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Abstract 
In the present numerical study, 2D effect of presence of porous media on radiative efficiency in micro combustion chamber is 
investigated with taking account of conservative equations of momentum, energy and species.  The effect of equivalence ratio of 
mixture and thermal conductivity of combustor wall  as key parameters on radiative efficiency are also studied.. Based on simulation 
results,  using of porous media in combustion chamber causes to increase of mean wall temperature and consequently radiation 
efficiency of micro combustor will increased . moving flame front toward downstream and reduction of maximum flow temperature 
is as result of applying porous media as well.   Furthermore, maximum radiation efficiency is occurred in lean condition of fuel-air 
mixture. wall thermal conductivities is also perused on radiative efficiency . It is observed that there is an optimum value for 
conduction heat transfer coefficient of combustor walls, and the combustor material play an important role on radiative efficiency. 
Keywords: Micro combustion, Equivalence ratio, Radiative efficiency.   
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 (�� � ��1� 	F� � 	> :6�5DO �
 	5 ��	Y ���T
3� ���� �/ .
3� -

 g�� ������ � (�1b� �Q=4 HM 6� -���8_� g�NM ��F�� EDC �� 

���4  � �3����� �Q=4 (�� �� �/ :��I HM \��
� ��Q� �/ ]�	
M� :6�3

 Z�_ ��/	;� \��
� �/ (�1b� �Q=4 H�43�(<��) .
3� ��4 ����[�  

  

  
 -
�2-  ��,��, �' /,%�0, �1! � 6R9%� �( � 6)� %& ��' �,'(��

J)�!�� �
H�) �1! � %T>mm 2��� U�!+�, � mm 5/0� h= 

5W/m2/K   )K= 20 W/m/K(  

  

  
 -
�3 (D=,)-  �1! � ��,(E' L�(�� 6��'��� �& �' -0  �& 6'�:

 
&%�+ OE���]13[  

  

  
 -
�3)Z(-  -0 �' -.�.�� ',(� �& ���%� 
���[ ��,(E' 6��'

6'�:  )
&%�+ OE��� ]31[  ) �1! � %T>mm 1 � ��,(E' \��.;

mm5/0� h= 15W/m2/K   )K= 15 W/m/K  )Є=0.88(  

  

�1! � �' -.�.�� ',(� '(�) %�*�+  

 �FTU� �]�	
M� @�NP1� 	/ HPQP
� ���� 	�J�� �3�	/ ��F�� �/

 g�_ �/ ]�	
M�27  ���� ��?M -��/ ���.5�� V����� �/ 	
8�Q��

g�� HPQP
� ���� ��?M �� � HPQP
�  H�4 .
3� ��4 :6�34 

 ���7� -�1� � ��?M �� ]�	
M� �FTU� �R��a ������ :��� ����[�

HPQP
� ���� ��?M X�I  
I	3 ��10 ����J 	/ 	
� ��  ���0��87 .�4�/

 �� �� H�44 �� ��7�1�  ]�	
M� �FTU� �R��a ������ �� ��� ��4

 �� ���^�/ 	�J�� �� 
3� ��	� ���� :�����=� B��^ � HPQP
� ���� �/

 -������1/���� �FTU� ��� ��;�� �	�  dI�/ HPQP
� ���� ��R� .���

 g�[
�� B��^ �:��	5  D��S87 � �1��3�1/�� � ��4 �FTU� �� �

�� B��^ � �� �R��a ������ :���  H�4 .�7�5  �� �Q=4 :��� ����[�

 -�1� �� HPQP
� ���� ��?M X�I � ��?M �� �FTU� :^�	� ��U�

�� �7�01���6� \��
� Z/�m� H�4 D�� �� .�7�  �Q=4 6� B�� ���

 ��R� 	0�� -��/ �/ .
3� �
 �� B7�� �Q=4 H��1� 6� G� � B��^ �

 D��S7 � ����	M y�T� Z�	_ 6� HPQP
� ����B/�� �� :���� V�mP� �

B�� 	
1�/ �9	7 �Q=4 �M B��^ � �/ ��	� X	5  D��S87 � :��

�� 28� �Q=4 :������  :A�/ 
 � 
QI �/ �Q=4 ��M�� 6� G� ��� .���

 ]�	
M� �FTU� Ha�� �� ��R��a ����� �/ B��3� 6� �4�� ����	M

�� B7��  H�4 .�/��6  �7  ��U� D��S87 � �R��a ������ �� ���

 �� HPQP
� ���� ��?M X�I � ��?M �� ]�	
M� :^�	� 
I	36 	
� 

�� -�1� ����J 	/  .�7�  
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 -
�4-  ',(� �(]0 ^�: ) �(]0 �' �1! � 
���[ ��,(E' 6��'

�-.�.�  ) �1! � %T>mm 3��� U�!+�, � mm 5/0�  h= 5W/m2/K 

  )K= 20 W/m/K  )Є=0.9(  

  

  
 -
�5(D=,)-  ^�: ) �(]0 �' /,%�0, �1! � 6R9%� �( � 6��'

-.�.�� �'�� �(]0  ) �1! � %T>mm 3��� U�!+�, � mm 5/0�  

h= 5W/m2/K   )K= 20 W/m/K  )Є=0.88(  

  

  
 

 
)١( 

 
)٢(  

 -
�5(Z)- )�(]0 �' /,%�0, �1! � �' ��' �(���91 ^�: ) (

)�(]02-.�.�� �'�� (  ) �1! � %T>mm 3��� U�!+�, � mm 5/0� 

h= 5W/m2/K   )K= 20 W/m/K  )Є=0.88(  
  

 H�4 �� ����[� �/4  �6 �� ��7�1�  	�A�/ :�.
I	3 �� �� ��4

 -���8� 	
1�/ HPQP
� ���� ��R� 	�J�� ��FTU� �/ :���� V�QP�

�� .��4  
 

  
 -
�6-  ',(� �(]0 ^�: ) �(]0 �' �1! � 
���[ ��,(E' 6��'

-.�.��  ) �1! � %T>mm 3��� U�!+�, � mm 5/0�  h= 5W/m2/K 

  )K= 20 W/m/K  )Є=0.88(  

  

  
 -
�7-  �(]0 ^�: ) �(]0 �' /,%�0, �1! � 6R9%� �( � 6��'

-.�.�� �'��  ) �1! � %T>mm 3��� U�!+�, � mm 5/0�  h= 

5W/m2/K   )K= 20 W/m/K  )Є=0.88(  
  

  

 �Q=4 ��M�� ��	��� ]�	
M� �FTU� �/ :���� V�QP� 
I	3 B��^ � �/

�� �5��1� ��9�  �FTU� �� HPQP
� ���� ��R� 	0�� � 	_ 6� .��4

�� dI�/  Z�	_ 6� �9 �FTU� Ha�� 6� ��� ��4B/��  Z�	_ 6� �9 �


�� �R��a ������ �/ 	
1�/ B��3� �� H��� D�87 �/ .��4 H[

 �� ����[� �� �R��a ������ :��� �:���� V�QP� 	�A�/ :�.
I	3

�� ���� :	
1�/ B��^ � D���� :�.
I	3  \��
� ��3� 	/ D��S87 .���

�� ��7�1� H�4 �� D�� ����[� � �/	;�  �
I	3 B��^ � �/ �� ��4

�� B7�� X	01�� ��M�� :��� �^ � �� 	�� D�� H��� .�/�� 	
1�/ B�

 
I	3 �� �R��a ������ :��� 	�A�/�� ��4�/ ��  	
1�/ B��^ � D��

�� H�.�� �� :���� V�QP� -�4 X	01�� ��R��a ������ :���  .���

 H�4 �� �� ���0��878 �� ��7�1�  V�QP� 
I	3 B��^ � �/ ���4

 :�����=� B��^ � ]�	
M� �FTU� �R��a ������ `3�
� :��� �:����

��	� ����  6� ���T
3� �� 
3� 
�=Y�� D�� ���7� -�1� 	�� D�� .
3�

 g��3 	�A�/ :�.
I	3 �/ �� :����� �� ��FTU� Ha�� HPQP
� ����

�� ����� :	
./ -������ �
3� 6��� :����  �� �;�� 6� 	�� D�� .�7�

 -������1/�� 
3� `��	� �R��a ������ :��� �/ ��.9 -��� @��N/ �

 �� 
3� D�� 	0���/ ���� 6� ���T
3� �:���� V�QP� D���� :�.
I	3 ��

 �������� B��^ � �� �����9 	�J�� HPQP
�B/��  �/ ��/ �9 � �
4���

.���;���/ �FTU� ����	M -������ B7��  
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 -
�8-  \:%� �� �' /,%�0, �1! � 
���[ ��,(E' L�(�� 6��'

-.�.�� ',(� �(]0 ^�: ) �(]0 �' D��.�  ) �1! � %T>mm 3 �

��� U�!+�, mm 5/0� h= 5W/m2/K   )K= 20 W/m/K  )

Є=0.88(  

  

 H�4 �� ��4 ���� -�1� \��
� ��3� 	/8 V�QP� 
I	3 B��^ � �/ �

 -� �;�
� �� �� �
 �� B��^ � �R��a ������ :��� `3�
� �:����

 -������1/���� B��^ � �  ��3� 	/ ��I�� D�� @��J� :�	/ .�/��

)�m/��16 -������ (��1/ -� -��/ � HPQP
� ���� �/ �FTU� :�	/ �

 H�4 �� .
3� ��4 ��3�U�9 ����[�  -������ :�	/ :�1/�� �FTU� �

 ��3� 	/ .
3� ��4 X�;�� HPQP
� ���� ��?M X�I � ��?M �� ]�	
M�

 B��^ � �/ �9	5� HPQP
� ���� -��/ ]�	
M� �FTU� �� H�4 D��

�6� v	� B��^ � 
QI �/ :���� V�QP� 
I	3 :��� �:f	�� -�4 �

 �/ ��� B��^ � D�� �m/�� Z�_ ��� �
3� �
 �� B��^ � �FTU� �R��a

)�m/�� Z�_ ����
/ �� 
��� :�M16 -������ (1/�� .�7� B��^ � �� �

 :��� 	/ ��cI 
I	3 B��^ � �/ HPQP
� ���� �/ ]�	
M� �FTU� �� ���

 -������ ��R��a ������ `3�
�1/�� :�����=� B��^ � � ��	� ����

 -������ B��^ � :�	/ ���� 6� ���T
3� 	�J�� �/�P/ H�4 D�� .
3�

1/���� -�1� �� �	��� ]�	
M� �FTU� �  .�7�H�4 �� �� �9	5� 8  ��

 
I	36  6� ��� �
3� O� ����/ `3�
� :��� }c
a� ����J 	/ 	
�

)�m/�� Z�_ �� �;��16 ���	� 6� ��� 	�J�� (4 ��  B��^ � D�� ��4�/

 -������ B��^ � �� �.R�� H/�Y 	�J�� ^�9�� :���1/�� ��	� �T�� �

 
��Pq D��S87 � �Q=4 H��1� HU� B[� ]�  ����� 	/ ��cI .
3�

 -������ 	/ 	�J�� 	0�� ����� 6� �Q=41/���� �  ��� @�=��m� �� �4�/

 ^h�M �
�� .���	5 �7��a ��U� H�4 �/ �R�� �/ �� 	0�� 
�87�9 

�� H>�M  B��^ � �/ �HPQP
� ���� -��/ �FTU� �� �� 
3� D�� ��4

 -������ 
I	31/���� B7�� ���� B��^ � D�M �� �  �� ���M �� .�/��

 V�QP� 
I	3 B��^ � �/ ��FTU� �/ HPQP
� ���� -�4 � �q� 6� �=/

 -������ �:����1/���� B��^ � � � D�� .�/�� 6� ���T
3� ������ ����8

 �	��� �� HPQP
� ����CHP �� ����� ��  	/ ��cI ����	�f D�� �	�6 .���

 D����B/�� �� �H3�
  @�TU> :�	/  Z�	_ 6� �� �R�	a :�76�5 �����

.��� H���� ���	
��� -��� �/ D�/��� �	���  

  
 -
�9- %�%&)%
�� 
2F2+ �'��&�  �1! � %T>2 
���U�!+�, �%�� 

 ���5/0
���%��� ,(7 ) �@)���7 6%��(�9(��, a(�.�� h=5 

W/m2/K   )K= 20 W/m/K ]13[ 
  

  

*�+�% I7 \H�� ��,6  


���  O7 �
�� ����./ :6��  ��6�/ B��^ � �� 
�87� ^h�M :�

 � ����	M1/�� � ]�	
M� �FTU��� �	��� �4�/]15[. BP/ D�� ��� 

O7 
��� 	�J��  ������ `3�
� :��� 	/ :���� V�QP� :6���3�	/ 

��F�� D��/ .
3� ��4�  ]�	
M� �FTU� ���Q� �/ �	���  ����.9  
���

O7 <Q
P� :6�����4 �	��� ]�	
M� � � ��4 :6�3  ������ `3�
� :���

���	5 ��3�U� H�4 .10 D�0����  ]�	
M� �FTU� �R��a ������ :���

 ����.9 
��� O7 �� -�1� �� @��T
� :6�� -�87 .�7� �� �� ��_

 H�410 
3� �P1�� O7 
��� B��^ �  6� :6��6/0  �/9/0  	��b�

 ���M �����70 �� ��;�� �R�� O7 
��� :�	/ ��� ����  :6��1  ��

�/ ����[� O7 
���  :6��9/0  ���M ��� 	��b�15  �R��
3� �R�� �/ .

H�4 �/ 10� �� ��7�1� M �� ��4��� 	e��� �R��a ������ D�0���� :

 ��FTU��� O7 
��� Z�Y� :6��  :	
�����
3� ���[� ����^� �� �

�� �� 	�� D�� H��� .�
 � �� ]�T��  D�/ ����	M x��Q��� �� -���

�	� �;
�R �FTU� ������ � �FTU� �/ :���� V�QP�]30�13[ �/ .

 H�4 �� �/ �R��11  �12 TU� Ha�� �� ��� ��
��� �� �� ]�	
M� �F

�� -�1� �� ��7�1� ��7� O7 
��� �� �Q=4 �� ��4  :6��9/0 

���1��� H>�M �� :	
8� :��� D��S87 � 	�  	e���M �� �9	5� .���

O7 
��� �� �Q=4 :���  :6��1  B��^ � 
QI �/ ��� �
3� ��4 H>�M

O7 
��� �� �R��a ������ `3�
� :��� ��Q=4 g�_  :6��9/0  	�A�/

.
3� � 6��� X�I 	�� D�:	
�����
3� V�QP� 6� ���T
3� �/  �� �	���

�FTU�  �7��  -������ 	e���M �/ �/��
3� ��F�� �/1/��� �� �����   .���

B���6� 6� �a	/ �� �;�
� D�� :�7 ^�� �/	;� ��7�1�  � �� .
3� ��4

�f ]30[ B�����87 � �� D��S87 � ]13[ O7 
��� 	�J��  :��� 	/ :6��

 .���	� �3�	/ �� 	�	/�	��� 6� �R�	a :��� D��S87 � �R��a ������

 :��� 	e���M D��S87 � �R��a ������ �� ��� 	e���M �f � ��

O7 
��� �� �� �R�	a  :6��9/0  ^�� B�����87 � �� .���	� ��7�1�

 ��6�/ B��^ �1/��O7 
��� �� �� �  :6��9/0 � �����.���	  �� �9	5�

 ���[� D�� �7�01���6� @�[�[U� 6� �a	/8/0 .
3� ��4 (��^5  
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 -
�10 - )%
�� /,%�0, �1! � 
���[ ��,(E' L�(�� 6��') a(�.�

�@)���7-\H�� �' ,(7 I7 6�7 6��, D��.��(  ��� �1! � %T>mm 2 

��� U�!+�, )  mm 5/0  �- h=5 W/m2/K  )K= 20 W/m/K  

  
 -
�11 - I7 \H�� ���� �& /,%�0, �1! � �' ��' �(���9 6��,1 � - h=5 

W/m2/K  )K= 20 W/m/K  

  

  
 -
�12- I7 \H�� ���� �& /,%�0, �1! � �' ��' �(���9 6��,9/0  � - 

h=5 W/m2/K  )K= 20 W/m/K  

  

 H�4 ��13 ����[�  -������ D�/ :�1/�� 
��� �3 �� 	�	/ �	��� �

O7  6� �Q>�M \��
�  6� ��F
�� Z�_ .
3� ��4 ���� -�1� <Q
P� :6��

 H�411  �12 -������ ���/ �1/��O7 
��� �� ���1�/ �  :6��9/0 

�� ��7�1� �� ���0��87 .��4 H>�M  -������ ���41/�� 
��� �� �

O7 .���� �� ���[� D�	
1�/ Z�Y� :6��  

 

  
 -
�13-  �����,�
2&�+ %�%& )%
��-  �1! � %T>2  U�!+�, �%������

 ���5/0%������- h=5 W/m2/K   )K= 20 W/m/K.  

  

*�+�% %;Ec 2���� J�,%0 P�B��,
 'E�,( ' d��)E�,((  

����	5 �����3�  ��=/� �� ]�	
M� :������ �� ���5�� :	�J�� �����

�� �T�� �	��� ���]1[.����	5 �����3�  �FTU� :��U� :�
3�� ��

 :���� V�QP� -�	� X	01�� �/ � ��4 ����	M y�T� dI�/ �]�	
M�

�� 28�  g�[
�� 	0�� }	_ 6� .���:��	5 �I�=4  
 � B��^ � dI�/

�� ]�	
M� �FTU� ����	M H�4�� .��4 14  	�J������	5 �����3� 

^�	� ��U� �� �Q=4 :��� 	e���M D��S87 � �Q=4 -��� 	/ ������ :

H�4 �� .
3� ��4 ���� -�1� ]�	
M� �FTU� 14 �� ��7�1�  �� ��4

 D���� 	���[�����	5 �����3� A�/ :���� -��	R :�7 
I	3 �� � 

 H��1� 
�Q/�Y �Q=4	�	/ �	��� Ha�� �� ����� ��R� �/ �� `��	4 D�� .

�� 2���/���� �FTU� `��	4  ��7�1� H�4 D�� �� .�	� �	  	/�	/ -���

�� � ��4i�	q 	�A�/ 	���[� � �1��3� @��	M g�[
�� �� �� �Q=4 �

�� H��1� :���� �/ 	
���^� � �FTU� Ha�� ����� H�4 �� .�7� 15 

 ���� .
3� ��4 ���� -�1� �R��a ������ :��� 	/ i�	q D�� 	�J��

��  B��^ � �/ �� ��4����	5 �����3� �R��a ������ �� ��� w�6�� �

��� 
��M ]�	
M� �FTU��� ���� �
a��  `3�
� :��� D��S87 .���

 A�/ 	���[� �� � �
 �� B��^ � i�	q D�� B��^ � �/ ������

)K m 10 W/m/K 6� :���6 	��b� ����� �R��a �m3 �� ��� w�6�� (

�8� -�1� ��a .�7�  �� �R��a ������ `3�
� :��� B��^ �

 :�.8
��31/��) ����
����� ��	�  B��^ � dI�/ (�7����	�f -������

/� .�4 �7��a �.R�� H/�Y @��> 

  

 -
�14 -  �' /,%�0, �1! � 6R9%� �( � �' ��' 
E��%e 
E�����

J)�!�� /,%�0, �1! �  �,(7 ) �@)���7 6%��(�9(��, a(�.�- h=5 

W/m2/K   
  

 H�416  -������1/�� @��	M g�[
�� i��	q �� �FTU� �	��� �
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