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�#�$  k/���  gah  a/ayy�  z��/z  a�g�h�  

*�:� 
�#�$  ���  �/k�k  g/h�z�  z�k/z  kh�za�  

  

H, $:�: ;()R� � SR2 ��  
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�
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)�����	
 O���8� ��L��� �� &�� 7��\� 9�" �� (�   �� &- ��X�� '(�  

                                                  
1 -Fast depressurization 
2 -Rapid deradiation 
3-Critical dimension  
4 -Web thickness 
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*$ *��$�6 
�K� 4*���?� �8 ��� ���.  
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�W�; 9W;� B�� &��� �#w�� *�X$ ��
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 � &'(L�� � 6)�� & �9>=  

'	
 9"�� *�X$ �� 45��� 9"��  qZ� 
� O���8� �Lb+ � 


*$ �����	
 UZ3$ ���� . 1��< &�EC� *���( NC� �� �+�# ��

 &�$� �F��	� D	3�E$ 
�l �� 5��� 9"�� 4��	2�#   *�:� �����	


��� �(��6 �����	
 ��C��" .1�������4 *$ �����	
 5��� B��  ����#

���� 
�#�$  � 
� 
��; 9;� B�� �E��3$ ���� *b���$ 
�	X$ .����  ��(

�� 5��� 9"�� '��$�-  
� �����  
� ��	2�#   *�:� �����	
 ��(

/ �+)�( 9�� ��� �Y�
�.  

 ����  / �+ ��()� ( N%� 
�)a (��� �E��3$ ��� .� G���� �E��3$ �

&�$�- *$ ��(��$ 45��� 9"�� ��(  B�� 4�$� �� �( 
� 4�) ���
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;/<M, ��$� 
� *�:�   ��	2�# �����	
 5��� B�� �E��3$ oC�z+  

  

 ��#�) �F��	� �����	
 5��� B�� &��� �#w�� &�$� &��� �# 5��� 

*�:� 
�#�$ *$ ��	2�# 
�#�$ �� 9bE�  �Z��
 �� �+�# ��   ����

*$ 4
��; 9;� B�� &�\	$ �� &�$� ��CX$ �) 9;�< �A	�� &��#4  B��

*$ ��	2�# 
�#�$ �� �#w�� *�:� 
�#�$ 
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��; 9;� ���� . 1	�K ����$

�A	�� '��$�- 
� �� � D( ���C��" ��( �9�� ��$- 9��.   

  

��'T1,  *�:� �����	
 �� ��	2�# �����	
 5��� B�� �E��3$) ,E8 �� 5��� 9"��mm/sec(.  

�zz �kh �hz ��h �zz kh 
(bar)    
��;  

(0C)  �$�  

�y/ah  ay/az  zh/�h  � � � *�:� 
�z+  

hk/�y  a�/�a  yz/��  k�/�g  ��/��  ��/�y  ��	2�# 

��/h�  zh/ak  a�/a�  � � � *�:� 
gz+  

g�/a�  z�/az  zk/�g  ya/�z  �k/�g  � ��	2�# 

y�/�g  az/�a  kg/��  � � � *�:� 
�z�  

�g/��  ��/��  z�/�k  ha/�z  ��/�y  �k/�h  ��	2�# 
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��;n   5��� 9"�� *���# �Z��
 
�r = aPn *$ ����.  

2- Specific surface 
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9��L�- .������ �K�( 1������� �  7WK�� ������	E�� T�
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                          ;/<`, ����� 5��� B�� �E��3$ ��$� 
� �(oCgz+.                                       ;/<a , ����� 5��� B�� �E��3$ ��$� 
� �( oC�z�.  

  

M, -3(F> &�(?  

� 
���
 �2�3$ 1��� � �
 ���� �(
�#�$ 
��     .!W:� �W$�+ 96�W�

�
�� �
�$ ���* ���   ��;�< 
��=&  �) �� ��������
 � �
  ���W� 


�#�$4  ��A$ O���8� �� *��� ���$ ����W�	
 �   � 
 
� ��W���	=��  1	W


$* ���� .*=�� &���$  ���$ N	2� �� 1	
 � 
 
� �����	
�
\�  W� �#��& 


� H  9$�IJ  �	8�� 1�� ����  � �2�	 N 
�W�; 9;� �w�� 
�	E� B��4 

�
��� � ��$�6* $ O�P#�* ��;� .� 
��3?# 1	  9W�� ��� ���� &��� >

�)4  
�
�#�$ ��	2�#4 � �1	��
 N	2� *�w�l   �VP?$ 
��; &��� �# �# 

 4��C��" &�$� &���*�:� 
�#�$ �� 9bE� 
��; 9;� B�� 1	��
  �#  ���W�

 �)  
�W�; 9W;� B�� '(�)4   /�W��8�  � �W�  ��WA$ O��W�8� �
   '��\W;�

$* (�� .D(  W�K	   �W� ��(�W�$ 1  R 
�WS8 4�W)
 T�   �W� ������	WE��

���� ���� 9�
�  ��#  � 4,���$�� U 
�   ��� 5��� B�� '(�� �"��

��	�A � 9;� B�� &-  '(�) 
��;�� � �� �� �A�$   ��;� W��
 1 W��� � 

$ H��Z$��* ��� . 9WP< &���� ����   �� ���P�W�� �W)   ������	WE��  �W�

������ � �#\�
 T�
R4 $*  ����#�%* ��
 �� �(
�)� $m�
 ][8 
� �M��� � 

��� �
� ���� .� �
�� T�%� ���� �F�3?# 1	>4 �Y�
� � ��
  
�)  ,W���$

   & �� ��A���#		� ��; N8��$ 
-���� *$   �W� 4�W���  �
�Wl  �W�  5 



 ][8 ���� ��� ��L��	
���� � �
    4��W	2�# ��W(
�#�$ 
� ����

 ���
�) ��
����"* \( ��   ������� � ��� �(��6 ��+� N��= ,���$.  

  

�2�

  

[1]. Paul, B. E., C.C. Ciepluch, Levine, R. L., and Fong, L. Y., A Ballistic Explanation of the Ignition Pressure Peak, AIAA Paper, 64-

121, 1964.  

[2]. Ciepluch, C.C., Von Elbe, G., Solid Propellant Ignition and Response of Combustion to Pressure Transients, AIAA Paper, 666-668, 

1966.  

[3]. Ciepluch, C.C., Von Elbe, G. and McHale, E. T., “Extinguishment of Solid Propellants by Rapid Depressurization”, AIAA Journal, 

6, 1965. 

[4]. Krier, H., Ciepluch, C.C.,  Solid Propellant Burning Rate During a Pressure Transient, Combustion Science and Technolgy, Vol. 5, 

1972. 

[5]. T’ien, J. S., The Effects of Perturbation on the Flammability Limits, Combustion Science and Technology, Vol. 7, 1973 

[6]. T’ien, J. S., A Theoretical Criterion for Dynamic Extinction of Solid Propellants by Fast Depressurization, Combustion Science and 

Technology, Vol. 9, 1974.  

[7]. Zeldovich, Y. B., “The Burning Velocity of Powder under Variable Pressure”, Journal of Applied Mechanics and Theoretical 

Physics, Vol. 5, 1964. 

[8]. Istratov, A. G., Librovich, V. B., and Novozhilov, B. V., “An Approximate Method in the Theory of Unsteady Burning Velocity of 

Powder”, Journal of Applied Mechanics and Technical Physics, Vol. 5, 1964. 



  ������ ��	
� �
��� ����
 � ����� ���
 �� ���������� ���� � �� ���� � !� �!�!� �� ��!�  

 

58 

[9]. Novozhilov, B. V., “Nonstationary Burning of Powder Having a Variable Surface Temperature”, Journal of Applied Mechanics and 

Technical Physics, Vol. 8, 1967.  

[10]. Summerfield, M., Caveny, L. H., Battista, R. A., Kubota, N., Gostintsev, Yu. A., Isoda, H. “Theory of Dynamic Extinguishment of 

Solid Propellants with Special Reference to Non-steady Heat Feedback”, Journal of Spacecraft and Rockets, Vol. 8, 1971.  

[11]. Battista, R. A., Caveny, L. H., and Summerfield, M., “Nonsteady Combustion of Solid Propellants”, Department of Aerospace and 

Mechanical Sciences, ANS Report No. 1049, 1972. 

[12]. Frost, V. A., “Extinction of a Powder with a Change in Pressure”, Journal of Applied Mechanics and Technical Physics, Vol. 13, 

1972.  

[13]. Frost, V. A. and Yumashev, V. L., “Study of the Extinction of Gunpowder in the Combustion Model with a Variable Surface 

Temperature”, Journal of Applied Mechanics and Technical Physics, Vol. 14, 1973.  

[14]. Frost, V. A. and Yumashev, V. L., “Extinction of a Solid Propellant Accompanying a Fall in Pressure as a Loss of Combustion 

Stability”, Combustion Explosion and Shock Waves, Vol. 12, 1976.  

[15]. Assovskiy, I. G., Istratov, A. B., and Leypunskiy, O. I., "Extinction of a Propellant with a Pressure Drop, Combustion", Explosion 

and Shock Waves, Vol. 13, 1977. 

 [16]. Librovich, V., “Nonsteady Burning Processes for Powder and Solid Propellants”, Proceedings of XII International Symposium on 

Space Technology and Science, Tokyo, 1977. 

[17]. Merkle, C. L., Turk, S. L., and Summerfield, M., “Extinguishment of Solid Propellant by Rapid Depressurization”, Department of 

Aerospace and Mechanical Sciences, ANS Report No. 880, 1969. 

[18]. Steinz, J. A. and Selzer, H., “Depressurization Extinguishment for Various Starting Pressures and Solid Propellant Types”, AIAA 

Paper 71-631, 1971. 

[19]. Selzer, H., “Depressurization Extinguishment of Composite Solid Propellants: Influence of Composition and Catalysts”, AIAA 

Journal, Vol. 11, 1973. 

[20]. Park, C. P., Ryan, N. W., and Baer, A. D., “Extinguishment of Composite Propellants at Low Pressures", AIAA Paper 73-175, 

1973.  

[21]. Jensen, G. E. and Brown, R. S., “An Experimental Investigation of Rapid Depressurization Extinguishment”, AIAA Journal, Vol. 9, 

1971. 

[22]. Boggs, T. L. and Zinn, B. T. (Eds.) "Experimental Diagnostics in Combustion of Solids", AIAA Progress in Astronautics and 

Aeronautics, Vol. 63, AIAA, 1978. 

[23]. Von Elbe, G. and McHale, E. T., “Extinguishment of Solid Propellants by Rapid Depressurization”, AIAA Journal, Vol. 6, 1981. 

[24]. MIL– STD- 286 B, Method T803.1, Measurement of Burning Rate in Solid Propellants, 1999. 

[25]. Schumacher, J.C., "Perchlorates: Their Property, Manufactures and Uses", American Chemical Society, 1960. 

[26]. Kuo, K. K. and Martin Summerfield, “Fundamentals of Solid Propellant Combustion”, Progress in Astronautics and Aeronautics, 

AIAA, Vol. 90, 1984. 

[27]. Park, C. P., Ryan, N. W., and Baer, A. D., “Extinguishment of Composite Propellants at Low Pressures", AIAA Paper 190-255, 

1973. 

[28]. Merkle, C. L., Turk, S. L., and Summerfield, M., “Extinguishment of Solid Propellant by Rapid Depressurization”, AIAA Paper 

1969. 

[29]. Summerfield, M., Caveny, L. H., Battista, R. A., Kubota, N., Gostintsev, Y. A., and Isoda, H., “Theory of Dynamic Extinguishment 

of Solid Propellants with Special Reference to Nonsteady Heat Feedback Law”,  Journal of Spacecraft and Rockets, Vol. 8, 1971.  

[30]. Al-Harthi, A., Williams, A. “Effect of Oxidizer Particle Diameter on the Combustion of Propellants”, Fuel Vol. 77, 1998.  

[31]. Dokhan, A., Price, E. W., Seitzman, J.M. and Sigman, R. K., “Combustion Mechanism of Bimodal and Ultra Fine Aluminum in AP 

Solid Propellant”, AIAA 2002-4173, USA,  2002. 


