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Abstract  
In this study a two-dimensional combustion chamber was simulated to investigate the effect of oscillating inlet air in turbulent 
Methane-Air diffusion flame. In this study, the velocity of inlet air to combustion chamber was oscillated in form of sinusoidal with 
amplitude about half of the inlet velocity in steady state and 20 Hz frequencies. The time step in numerical analysis was considered 
as 1/8 time in per cycle. According to considered frequency, the time step was 0.00625s and the results was investigated after 100 
and 200 complete cycles. The PDF model was used for estimate the turbulence-combustion interaction and the turbulent behavior of 
streams is predicted via the standard k−ε model. The modeling of thermal formation of NOx was adopted the extended Zeldovich 
mechanism. The temperature distribution from PDF model has a better agreement with experimental results than Eddy dissipation 
model. Also the results show that using of oscillating inlet air, in addition to increasing temperature, will cause increasing in NOx 
from the combustion and changing of the frequency to 50 and 100 Hz have an insignificant effects on temperature distributions. 

Keywords: Turbulence, Probability density function, NOx, Oscillating inlet air. 
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)7(  
∂,ρεu(''''''/∂x) = CXY ε'kG9 + ∂R(μ + μ= σX⁄ ),∂ε' ∂x)⁄ /T∂x) � CXLρ' εL+k  

 ��Z[ = 1 �\]Y = 1.44 �\]L = 1.92 �Z] = 1.3 ����� � �

:�2 
$� 	2�	2 �(
,-�  U	��  

)8(  G9 = μ= 45∂u&+∂x) +
∂u(+∂x�6; ∂u&+∂x) � 23∂u&+∂x) δ�) _μ= ∂u9'''∂x9 + ρk'''` 

 �(
,-� \�-�� ^�	7� 	�; \��12:��-  

I = V<
Vcde = f 23kuL + vL 

- �� &��2 	�; \��12 �
,-� .�	
/�  �	2  U	�� ����7�:��-  

)9(  
∂,(ρE + p)u(''''''''''''''/∂x) = ∂R(kjkk),∂T+ ∂x)Q / � ∑ h)j) +) ,τ'jkku)/T∂x)+ So 

 ��p  5�  U	��(p = q � r K⁄ + �L 2⁄ )  �q  �~��
��

�� ���6� .�-�2#stt  �uP  [��	� �2����	= �����$�  � 	3����- 

 ���= S+�u  [��	� �2 Z�2 ����7� 
$�� 
'$ \���4 9���� .
$�

&��2 a$��  U	�� N�Q
�� �����S��$����= S+� � dY�� � �0�
TL� 

�� .�-�2vw &��2 ������*'T  ����'�- S���� ;� 5E�/ ����	/ O���

.
$�  

  

4-1 - K��0,)12, *&��  
�2 
*4 �
,-� &��2 &��	T �� �G,6� .�	
/� ���� ��$�	2 9�� �� 

�7��8� N�� O2�� ���(C N�'
/�  �	2 
$�2 S��'0	2 &���� 

�(
,-� � .�	
/� ���� ���,
$� ��	@ �
?	= N�� .
$� ���e� ���@ 


$� ���Q� a$�
� 
G*c ��LT� ���(C � �� �� ��� ����� ����$�6� ;� 

W�	_ ��$�6� 	�� )�*+� �2 .���� 
$� �� 9�� N�� 	�� )�*+� 

SQ� �
�T	2 � �� ���$���-  ;�$ ;�$ �,�� ������ �	�;  ;��� �2 

5/ \Z��7� ���=��T 	0  �	2 �LT 
��� � �%�� �2 5/ #� � �� �� 

����7�  �	2 ��
���� ���Q� #� ��&��� ���'� 	�� ��	T �0 	(�� 
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�LT� �� 9�'+� 	�� .�; )�*+� �2 \��E 	�� ��	T &�'�� �0 �-�� 


B�$ ;� ��- ���-�2 �� a$�� ����7� 	�; ^�	7� �� ��-]25[:  

  

  
(^��)  

  
({)  

 @��3-  �*�A� �� +  +# LE�2 M%�1� *��# (F �*�'�� *��# (DE,

 *�'�� ��!�N �# �?�A�150 *)1�
�
�  

  

)10(  f = Y� � Y�,yzY�,k � Y�,yz 
�� D���	�; �0 f � ox �2 [��	� 	(���2 ��LT� 
B�$ ���������� � 

�� .��-�2\Z��7� N�Q
�� 	�� )�*+� � �� &� D������ &��	T �
,-� 

�2 \��E 	�; ���� ��-���:  

)11(  
∂∂x) ,ρu)f/̅ = ∂∂x) 5μ=σ= ∂f

̅∂x)6 
)12(  ∂∂x) {ρu)fL|+ } = ∂∂x) ~μ=σ= ∂f

L|+
∂x)�+ C�μ= 5 ∂f̅∂x)6 � C�ρ εk fL|+  

 Z�2 \Z��7� ��ZH �\�  �\� �� 
2�3  	���Q���-�2]26[ 	���Q� .

�G6� 	���Q� ����; a$�
� �  � ���(C O2�� N�� ����7� �2 a��	� Z�2

9��7� O2�� 9�� .
$� N�'
/� d�	_� �� N��$ 9
-�� ��	@ N�'
/� �����

 
��/% �� �� N�'
/� ����7� .
$� ��'� &��2 	�; \��12 &���]26[:  

)13(  P(f) = f��Y(1 � f)��Y� f��Y(1 � f)��Ydf 
 ���  �� :�2 ��	2�	2  

α = f̅ 4f,̅1 � f/̅
fL|+ � 1; β = ,1 � f/̅ 4f,̅1 � f/̅

fL|+ � 1; 
�� �2 &��� �� ��� � �LT� a$�
� ��	T 	�� 	�; �82�� ;� ���,
$�

:��'� ��$�6�  

)14(  ϕ+ � = � p(f)ϕ(f)dfY
�  

S��	�c .�	
/�  �	2 �2  U	�� ����7� #���2����	�c 
��/ �� � �
+���

�� ��$�6� 5� �~��
�� ;� ���,
$�:��-  

)15(  
∂∂t (ρH) + ∇. (ρv��H) = ∇. 5k=c� ∇H6 + So 

�� ^�	7� 	�; \��12 5� �~��
�� &� �� ��:��-  

H =�Y)H))
 

 ���P  ���= ��	T 	��j�2 
$� 	2�	2 � <�  

H) = � c�,)dT�
����,� + h)�(Tejk,)) 

qP�("�st,P)  ���= 5��"� �~��
��j OT	�  ��� �� <�"�st,P .
$�  

  

4-2 - :.3+)1
� *�-�
45, *&�4E��  
 5��"� ��6�NOx �4�'!� a$�� ����	/S���� ;�  �  �0

 �(
�2�� �2 ����'�-�� 9��7� ���; ����	/ <L����� &���72 �� ��	=

�7$�� �
?��Zeldovich  S���� �$ �*�$�2 � 
$� ��- �
B��-


"=;�2�� ^�E�� 	�; 	�e� ��	=]27[ :  

)16(  O + NL ↔ N+ NO 

)17(  N + OL ↔ O+ NO 

)18(  N + OH ↔ H+ NO 

  

 K+��1-  �Q	5,+ RS
���� *,)� T)� )%#�=�Zeldovich �A�'( �1N�%

 @
�Q( �#NO ]28[.  

¡¢,£ = £. ¤ × £¦¤§�¨¤¨©¦ ª⁄  ¡«,£ = ¨. © × £¦©§�¬­® ª⁄  ¡¢,­ = £. ¤ × £¦¤ª§�¬¯¤¦ ª⁄  #�,L = 3.81 × 10±"²�L�³L� ´⁄  ¡¢,¨ = ©. £ × £¦©§�¬®¦ ª⁄  #�,± = 1.7 × 10³²�Lµ¶·� ´⁄  
  

 Z�2 N��T �� ��#t,Y  �#t,L  �#t,± 
2�3 [��	� �2  �	2 b	�  �0

S���� � 
?�  �0#�,Y  �#�,L  �#�,± 
2�3 �2 	���
� b	�  �0

S������ 
"=	2  �0 &����� N������  �	2 ��LT N��7� P�� .��-�2

 
$� 	�; \��12 L��]23[:  
O2 + M ↔ O + O + M 		�O� = k��OL�Y/L �O� = 3.97 × 10¶	T�Y/L�OL�Y/L	e�±Y�º� �⁄  

 N�Q
�� ����7�NO :�2 
$� 	2�	2  

)19(  ∂∂t (ρY»¼) + ∇. (ρVY»¼) = ∇. (ρDj∇Y»¼) + S»¼ 

  

5- M%�1� + V��  
���- ;� ���� 
$�2 F��
� �!�$���
4� ��G�� �2 ;�$  ��4 �O�;�� 

�;���� 	���Q� �2 ���� 
$�2  ��6� � �4�7-  ��� ����Q� ��-  	�=

��5�- �� .��-  �04-  �2 ���� 
$�2  ��� O�;�� �T�	B � �� ^��

<	� ;� ���,
$� ��L?�Fluent �;���� ����� 	���Q� �2 ����Q� ��-  	�=

�2	!� 	���Q� �2 ���� 
$� �2  ��� .
$� ��- ]22[   ��4  �]23[ 

 P��  ;� ���,
$� �2Eddy Dissipation  �
?	= ��	@ ����Q� ����

  O�;�� � �G,6� L�	� ��  ��6�  ��� O�;��  �0 5�- �� .
$�

  ��6� 5E��? ��  ���150 �200  �300  ��- ���� &�"� 	
'�*��

 
$�2 F��
� 9�2 �2�B 
Q2�8� �� �0� �� &�"� F��
� ����Q� .
$�

�i��� F��
� �2 ���� �����8��'0 �N�v� &���72 .���� ��T� ��- 5�- ��
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 4-�� ��0�"� ��;����  ��� 	v���/ &��� ��- ��$�6� � ��-  	�=

 [��	� �2 ��-4/17  �2/23 �� 	
'�*�� .�-�2  

  

  
(^��)  

  
({)  

(�)  

  
(�)  

 @��4-  *�'�� ��!�N �# �?�A� *��# (F �*�'�� *��# (DE,150 

 *�'�� ��!�N �# �?�A� *��# (W �*)1�
�
�200  *��# (# �*)1�
�
�

 *�'�� ��!�N �# �?�A�300 .*)1�
�
�  

  

�;����  ��� 	v���/ 	���Q� �����/ �� �2 ��- ��$�6� � ��-  	�=

 [��	�1713  �1825  &����	= ��Y72 .
$� 9��*�  ��6� �����

 5�- �� ��- ��$�6�4- 	���Q� �2 �2�B 
Q2�8� �,�� ��6� ;� ^��

�;������ &�"� ��-  	�=S�� ������� .�0�P�� ���2  �0PDF   �	2

A�U�S��	�c .�	
/�  �0 a$�� �2�+2 �
+���Haworth ]29[  �����

�� ��G
�� �����8��'0 � 
$� ��- O2�� P�� ;� 5E�/ F��
� 
?�

��(C�2��	= NY6'm� P�� �2 
���  	
"�2 
@�  ���� N�'
/� �  �

�� � 
$�.��'� ��0�"� ���� 
$�2 F��
� �� �� 
@� 9�� &���  

 ���Q� ����Q�NOx  OT	� �� ��- �i���]23[  ��$�6� ���Q� �

 P�� ;� ���,
$� �2 ��-Non-Premixed  5�- ��5  .
$� ��- �i���

�� ��0�"� �����8��'0 
G*c 	v���/ &��� ��-NO  P�� �� ��

�� &���� ��- ��$�6� .�-�2  

  

  
 @��5 -  )%#�=� �4%�=�NO.0,)12, �G �� *S5)� >X �# .  

  

 D~$                              
4	$ �82�� �2 ��0  ���� &��	T� = 0.5076 + 
 ∗ �
�(� ∗ �)  �2� = 125.66	¾¿À/� 

�� 	��}� ���$�� \��12����� 9
?	=	G� �� �2 .A�0� � ^*
+�  �0

<�=) ����� �\��,
� ����;  �0
 (254/0 <�= �  ����;00625/0  ����3

  �	2 \��$�6� 9�� .
$� ��- �
?	= 	G� �� 
4	$  ���� N�'4�  �	2

 ���7� �2  ��0  ����100 �B	C  ��7�) 5���5 ����3 � (200 �B	C 

 ��7�) 5���10 ����3 � <�!�� (5�- �� &� ;� 5E�/ F��
�  �05- ^��

�� &�"� ���� 
$�2 F��
� .
$� ��- �i��� � ��  ���� N�'4� �� �0�

�
?�� �2 W2�8� .�- �0��B �*7- �� ��� S��L?� [T�� �$���$  �0

Fleifil  S�����'0 �]30[�� �� ��� S��L?� 9�� � 	��}� �!�
� �� &���

Y�� S0�� � ����'�- S���� ���� �� .�	
/� �G,6� ;� ����	/ d

&� .
���� ��0  ���� &�- ���$�� �8$��2 &�$�� �� &��� &�"� �0

  ;�$��;� b	� 	2 �%T�� 52�@ 	3� 
4	$��	=  \��$�6� W�_ 	2 .����

  ���� �2 ��	'0 � ���$��  ���� &��2 
��/ �� �� �
?	= \��E

 ����$��z�0�  N�Q
����	= 	�| 
��/ �� �� �T�	B ;	� ��  �2 ��-

 [��	�39/771  �34/718 �� \�� ��6� ��  ��� O�;�� ����Q� .�-�2

 ��) �4�7- 
%T �� �  L�	���  �*E�?150 � 200   �	2 ( 	
� �*��

 
��/ ��100  �200 �B	C  5�- �� &�$�� 5���6  ��- ���� &�"�

 ;� 5E�/ F��
� .
$�100  �200 �B	C �� 	(���� �2�"� 5��� -

 �	��� ;� ���-�2100 �B	C 2 	(��  �0����'� �� � ����Q� OT	� &���4

.
$� ��- �
?	= 	G� ��  5�- ��6-�� ��0�"� { ��- �� 	v���/
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 N�'
/� ���(C O2�� P�� ;� ���,
$� �2 ���� 
��/ �� ���� 
$�2  ���

1755 �� 9��*��-�2.  

  

(���)  

(�)  

(�)  

 @��6 -  �# �?�A� *��# (F �*�'�� ����& >�'1� *��# (DE,

 *�'�� ��!�N150  *�'�� ��!�N �# �?�A� *��# (W �*)1�
�
�200 

A� *��# (# �*)1�
�
� *�'�� ��!�N �# �?�300 *)1�
�
�  

  

 ��� 9�� ���$��  ��� 
��/ �� P�� 9�'0  	�=���2 �2 �����/ ��

 �2 	2�	21827  .
$� 9��*�� ��� S��L?� O�;�� 	2 ���L$ �2 	�3�NO  ��

] ���� �G,6�32 .[ 5�- ��7  �G,6� �� )�*+� 	�� O�;�� ����Q�

 O�;�� �5�- W2�8� .
$� ��- �i��� ���$�� � ���� 
��/ �� 9�2 .�	
/�

 #��L� 5E��? �� ���� �2 ���� 
��/ �2 ���$�� 
��/ )�*+� 	��

2 <;Z .
$� \��,
� 
B�$  �	!�*+� 	�� 
$� 	�| � )�

 	
�����
$� &�
� )�*+�  �	2-  	2	2 ��0058/0  \��,� .�-�2 ��

 ����� O�;�� � ��� O�;�� �� dY
B� �2 	!�� )�*+� 	�� O�;��

 .��- �� &U�	
��  

  
 @��7- Z'�[� )45 $%&'( �#  LE�2 (DE, *,'- *#+�+ (F �%��

 \��5)N �� ����'�20 S()-  

  

  

  

  

(^��)    

  

  

({)    

 @��8-  $7�=� �# �?�A� *��#Á ¬⁄ �¨Á ¬⁄  +­Â  �% &,�X);  �#

 (DE, *�'�� ��!�N150  (F  )1�
�
�200 )1�
�
�  
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  9���� N�'4� ;� �-�� \�	��}� 9��X'0�B	C  	2 �$���$  ����

 O_�Q� �� .�	
/� ����� O�;��Ã 4⁄ �3Ã 4⁄  �2π  #� ;��B	C 

  ��6� 5E��? �� �4�7-  ��� \��12150 �200  �2  	
'�*��

 5�- �� [��	�8-.
$� ��- A$� { � ^��  

 5�- ��9  
��/ � ���� 
��/ �� 9�2 ��� O�;�� ����Q�  ����

 D���	? �2 ���$��  ��020  �*E�? �� L�	04/0  .�	
/� �G,6�  	
�

.
$� ��- <�!��  �2 ��� S��L?� ]4�2 ��0 ���$��  ���� �5�- W2�8�

 �� .�	
/� �G,6� L�	� �� ���� 5��"� ��'4 A%$ �� �!�� ;� .��-

NO  �2  	!�� .�	
/�  ��� S��L?� �
$� ����	/ <L����� �2 )�2	�

 5��"� S��L?�� .��- �� .�	
/� �G,6� �� &U�	
�� ����  
  

  
 @��9-  ��# $%&'(�#  LE�2 (DE, �� ����'� *,'- *#+�+ (F �%��

 \��5)N20 S()-  

  

 5�- ��10- 	���Q� � �� ^��NO  	2 ���$�� � ���� 
��/ �� 9�2

  ��6�  �0 �*E�? �� � &��Q� ��6�  ��150  � 	
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