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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. 
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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[  
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Fig. 3 Recommended and measured rate of injection in the constant 
volume vessel[10] 
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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 
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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. 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

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

2.
12

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

01
 ]

 

                             9 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.2.12.7
https://mme.modares.ac.ir/article-15-2958-en.html


    

                      

  

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 

15 1 3113 
  

  

 
 

 2 
    

  
  

6 -  
[1] A. M. Aranguez, Non-reacting fuel spray simulations under direct injection 

diesel engine, MSc Thesis, Lund University, Sweden, 2012. 
[2] M. M. Naghizadeh, A. Ghahremani, M. H. Saidi, Numerical simulation of 

spray characteristics of bio-ethanol and its blend with gasoline in direct 
injection combustion chamber, Modares Mechanical Engineering, Vol. 15, 
No. 4,  pp. 112–122, 2015.(in Persian ) 

[3] J. Agudelo, P. Benjumea, Study of diesel sprays using computational fluid 
dynamics, Universidad de Antioquia, Vol. 1, pp. 61–69, 2009. 

[4] A. Aghaie, M. Kayhani, M. Razavi, Investigation of thermodynamics 
properties effects on spray tip penetration, International journal of 
multidisciplinary sciences and engineering, Vol. 3, No. 10, 2012. 

[5] S. H. Park, J. Cha, H. J. Kim, C. S. Lee, Effect of early injection strategy on 
spray atomization and emission reduction characteristics in bioethanol 
blended diesel fueled engine, Energy, Vol. 39, No. 1, pp. 375–387, 2012. 

[6] Experimental data search, Accessed on 29 December 2015; 
http://www.sandia.gov/ecn/cvdata/dsearch/dsearch.php. 

[7] Combustion vessel geometry 2009 to present, Accessed on 03 March 2015; 
http://www.sandia.gov/ecn/cvdata/sandiaCV/vesselGeometry 2009.php. 

[8] Ambient condition, Accessed on 03 March 2015; 
http://www.sandia.gov/ecn/cvdata/sandiaCV/ambientConditions.php. 

[9] Engine combustion network, Accessed on 03 March 2015; 
http://www.sandia.gov/ecn/. 

[10] Spray H recommended rate of injection, Accessed on 09 November 2015; 
http://www.sandia.gov/ecn/cvdata/sandiaCV/SprayHroi.php. 

[11] M. Shafa, Numerical simulation of reduction in NOx emissions   with 
selective non-catalytic reduction method in stack, Modares Mechanical 
Engineering, Vol. 15, No. 2, pp. 92-100, 2014. (in Persian ) 

[12] J. Janicka, N. Peters, Prediction of turbuent jet diffusion flame lift-off using a 
pdf transport equation, Nineteenth Symposium (International) on Combustion, 
Vol. 19, No. 1, pp. 367–374, 1982. 

[13] B. Challen, R. Baranescu, Diesel engine reference book, Second Edittion, pp. 
156–158, United Kingdom: Butterworth-Heinemann, 1999. 

[14] C. Baumgarten, Mixture Formation in Internal Combustion  Engines, Second 
Edittion, pp. 99–101 , New York: Springer, 2006. 

[15] T. Division, L. Alamos, J. K. Dukowicz, A particle-fluid numerical model 
for liquid sprays, Journal of computational physics, Vol. 35, No. 2, pp. 229–
253, 1980. 

[16] F. Kärrholm, Numerical modelling of diesel spray injection, turbulence 
interaction and combustion. PhD Thesis, Department of Applied Mechanics, 
Chalmers University of Technology, Sweden, 2008. 

[17] P. a N. Nordin, Complex chemistry modeling of diesel spray combustion, 
PhD Thesis, No. 1689, pp. 1–55, Chalmers University of Technology, 
Sweden, 2001. 

[18] F. Payri, V. Bermúdez, R. Payri, F. J. Salvador, The influence of cavitation 
on the internal flow and the spray characteristics in diesel injection nozzles, 
Fuel, Vol. 83, No. 4–5, pp. 419–431, 2004. 

[19] G. J. Smallwood, Ö. L. Gülder, D. R. Snelling, The structure of the dense 
core region in transient diesel sprays, Twenty-Fifth Symposium 
(International) on Combustion, Vol. 25, No. 1, pp. 371–379, 1994. 

[20] R. Novella, A. García, J. M. M. Pastor, V. Domenech, The role of detailed 
chemical kinetics on CFD diesel spray ignition and combustion modelling, 
Mathematical and Computer Modelling, Vol. 54, No. 7–8, pp. 1706–1719, 
2011.  

[21] S. E. Edi, T. I. On, C. T. Crowe, J. D. Schwarzkopf, M. Sommerfeld, Y. 
Tsuji, Multiphase flows with droplets and particles, Second Edittion, pp. 47–
50 , New York: CRC press Taylor & Francis Group, 2011. 

[22] R. D. Reitz, Modeling atomization processes in high-pressure vaporizing 
sprays, Atomisation Spray Technology, Vol. 3, No. 4, pp. 309–337, 1987. 

[23] J-H. Lee, S. Goto, Comparison of spray characteristics in butane and diesel 
fuels by numerical analysis, SAE Technical Paper,Vol. 109, No. 2, pp. 105–
115, 2000. 

[24] J. J. López, R. Novella, A. García, J. F. Winklinger, Investigation of the 
ignition and combustion processes of a dual-fuel spray under diesel-like 
conditions using computational fluid dynamics (CFD) modeling, 
Mathematical and Computer Modelling, Vol. 57, No. 7–8, pp. 1897–1906, 
2013. 

[25] A. Shamouni, Using in situ adaptive tabulation in simulation of mild 
combustion, MSc Thesis, Tarbiat Modares University, Iran, 2012. (in Persian 

) 
[26] Modeling standards and recommendations, Accessed on 18 April 2015; 

http://www.sandia.gov/ecn/cvdata/compMeth/modelStandards.php. 
[27]  R. j.Schick, spray technology reference guide understanding drop size, 

Spray Analysis and Research Services, Vol. 459, pp. 8–16, 1996. 

Time (s)

M
as

s
Ev

ap
or

at
ed

(m
g)

0 0.0002 0.0004 0.0006 0.0008 0.0010

0.5

1

1.5

2
Case I
Case II
Case III

Time (s)

V
ap

or
Pe

ne
tra

tio
n

Le
ng

th
(m

)

0 0.001 0.002 0.003 0.0040

0.02

0.04

0.06

0.08

0.1
Experimental [6]
Case I
Case II
Case III

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

2.
12

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
1-

01
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.2.12.7
https://mme.modares.ac.ir/article-15-2958-en.html
http://www.tcpdf.org

