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Abstract 
Heat management of fuel cell is necessary to maintain the cell temperature in an appropriate temperature range (60-80℃) and to 
make a uniform temperature distribution in the cell, because the temperature control has a significant impact on the performance, 
efficiency and life cycle of a polymer membrane fuel cell. One of the passive cooling methods is to use phase change process. The 
heat pipe facilitates a uniform temperature control of the cell without consumption of electric power. In this paper, a heat pipe for 
cooling a low-power 200-watt fuel cell is proposed, and the two-phase and transient flow of a heat pipe with water as working fluid 
is modeled. In order to investigate the performance of the heat pipe, the volume of fluid model and the porous medium model have 
been used. Simultaneous modeling of evaporation and condensation processes in the heat pipe is performed using a user defined 
function in the ANSYS Fluent software. There is a good agreement between the experimental data and the present numerical model, 
and it is concluded that the volume of fluid model is suitable for simulation of the complex phenomena in the heat pipe. The results 
show that utilization of thermal pipe leads to maintain the temperature of the evaporator section at 69℃, which is equal to the 
temperature of the bipolar plates of the cell, and it is in the appropriate range of the operating temperature. In fact, the heat pipe is 
able to dissipate the heat of the cell properly and to maintain a relatively uniform temperature distribution inside the cell, 
simultaneously. The low values calculated for the thermal resistance of the heat pipe indicate an improvement in the performance of 
the fuel cell cooling system. 
Keywords: Polymer electrolyte membrane fuel cell, Heat Pipe, Cooling, Volume of the fluid (VOF) model 
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�

 2����N8]23 [���� V�P�� =� ,�T> �/ L�� 6
 ,�8�
���5 WI  -  E
��

qb	�  �� ���F�/���A ��	�� ��F�/ B�� �����  e8�� ��m�� �>

���5 {(_ � ��� 2�
���5 2� d
��� .����� ����� 2�
���5 �� ��� 2�.� �8

 .�/� ��@�� �0A�� B>�f e8�� ��F�/ B�� 2��� ���  

 ���� ��>��� ���� �� Y�T��b��
���5 6�F ,��> B�� ,���

�F�/�� h�> �� ��@ ���@� ����� �> ���<� � ���> X� � .��@ ��

 V�-�� ,�8�����@ ���� ,��> ���/ ���	> ���� K�
���5  �� �5 �m� ��

 ���� ���INQ � �/� ��@�
���5  2� E�� �> � ���INQ �����_ B��

 ��F�/ ���� W�� ����� ,���	> �� .�/� ��@ �/��>�
���5  2���Q �>

 ;
�J �> ���NT� ���� 6
�
���/� �
���5  � ��@ �� �5 �m� �� h�>

�F�/ B�� �����_ ���INQ .�/� ��@ �/��> � ?
� ���/��> �> ���[� 

���INQ  �����
���5 ,��Q Y��4 �>  � ,=�  �� L�� 6
 6N� �>

 ��(5 ��@ ��F����L�� ?
� �� .�/� L�� � L��/ X-_ L�� �,=�/

�� =� .�/� ��@ ���3�/� B]I]�� ^�< ��W � V�� �� �
�-�Fluent  ���f

2�T�� � ��]�� ,�8��
��  2��WN8 B�I<� �>  �� 6
 ?�@�� �> K�	��

,����`���
2

  2�>= ��C V�� ?
� �> 2� 2��� � �J� � �8��
��  ?
� ���W �

L�� ���� ���> �� ��� E
=�� � �/� ��@ ,=�/�
���5  2� E�� �> �

���� ?
� �� ��F�/ B�� ��bf Y�<34���T� Y�<34 ?
� �� �8 ��@-

.�/� ��@ �/��> ����   

  

                                                             
1 Capillary Pumped Loop (CPL) 
2 User Defined Function (UDF) 

 
 '
�1- ��9/@4C  �./. �3
3��45  14
��2 -/#9 + 
./�B�  

  

2 -  �./. �7 �94�* 04���� :�); 
�8/� '��
3��45  

6�F ,��> ,�N�I� O�.P ��F�/ B�� ���� 6
 ,���200  ����

 B��@ ��10  B/20  K�/� ���� ���� ��Q ���
���5  2��� �>12  Y��

�� ���3�/���@ ]15[ .���� ,�8�
���5  ���3�/� 6l�� ���[� ��

 B�@ a>�b� .�/� ��@2���� � ,�8�
���5  �� ,��NQ Y��4 �>

 �� Y�<34�� �5 ���f B�� ��bf e]> .���?���]��  �����
���5  ��

 �� ,����� ,���5 �� .�/� ��@ ���T� ��F�/ B�� ��bf �� Y�<34

 ��_�� a
�j =� � �� �5 �� ��F�/ B�������1l  {��j� ^�<� �>

.��� B[���  

  

  
 '
�2-  H�!"# +1�./. �7 �94�* 04���� :�); 
�8/� '�� 
IJK-

 0�*
3��45  

  

����_�j,�  ���� =��
���5  B�@ ��3  ���� .�/� ��@ ���� 2�.�

�
���5 ) �IF�� u�T@ �>ir) �A��F � (or ;���� �> (4/0  �5/1 

) ��= �J �h�  |�A =� ���N�I��316 ���� .�/� ��@ ��F�/ (

�
���5  ��[b�� �/ B��@?���]��  L�j �>eLL�j �> 6���>�
�� � 

aL ������1l L�j �>  cL> ;���� �70 �10  �30  \� .�/� ��N�I��

 =� W�� �I��  ���F�/ .�/� ��@ �� �5 �m� �� ,��� L��/ 2���Q �> W��

 ���]J �> ,WI  ���� u��wt  �>��>6/0 �59
� .�/� ��N�I�� ,�8

 ���F�/ � ,��� L��/�A �� �I��  L�1 .�/� ����  
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�3-  �./. ����*
3��45 �L M��N� 
@9/� �94�* �7  

 

 -+��1- �6"!� O9/8����= � 
P����2 Q394� + 0��( -��� +  

�������  ��N�  �_��  ���[�  

���1l  sρ kg.m-3 
۸۰۳۰  

�9
� ,���5  psC J.kg-1K-1  
۴۸۰�۵۰۲  

�
���/� �
���5 ����
�  sk W.m-1K-1  
۲۷۰�۱۶  

�I��  B]I]� ;
�J  ε -  ۵۰۰�۰  

�I��  ,�
(���3�  pK m-2  ۱۱ -
۱۰ ×۴۵۸�۵  

E
�� ���1l  lρ kg.m-3  
۲۰۰�۹۹۸  

��]> ���1l  vρ kg.m-3  
۵۵۰�۰  

E
�� �9
� ,���5  plC J.kg-1K-1  
۴۱۸۲  

�
���/� �
���5 E
��  lk W.m-1K-1  
۶۰۰�۰  

�
���/� �
���5 ��]>  vk W.m-1K-1  
۰۲۶�۰  

�AW� E
�� ������
�  lµ kg.m-1s-1  
۰۰۱�۰  

�AW� ��]> ������
�  vµ kg.m-1s-1  ۵ -
۱۰ ×۳۴�۱  

u��@� ��.   satP Pa  ۱۹۹۴۶  

u��@� ,���  satT K  ۲۰۰�۳۳۳  

2�0� ,���5  fgh  J.kg-1 
۱۰

۳
 ×۲۳۵۸  

  

3 - >(�@ HR1�B�  

L�� ��m�� �> ���� ,��Q ,=�/�
���5 B��@ X��_ Yh��T� �

 ���_ �� ,7��� � V������ �V�A ,�[> Yh��T���(5  ���N8 L��/ ,��> �

�� ���3�/� =�  ���U� �> .���@L�� ?
� ���,=�/ 
= Y��J�  ��� �> �

��.���  

1(  2�
�A�
h,� X���� ��/� �
(���  

2( .�/� �>�R ,��� L��/ � �I��  �����
� ��
W� ���� y��F  

3(  u��@� Y��4 �> ,��� ,��� �� ��]> � E
�� =� �/�.  

4(  �����
���5 �� �/� ��@ �� �5 �m� �� ,��NQ �0A ��  �> Ef��

?
� �> �A�� �������1l  ,h�>?���]��  �����
���5 ���� ���fK 

 ��@ E
�� \� ��]> �� ���� 6N� �1��
�� ,���� �> e���5 ,����

 =������1l  �N/ �>?���]�� .��� ���_ 

5( ��N� �
��= �R�
1

6���>�
�� ��_�� �� �� �����1l  �?���]��  ����

�
���5  �> �_��� ?
� ��N� �
��= �
��[� .�/� ��@ �� �5 �m� ��

����; 90 �90  �10  .�/� �A�� 

                                                             
1 Contact angle 

3 -1- 
<��/�� �.1�B�  

 2��> �
= Y��4 �> =�  ���U� �> ���N8 L��/ ,��> �1�/��� ����T�

�� ��@]24[.  

)1(  ( ) ( )v v v v v mv S
t

∂ α ρ + ∇ ⋅ α ρ =
∂

r
 

 �h�> �b>�� ��vα �vρ �vv
r  � ���1l ��N-_ �	� ;���� �>

 .�/� ��]> =�  �Q�/ ����>mS  ��/�<� ,��> ���A �N.l Y���Q

 ����T� .�/� 2�T�� � ��]�� L�j �� V�A L�[���)1( �	� ����T� �

�� ������ �N-_�N� ��� �> ����� =�  ,��> ����T� ?
� � ��@ �	� .���

 ����T� ��/� �> ����� =�  �N-_)2( �� �/� �> �
�]24[ . 

)2(  
n

l
l 1

1
=

α = 

3 -2- S/���/� �G7 �.1�B�  

 Y��4 �> ,=�  �� 2�
�A � B]I]�� ^�<� �� V������ �[> ����T�

 ����T�)3( �� v
�T�.��@  

)3(  ( ) ( ) ( ) uv vv p g S
t

∂ ρ + ∇⋅ ρε = −ε∇ + ∇⋅ ετ + ρ +
∂

rr rr
 

 �h�> ����T� ��p ��.   �6����/�v
r  ��Q�/ ����>τ  ��	���

 �e��gρ
r  � (e���5) �N-_ ,����ε  B]I]�� ^�<� B]I]� ;
�J  

�� ���� ��	8 ��_�� �� B]I]� ;
�J .�@�>�
���5  .�/� 6
 �>��>

�?��cN8 uS  �/� L�� �> ��	>�� �N.l Y���Q B��@]25[.  
  

3 -3- 0E4�9 �G7 �.1�B�  

 ^�<� �� ,7��� �[> ����T� �> ,=�  �� 2�
�A �> ���N8 B]I]��

�� 2��> �
= Y��4.��@  

)4(  

( )( ) ( )( )f f s s f f

h
eff i j f E

i

E 1 E v E p
t

k T h J S S

∂ ερ + − ε ρ + ∇ ⋅ ρ + =
∂
  
  ∇ ⋅ ∇ − + +
   
   



r

 

 �h�> �b>�� ��fE  �L��/ B� ,7���sE  ^�<� B� ,7���

 �B]I]��fρ  �L��/ ���1lsρ  ����A ^�<� ���1leffk �
���/� 

�
���5  ��Rp�T ���� �jJ  ���5 ,��> ��.��� ��@j �h
fS  �N.l Y���Q

 � L��/ �`�����ES  �/� L��/ =�  ���U� =� �@�� �N.l Y���Q]25[.  
  

3 -4 - 'N�N�� Q�!� -��  

 �N.l Y���QuS  ����T� ��3  Y��4 �> B]I]�� ^�<� ,��>

�� 2��> �
= ����T� ?
� .��@ ,���� ���8� 2�.�,�	�  �� �/� � �J�

�� L�NQ� ��3_ BF�� L��/ �>.��@  

)5(  
32

F
u

p p

Cv
S v v

K K

ε ρµε= − −
r

r r
 

 �h�> �b>�� ��pK  � ,�
(���3�FC  ����� ,�	�  V�� �A��

�� ��/�<� �
= Y��4 �> �� �/� ��@]26[.  

)6(  F
3

1.75
C

150
=

ε
 

 �> ���@ �]/ ,��� WI  ���� ,��> B]I]�� ���F�/ ,�
(���3�
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 6I> ����T� ��/� -��
=��1 �� ��/�<� ��@]26[.  

)7(  
( )

2 3

p 2
d

K
150 1

⋅ ε=
− ε

 

 ��d �� WI  ���� �bf.�@�>  
 ?��T� ,��>�
���5 �
���/�  �� ,WI  ���� u�� �I��  ,��> �Rp�

 ����T�)5(,����0> � ,�����l L�� �2 �� ��� �> ���]27[ .  

)8(  ( ) ( )n 1 n
w max mink k k −= ⋅  

)9(  ( )max l sk k 1 k= ε ⋅ + − ε ⋅  

)10(  
( )

( )
l s

min
s l

k k
k

k 1 k

⋅
=

ε ⋅ + − ε ⋅  
 

lk �
���5 �
���/�  � E
��sk �
���5 �
���/�  ���A ^�<�

.�/�  
 

3-5 - -��� >	@ -��  

2�
�A �� ����� �>�R �8=�  ?�> i��.� Bk  �,=�  ��l ,�8 �

�59
� � ���1l �INA =� ��
W�  ,�8�AW�  ?�> �i��.� Bk  ��

�� ���U� vI�]� ,�8=� L�� B��� ?�N8 �> .��� ,��Q ,=�/  

2�
�A �T��b� �� .�/� ,=�  6� 2�
�A 6
 =� �����@� ,=�  ��l ,�8

) L��/ X-_ '�� =� �J�_VOF2�
�A �/��> ,��> ( ,=�  ��l ,�8

 ?
� �� .�/� ��@ ���3�/� Yh��T� =� �_�� �Q�N-� 6
 �L��

 6
 vI�]� ,�8=�  �
) ��.� x�I]� Yh��/ ���N� ,��> V������

�� B_ ������ B� �� (L��/.��@  L�� ��L��/ X-_ V������ ����T� �

 � ?�1���� ���1l a
�j =� �8=�  V�N� �N-_ �	� �>�AW�  ������
�

 �^/��� L�� �� y��F .�/� ��	>��VOF 
= Y��4 �> �/� �> �

��
��� ]24[.  

)11(  l l v vµ = α µ + α µ  

)12(  l l v vρ = α ρ + α ρ  

 �� ����T�)3(�  uSB��@ ,=�  �� 2�
�A ,��>  �A��F ,����

�� L�NQ� L��/ �> �� �/� �R� ?��T� ��m�� �> .��@e.�  �� �<b/

��/��� qb/ ,���� L�� ���]> � E
�� ?�> i��.� Bk  ������
3
 

B���
�> ^/�� ��@ ��0�.��
4
 �� L�NQ� V������ ����T� �>.��@  

)13(  ( )
l l l l v v v v

cs lv

l vpairs.l.v,l v

c c
F

1

2<

α ρ ∇α + α ρ ∇α= σ
ρ + ρ

  

 �h�> �b>�� ��lvσ  ;
�Je.�  � �<b/c  ?�> qb/ ,��<��

 =� l  �v �/� ]24[.  

 ����T� ��)4( � ES � ��]�� X0/ B��@ ,7��� �N.l Y���Q

 ;
�J ?��cN8 .�/� 2�T���
���5 �
���/�  �����T� ?
� �� ^/���

 �/� �
= Y��4 �>]24[ .  

                                                             
1 Blake–Kozeny 
2 Chaudary and Bhandari’s model 
3 Continuum Surface Force (CSF) 
4 Brackbill 

)14(  f l l v vk k k= α + α  

3-6- ��4�NIP - - ��B��  

���@ ��m�� �> ��T��b� ?
� �� � ��]�� ,�8��
��  2��WN8 ,=�/

 ��@ v
�T� E>�� 6
 2���Q �> � ��@ ��@�� ,����`��� �� 6
 �2�T��

 ,��> �>��� ^/��V�� �> Y���_ L�[��� � L��/ 2�
�A B_ B�N�� ��W �

Fluent  ,��> �E>�� ?
� .�/� �� �5 ���f ���3�/� ���� � ��@ � �J�

 ��
��  �j �� ��]> � E
�� ,�8=�  ?�> Y���_ � V�A L�[��� ��/�<�

�� ��� �> 2�T�� � ��]�� L��A �� .���2Y���Q � ���� �N.l ,�8

��� ��/�<� ,��> ���3�/� Y���Q .�/� ��@ ����� ,7��� � V�A L�[

) ���A �N.lmS�( ,7��� �N.l Y���Q � �N-_ �	� ����T� �>   

)ES�( �� � �J� ,7��� ����T� �> .��@?��cN8 �mixT  x�I]� ,���

 ���]> � E
�� =� satT  � u��@� ,���LH  .�/� ��]�� 2�0� ,���5  
  

 -+��2- H��I2 0E4�9 + S4� ��)D 0�*]24[  

����T�  ��
��   =�   Y���Q  
  

)15(  
  

  

)16(  

  

)17(  
  
  

)18(  

 ��]��  

)mix satT T>(  

  

E
��  
  

  

��]>  

sat mix
M l l

sat

T T
S 0.1

T

−= − α ρ  

  sat mix
M l l

sat

T T
S 0.1

T

−= α ρ  

 2�T��  

)mix satT T<(  

  

E
��  
  

  

��]>  

 sat mix
M v v

sat

T T
S 0.1

T

−= α ρ  

sat mix
M v v

sat

T T
S 0.1

T

−= − α ρ

  

  

)19(  
  

  
  

)20(  

 ��]��  

)mix satT T>(  
sat mix

E l l
sat

T T
S 0.1 LH

T

−= − α ρ  

 2�T��  

)mix satT T<(  
sat mix

E v v
sat

T T
S 0.1 LH

T

−= α ρ  

  

3-7 -  + 0�4� Q394���.+9  

 ��F�/ B�� �� ,����� ,���5 a
�j =� �
�>?���]��  ����

�
���5  e]> �� Ef�� �� .��@ E �?���]���  ��@�
���5 �R �>

B�� �� ,����� �� L�NQ� ,=�� x�@ 2���Q �>6
 .��@  ,=�� x�@

 ��@�
���5 �34  ,��> 6���>�
�� ��_���� �5 �m� ��  .�/� ��@

?��cN8,��> �   

6�F ,���e]> �����1l  �����
���5  ���f ��F�/ B�� =� ���F ��

�� ����5�>�A ,=�� x�@ L�[��� ;
�J �> �,���A� �
�A���5   

�>�A �>��> �
�AW.m-2K-125 �� L�NQ� s�  B_ u��@ �� .��@

 ���� ��	8 ��_�� �� �� �/� ��@�
���5 � �/� �34 E
�� ���[� �60 

 .�/� ��@ �� E
�� \� =� �I��  �4��  
  

3-8- 01�2 '@ X+�  

 ���� ,�T> �� � ,��Q L�� 6
 ����[� ?
� ���
���5  \�]���

 ��W � V�� =� 2� ���INQ B�I<� ��m�� �> � ��@Ansys- Fluent  ���3�/�

 2��[� ,=�� x�@ �Y��/�<� X-_ e8�� ��m�� �> .�/� ��@

 ���� =� �N�� ,��> ,��<��
���5  L�� .�/� ��@ �� �5 �m� ��

 ���3�/� Y��/�<� �� L��/ X-_ ,=�  ��l L�� � B]I]�� ^�<�
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�� ��W � V�� .��@Fluent L�� �> ���f � ��]�� ��
��  2��WN8 ,=�/

 B_ B�N�� ,��> ,����`��� �� 6
 B��� ?�N8 �> K�	�� 2�T��

 ^/��Fluent ��/�<� ,��> Ef�� �� �� ?
� .�/� ��@ ���3�/�  L�[���

 E
�� i��.� Bk  �� ,7��� � V�A–  � ��]�� ,�8��
��  �j �� ��]>

Y���Q ^/�� �� �/� �� � ��� �> 2�T�� Yh��T� �� �N.l ,�8

�� L�NQ� ,7��� � �1�/��� ���3�/� �> X��_ Yh��T� ?��cN8 .���@

 X�
��1�� =�SIMPLE  ,��> V�� ����� ��
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