and
noise pollution of diesel engine fueled with olive pomace oil methyl
ester and petrodiesel blends, Fuel, Vol. 95, pp. 615-621, 2012.

[4] E. Alptekin, M. Canakci, Determination of the density and the viscosities
of biodiesel–diesel fuel blends, Renewable Energy, Vol. 33, No. 12, pp.
2623-2630, 2008.

[5] M. Dorado, E. Ballesteros, J. Arnal, J. Gomez, F. Lopez, Exhaust emissions
from Diesel engine fueled with transesterified waste olive oil<
sup> </sup>, Fuel, Vol. 82, No. 11, pp. 1311-1315, 2003.

[6] G. N. Jham, B. R. Moser, S. N. Shah, R. A. Holser, O. D. Dhingra, S. F.
Vaughn, M. A. Berhow, J. K. Winkler-Moser, T. A. Isbell, R. K. Holloway,
Wild Brazilian mustard (Brassica juncea L.) seed oil methyl esters as
biodiesel fuel, Journal of the American Oil Chemists' Society, Vol. 86, No. 9,
pp. 917-96, 2009.

[7] L. Turrio-Baldassarri, C. L. Battistelli, L. Conti, R. Crebelli, B. De Berardis,
A. L. Iamiceli, M. Gambino, S. Iannaccone, Emission comparison of urban
bus engine fueled with diesel oil and ‘biodiesel’blend, Science of the Total
Environment, Vol. 327, No. 1, pp. 147-162, 2004.

[8] F. Wu, J. Wang, W. Chen, S. Shuai, study on emission performance of
diesel engine fueled with five typical methyl ester biodiesels,
Atmospheric Environment, Vol. 43, No. 7, pp. 1481-1485, 2009.

[9] C. A. Sharp, Characterization of biodiesel exhaust emissions for EPA 211
(b), Report. San Antonio, TX: Southwest Research Institute 1998.

[10] O. Özener, L. Yüksek, A. T. Ergenç, M. Özkan, Effects of soybean biodiesel
on DI diesel engine performance, emission and combustion
characteristics, Fuel, Vol. 115, pp. 875-883, 2014.

[11] M. F. Al_Dawody, S. K. Bhatti, Experimental and Computational
Investigations for Combustion, Performance and Emission Parameters of

Diesel Engine Fueled with Soybean Biodiesel-Diesel Blends Vol. 52, No.
0, pp. 430, 2014.

[12] Ö. Can, Combustion characteristics, performance and exhaust emissions
of diesel engine fueled with waste cooking oil biodiesel mixture,
Energy Conversion and Management, Vol. 87, pp. 676-686, 2014.

[13] M. Abedin, H. Masjuki, M. Kalam, A. Sanjid, S. Rahman, I. Fattah,
Performance, emissions, and heat losses of palm and jatropha biodiesel
blends in diesel engine, Industrial Crops and Products, Vol. 59, pp. 96-
104, 2014.

[14] A. Dhar, A. K. Agarwal, Performance, emissions and combustion
characteristics of Karanja biodiesel in transportation engine, Fuel, Vol.
119, pp. 70-80, 2014.

[15] W. Wang, D. Lyons, N. Clark, M. Gautam, P. Norton, Emissions from nine
heavy trucks fueled by diesel and biodiesel blend without engine
modification, Environmental Science Technology, Vol. 34, No. 6, pp.
933-939, 2000  


