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 The aim of this study is numerical investigation of an evaporating and non-reacting diesel spray 
operating in a high pressure and high temperature constant volume combustion chamber, as an essential 
step in simulation of liquid fuels combustion. To this end, the impact of droplets diameter distribution 
on estimating two critical characteristic parameters, i.e., liquid and vapor penetration lengths is studied 
using the open-source OpenFOAM code. In order to determine droplets diameter distribution effect, 
three different distributions ranging from 0.25-100 micron are chosen and the liquid and vapor 
penetration lengths are individually calculated for each distribution. The results are validated against the 
experimental data published by Sandia National Laboratory. The results show that, while the droplets 
diameter distribution has a remarkable effect on the predicted value of the liquid length, it leads to 
overestimating liquid penetration lengths up to more than two times; its effect on the vapor length 
prediction is negligible. Also, assuming a nozzle diameter distribution leads to non-physical increase in 
the value of liquid length. This non-physical prediction may lead to the misleading prediction of spray 
impingement to piston and the cylinder walls resulting in an error in unburnt hydrocarbons 
concentration as well as the engine efficiency estimation. 

Keywords: 
Diesel fuel 
Droplet diameter distribution 
Penetration length 
Sauter mean diameter  

 

  

1 -   
 

 
  

 .
  

15  

   
    [2,1] .  

 
    

 . 



    

                      

  

190  1395162  

  
  .   

  .
1 2 

3 
4 

    
   
 

  

   [3] 
2009   

(C7H16) (C5H10O2) 
 . 

  .
 

5

 
 [4] 2012 

  (C8H20)  .  
 - 

  . 700 320   
 

 .  [5] 
2012  

 .  
 

  
 

  .
  .

[2] 2015 
 .  

    .
  .  

 

1- Liquid penetration length 
2- Vapor penetration length 
3- Ignition delay time 
4- Lift of length 
5- Sauter Mean Diameter (SMD) 

  
    .

 . 
  

  .
[1] 2012 

(C12H24)  
   

5.77  .
  

 .
 

. 
   

   
 

  

[1]   
 

  .  
 

   6].[7,  

2 -  
1       .

108  
  105  
 . 

  
 ]7[.   

 
     .

  .
     

   . 
   

 ]8[.  
2 

1000 8/14 
21   .

6 
 3    .     

  

6- Common Rail 



    

                      

1395162  191  

  
Fig. 1 Experimental sample of case study [7] 

1 [7]  
  

  
Fig. 2 Simulation to product core ambient of 1000 K, density 14.8 
kg/m3, 21% O2 at the time of diesel fuel injection ]8[  

2  K 1000kg/m3 14.8 O2 
21  ]8[  

  

  
Fig. 3 Recommended and measured rate of injection in the constant 
volume vessel[10] 
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Table 1 Molar percent of gaseous in combustion chamber at injection 
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 )  
 0 
 89.71 
  6.52 

 3.77   

2  ]8[  
Table 2 Initial ambient condition and characteristic of injected fuel ]8[  

    
  1000   
  4.33  

 150  
 373  

  6.894  
 17.8  

  0.1  
  0.00021  

  613.236   
  0.01248     

Inject

108 mm

54 mm



    

                      

1395162  195  

20 113   
 . 

 23328 93312 
   

23328 0.5  
   

6 7 
[6]  .  

  95 
    .

  ) 95-97  (
   ]1[ .95 

     .
 

0.1    .
) 0.05-0.1 ( 

  ]1[ .  
0.1    

]26[ . 6 7 
    

2.53 4.91 
 .6    

 ( ) 
   

    
   

8  . -
    ]12[

  
9    

 

  
Fig. 5 Effect of grid resolution on spray characteristics 
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Fig. 6 Current study and experiment results comparison for liquid 
penetration length 
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Fig. 7 Current study and experiment results comparison for vapor 
penetration length 
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Fig. 8 Effect of turbulence model on spray characteristics 
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Fig. 9 Model validation. Radial fuel distribution profile at (a) 20 and 
(b) 40 mm from injector tip, 113 ms after start of injection 
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Fig. 10 Considered droplet diameter distribution: (a) Cumulative 
number distribution and (b) Number frequency distribution 
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Fig. 11 Predicted sauter mean diameter for three droplet diameter 
distribution 
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Fig. 12 Predicted liquid penetration length for three considered droplet 
diameter distribution 

12    
  

13  
     . 

3  
  

  .  
3 1.67 ) 13(

 
14    .

 
3 

 
  

  3 
    15 

113 1 3 
 . 
   . 

  
   

  

5 -   
 

 .
   .
   

  .
  

  
  .    

  

Time (s)

SM
D

(m
ic

ro
n)

0 0.001 0.002 0.003 0.004
0

5

10

15

20
Case I
Case II
Case III

Time (s)

Li
qu

id
Pe

ne
tra

tio
n

Le
ng

th
(m

)

0 0.001 0.002 0.003 0.004

0.01

0.02

0.03

0.04
Experimental [6]
Case I
Case II
Case III



    

                      

  

198  1395162  

  
Fig. 13 Fuel mass evaporated for three droplet diameter distribution 
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Fig. 14 Predicted vapor penetration length for three considered droplet 
diameter distribution 
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Fig. 15 Compare of liquid and vapor penetration length for case 1 and 3 
after 113 ms after injection 
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