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 ���	�� �� ������� ����� �� �!�� �"	�� �� �#� �$ %&'� ()� ��*
�

�� �	�+,- �� )���� ./�01 ��2� �3��� �$ ��	� ���' 4)�5&+�"� 

(CJ) ]657 [)� ��89 .()�� ��	� �� �� ��2� /��  �� �� ���� �):$ �� 49

�	; �'�	$ ��� �*�������	� 	<� �=>��� � )?� . &@	' ��A� ��2�

()�� ��	�  %49DCJ�$ �� % �� B�	:� �*�������	� C$�� �� D�!  �E�� �� )��

 F)� ���9 ��G��' �$ � (�$ �GH$�� &��� ����:� � ()� ���9 �"	�� ��)>� �$

���)� �IGH$�� �"	�� .����� ��� �� �� ����3J- ��IK�? �A� � �� ����� 

��� �3��� ��	� �)� . �=>� �� ��	� DLM#� &@	' %��2� /�� ��CJ %

 D! �:N� &@	' 	$�	$ %�	
�� �� �$ &�H��� )��$ .  

O��)�� P'�  %��	� ���' 4)� �� �):$ Q);� ]R[/��� F� � ]S[  �

T������ ]U[  �� �$ ���� &V� �):$ �� ��	� �� �� �� )� �G���	$

����� �)���� ��	; ��,#� ��� �� ��)#� &��VN �$ �����  . 4)� W�X

O��)��5 /���5  T�����(ZND)�E�- &
� �� �"	�� F)� ���9 % � �� 

�� Y�	�  )?�Z ����� �� ��\�� �*�������	� 4��:� �� ����� �� � ��

&^�� .�=>� /�� ������ ��EG�� �� 4��:�  ��=>� _�Z ����� %�����  � CJ 

/�01 ��2� ��5 DLM#� &@	' J�� ��2� /�� �� %�,�- �� %&'� &+�"

�=>� �� � CJ) ����� ��EG�� ������  ( D! �:N� &@	' 	$�	$�� )��$ .

 4)� �� ��	� &@	'ZND �$ 	$�	$ DCJ�� �G^	+ 	<� ��  �� . ��E�)�CJ � 

ZND	$ �� b'��� ���� &V� �):$ �� ��	� �� )���$ . &'� ���� �� /��

&'� ()��Z � �):$ )�1 %��	� %�:;�� &��� �� �� .  

 �� �cc� �cc�I���? �*cc�)d ( �cc���� �� %&cc'� ()cc� (��� F�
cc� � ��cc��� 

   D��e &cc�	� &@	cc' F9 �� �cc� ���� �cc-� �cc')�? F�cc*� �cc� %��	cc�

             �c�? �� Dc! &@	c' 	c$�	$ �	
c�� �� �$ &�H�    &c'� F�c*� F .  F�c�	-

&cc'� Dcc! f^�cc� %��cc! F�cc*� /cc�� &cc'� /���cc� �� . �� �G�Hcc; �ccE��

�ccE�- &cc�	� 	cc$ ��	cc� &
cc� �cc���� � �cc� &cc��� )cc?�Z 	�g�cc� ��	cc� 

               )c��$ �Gc��� ��	c; �	
c�� �c� � ��c! F�c*� /�$�� .      ��c�#�� 	c��h� �c$

                                                 
1- Chapman-Jouguet 
2- Zeldovich 

3- Von Neumann 
4- Döring  

    ��	c� �E�-)κ(  (��)c�� % �  �c����  �             ��
cG�� &@	c' F9 4�c��� �c$ � ��Ac� 

cc��cc� 	cc��h� ��	 )cc���� .�cc� �� /cc�� ��   �cc���� /cc�� �cc�,#� �cc$ �ccE�� F�cc�

     �cc$ �� ��	cc� �cc������ D��!MccZ %F�)cc�� �� �cc1� ���9 &cc'�]i[ .

  ��cc�#�� %Bcc�	:� Wcc�Xκ    ��cc�#�� Y�:cc� jcc*:� 	cc$�	$ �� �cc$ ���Hcc� 

 �cc� �ccE�- �:ccN� Pcc'G�  )cc��$]i[ . �� �cc� �=��cc�? �*cc�)d ( Jcc��

       &cc��� �� � &cc�k� %�	cc+�� ��
ccG�� &cc��� �� l�cc�#�� %()cc� (��� F�
cc�

       �c� �cG^	+ 	c<��� �m�� %�	I�?  �c� .           �	c+�� &c��� �� 	G
c�$ ��c�#�� �Ac�

 &cc'� l�cc�#�� Y�:cc� �?�cc� �cc�:� �cc$ .? &cc��� �� �)cc>1	? Jcc�� �	ccI�κ 

�m�� (��)�� �?�� ��:� �$ %�� 	� ��� l��#�� Y�:�  )��$ .  

 �$ �-� �$ �*�)7 (�$ ��	� �� ���! ��  �� 	
G�� �	+�� D�!(κ > 0) %

����� �Z�� �� ��! F�*� ��� C;�� �����  ��]i[ . �
V$ %&��� /�� ��

����� �� ()� )��� �"	�� �� ���� ��	� �E�- �$ �����  )'� . /��	$ (�n@

 �$ �E�- &
� �� F��	- o=Z �*��� �$ �-� �$�� ���J� p?  p\� %)��

����� ��E�- 	$ ��A+	�g�� �����  � &�H� �\�G� �� � )� )?�Z p� ��	� 

)�'� )?�Z �E�- �$ �	G�� �"	�� &V� ��	� �$ .����� 4X � J�� ����� 

&'� 	G
�$ &V� ��	� �$ &�H� .�� q@�$ ���@ /��  ��	� &@	' �� )��

)��$ 	G�� &V� ��	� �$ &�H� .? ��	� �� �	I�(κ < 0) �� ��! F�*� 

����� F�	�$ �&'� �����  . �	
�� �� �$ ����� �"	�� �� /��	$��$

�� )'� .�� ��� p? �� �E�- &
� �� F��	- o=Z ����� 4X %)�� � 

&'� 	G�� &V� ��	� �$ &�H� J�� ����� .��? � )�?�Z q@�$ ���@ /�� 

� ���J^� &V� ��	� �$ &�H� ��	� &@	' �� )�)$�.�� b��	� /�� �$   F��

 �E�- ���#�� (��)�� ���J^� �$ �	I�? &��� �� �� &��� ��<G��) �-� F�)$

F9 �m�� &�n@ �$ ()$�� ���J^� J�� ��	� &@	'. � ��� %���� /�� 	$ 

���	�� ]r[ 4)� ZND �E�- �� &
� ��#� F��	- B�!� ��	$ �� 

)���� �:'� �	+�� ����� ��	� �� . ��>$ DL��:� �E�9 �� ���	IG��) �$�
�

/�*��� P$���5 D��I?� ($�')�? /��1 ��	 )���� ��	VG'� �� . W$�=�

��� 4)�5�$ ���� ��	� &@	' %�E�- ���#�� ���J^� �$ %���	�  �=Z D�!

�� �?�� )$��.  

                                                 
5- Wood and Kirkwood 
6- Rankine-Hugoniot relations 
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D��G'�����)$ � � ]s[�,� &��� ����:� �$ �X,V� ��	$ ��$ /����   � ����	�

�,�	� �� ��G��' ����� �� �$ %�� � F�*� � �	
�� �� /�$�� ����� 

���\� t�� �$ ��!�� ��	� ���@ &@	' /�$ �=$�� %D �E�- ���#�� � 

 �	
�� ��κ)���� ��	VG'� ()��Z ��	� ��	$ ��  . �� )���� F�
� �E�9

(��� _�Z �$ �E�� %�=$�� /�� �/�� �� � ���� �IGH$ (	\m��   lJ- ��

���e D��!MZ��� uH#� (���  �� . �E�- p� ���#�� v	^ �$ ��� /��

H?9 	��h� � ��	� �� (�e ��@ F��� j��>� �$ &�H� �� ������� �G

����� �&^	+ Q�\�� �����  . 4)� F��@ �$ /�� �� ):$ ��A� ����\� ��2�

DSD)� �GZ��� .  

���� D��G'� � ]7w[ �� �'���9 ��G��' �$ (	\m�� ��� �� )���� F�
� 

�� ���� ���' 4�:^ �"	�� � �� �,�	�  ����� ��� ����� �� ����� )����

 &@	'– x	� �*� �$ l��#�� Z)���$  . ��� � D��G'�]77[  ��� ��	$

 ����� ()�K�� &��� ����:� �$ ��\m�L�)�)�D-κ Q	^ ��� )���� ��	VG'� �� 

(��' )�G^	+ 	<� �� ����� y	� ��	$ �� �� .D�*'� ]7z[ ��� ��	$ 

 ����� %()�K�� t�' y	� � &��� ����:� �$ /I�?�� ��\m�L�)�)�D-κ �� 

��� ��	VG'� .�$ �� �,�'� � ����� /�$ f��=�� ��\�� D-κ ����'�#�  �

                                                 
1- Stewart 
2- Bdzil 
3- Asymptotic method 
4- Intrinsic 

5- Yao 

�$ �����  4)� �� %�$	\� ��? (��� �� ()�9 &'�DSD�$   ���J$� F��@$��	 

��� (��mG'� ��\m�L�)�)� ��� ����� y	� b��	N F�'�	�����.  

����� �� ��GZH� ��� %/I�?�� ��\m�L�)�)� ��� �����  � �$ )��- 

�$ {��)�@ �� F9 DLM#� (�	�? �� ��+ D�!  p? ���� �� F��J�? %)���$

)���� �|� .��'�#� ��	$ P��	� /�� �� �� �$ ���� %o,V� _�Z  �� (��mG'

o,V� )@�; Q�� �$ �� &'� D��N	^ �	H*���� �GZ���  )�� . %D��G'�

��}��� � � ]d~[ )@�; ��	$ ()� �G^	+ 	<� �� Q	^ �� )���� F�
� 

����� �� (�e &@	' � ���I1 %��
^ )���� �!�Z 	$ o,V� � ��	$ ����� 

���)� ����� 	�g�� &V� ��	� .(��� F��$ �E�9 ):$ )�1 ��	� ��	$ �� )�� �

���� 	G
�$ �'�	$ �$ ���� �,2H� /�� . 	$ o,V� )@�; 	�g�� %���>� /�� ��

�$ �):$ )�1 ��	� �,�'� � ����� 	$ F9 	g� �'�	$ D-κ ��	; �$����� ��� 

&'� �G^	+.  

�� �� &'� 	�e �$ Q�L  ����� 	$ ��	� F��� �$ �GH$�� p�>GH� ��)@ ��?

 F��� ���	� p? &,@ �$ 	��� DL��:������ �� 4X j��>� � � ����� 

F��� ���H$ %F�)�� �>$�� � 	$� pGH�' �')�E� ���	X ��	$ �A� � )���$  ��?

)�GH�� �^	! �$ F�	>� ���\m��]7R[ . 4)� %	N�� 4�� �� ���� /��? �$

                                                 
6- Mixture rule 
7- Yoo 
8- Davis 
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DSD ������� �� �	
�� � ��� ���� ��� �	 �
� ���� ������ ��� � 

�� !	�� "#�$ �% &�'()� !%#� !�$  �	�* +%�,("	 %�
� +#�-�. !�$

�� %��/ .  

1�	� 2	�3("	 ! D-κ 4%�5� � ��6,�7	#�#8 %	
� !	�� �9��6� :;� � 

+#�-�. :�
" <�� ; �4�� �)�� =�6�	 ���* �#��	% !	 . ��� >�'?@ ��	 �% 	A4

 B�C"; #���D$]EF[ �  �% &��� B7%�5� �� !	�� :;� ��	 �	 C��	 !��

 !%#� B�
G � ��� ��	 �%
8 +%�,("	 �@
G ��C� ; ;�H�. I
8 ��� ����

J��@
8 &(��
�4	 �� �	 +%�,("	 ���#8 #$	
� =�6�	  . K�@�@ ��	 �

�� ��� �	 :�
" <�� ; �4�� 4%�5� =�L ��3(�	 �% ��%;#?� %;� . �� +;M�

��� �% ��	1�	� 2	�3("	 �N��  ! D-κ =�6�	 ��� 	��D$ I	�@ 2
� !	�� 

�� %
8 .O9� !��?�	 ��P�@ ������ � �"	 ���$�	%
D� ����O� Q
R?� ! 

�� �@
G ��C� �% ����� S	
� ; ��H(�	 ���" �� I	�@ #�8�� . ��	 ��T

+%�� �@	T S	
� U�� V�	;� ��	 � �"	 =�7 (C� ! �
)?� ��6,�7	#�#8 

�� #��	% 2	�3("	 � ���� ��� �� �O�@ +%�� �$ !	�� ��	����� ; #�
8 . ��	�����

+%�� !	�� V�	;� ��	 2	�3("	 �� !�� ���� %�
�   4%�5� � ���� �;#� �	
@

O9� ��C� �:�
" <�� ; �4�� !�� �H. S	
� ; I	�@   �� +%�� �� �% 	�

"#�$ �$ !� +	
34%  %�;� �"% .  

  

� ���� ����	
 �� �� ��� ������ �� ��� ���� �  

����� ���  

 �� �;�H�. I
8 � �R(� +��("% �% �H��	; �4;	 B7%�5� ���'� 98 =�L

O9� &� !��?�	 W�L ! �% ��� +#8 +%�" �C8 � ����. 98 ����� ; I
8 

�� #���]EX[ :  

)( DU
n

M +−=
∂
∂ κρ  )\                                                         (  

)( DUU
n

P +−=
∂
∂ κρ )_                                                      (  

0=
∂
∂

n

H
)`                                 (                                          

r
n

U =
∂
∂λ

)a (                                                                        

 �O�� �% bU = u-D  �c�d8 � +#�9)e +��("% �% +�T ���" u  +�T ���d" 
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1- Shooting 
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2- Primitive variables 
3- Deflagration 
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1- Master equation 
2- Thermicity condition 
3- Sonic condition 
4- Generalized CJ conditions 
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5- Eigenvalue problem 
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2- Singular 
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R?� ; �4;	 %	
� m
�3� !	��

�"	 ���� %�
� ��"	 +%	% i�b	; +�6,��.  

9"�?� !	�� u�	�� ��b	 �% b W�L �� ! %�
� m
�3� �4�� 4%�5� 

��; p
D6� �	 +%�,("	 �� ���	% +f�; !h��	 b �"	 ��	 (L�/ �	�* +%�,("	 �

� �� �"% #�� ]FF|E{[: 

),(),()1( ppprrr pVepVee λλ +−=
                      

 )_q(  

�� W�L u*	
� ��b	 �% ���-D$  p
D6� �	 +%�,("	 �� ��� +f�; &6� b %
8

� ���; �� �"% #�� :  

pr VVV λλ +−= )1(
                                                                

)_r(  

� #�#� Q
O6� ��Oe �z
L B7%�5Vr � Vp ���-D$ ; pr ; pp p
D6� � 

�� L�N	 ��9* B7
O6� #���D� . B��N�L !�)k� � ���� ��4% ��D$ �

�"	 B7%�5� +��("% &()�" �#8 ()� !	�� ���Dk@ . �% �
��� ��#�

 Q
O6� ;% �A� !	�� !��HL Q%�5@ W�L �	 %�	
� �	 !���)�pr ; pp 

 +%�,("	�� %
8 . b ��5� ��	 �]FF|E{[: 

pr ppp ==                                                                                )_w(  

 Q
O6� ;% �#8 L�N	 �	 �8�� �kH� �� !	��Vr ; Vp � W�L n� � ����

�"	 ���% ���Dk@ . �4�� �	 u*	
� ��b	 �% ��� �
��� ��#� !#�)E ( %�
�

�"	 +#8 +%�,("	 �9* i3� �% +��8	 . � i�b	; �	 �G�� !h��	 ��5�

�� &�)'@ !
?� #�
8 ��	�� &$ �� B7
R?� ; �4;	 %	
� !��% b %
8 .

��5�  :  

pr TTT ==
                                                                           

 )_x(    


?� ;% �	 ��% b �"	 B�
G ��	 � ���	 W�L �	 +%�,("	 +4%�5� �4�� 

 +%	% �	�* ��	�� &$ �� ��% ;% ��	 �g" ; +#8 2	�3("	 B7
R?� ; �4;	 %	
�

�� #�
8 . �(8	% �� B7%�5� �� #�;� �% K�@�@ ��	 �p � V ; λ��    �� �	
@

1�	� ; 1�	� ��	 �	 +%�,("	 !&6�  +f�; !�$) Ft(�   Q
O6� ;%Vr �� Vp 	� 

� !�	�k@ &(��
�4	 n� �� %�;� �"%.  

 +��D8 !#� �4�� �	 u�	�� �	 ��5� �%)F (�  m
�3� �
��* �	 �H3� �	
��

�"	 +#8 +%�,("	]E� ,F�[ . �% �i�b	; �	 �G�� !h��	 �b k��	 ��5�

�� �*�� i�b	; B7
R?�  �4;	 %	
� � �@�	�� Q�'(�	 ��$ ; #��� z�,@	

�D� #(L	 .�� W�L !#� �4�� ��	 ";�. b #�b ! �#'�� I	�@ 2
� �A/ 

�D� %�6�	 �$��L ��� �@�	�� Q%�5@ %�6�	 �G�L b �"	 u��" %
8 . �%

i�b	; m�)9�	 �;�H�. c�8 �H. �% 6�(� +#�$% � �$  n�.;�(���� B�
G

�"	 . �;�(���� !;� ��HL �/	 �4�� ��	 �%p-V �� 	� pisentrope(V) ��H� 

�	 �"	 B��9� B�	�� Q�'(�	 =#� W�L �	 �8�� ���Dk@ 1�	� +���� �&�$% :  

)(Vpp isentrope=                                                                    )_y(  

�� W�L !%�	
� �%  �#���	�� &$ �� ��L ;% !��% ; ��HL k��	 �� +;M� b %
8

 +f�; &6��"	 ��)k� &$ �� ��� �O�� .��5� :  

pr VVV ==                                                                            )`}(  

�� ���� +#��b +%�" W�L ��	 �	 +%�,("	  Q
O6� ;% b %
8Vr �� Vp %
� 

#�
8 �A� %
� � .  

 ��
�% ; 
� �B�	
("	]\`[��3@ I	�@ !	�� � #�%	% ��H�  ��� �% =�L 

 #���� �G	
� !	�� +#8 9"�?� �	#'� �� m
�3� #�	
* !	�� +#8 (L�/

���� �% +�T ���" ; �4��e ���HL %�	#� !%��� ��P�@ i��	; ! . ���� �O��

+%
D� %�	% �(H�� �"��� � ���� ��)� ��	 !#5� #�e I	�@ !	�� � #�	 . �%

5� #�e I	�@ �� m
�3� #�	
* �P	 ��N�� ���� !# ��"; ! �� ��P�@ �"��� 

 �	%
D� ��D-κ�� �	�* ������	 %�
�  %��/.  

 ��	�� &$ �� i��	; B7
R?� ; �$��H��	; +f�; !�$ &6� C��	 W�L ��

 m
�3� �4�� 4%�5� 2	�3("	 !	�� ��HL ; ��% Q%�5@ W�L �	 �#�()��

�� +%�,("	 %
8 .��� ��� �	 �B7
R?� ; �$��H�b	; ����% Q%�5@ Q%�5� �N

 H�� �(L��ψ = Vr/Vp �	 �G�� B7%�5� �	 ����� +f�; !�$ &6� �9)� �

 B��N�LTr = Tp ; pr = pp�"	  .���b mM(�	 W�L ����8	% &�$	
� :  

V=(1-λ)Vr+λVp                                                            )`\(   

ψλλ
ψ

)1( ++
= V

Vr

       ,      
ψλλ )1( ++

= V
Vp                 )`_(  

e(p,V, λ)=(1-λ)er(p,Vr) +λep(p,Vp)                             )``(  

  

 !�O(�D� �(8	% ��V �p ; λ ��D� �z
L V�	;� �	 +%�,("	 �� ; ψ �O�@ 

%
� #$	
� ����% Q%�5@ 4%�5� �% Q
O6� . �% � �(4�� B7%�5� !	��

                                                 
1- Perfect mixing 

Archive of SID

www.SID.ir

www.SID.ir

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir
www.SID.ir
www.SID.ir


 ���� ���� 	 �
��� �
����   

 

���� �����	
� ����� ��	�� � ��� �������� ����� �� ���!� ����� �" �#�$%�&  '!(�� ""  ��

 D�DN)o4	 (8 �L�5�� ����% Q%�5@ 4%�5� �#�	 +#  (8
� ��� B�
G

�� %
8:

 

  

( )
( )

( )( )
( )ST

Vee
VTC

VT s
rs

rV

STs
r

α
α

+

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

+−
+

1/1

0
1

1

                 
)`a(  

  

( ) ( )
V

s
ps

p C

Vee
VT

−
+=      

 +%�" W�L �	 �)��'� !	��Vr = Vp #$	
� +%�,("	 ���(� 2	�3("	 �% ��� 

#8 . B7
O6� � �4
O6� �4�� ��	 �%�D� L�N	 ��9* 1�	� �O�@ ; %
8 

)�� (�L�/ #$	
� �	�* +%�,("	 %�
� .  

� ������   

� 7�� &(��
�4	 �N�� ��� �%  1�	� 2	�3("	 �
���D-κ K�b�@ !	�� 

 ��6,�7	#�#8PBX-9502+#�	 ��� I	�@ �� +%�� �� b  ��. �� Q� !+%��  ! 

 ��6,�7	#�#8TATB��  � �#8�� �"	 (L� ��� . #�	
* p
� ��P�@ �g"

��	 �� m
�3��"	 (L�/ �	�* ������	 %�
� �	%
D�  . <�� ; �4�� 4%�5�

 !	�� �O�� K�	�N ; +%�,("	 %�
� :�
"PBX-9502 D�DN �% )o4	 ( +#��

�"	.  

i�. �("�% �	 ����D�	 �
��� � 	#(�	 �% ���� ��(��" ����  �i��	; !

 �,G !��?�	 �� I	�@ � m
��� ���(�) I	�@ZND�3@  ( �%�C8  ( ��

 u��� B�9"�?�]EF[�"	 +#8 )��'�  .  

  

         
                                               )���                                                      (                                        )     �(       

        

                                               )�    (                                                                                          )     �(       
 ����� ��� �����	 �
 �	�� ����� ) �	��ZND��� ) (�� : �������(  ���	� ������ ���	�� ��� �
λ !"�� �
 #�$�%� & ]'*[)  +,- �	 .�$	& /�%�:  (  

�0- 1	 #2��� .1	3�	 +��- )45	(��� 6)7(8��� .�9��& #
 �;�� .< �=�� 6)>(.?$� @A� �  �/02�� )&.(  

    

Archive of SID

www.SID.ir

www.SID.ir

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir
www.SID.ir
www.SID.ir


  �������� �	
� ���  ���� ������ �� ����������� ��
� �� ����! "��# ��$%�� �� &
�'� �(�
) �*�  

 

���� �����	
�	� ��� ������  ��� �������� ����� �� ���!� ����� �" �#�$%�& � '!(�� ""   ��

�� +#$�H� � �
1��D$  �
�A� u��� ���(� �� �M��� �N�� ���(� �%%�/

�� >91�� #8�� . u��� #���D$ �$�	%
D� ��	 ��� �%]EF[ !;�)@ W�L �	 

�"	 +#8 +%�,("	 B7
R?� ; �$��H��	; !��% . �% ���" � %
8 �*%

 ���" +��("%)+��H����� � �R(� (�"	 +#�%�/ ����.  

�% �C8 )� ( ��"	 �� b �,G !��?�	 �� I	�@ !	�� i�b	; ���� ��(��"

 m
�3� +#��* !;�)@ ; ��HL Q%�5@ m
�3� +#��* ��� ; ��% ; ��HL Q%�5@

&6�  +f�; !�$)��% Q%�5@ =#� (� �"%�"	 +#8 +%	% ��H� �+#��  .

 B��9� �� ��% ; ��HL Q%�5@ m
�3� +#��* � m
��� !�$�	%
D�(EQB) ; 

&6� !;�)@ ; ��HL Q%�5@ m
�3� +#��*  B��9� �� +f�; !�$(non-EQB) 

+#8 l3H� #�	.&O�  �4�� b �"	 ��	 �4�� ;% ��	 ��� B;�,@ ���@  

(non-EQB) �� +���	   (8	% �@;�,(� !�$��% �B7
R?� ; �4;	 %	
� b #$%

�4���% �#�8��  �4�� b(EQB) ��� �% ;% �$ !	�� �4%�5@ !��% n� 

�� �* !��% ��� i�b	; ���� �% b %��/  ��
�� �; !)EtF� ��% 

��
�b ( !��% ;CJ) ��{t��
�b ��%  (�� ���j@ #�b . �C8)� ( ��H�

�� &6� �% �
@ ���* �M(�	 %
�; &����� � #$%  ; �$��H��	; +f�; !�$

 �4�� �% B7
R?�(EQB) ; m
�3� �� +f�; &6� ���HL �% �D� �M(�	 �

�� +#$�H� +�T ���" %
8 .�� ��� �  6�(� �% ; �k���k� V�	�8 b #"�

� �4�� 4%�5� �k���k)%�	#� �
�� ��% ��D� �� �% � �(4�� 4%�5� ( �@

�� ��)� ��� m
�3� +#��* =�L � !%��� #� #�8�� . � �"	 �4�� �% ��	

 !%��� ��"�)� i�b	; ���� �% �@�	�� V�	�8 ���% !�$�	%
D� � �
@ ��

#��	% m
�3� +#��* =�L � �9)� .��	; <�� 1�	� � �6�� �	 ����% ��� �	 i

�� +#$�H� ��"	 ()�	; ��HL �  <�� �� m
�3� +#��* =�L ��P�@ � %%�/

�� ��e�� I
8 �	 �G�L ; i��	; #8��.  

 �,G !��?�	 �� I	�@ �%) I	�@ZND�3@  ( �� ���9@�	 I	�@ ��H(�	 ���"

���� %�	#� �� �% S	
� u��
@ ; i��	; s . !	�	% I	�@ � �(4�� �% ��	

���(�	 �#8�� U��?�	��  #8�� �P
� I	�@ ���" �� m
�3� #�	
* p
� � %;� . �	

;� ��	 �	%
D�  D-κ!	����@ �% 	�/	; ; 	��D$ I	�@ �K#8 ���6,�7	#    

PBX-9502�% ; 2	�3("	  �C8)~ ( +#8 +%�;��"	 . I	�@ ���8 �C8 ��	

 �,�� ; �9�� !��?�	 ��)	��D$ ; 	�/	; I	�@ (�� #8�� . �	%
D� ;%D-κ �� 

,("	 ��HL ; ��% Q%�5@ W�L �� ��(9� m
�3� �
��* ;% �	 +%�) +#8 l3H�

 B��9� ��EQB (&6� !;�)@ W�L �� ��(9� ;  ����% Q%�5@ =#� ; +f�; !�$

) B��9� �� +#8 l3H�non-EQB ( �� ; ���#C� �� �C8 ��	 �%���(� B�C"; 

 ���6@ ���(� :�	�� ;]EF[ #�	 +#8 )��'� . ��� �% � �"	 ��T � =�7

�"	 +#8 +%�,("	 ��HL ; ��% Q%�5@ W�L �	 B�C"; .�� +#$�H�  � %
8

 �	%
D�EQB� ��	
3D$  ���6@ ���(� :�	�� ; B�C"; �	%
D� �� ��
� ���

%�	% . �	%
D� ��	non-EQB� �	%
D� �	 �O�
@ ���* �	#'� �   +#�� �"%

%�	% �G�L ���6@ !�$ +%	% :�	�� �	 �G�� �	%
D� ; B�C"; V"
@ . ��	

�� �(H�� O9� !��?�	 i�	�L	 �� �M(�	 %
8 .�� +#$�H�  �% � %%�/

�% ; �,G !��?�	 �	%
D� �,�� !��?�	 non-EQB �	%
D� �� EQB >91�� 

�"	 .  

=�7	�� � �"	 ��T � !(D)* ��$�	%
D� � ! �� B�9"�?� �	 �G�� 

 �	%
D���6@���6@ +%	% �%�	#� >��1@ �� %
�
� ��) ���3� >��1@ =#� ; 

K"����� �����;���$ +%	% !��6@ � �"	.  

 �	%
D� �*% =#�non-EQB�"	 ��	 �4	 �  &(��
D-κ >�*% ���?@ � 

���� �"	 ��)� ���� �@
G ��C� �% i��	; s . �@
G ��C� � �6�� �	

���� �% ��D$ 	A4 ��"	 +#8 =�6�	 �OH��	; +#D� � %�	% �	�* !	  �% � �
�

 i3�{  �#8 ��T�� ne
b ���� +�6,�� +%�� B	�T ���� ��	 �%  ; #�8��

 ; �4;	 %	
� !��% !;�)@ !#� m�8�"	 &��� I	�@ B7
R?� . �% ��	

 �	%
D� 2	�3("	non-EQB��%  +#H� (L�/ ��� �% ��)C� �$ #�	 . �4�� !	��

 �"	 +#�"� =�D@	 � �@
G ��C� �% i��	; �� 	��D$ I	�@ ; �3@ I	�@

 �	%
D� �*% �� !��P�@ m
�3� +#��* 	A4D-κ�8	% #$	
3� .  

 �% �C8)~ (�� +#�% �?�	 i�	�L	 �� � %
8 i$�� I	�@ ���" �O9� !�

��  B7%�5� �� �	 �#��� i�	�L	 I	�@ O9� !��?�	 �/	 #5� � !#� �	 ; #���

 !	�� ��	
� &���D�  #�� #$	
3� �"% . (,/ ��	�?� !��?�	 �#� ��	 �

�� %
8 .#8 #$	
� :
��� I	�@ ��	�?� !��?�	 �	 i�� � U��?�	 i�	�L	 �� .

 �	%
D� �����. ��8D-κ  ���" �	 �(D� ���" �� �% � �(D)* ��5� �

�"	 �	#��.�� ��8 �� ��"	 ��	�?� !��?�	 � m
���]\\[ . ��	 �% �	�e

" i�	�L	 �� �I	�@ �5*	; ����L �M� �� �	%
D� �	 �D)* !��?�	 ����

�� i�	�L	 ��� I	�@ #���.�� +#$�H� ����% ��� �	   I	�@ �4�� �% b %
8

 	��D$)��?�	 �
?� �,�� �D)* (�� �@ �,�� U��?�	 b �#'e�$  %
8) c	�@

�� �(k�%�� �b�� � %
8(�L�� #$	
� i�	�L	 �� ���" �.   

�% �C8 )X ( ; �4��e ���HL ���8 �	#�� S	
� B	���j@ �	%
D� �% ���"

 ���" +��("% �� � �9)� �@
G ��C�)+��H����� � �R(� ( ��� �% ��

 m
�3� +#��* �(L�/EQB �"	 +#8 &"� .�� +#�%  �
��� !�O(�D� � %
8

 c	�@ �4�� �% ; (L�� i$�� U��?�	 i�	�L	 �� I	�@ ���" #���D$ ���

� i�	�L	 B#8 � �
��� !�O(�Db ��b�� � �#8 n�%�� �� 	��D$� #����.  

Archive of SID

www.SID.ir

www.SID.ir

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir
www.SID.ir
www.SID.ir


 +�
� ,�-�  +�.�/� 0��
��   

 

���� �������� ������ 	
�	�  ��� �������� ����� �� ���!� ����� �" �#�$%�& � '!(�� ""  ��

  

        

)���                                               (                                             )     �(   

        

)�                                                  (                                          )     �(      

        

)�                                                      (                                        )     �(  

 �����#�$�%�  C 6/02�� .3=�D �& �E	 'F G$��& H&�I� J�� (EQB) *F@A� �����   .?$� ��K(non-EQB)#���� & L	0� !$10��
   ��� �����	 �
 �	�� ���	� C)ZND ���( 

 .?$� @A� +��-)45	( ��& 6)7(���	� M�� 6)>(��� 6)&( �0- 1	 #2��� .1	3�	 6). ( 8��� .�9��& & .< �=�� �)�.(  

Archive of SID

www.SID.ir

www.SID.ir

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir
www.SID.ir
www.SID.ir


  �������� �	
� ���  ���� ������ �� ����������� ��
� �� ����! "��# ��$%�� �� &
�'� �(�
) �*�  

 

���� �����	
�	� ��� ������  ��� �������� ����� �� ���!� ����� �" �#�$%�& � '!(�� ""   ��

       
 

 ���� � 	&0N� D-κ �A��O	3$3- .&�� �	�
 PBX-9502 #
  /02�� .3=�D �& ���;� �
 .3�P ��&QF G$��& H&�I� (EQB)  

 RF@A� �����   .?$� ��K(non-EQB) #�$�%� &  S�,�� ��0� .3- #T		 G��;���� � G
�A� U$��� �
]'*[.  

  

  

  

 ���� ���E�� 	&0N�  /02�� .3=�D 8���V �W� & �
 G�0� X�,� & 8��� .�9��& & .< �=�� � G5�9Y 6��� �
 �	�� �����	 EQB  �	�
PBX-9502.  

  

  

�	� 
�� �����  

 �� � :�
" <�� ; �4�� 4%�5� �� ��6,�7	 #�#8 %	
� !	�� 4�'� ��	 �%

 �� I	�@ ��(��" �� m
�3� +#��* =�L ��P�@ 	#(�	 ���� �C8 �,G !��?�	

) I	�@ZND�3@  (�L�/ �	�* ������	 %�
� . +#��* =�L � #�%	% ��H� ���(�

 m
�3� �� +f�; &6� ; ���" ���HL #���� �C���C� S	
� u��
@ �� m
�3�

���� �% %�	% �O�
@ ���* ��P�@ �@�	�� S	
� �� ; ��e�� ��P�@ i��	; s .

 !�
�@ �	 +%�,("	 �� ��g"DSD	 �(D)* �� �� ���� �  ��� �i��	; s

 S	
� ; I	�@ ��H(�	 �� O9� !��?�	 ��P�@ ��@
G ��C� ; ;�H�. I
8

�L�/ �	�* �"��� %�
� �@
G ��C� �% ����� . ; 	�/	; c	�@ !	�� ��b ��	

�L��A. B�
G 	��D$ . �	%
D� b #8 +#$�H�D-κ �� m
�3� �
��* �� ��(9� 

&6� !;�)@ =#� W�L Q%�5@ W�L ; +f�; !�$ ��	
3D$ !��HL ; ����% 

%�	% ���6@ !�$ +%	% ; B�k"; ���(� �� ��
� . W�L �	 � �@�
G �% ��	

&6� !;�)@  !	�/	; �D)* �% �%
8 +%�,("	 ��% Q%�5@ =#� ; +f�; !�$

#8 #$	
� %�6�	 !	 ��M� ���* �M(�	 �	%
D� . I	�@ �M� �� ��	�����

Archive of SID

www.SID.ir

www.SID.ir

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir
www.SID.ir
www.SID.ir


 +�
� ,�-�  +�.�/� 0��
��   

 

���� �������� ������ 	
�	�  ��� �������� ����� �� ���!� ����� �" �#�$%�& � '!(�� ""  ��

� " �� ;% I	�@ ���?@ �% ��3@ !#5� �� ��6,�7	#�#8 %	
� �% 	�/	; !#5

�"	 �O�
@ ���* ��D$	 !	�	% +%�,("	 %�
� m
�3� +#��* =�L . ��H� ���(�

�"	 ��e�� 	��D$ I	�@ �% m
�3� +#��* ��P�@ � #�%	%.  

&6� !;�)@ W�L �*% =#� 	�/	; I	�@ �% +f�; !�$�"	 ��	  &(��
�4	 � 

D-κ���� >�*% ���?@ �   ��C� �% i��	; s�"	 ��)� ���� �@
G .

 ; �"	 +#8 =�6�	 �OH��	; +#D� � %�	% �	�* !	 ���� �% ��� �@
G ��C�

�� �%�� ne
b ���� +�6,�� +%�� B	�T  #�8�� . �@
G ��C� �% ��	�����

�� &��� I	�@ B7
R?� ; �4;	 %	
� !��% !;�)@ !#� m�8 #8�� . !	��

 �% i��	; �� 	��D$ I	�@ ; �3@ I	�@ �4�� +#�"� =�D@	 � �@
G ��C�

 �	%
D� �*% �� !��P�@ m
�3� +#��* 	A4 �"	D-κ�8	% #$	
3� .  

 i�	�L	�U��?�	) U��?�	 p�58 i$��(  i$�� K�
� 	�/	; I	�@ �%���" 

c	�@i$�� �� Q�9�% � ;  +�T ���" ; �4��e ���HL �% �@
G ��k� 

�� %
8 .� ���(� � �
@ �� �/	; I	�@ �% �+#�� �"% �	 O9� !��?�	 �/	 	

�� 	��� I	�@ 2
� �%
8 �(H�� ��	�?� !��?�	 n� %
8 . 	��D$ I	�@ �%

 U��?�	 i$�� )I	�@ !��?�	 p�58 +�	#�	 i$�� ( �% u��" i�	�L	 K�
�

 �@
G ��C� �% +�T ���" ; �4��e ���HL �� Q�9�% � ; I	�@ ���" �	#'�

�� %%�/.  

  

�� � ����� )���(  

�L D�DN ��	 �%i��	; �4�� B7%�5� =  +	�D$ � I	�@ B7
R?� ; �$�/

�� ���� 4�'� ��	 �% +%�,("	 %�
� :�
" <�� 1�	� %%�/ . K�	�N ���-D$

 ��6,�7	#�#8 +%�� !	�� B7%�5� ��	 ���PPBX-9502#8 #$	
� �	�	  . ���

 �"	 !���% u��� � �"�("% =#� �4�'� ��	 �% �O��L ��	 �	 +%�,("	 ��G	

 +	�D$ � ��6,�7	#�#8 %	
� K"��� :�
" <�� ; �4�� B7%�5� ����D$ �

 �	%
D�D-κ#8�� +#8 �	�	 �� �% �@�9"�?� ; ���6@  . !	�� ���� B�
G �%

>�*% ����8 �� %�O�H�. �O��L ��	 �@ #�
8 54�1� �
��� u�	�� � %
8.  

  

		
���
	
 ��� ������ ���� ������  

7	#�#8 +%�� !	�� ��6,�PBX-9502 =�L �	 � ���� B7
R?� �4�� 4%�5� 

�% B�54�1� �� ��(9� I	�@��
 ]Ft|F~[ +%�,("	 +#8 �"	 . =�L �	 �
���

 +#8 l3H� �O(�D� ���" �� ��� ��% m�9@�	 �� �% � �"	 ���L �����

�"	 . �C8 � ��HL ; ���	% !h��	 ��� �1� 1�	� �� �4�� 4%�5� ��	 �%

 ��� �% ����� (L�/ %
8]Ft[:  

( ) ( ) ( ) ( )( )Vpp
V

V
VeVpe s

p
p

s
pp −

Γ
+=,                             )o4	|\(   

�%	 ��
�7�� �1�	� �� s ����H�G
R� �B�;� !� ��;�(�� u��� �� #8�� .

�� (L�/ ��� �% �.;�(���� u��� �;�(���� ��6��	 �%  V�	�8 �	 b %
8

�Dge| �/;h(CJ)�� �
9�  �#�b Γp(V) ��;�/ !���/���� ; ��
���� p 

 ����H� � m
��� �(�	��. �4�� 4%�5�B7
R?��"	 I	�@  . o��5@ ��

x=V/Vc� �����;�/ !���/ ; u��� !h��	 � ��HL  �� (8
� ��� B�
G #�
8:  

  

)o4	|_(  

( ) [ ] ( )
a1k

VF1k

x

xx
pVp

ak

n/an
2
1n

2
1

c
s
p +−

+−×
+

= +

−

     

 

)o4	|`(  

( ) [ ]
a1k

n/an
2
1n

2
1

c
s
p x

xx
eVe +−

−+
=   ,  ( )

nx

a
VF

21

2

+
=

 

 

a1k

Vp
e cc

c +−
=                                                                       )o4	|a(  

 

( ) ( ) ( )VFb11kVp −+−=Γ                                            )o4	|q(  

 

!	�� ��% �B7
R?� �	� ��� 1�	�   �"%�� #��:  

( ) ( ) ( )
v

s
ps

pp C

Vee
VTV,eT

−
+=                                         )o4	|r(   

�	 �"	 B��9� u��� �;�(���� !;� ��% �� �% b:  

  

( ) [ ]( )( )

( )bak

bnann

c
s
p

x

xx
TVT −+−

−−+
=

11

1/

2
1

2
1

                          

)o4	|w(  

 

v

cc
nab

c C

Vp

ak
T ×

+−
=

−

1

2 /

                                                     )o4	|x(  

                                                 
1- Gruniesen gamma 

Archive of SID

www.SID.ir

www.SID.ir

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir
www.SID.ir
www.SID.ir


  �������� �	
� ���  ���� ������ �� ����������� ��
� �� ����! "��# ��$%�� �� &
�'� �(�
) �*�  

 

���� �����	
�	� ��� ������  ��� �������� ����� �� ���!� ����� �" �#�$%�& � '!(�� ""   ��

 z
L V�	;� �%CVHL �% I	�@ B7
R?� +f�; !���/ �"	 ���P �� . !�O(�D�

n �Vc � k  �b  �a  ;pc � #�()$ ���P ��%�'�  ��6,�7	#�#8 K�b�@ !	��

PBX-9502 �% Q;#� )o4	|E (#�	 +#��.  

  

��������� ��	
���� ���� ������  

 !	�� �6��	 �% b �(4�� 4%�5�PBX-9502�� +%�,("	 (�
)�   n� �%
8

 4%�5��4�� ���bb �"	   ��
�% V"
@ ��� ��4;	 ]Fv[#8 �	�	  . �g"

 �	��kD$ ; B�	
("	]E�[ �MG	 !
?� � 	� �� u��� �;�(���� o��5@ 

%
8 &$	�L 7�� ��HL �% �� �
�"	�9�4�b ��k�	 b #�%�b . 4%�5� ��	 �%

���	% !h��	 �4�� er (p,V)�   ��� B�
G�� 9"�?� %
8:

 

  

  

( ) ( ) ( ) ( )( )Vpp
V

V
VeVpe s

r
r

s
rr −

Γ
+=,                                     )o4	|y(  

  

 �;�(���� !;� ��HLu���  %�O�H�. ��� �C8 � �	��CD$ ; B�	
("	 V"
@

+#8 �"	 :  

)o4	|\}(  

( ) ( ) ( )
( ) ⎥

⎦

⎤
⎢
⎣

⎡

−
++= ∑

=
4

243

1j

j
s
r

y1

y

!4

By4
C

!j

By4
p̂Vp        

  

 1�	� ��	 �%y=1-V/V0 ; BAp 4/ˆ 2
0ρ=��  #�8�� . ��
����r ����H� 

�"	 I	�@ !�$��H��	;.!�O(�D�  A ; B ���6@ !�$ +%	% �	 +%�,("	 �� 

$
� c�8 B
��
/ �� �"% #��� . ��D�V0  ��H��	; �4;	 +f�; &6� ����H�

�"	 . ���PC �% ��H��	; �4�� 4%�5� �
�"	�9�4�� !	�� V<<V0�   ���

�� %;� .��	�� +;M� :  

( ) ( )∫ +=
y

s
r

s
r EydypVVe

0
00                                              )o4	|\\(  

( ) Zyy rr +Γ=Γ 0
                                                                )o4	|\_(   

 ��H�b	; !��% Tr(e,V)1�	� �	 ) o4	|E� (� �� �"% #��:  

)o4	|\`(  

( ) ( )
( )

( )( )
( )ST

Vee
VTC

VTVeT s
rs

rV

STs
rr

α
α

+

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

+−
+

=
1/1

0
1

1
,   

�	 �"	 B��9� u��� �;�(���� !;� ��H�b	; !��% �� �% b:  

( )
⎟
⎠

⎞
⎜
⎝

⎛ +Γ−
−

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

Z
Zys

r

r

V

V
eTVT

0

0
0                                          )o4	|\a(  

 ��H�b	; �4�� 4%�5� !�$ ���PPBX-9502 �% Q;#� )o4	|F (+#8 �	�	 #�	 .  

  

 ����)��� �	(� ��� �����	 
�� �����	 �����	���� �PBX-9502 ]��[.  

Cv (J/kg 
K) 

b N k A 
Vc 

(cm3/g) 
pc (GPa) 

��� ��/�  ���/�  �� ��!�/�  !��"/�  ���/�  

  

 ����)��� �
( �  �#$%&�' 
�� �����	 �����	����PBX-9502 ]��[.  

C B A (mm/µs) V0 (cm3/g) E0 (kJ/g) 

�/�  �/�  ��/�  ����/�  ���/�  

 

 αST 
0
VC (J/kg K) Z 

0
rΓ  

 ����/�  !�! ��!�/�  ��(�/�  

  

�����������	�
 ��   

  i�	��kD$ ; B�k"; ]F{;EF[         +%	% %�O�Hd�. �9���@ #�#� i�b	; <�� n�

   +#�#. ;% b #�	                Q#d� �(�	��d. (d"% n� �� 	� I	�@ ��H(�	 ; c�8 �� :���� 

��  #��D� .  <��i�b	;     !	�	% �O�� !%�O�H�. ��L�  �d"	        :�
d" Q#d� �	 db 

#dd8� ; :��dd��� (I&G)�dd"	 +#dd8 dd(L�/ =�ddO4	  . dd� �dd"	 �dd�T dd� =�7

   Q#� !	�� +%�,("	 %�
� !�$�(�	��.I&G  ��dk� c�8 �� :���� !	�� b ����� 

��     �� %;�      �� +%�,("	 I	�@ ��H(�	 !	�� b �����    #��	% B;�,@ �%
8 ]�F|F�[ .

              �% �O�� �	 +%�,("	 �� �	
(� b �(�	��. ("% n� ��	 �� +;M�+%;#?�   �5�d"; 

  �	V�	�8    +#�	 ��� ��6,�7	#�#8 %	
� �    Q�)       �d� �d�(9� %	
� #���D$TATB ( 	�

    �D� ��("% �% �%
D� Q#�  #8��.   u�	�� !%�O�H�. 1�	� ]F{;EF[   <�� !	��

� i�b	; �"	 ��� B�
G:  

( ) ( ) ( )( ) BGGGII rS1SrSrr λ−+λ+λ=                 )o4	|\q(  

                                                 
�- Ignition and Growth 

Archive of SID

www.SID.ir

www.SID.ir

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir
www.SID.ir
www.SID.ir


 ���� ���� 	 �
��� �
����   

 

���� �����	
� ����� ��	�� � ��� �������� ����� �� ���!� ����� �" �#�$%�&  '!(�� ""  ��

( ) ( )( )}W1rWr{r SHDGSHIGG ρ−+ρ=                )o4	|\r(  

 

( ) ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−−−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
−−= aHakr II 111

0

3/2
7

0 ρ
ρλ

ρ
ρ

     )o4	|\w(  

 

( )λλ −⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
= 13/1

5.4

CJ
IGIG p

p
kr                         )o4	|\x(  

 

( )λλ −⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
= 13/1

2

CJ
DGDG p

p
kr

                        
)o4	|\y(  

 

( ) 2/11 λ−⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

CJ
BB p

p
kr                                )o4	|_}(  

 

( ) ( )[ ]{ }025.0200tanh1
2

1 −−= λλIS           )o4	|_\(  

 

( ) ( )[ ]{ }9.030tanh1
2

1 −−= λλGS                    )o4	|__(   

 

( )
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−−= 150tanh1

2

1

c

SH
SHW

ρ
ρρ                )o4	|_`(  

 

�9�4�b i�b	; <�� !�O(��P +#8 +!	�� PBX-9502 �% Q;#� )o4	|� ( +#��

�"	.

 

  

 ���C@ �CH� uL� �
��� � �H��	; <�� ���e !	�� � �"	 ��T � =�7

�� �&��� B7%�5� V�	;� �	 �	
@) F� ( ;)F~ ( �(L�/ ��� �% ��ν=1/2 

%
D� +%�,("	.  

  

 ����)��� �	( �  ���� ��� ���	
�� ���� ��� ����������PBX-9502 ]��[.  

ρc 
(g/cm3) 

a kB (µs-1) kDG (µs-1) kIG (µs-1) kI (µs-1) 

��/�  ���/�  ��/�  �� �! ��� 

��� ���� �	
��  

��D� ���-D$ ; B7
R?� �4�� 4%�5� �% ���P ��D�                     a 

i��	; <�� 1�	� �% ���P 

�$��H��	; �4�� 4%�5� �% ���P ��D�                                          A 

 ��D�B7
R?� �4�� 4%�5� �% ���P                                           b 

�$��H��	; �4�� 4%�5� �% ���P ��D�                                          B 

                                                                          B
G ���" c 

� 4%�5� �% ���P ��D��$��H��	; �4�                                          C 

B7
R?� �4�� 4%�5� �% ���P ��D�                                         CV 

O9� �� %
D� !�("	� �% I	�@ ���"                                     D, Dn  

���	% !h��	                                                                           e  

���	% !h��	 ���P                                                                    ec  

=�� #�	; �� I	�@ !���/                                                          E0 

S
R3� �g4�(�	                                                                      H 

B7
R?� �4�� 4%�5� �% ���P ��D�                                           k 

:�
" <�� 1�	� �% ���P !�O(�D�                             kI,  kIG, kDG, kB 

���� ��8                                                                             M  

���-D$ ; �"	 �9�� �$��H��	; �D" � � I
8 �	 �G�L               n   

B7
R?� �4�� 4%�5� �% ���P ��D�  

&(��
� ��8                                                                            P  

��HL                                                                                     p  

��HL ���P                                                                             pc 

:�
" <��                                                                             r  

1�	� >9� � !��j(� )\y ( o��5@�� %
8.                                    s 

��%                                                                                      T 

I
8 � +#�9)e +��("% �% +�T ���"                                        U 

 ���" +��("% �% +�T ���")+��H����� +��("%(                              u  

+f�; &6�                                                                             V  

+f�; &6� ���P                                                                      Vc  

@ B7
R?� �4�� 4%�5� �% +f�; &6� ���P � +f�; &6� �9)�I	�     x  

 �� ��	��1-V/V0�$��H��	; �4�� 4%�5� �%                                       y 

�$��H��	; �4�� 4%�5� �% ���P ��D�                                          Z 

 

Archive of SID

www.SID.ir

www.SID.ir

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir
www.SID.ir
www.SID.ir


  �������� �	
� ���  ���� ������ �� ����������� ��
� �� ����! "��# ��$%�� �� &
�'� �(�
) �*�  

 

���� �����	
�	� ��� ������  ��� �������� ����� �� ���!� ����� �" �#�$%�& � '!(�� ""   ��

�� ������ ����  

 I	�@ !��?�	)p�58 �
C5� ��	�� ;% �� !;�)�  V"
(� !��?�	        κ          

I	�@ O9� �5N
�(   

 i��	; �L�H�. �(�	��.)i��	; B7
R?� ���� �)�(                       λ  

 �@�	�� �(�	��.)1�	�) y((                                                           φ 

 �@
G �(�	��.)1�	�) x((                                                            η  

i��	; <�� 1�	� �% ���'@ �	
@                                                    ν  

�4��e                                                                                   ρ 

i��	; <�� 1�	� �% ���P ��D�                                                  ρc 

�$��H��	; �4�� 4%�5� �% ���P ��D�                                        αST  

�$��H��	; �4�� 4%�5� �% ���P ��D�                                        Γr
0  

�����;�/ !���/                                                                       Γ  

6� �9)�& i��	; B7
R?� ; �$��H��	; +f�; !�$                         ψ  

  

�� �����
��   

�@
G ��C� �% V�	�8                                                              *  

+�6,�� +%�� �4;	 V�	�8                                                          0  

�Dge|�/;h                                                                       CJ  

i��	; B7
R?�                                                                   p  

�$��H��	;                                                                            r  

  

����������   

�G
R�u��� �;�(���� !;� B�                                                       s  

  

��� ���
�  

[1]. Chapman, D. L., “On the rate of explosion in gases”, Philosophical 

Magazine, Vol. 47, pp. 90-104, 1899. 

[2]. Jouguet, E., “M´ecanique des explosifs”, Doin et Fils Eds, Paris, 

Vol. pp. 1917. 

[3]. Jouguet, E., “On the propagation of chemical reactions in gases”, 

Journal de Mathématique Pures et Appliquées, Vol. 1, pp. 347-

425, 1905. 

[4]. Zeldovich, Y. B., “On the theory of the propagation of detonation 

in gaseous systems”, Zhur Eksp Teor Fiz, Vol. 10, pp. 542-568, 

1940. 

[5]. Von Neumann, J., “Theory of detonation waves”, In: John Von 

Neumann, Collected Works, Vol. 6, Edited by: Taub, A. J., New 

York, Macmillan; pp. 1942. 

[6]. Döring, W., “Über den detonation svorgang in gasen”, Annalen der 

Physik, Vol. 43, pp. 421-436, 1943. 

[7]. Aslam, T. D., Bdzil, J., B. Stewart, D. S., “Level set methods 

applied to modeling detonation shock dynamics”, Journal of 

Computational Physics, Vol. 126, pp. 390–409, 1996. 

[8]. Wood, W. W., Kirkwood, J. G., “Diameter effect in condensed 

explosives. The relation between velocity and radius ofcurvature in 

the detonation wave”, Journal of Chemical Physics, Vol. 22, pp. 

1920-1924, 1954. 

[9]. Stewart, D. S., Bdzil, J. B., “The shock dynamics of stable multi-

dimensional detonation”, Combustion and Flame, Vol. 72, pp. 311-

323, 1988. 

[10]. Yao, J., Stewart, D. S., “On the normal detonation shock velocity 

curvature relationship for materials with large activation energy”, 

Combustion and Flame, Vol. 100, pp. 519-528, 1995. 

[11]. Stewart, D. S., Yao, J., “The normal detonation shock velocity-

curvature relationship for materials with nonideal equation of state 

and multiple turning points”, Combustion and Flame, Vol. 113, pp. 

224-235, 1998. 

[12]. Wescott, B. L., “On detonation diffraction in condensed-phase 

explosives”, PhD thesis, University of Illinois, Urbana-

Champaign, 2005. 

[13]. Stewart, D. S., Yoo, S., Davis, W. C., “Equation of state for 

modeling the detonation reaction zone”, Proceedings of the 12th 

International Detonation Symposium, San Diego, pp. 624-631, 

http://www.intdetsymp.org/detsymp2002/PaperSubmit/FinalManu

script/pdf/Stewart-199.pdf, 2002. 

[14]. Bdzil, J., “Lecture on: Detonation front models: Theories and 

methods”, Los Alamos National Laboratory, 1999. 

[15]. Kasimov, A. R., Stewart, D. S., “Asymptotic theory of ignition 

and failure of self-sustained detonations”, Theoretical and Applied 

Mechanics (TAM) Report No 1042, University of Illinois at 

Urbana-Champaign, 2004. 

[16]. Stewart, D. S., Yao, J., Daivs, W. C., “computation of shock 

acceleration effects on detonation shock dynamics for explosives 

discribed by general equation of state”, Proceedings of the 

Combustion Institute, Vol. 28, pp. 619-628, 2000. 

[17]. Klein, R., Stewart, D. S., “The relation between curvature, rate 

state-dependence and detonation velocity”, Journal of Applied 

Mathematics, Vol. 53, pp. 1401-1435, 1993. 

Archive of SID

www.SID.ir

www.SID.ir

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir
www.SID.ir
www.SID.ir


 +�
� ,�-�  +�.�/� 0��
��   

 

���� �������� ������ 	
�	�  ��� �������� ����� �� ���!� ����� �" �#�$%�& � '!(�� ""  ��

 

[18]. DeOliveira, G., Kapila, A. K., Schwendeman, D. W., Bdzil, J. B., 

Henshaw, W. D. and Tarver, C. M., “Detonation diffraction, dead 

zonez and the ignition-and-growth model”, 13th International 

Detonation Symposium, Norfolk VA United States, 

http://www.intdetsymp.org/detsymp2006/downloadmanuscript.asp

?PDFFile=IDS080-3.pdf, 2006. 

[19]. Forest, C. A., “Burning and detonation”, Proceedings of the 7th 

International detonation symposium, Annapolis, Maryland, pp. 

234-243, 1981. 

[20]. Johnson, J. N., Tang, P. K., Forest, C. A., “Shock wave initiation 

of heterogeneous reactive solids”, Journal of Applied Physics, Vol. 

57, pp. 4323-4334, 1985. 

[21]. Lee, E. L., Tarver, C. M., “Phenomenological model of shock 

initiation in heterogeneous explosives”, Physics of Fluids, Vol. 23, 

pp. 2362–2372, 1980. 

[22]. Lee, J., “Detonation shock dynamics of composite energetic 

materials”, PhD thesis, New Mexico Institute of Mining and 

Technology, Socorro, New Mexico, 1990. 

[23]. Partom, Y., “A void collapse model for shock initiation”, 

Proceedings of the seventh symposium (International) on 

Detonation, Annapolis, Maryland, pp. 506-516, 1981. 

[24]. Davis, W. C., “Equation of state for detonation products”, 

Proceedings of the 8th Symposium (International) on Detonation, 

pp. 785-795, 1985. 

[25]. Davis, W. C., “Equation of state for detonation products”, 

Proceedings of the 10th International Detonation Symposium, pp. 

369-376, 1993. 

[26]. Davis, W. C., “Equation of state for detonation products”, 

Proceedings of the 11th International Detonation Symposium, pp. 

303-308, 1998. 

[27]. Davis, W. C., “Complete equation of state for unreacted 

solid explosive”, Combustion and Flame, Vol. 120, pp. 399-

403, 2000. 

[28]. Wescott, B. L., Stewart, D. S., Davis, W. C., “Equation of state 

and reaction rate for condensed-phase explosives”, Journal of 

Applied Physics, Vol. 98, pp. 053514, 2005. 

[29]. Gustavsen, R. L., Sheffield, S. A., Alcon, R. R., Forbes, J. W., 

Tarver, C. M., Garcia, F., “Embedded electromagnetic gauge 

measurements and modeling of shock initiation in the TATB based 

explosives LX-17 and PBX 9502”, Shock Compression of 

Condensed Matter, Atlanta, Georgia (USA), AIP Press, New York, 

pp. 1019-1022, http://link.aip.org/link/?APC/620/1019/1, 2001. 

[30]. Souers, P C., Garza, R., Vitello, P., “Ignition & growth and 

JWL++ detonation models in coarse zones”, Propellants, 

Explosives, Pyrotechnics, Vol. 27, pp. 62-71, 2002. 

[31]. Tarver, C., McGuire, E., “Reactive flow modeling of the 

interaction of TATB detonation waves with inert materials”, 

Proceedings of the 12th International Detonation Symposium San 

Diego,pp.641-649,   

http://www.sainc.com/onr/detsymp/PaperSubmit/FinalManuscript/

pdf/Tarver-069.pdf, 2002. 

[32]. Tarver, C. M., Kury, J. W., Breithaupt, R. D., “Detonation waves 

in triaminotrinitrobenzene”, Journal of Applied Physics, Vol. 82, 

pp. 3771-3782, 1997. 

 

Archive of SID

www.SID.ir

www.SID.ir

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir
www.SID.ir
www.SID.ir

