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A Numerical Study of Dynamic Detonability Characteristics of  
Two-phase Unconfined Fuel-Air Clouds 

 

M. Hosseinalipour, M. M. Doustdar and K. Mazaheri 

Department of Mechanical Engineering, Iran University of Science and Technology 
Department of Aerospace Engineering, Sharif University of Technology 

Abstract: A numerical simulation has been carried out to study the detonability characteristics of two- phase unconfined 
clouds. The parameters equivalence ratio, turbulence, shape, volume and uniformity of the cloud and the delay time distribution 
are recognized and introduced as the most important factors determining the reactivity of the cloud and influencing the initiation 
of a successful detonation. With regard to the dynamic behavior of the cloud and the changes in the magnitude of these 
significant characteristic parameters, the best ranges of time and position for secondary detonator action are determined.  
 

*%!���	 **%	-�.! /012(	! ***%
� !���	 



��� ������	
��
��� �������	 ���� ��3

Comparisons are also performed with experimental results along with theoretical analyses to validate the numerical results 
obtained in this study. 
 
Keywords: Numerical solution, Two- phase flow, Unconfined, Detonation 
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1. fuel air explosive devices 
2. discrete-droplet model   
3. law of the wall                              
4. pressure outflow                         
5. periodic                                      
6. pressure inflow                                      
7. aspect ratio                                            
8. deflagration                                   

9.  cloud reactivity                  
10. equivalence ratio(ER)   
11. contour  
12. spray mass  
13. injection velocity 
14. hot spots  
15. turbulent kinetic energy (TKE) 

 



�	 ��� ������z�
��� �������	 �v�z ���

`T��� 

1. Glass, M.W., “Far-Field Dispersal Modeling for 
Fuel-Air Explosive Devices,” Sandia National 
Laboratories Report, SAND90-0528, May 1990. 

2. Gardner, D.R., “ Near-Field Dispersal Modeling for 
Liquid Fuel-Air Explosives,” Sandia National 
Laboratories Report, SAND90-0686, July 1990. 

3. Makhviladze, G.M., Roberts, J.P., and Yakush, S.E., 
“Combustion of Two-Phase Hydrocarbon Fuel 
Clouds Released Into the Atmosphere,” Combustion 
and Flame, Vol. 118, pp. 583-605, 1999. 

4. Lizhong, Y., Weicheng, F., Xiaodong, Z., and 
Qing’an, W., “Analysis of Fire and Explosion 
Hazards of Some Hydrocarbon-Air Mixtures,” 
Journal of Hazardous Materials, A84, pp. 123-131, 
2001. 

5. Thomas, G.O., and Jones, A., “Some Observations of 
the Jet Initiation of Detonation,” Combustion and 
Flame, Vol. 120, pp. 392-398, 2000. 

6. Ungut, A., and Shuff, P.J., “Deflagration to 
Detonation Transition from a Venting Pipe,” 
Combustion Science and Technology, Vol. 63,  
pp. 75-87, 1989.  

7. Alekseev, V.I., Dorofeev, S.B., Sidorov, V.P., and 
Chaivanov, B.B., “ Experimental Study of Large 
Scale Unconfined Fuel Spray Detonations,” Progress 
in Astronautics and Aeronautics, Vol. 154, pp. 95-
104, 1993. 

8. Benedick, W.B., Tieszen, S.R., Knystautas, R., and 
Lee, J.H.S., “ Detonation of Unconfined Large Scale 
Fuel Spray-Air Clouds,” Progress in Astronautics 
and Aeronautics, Vol. 133, pp. 297-310, 1991. 

9. Sirignano, W.A., Fluid Dynamics and Transport of 
Droplets and Sprays, Cambridge University Press, 
U.K., 1999. 

10. Crowe, C., Sommerfeld, M., and Tsuji, Y., 
Multiphase Flows with Droplets and Particles, CRC 
Press LLC, Boca Raton, Florida, 1998. 

11. Frohn, A., and Roth, N., Dynamics of Droplets,
Springer-Verlag, Berlin, 2000. 

12. Amsden, A.A., O’Rourke, P.J., Butler, T.D., “ 
KIVA-II: A Computer Program for Chemically 
Reactive Flows with Sprays,” Los Alamos National 
Laboratory Report LA-11560-MS, May 1989. 

13. Amsden, A.A., “KIVA-3: A KIVA Program with 
Block-Structured Mesh for Complex Geometries,” 
Los Alamos National Laboratory Report LA-12503-
MS, March 1993. 

14. White, F. M., Viscous Fluid Flow, McGraw-Hill, 
Inc., Singapore, 1991. 

15. Bjerketvedt, D., Bakke, J.R., and Wingerden, K.V., 
“Gas Explosion Handbook,” Journal of Hazardous 
Materials, Vol 52, pp. 1-150, 1997. 

16. Liu, J.C., Xue, S.S., Zhu, G. S., Zhang, Z. C. and 
Xie, L. F. “Experimental and Numerical Study on 
Explosive Dispersal and Fuel-Air Cloud,” in: Proc. 
of the Colloquium on Gas, Vapor, Hybrid and Fuel-
Air Explosions, Schaumburg, Illinois, pp. 341-354, 
1998. 

17. Bartenev, A.M., and Gelfand, B.E., “Spontaneous 
Initiation of Detonations,” Progress in Energy and 
Combustion Science, Vol. 26, pp. 29-55, 2000. 

 


