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Numerical Simulation of a Tubular Solid Oxide Fuel Cell with FLUENT and Comparison the 
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Abstract 
In an attempt to achieve efficient operation with respect to design and combined thermal and electrochemical perspective, a 
computational model of tubular SOFC is presented. The FLUENT software was used for the development of the model. The 
particular model, after validation against experimental observations for selected benchmark cases, was demonstrated to be a basic 
model for further research in this area. For validation of obtained result, i.e. COMSOL Multiphysics, was used which is based on 
Finite Element Method (FEM). The results showed that the difference of them is less than of 6% for power density and less than 7% 
for output voltage and so both software are acceptable. 
Keywords: Solid Oxide Fuel Cell, Numerical Simulation, COMSOL Multiphysics, FLUENT.  
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 7� ��, ~�	1�]18[:  

)11(  0).( =∇∇ ss Vσ  

(��	� �3A�; E�	D ���	
���  ���� ��D I�G
�� �A�<� TG  � 7� 	�)���

�� �� :H��	D��D �3�  

)12(  0).( =∇−∇ ee Vσ  
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aγ  �aγ a�� t��	R  � E���� � E��� ���5�aactE ,  �cactE , 

E`	�� t��	� �D Z3 I�.  E�3 .��
�3 E���� � E��� EA�7  

a�yV �3E I�.   	�A TD��� -5� �D t��	� �D ���� � ��� 57 EA�7

��, ��7�@�  ���]20[:  

)20(  aeasaact VV ,,, −=η  

)21(  idealcecscact VVV −−= ,,,η  

asV ,  �aeV ,  �
���	
��� A�  � (���	
���) ���< A�  J����
� t��	� �D

 ���� �� (����)csV ,  �ceV ,  � ��
�3 ���� ���� � ���	
��� J����
�

idealV  M��A�D ���� `�
��  �yD�� A� ���:
7� �D �� 7� (��	� `�
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a�yV �y7�� �D I�.  ��53�) dO
Q� E�3  E��� `�
�� (�
oO� �EA�7

) I�O7cellV ����) ��	� `�
�� A� 	
5� �1�53 ( `�
�� .7� (A�D

�� I�O7 E��� :��, 8��D S��/ H��D �����  

)23(  )()()( iiiVV concohmactidealcell ηηη −−−=  

e�  �yD�� �� actη I�.  a�yV  ���	
��� �� �� EA�7ohmη  a�yV

 � (���	
��� � ����) �53�concη .7� ��	
��� �� �� �
oO� a�yV  

  

3 -2- %(6� Q9-6�  

A�; �o:@� E���� ���  H��.� E��� E��� � ��	< 	�� �X	7

������ �� .7� ��, F��X � 8��	< E�	D (Mq� L�X EA	� z	, �3

 D�B ��1  �<�	K 8��	< EA	� z	, .7� �
 � ��� �D ��	; E�	D

 � 	:/ `�
�� EA	� z	, t��	� �D ���� � ��� ���	�D ~y7 �� .7�

0, =asV  E��� `�
��cellcs VV =,  z	, H�� .7� ��, d�	.�

J�� ����O5X `�
�� EA	� �� d�	.� �� �
K�7  �
�D 8��	< ���� � ���

�� .��,  I��< �� ���:
7� ���� E��� T��	,2 .7� ��, �/\K  

  

87��2- 8�� �& �&� .�- &�*� %��, Q9-6� %(�� ] 5  713[  

�/�K  ���G�  

 ���G�<M� ) JQOQ
� ��=�� E�	D1/m2(  1013× 1  

) K�7 ��	< �D�kg/s(  7- 10× 5/ 2  
) ��3 ��	< �D�kg/s(  5- 10×35/ 1  

) ��3 � K�7 E���� E���C°(  700 
) ��3 E���� E���C°(  700 

) E��� ��1 Pa(  101325 
j� E���� ��	< 	��  525/0  

8`����3 E���� ��	< 	��  475/0  
8s���� E���� ��	< 	��  292/0  

��� ��@�� ��
�� ����/  3 
��� JQOQ� t�	R ���� /  35/0  

  

	
����� EA	� T��	, 	D ��\X  p��K 8�f53 M�� ����� E��X E�3

��, H��.� ���D I�� �� �
 � ��� �D ���� ���M� .  E�3	
�����

 ���	
��� F�G@� H�� �� ���:
7� ������  I��<3  �p��K ���M�  

dO
Q� E�M<� E�	D ���� M�� ��  I��<4 7� ��, 7	9 ]22[. 

  

  

 87��3- $� ��96.�)- R-*/ �+,- �./*� ���� ]13[  

�/�K  ���G�  

) Z
��7 �O� 8��	<A(  108 

) ���	
��� ���G�ohm-m(  1/0  

8��	< d�:Q� t�	R  3/0  

) ��� ������ 8��	< ���0^A(  7 10×00/ 1  

 8��	< ���0^) ���� ������A(  512 

���� � ��� I�G
�� t�	R  5/0  

) ��� �;����7�1/ohm-m(  333330 

) ���� �;����7�1/ohm-m(  7937 

45< �;����7� ) 8��	< �����1/ohm-m(  7 10×5/ 1  

) ��� �7�5� ���G�ohm-m2(  7- 10×00/ 1  

) ���� �7�5� ���G�ohm-m2(  8- 10×00/ 1  

  

 87��4-  &-*� R-*/$� ���(�� ] �./*�22[  

�/�K  ���  ����  ���	
���  

) ���0^kg/m3(  3030  4375  5371  

��7� ���) ����	;W/m.K(  1/595  ��� 4D��  2/585  

) �s�� E��	;J/kg.K(  23/6  15/1  2/2  

  

4 - :9�.�  

4-1 - �#� &7��� ?�M S7� �� %(��  

�L	  ���, ��M �  E��DGAMBIT 
 � ��� �D I�� K�7 E�	D �

7�. ���=� E��D ���, � �3  E��D �� ��, ��6��GAMBIT  E�	D

 �D ���7� �D �	
1�D J�O@�L	�  ��M � FLUENT �� ���� .��, L	�   ��M �

FLUENT  ���@� Z6= (�� A� �0
���� SW��.� J= E�	D

�� ���:
7� J�� �� ��� �
K�7 I	
�� Z6= 8���X �D ��  �� ���3

�� 	o� �� 8��	< 8����  .�	�;�	 ���, ���  ��y7 A� I�� E��D

 ����� �D �<�� �D I�� ���9
�� � ����
D� ��y7 E�	D .�, A��� ���	�D

����
7� �7��3 ���, ����� ��<� M�� E��@� 8��G� � 7� E�  �� E��D

 H�� j�Q
�� �D .�, j�Q
�� �.OR ��9^ S��/ �D � ��yV S�l
Q�

���, b�� �� a3�� LAW ���, ���9� ���.� E��D ��D� � �����= ��

 8��f53 J= V�7� W�D ��� . �� EM�	� ���� E�	D ���, b�� H��

�� ��3 8��	< ���� 4V����  �� ���, 8�^ ��� t7��� ��,�D

 �A���� H��f53 .��D �3��K �gOg� S��/ �D M�	� �� ��yV S�l
Q�

�� �X�D �� �, �3��K M�� ����D ���,  E�� �3��, I�	0
�� ��,

�<� �� J= ���� X	7 A� � �,��� � �� V� E���� ���, E�3 �
7

���, E�	D J��� H�53 �D .��,  ���� ���9
�� � ����
D� ~y7 E��D

 ��
7� �D ��6�� �.OR ��9^ ���, A� EM�	�Guad L	�   ��M �

GAMBIT .�, ���:
7�   

���, E�	D  A� M�� �7��3 JK�� E��D���, a, E��D �9<�  ���:
7�

���, 8���� �= �� �� 7� H�� j�Q
�� H�� J��� .�,  �D E��D

�/ 	3 4yG� ~y7 H��	D��D .��,�D 8��	< 9< �� �� ��, L�6�� ���

 �� ���9
�� � ����
D� ��y7 E�� ��, ��6�� ���, �D �<�� �D ���,

���, � ��, 	��l� ���� I�> �� ��6�� �9<� a, E�3  ���, J� ��

 I�� Z6=79860 I�O7 ��MD .���� ��<�  ��� H�	�E	o�� 

 �D ���@�20 ���, ��
K�7 .7� �� I�� E��D  J�,2  ���� 8�1�

.7� ��,   
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���, A� J�V J�� EA�7  �0
�D�� L�X A� ���D U��
� ��	Q
7� � �
K�7

���, �D U��
�  J�, �� ��o�� H�53 E�	D .��5� J/�= 8���5>� E��D

3 �5����, E�	D 8��	< ���0^ t�=	D 8��� ���0^ ��� E��D  E�3

8�53 .7� ��, �N��� dO
Q� ��� �� ��>�� �  j�Q
�� ���, ���,

I�� E�	D ��, �� � 7� t7��� EA�7  �� ��5� J/�= 8���5>� 8���

 k\
K� ���, ���.� a��M � �D 8�^ ��
�3 ���, A� JG
�� U��
�

 A� 	
5� ��= H�	
1�D �� U��
�2/1 .7� �/��  �� H�� �J�,

�� ��3�1� a��M � �D �� ��,  �D 8� A� �<�	K 8��� �8��	< ���0^

���1�D  ��K ���G� �A�D ��A/m2 5000-4000  �D ����� �� � ���7�

�D 8��� 	
1�D a��M � S�, ��  � �� 	o� �D �^	;� .���  ���G� �7�

����5� ���1�D �yG� �� �=�	> ���9D �� x� -��M� ��� �3�  8� 8��D

�D  � ��=�� .7� i��	yK S�, �D J�� E�	D oO� A� �,�� E�3   

  
 $��2- ��#� ��./��  �& 8�� %�	�GAMBIT  

  

  
 $��3- 8�� %-6� ��#� (- :9�.� 8T;.�-  %&7�7 %��&) �9��C°700 

 $W�WX 730(%  
  

4-1 -1 - :9�.� ��	���#.'-  

I�� 8�^  E�	D �7� E�.D �7 S��/ �D F�G@� H�� �� EA�7

����
7� S�l
Q� H
 	; 	o� �� �D 7� LAW ����5� H�� Z7�  E�	D E�

 �7��3���� ����A 9< �� ����:
7� ���� E�  dO
Q� E�3	
����� A� E�

H�0���� `�
�� �� � 8��� � 8��	< ���0^ Jg�  �� �� ��, L�6�� E	�;

J�� I�> �� �yG� 	3 E�A� �D 4V��  E�	D H�0���� ���G� -� �
K�7

 �@y7 H�0���� F�G@� H�� �� .�,�D �
,�� ��<� ����5� �� a��5�

�G� �D �3	
�����J/�= b�56� Z�  � �D�Q
�� ������ 	�q
� j	R

) ����.� F�> � ~y7 J� =��� 	D �<� =���24�� L�6�� ( .��,  

)24(  ∫ ∑
=

=
n

i
ii A

A
dA

A
1

11 ϕϕ  

 J�,4  	D�	D �� Z
��7 �<�	K `�
�� ���G� E�	D 	R�= ��� �6�
�

�� 8�1� SW�G� 	��7 U��
� �D ����G� �� �� �O� 8��	< ���0^  .�3�

G� H�� � �����03 �3�01���A� ��� A� J/�= U��
� J��, SW�

 8����53]23[ ���, �  8����53 � �
�O7� E��X EA�7]13[ �� �  8�

 8����53 � ��]24[ .7� �� ��3�1�  I�� E�	D `�
�� ���G� �� ��,

I�� 	��7 �D ����G� �� �3�01���A� U��
� � 	R�= ����7�@�  �3

���; �D ����� E	
1�D k\
K�  	
5� 8��	< ���0^ 	���G� E�	D �� E�

 A�mA/cm2 250  A� a�D �D �3�01���A� U��
� �D k\
K�15  �/��

�� �� �� b�R�� H�� .�7�  F�V� I	
�� 8���� L�X �D �<�� �D 8���

 vW�5.� �3�01���A� E�3��� �� .��� ~�R�� �3�01���A� T��	,

k\��  ��, ���:
7� ���� p��K �� �l��K�� J��� �D �lQ1��� E�3

�y�@� J���X H��f53 .���� ��<� I�� ��  OX �D �9�� �R��� EA�7

�� U��
� �� �yK ��6�� �X�D �7� ���,� �5�	�� �3��  H�� .��,

k\�� t<�� J���X �	D��� ��.� �3�01���A� `�
�� �� ���3  �O5X E�3

�� ���0^ �� �s�� �D �	
5� J� `�
�� �D 	6�� ��9� �� �� ���,  E�3

 �7� ���A ���G� ���G� �� H���� 8��	<��  �� H�� 	D ��\X .��,

 �D �3	
����� F�V� FD�y� 8���� S�V�� �3�; ��3�01���A� E�3���

����@� J���  I�g� E�	D .����� ��<� I�� 	D �O�5@� dO
Q� E�3

J�� -^�� �A���� ���<����� �
K�7  �8� EW�D E��� E��� �

�A���� J�� �� �D	6� S��/ �D �3	
����� E	�;  ���,� �� �
K�7

�� .�A�7  

 J�, �� 	0�� ����7�@� E�3��� U��
� �D 	R�= ��� U��
� ����G�4 

�� 8�1� ���; �D 7� 	
5� ���� H�� �� U��
� k\
K� �� �3�  �� E�

I�� 	��7 � 	R�= ����7�@� I�� E�	D `�
�� ���G�  	
5� � \
K� �3

 A�5 �� 8�1� �� �/��  U��
� �D �	R�= ��� U��
� H�D H�� �� .�3�

 8����53 � �
�O7� F�G@�]13[ ���; �D ���� E	
1�D ����Q53  �� E�

 A� 	
5� �D k\
K� Z� 8��	< ���0^ �D �=��� �� `�
�� ���G� E�	D3 

�� �/��  8����53 � �
�O7� F�G@� �� .�7�]13[ I���� I�>  E�3

 A� J�V I��7 8��	< �� 7� ��, ���
�� 8� E��
D� �� ��3 � K�7

� �D �D ���� �
 �� �.7�� \��� ��= �D �3��	
���� ���	
��� ��=�

 ���0^ �� U��
� 	
1�D k\
K� J�W� A� ��� H��	D��D ��7	D

8��	< �� I���� E��
D� 	0�� S���X �D � W�D E�3  b�R�� H�� �����

I���� E��
D� 	R�= F�G@� I�� �� 8�^ ��,�D  � K�7 8��	< E�3

3��	
��� � ���	
��� �D ��3 ����
D� 5�V �� � 7� ��� �

J�� �5� �
 �� �.7�� 8��	< ��
K�7  k\
K� OX .�,�D5  E�/��

�� ���G�G@� ���G� �D 	R�= ��� U��
�  8����53 � �� 8�]24[  �D M��

J�� A� E�.D �� ��, I�� -� �9�� �� 7� J��� H��  �
K�7

���� ���<����� 8�53 � ���	� �N��� E�  ���G� �� �� ��> ���,� ��K

��	� I�.  a�yV E�	D ��� I�� A� �
oO� � EA�7 ���7 E�3  ���:
7� E�

��	� �� J= V� a3�� �X�D �� ��� ���� ��9�1�� 8�,��K � ��,  ���

I�� H�� ��  ���9D ���D �3��1QD. J�, FD�y� 4 �� 	o� �D  �� �7�

��� t7��� �
oO� a�yV E�	D �9�� F�G@� �� ��, ���:
7� I��� 

^ �� W�D 8��	< ���0^ �� `�
�� 	���G� 8� �� aG� �
oO� a�yV

.7� 	
1�D ����D 	0�� E�3��� �D ����G� �� ���� E	�	B��  
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�$� 4-  6[�M \;�X :9�.�7 NO�;� 69�� %&�' 7 ��6�X :9�.�  

  

J�� I�� F �� ����� A� w�  E	
����� �7�	D ��^ 7� LAW ��
K�7

 �� .��, L�6�� I�� E�� �O/� S�lQ1� ������ �� ��, 8��D U��
�

 �� ���� I�� ����� E��� T��	, � ���� p��K ��7��3 J�, �����

�� �
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