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� !�� ! �� � ���/ )�Q :	�3���/ ���� ��
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 :��; "/ Stahl]Z�[ A��/ 
A�� ���Q .�3�	�� C� ?�	� UO�FO9 (H2, O2, H2O, OH, H, O, HO2, H2O2, N2) � ��� �
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CD3I�7 M � �N�DO

 M� 4����3�$��� P)
�,@ @��>�� ��3�$��� P)

y/Z Z (M) ���� L	��
y/�  atm Z atm (P) !	-�� �	�� �@

y�� k [~} k (T) 	�� �!	-�� �@

30.2cm 130.3 cm

40cm

0.1cm
0.1cm

10cm

5cm

20cm 0.1cm
25.1cm

Injector
  A       B       C

Supersonic 
air flow

Archive of SID

www.SID.ir

www.SID.ir


����� ����	� 
����
� �����
 ����������������� ��� � !���� ��"#��$ 

X

Y

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.80

0.2

0.4

0.6

0.8

1

CD3Q�R �&DF3 K�S

� `	�� �/�� "��� E-X� ?�� _��/ �6-p� "��� W�� "� �	>-$	( �A�� ��� ��	V-�� ��-
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.��� AP� �n×n�n&�n×n�� � 
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�3� I�� "� C���	/  .��� "�	��/ A ;aO9 :��; "/ ��� "-����/ ���� "-�d5 :D	�� �� �P A�� "-��5 ���]Z_[.
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��-
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��� "/ ?�� C�� 3 ��

����� .
4�!3 v � 	��$�� A�X��H2O !�! "/ � ?�� �� Ny � {��/ �A�� ��� ���� 7	�� ��-
.�� �6-p� I�� "� .��/� I�� 

a� ��O! "
 ��
 ���	�� 7��! 3 4� )3 ��-
.�� @3(	� @�P��-(� "�$�� ��O� �� "3�� � "f6� 3(	� @�P��-(� "��P �	� �� �3 C
� ��-
.�� A��3� �	��	M� 3� .� ��3(��� I�� C�P��-(� �	� �� �3�9 A�� C3(	� "/ ��� � 7	� �� ��� � A2�� 01-2� "

�O�3��� 3	� �����3
�� ���	/  .��/� I�� b(	� �� <��-(� &�	� "�3 A#�� ��-
.�� A�� C3��/	
/ "-�	3(��� ��V� k*	/ C�
P��-(���9 ?2�� "/ 36;� 7	�� ����  .� ��3$�� <��-(� ���� C�� "�� ���� "f6� 4� �#/ AMXP �3E.

��/� I�� c &3(	� @�X/ "�P��-(� ��O/ �	�	� AMXP �� �3�9 A�� C3��� 7	3/�2 "/ "
 E�� �� ��9 7	36;� 7	�
 G�-X53A�� "-�	.

?�� ��| 	� "6#� �	-�� �� ?��y � {/�2 "/�6 ! ?/	P �� ?���	/ .��/� I�� a(	� �� &����5 "� 4� �#/ � ?�P 
 ��-
.������ ��9� .� ��3(	� �� C����5 "�/�2 01-2� �� �� �� 7	���� ��� � 78���3� k*	/ "
 E3(	� �� �	��P��-(� "�) ��

?��{ (����� .
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3CDV�G,� �$ :��� ��)(a) � 9�,��-�� E(b) � �,��-�� �$ (c)�,��-�� &R 
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Injector A
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CD3W�G,��:�,� !FS� OH2O��� )(a) � 9�,��-�� E(b) � �,��-�� �$ (c)�,��-�� &R 

��/� I�� b(	� "� &����5 "����� ��9�  .3��� 4� 3(��� C� � ���/ 	���-
.�� 4� ?�P 3��� �� �� 7	��� � ��-
.�� C
(	������ "
 "�(	� ����5 "�5�O/ �	� �� A�� �3���� ���P 	���-
.�� A�� C. ?�� 4� {� �� 7��! 3 ��M� A����/ �� W�'�� C

� 01-2� "
�(	� �� A2�� � ��� 7	�	� "����5 �� �� L� "� � ����  .(	� ���$� "/ I�� "�
q 0�6p� ��9� ?� A2�� 
2 :��; "/ <��-(��6�#' �� ����	/ .
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CD3X����� �4 ���� ��)(a) � 9�,��-�� E(b) � �,��-�� �$ (c)�,��-�� &R 

/��� I�� c� ��-
.�� "� &����5 E-X�� g1�	
 �^�� ���! �� $��� ���


  .(�������5 �?�	� {(	� �� "� "
 ��� 
�3(��� C�� &?�P �� �
.�� 4� �#/ � 7	I�� �
�	� 	���-b����� ���P  .� ��-/� ���$� "/ I��� ��-
.�� � "f6� 7	�(	� ��9� ?�
q "�

X/ <��-(� A2���#' �	�V���� �� 3E .��i 4��	� �� �3(	� 	���-
.�� A�� C�� "��� <��-(� 	/ 3 �� �� ���	���

 �E.

(a)

(c)

(b)
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CD3Y�G,� �:�,� !FS� OOH��� )(a) � 9�,��-�� E(b) � �,��-�� �$ (c)�,��-�� &R 

?��}� ~/�2 "/�(��� ���! �4�! 4� ��	V-�� 	/ �� "6#� ?3v$�� A�X� �OH �H � 7	�� ����  . I	��� "/ "9�! 	/
 � D	/��7���9 3� �B� "/ 7	�� 4� �+,-� :�� "/ "6#� ?�� "
 ��� ����5 E-X��9 3� 7	(�������5 �� ���	/  .

	�
���(��� ���#! "
 ����5 ��O�� 3� ��3(	� �� "6#� �/	�	� "�3�9 A�� C3 A#�� 7	3-� �� � "-�	�	� N�� "�3����
(����P��-(� �� ����5 .��i 4� �4�! 4� 3 vOH � H� �+,! 7��! �X/ ��(��� E>� �	����5 �� ��� �/ ��  	���-
.�� 7	�

	�3����/�2 "/ "6#� ���M� ���	��.

(c)

(b)

(a)
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CD3Z�G,� � :H��� )(a) � 9�,��-�� E(b) � �,��-�� �$ (c)�,��-�� &R 

CD3A[��B� �G,� &S� &26�7 �$ ��$ :X=100 cm

(c)

(b)
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