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. �

çÏ FÚ *ÖÎÒ z�� FLUENT ver.6.0j �Ï~� ç7 zêR �ò*æ~ *Vz�' �C 5 F� ÚöB~
FÚ~ FÿßWj ªC~&
. � *ÖÎÒ¢ Û� F� Ú~ F³, {K, Nê, ³ê 5 *~&ê ª�ö &� 
·
� ;�¢ áj > ®îb�, F� :¶�ö V� >wb 5 �Wb~ Fÿö &� ;��¦V �'~ F� ;�¢
Ö;� > ®î
. �f ?f *ÖÎÒ O»j ÒÏ~� ç7 zêR �ò*æ~ *�" ªÒ6 F�~ ��¢ �'z
~º� 
Ö FÒ~
.

Abstract: A numerical analysis of electrochemical reaction and dynamics of the fluid flow in the channels of a
DMFC separator was carried out by using a commercial Computational Fluid Dynamics(CFD) code Fluent(ver.6.0).
From the simulation work, many valuable informations were obtained in terms of distributions of velocity, pressure,
temperature, concentration and current density over the flow field. And it was possible to optimize the flow field
structure by using the simulation results. The simulation work using the CFD code was found very helpful in anal-
ysing the phenomena occurring in the fuel cell and optimizing the structures of electrodes and flow field.
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1. B �

ç7 zêR �ò*æ(direct methanol fuel cell, DMFC)º
î�Ú ö.æöb� ~ã �z'�� ö.æ ÎN� ¸V r
^ö &;Ï *ö 6º Z&Ï *öb� ôf ��& ê¯ 7
ö ®
1,2). ç7 zêR �ò*æ~ �Ê�f Fig. 1" ?
. *
�î ïj 7�b� Öz*�" ~ö*�� *~~� >wb~
�/" �WB *¶~ ÷* ��j ~º ªÒ6b� �W>Ú
®
. ��� ç7 zêR �ò*æ~ BBö ®ÚB ''~ �
Wº²ö &� �'zB Jêº 
Ö 7º~
. ��¾ 
B 

þj Û� ç7 zêR �ò*æ~ �'zB ��¢ Ö;~�
Jê~V *�Bº ôf �K� ²ºB
. ß® ªÒ6 F�
(flow field)¢ 
·� ;�� Jê~� �'z~º ·ëf ôf

jÏ" �*� jº~² B
. V¢B �ò*æ~ ��ö ®Ú
B >~�C V»j �Ï~V *� ��& �B® ��Úæ�
®
3,4).
>~�C V»j �Ï� �ò*æ~ �Ò.�~ö &� ��
º *Ò 
·� çÏ *ÖFÚ��(Computational Fluid
Dynamics, CFD) z�¢ �Ï~� �B® ê¯ 7ö ®º�,
*ÖFÚ��f �" Fÿ Ò�~ &�' 6º j&�'b� Î
Û� B� :2º FÚ
~ ¾-ö.æ-Úÿ&ê¢ ��V¢ �
Ï~� >~'b� êÖ~º ©�
. ��� ��V¢ �Ï�
FÚ*ÖÎÒº 
B 
þj Û� �C~V ¾� �ò*æö &
� �C" �'zB �Ê�~ Jêö ôf êæj * > ®
.
�*~ *ÖFÚ��j �Ï� �ò*æö &� �Cf �B�
;�~ 2Nö' êz�(2-dimensional domain)ö &� �C5,6)

6º �Ç� >�' êÖ7)j Û� ��Úræò, ��V~ B
�" Fÿ �CV~ BB �Ò� FÚ*ÖÎÒ¢ *� çÏ z
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�~ BB �b� 3Nö' �Ò.�~ö &� ��& �B® ê
¯ 7�
. ��¾ �ò*æ~ �Ç� *Vz�' >w" v ç

~ b�ö &� �ÇWb� �� 
B �ò*æ �Ê�~ J
êö FÚ*ÖÎÒ¢ 'Ï~Vú �*® ôf ÚJæ� ®
.
V¢B 
B �ò*æ~ 
þ Ö"f ¾ ¦�>�Bê *ÖÎ
Ò ";� �BzB Î� BB� jº~
.
� ��öBº Fÿ�C V» 7 F�Ú'»(finite volume

method, FVM)j V�b� ~� ®º çÏ FÚ*ÖÎÒ z�
� FLUENT(ver. 6.0)¢ �Ï~&
. FLUENT¢ �Ï� ç7
zêR �ò*æö &� ��º ªÒ6 �~ �'z¢ *� J
ê¦ªö ô� wÏ>� ®
8). ��¾ FÚ*ÖÎÒ z�¢ �
Ï~� ç7 zêR �ò*æ Ú *�î ï-*� 7�Ú~ *
Vz�' >wj �C~Vú ÚJæ� ®
. V¢B FLUENT
¢ �Ï� ;{� ç7 zêR �ò*æ~ *Vz� >wj �
C~V *�Bº UDFs(user-defined functions)6º UDSs(user-
defined scalars)¢ ÒÏ~�¢ �
9,10).
� ��öBº ç7 zêR �ò*æ~ *Vz�' �C" ·
� ªÒ6 F�~ ;�ö V� FÚ Fÿj �C~&
. ç7
zêR �ò*æ~ *Vz�' �Cj *� ç7 zêR �ò
*æ~ 
B �Ê�" ÿ¢~² êz�j �W~� *�j Û
� {Ö>º zêR~ ³êf Ö²~ ³ê¢ êÖ~� ç7 z
êR �ò*æ~ WË�Fj ÖÂ~&
. 6� ·�(cathode) ª
Ò6 F�~ ;�ö V� FÚ~ Fÿj �C~V *~� ·�
*�" ªÒ6 F�òb� ��Úê êz�j �W~&�, ·�
>wö V� Ö² 5 b~ ³êª�¢ êÖ~&
. 

2. >~�C 5 Î�*B

2.1. æV O;�
��V¢ �Ï� FÚ*ÖÎÒº V�'b� îï, Úÿï, ö
.æö &� ��»�j V�b� �
. ��¾ Úÿïf 3Nö
ÇV�æ� 
B� 5B~ O;�b� ��Úæ�, �
 O;�
f 
æ> �ã jF; Þ�ª�
� ��Úæ² B
. 
� ��öB ÒÏB FLUENTº V�'b� Navier-Stokes�
j V.� ~�, Fÿ �CV» 7 F�Ú'»j V�b� �


. F�Ú'»f Ò'; _f â'; Ï¶~ ��b� �WB

'; êÖ Ï¶ ÚöB Ï¶~ ãê¢ Û� Â«~º Fÿ
fluxf �� �� Ï¶Ú¦öB æz~º Fÿæ>
 *~ �
�O;�
� ��Úæ�, �©
~ * Fÿ'�ö &� Fÿ
j æV~º �ªO;�j "Ò'b� Ú' 'ª~º ©�
.
V¢B � ��~ 3Nö êz�ö &� FÚ *ÖÎÒ¢ *�
Bº êz� ;W ê Ï¶(mesh) ;W";j Û� Ï¶¢ ò

�, ''~ ãêö &� ãê��" .V ��
j «K ê ê
Ö";j Û� �~ >Zj á² F r j�² �C� &Ë�
ê
.  
� ��ö ÒÏB bî �� 5 Úÿï ���f 
r" ?

.

(1)

(2)

(3)

*~ Úÿï ���öB ç7 zêR �ò*æ~ *�" �
ª¶ *�î ï ÚöB~ >wb {Öö &� �Cj *~�
Darcy's law(3)& 'Ï>î
. ç7 zêR �ò*æ Ú >wb
~ Nê æzö &� �C" >wb 5 �Wb~ ª�¢ �C
~V *� ö.æ��" bî�ÿ�f 
r" ?
.

(4)

(5)

*~ �
j Û� r�" ·� ªÒ6 F�öB~ zêR ³
êf Ö²~ ³ê& êÖ>î
. 6� r�" ·� /
[ Ú~
zêR ³êf Ö²~ ³ê& êÖ>î
. � Î�~ ç7 zê
R �ò*æ~ WË�Fj �~V *� *Vz��f 
r" ?

. Ren et al12)ö V�� zêR ³ê& 0.1 M �çöB zê
R~ Öz>wf 1N >wb� � ��öB~ zêR Özö ~
� Tafel�f 
r" ?
.

(6)

6�, ·� /
[~ Ö² ~ö>wö &� Tafel�f 
r"
?
.

∂
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--------- ∂2
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---------+ +
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∂
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---- ρC
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Fig. 1. Schematic diagram and electrochemical reaction of the
DMFC.
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(7)

IPº ·�öB zêR ��ÊJªö ~� B�~º zêR Ö
zö &� *~&ê¢ ~��
. ��¾ � ��~ Î�öBº
zêR ��ÊJª& ì
� &;~&V r^ö IPº 0b� ~
&
. *~ �öB "*{(η)f ³ê "*{" �Wz "*{
5 &� "*{~ �j ~��
. "*{f 
r~ Butler-
Volmer�b� �*F > ®º� 

(8)

*~ �öB 
Ö ·f "*{ö &�B �Wz "*{~ '
Ë� 
æ² >� V¢B *~ �f 
r" ?� B
.

(9)

��¾ 
Ö � "*{ö &�Bº 
r" ?f �

(10)

b� �*>Ú *æ~ **f *�"~ &ê¢ ��&
. *
�
j 
B *�~ *~f *{"~ &êö 'Ï~� *�~
' ßW 8j r > ®
12). ç7 zêR �ò*æ~ Ôf *
~&ê '�öB~ "*{f *~*�&�� æV'��, ¸f
*~&ê '�öB~ "*{f bî*�&�� æV'� B
.
*~ �
j Û� r�" ·�~ "*{ 8
� ��æ� ç7
zêR �ò*æ~ *{f 
r~ �b� �� > ®
.

(11)

*~ �öB f º Ö² ~ö" zêR Özö
&� ���' ï; **� B²� *{"º 
� 8j <º
.
�ö~� B²� *{f ·�~ Ö² ~ö>wö ®ÚB zê
R ��ÊJªö ~� bW **¢ ��~V r^�
. 6�, *
~ �öB �N*êê κº ç7 zêR �ò*æ~ *�î�
j*® >z>Ú ¢;� >²�N *êê¢ <º
� &;~&

. Table 1f *~ *Vz��
ö &� � Î�~ bÒz�'
bW 8
�
13-15).

2.2. *Vz�' �Cj *� 3Nö êz�
� ��öBº çÏ FÚ *ÖÎÒ z�� FLUENT(ver.

6.0)¢ �Ï~� ç7 zêR �ò*æ �**æö &� *Vz

�' �Cj ~&
. ç7 zêR �ò*æ~ *Vz�' �C
j *� �WB 3Nö êz�f Fig. 2f ?
. �ª¶ *�î
(polymer electrolyte membrane, PEM)j 7�b� ·ãö *
Vz� >wj *� /
[(catalyst layer)" >wb~ {Öj
*� VÚ {Ö[(gas diffusion layer)� *~� ®�, >wb~
�/" �WB *¶~ ÷* ��j ~º ªÒ6� *~�
. r
� ªÒ6 F�¢ Û� �/>º ¢; ³ê~ zêRf VÚ
{Ö[j Û� /
[ræ {ÖB
. /
[b� {ÖB zêR
f zêR Öz>wö ~� >²�N" *¶ 5 �Özê²¢
�W~�, >²�Nf *�î ïj Û� ·�b� �ÿ~� *
¶º ªÒ6j Û� ÷*B
. ·� ªÒ6 F�¢ Û� �/>
º Ö²º VÚ {Ö[j Û� /
[ræ {ÖB
. /
[b
� {ÖB Ö²º r�öB >ÚN >²�N" �¦²�¢ Û
� �ÿ� *¶f~ ~ö>wj Û� bj �W�Î
. 
� ��öBº r� 5 ·�ö zêR 5 Ö²¢ �/~� '
'~ VÚ {Ö[j Û� /
[b� {ÖB zêR" Ö²~ ³
êö &� êÖj >¯~&
. �r ''~ *�ö &� source
termj �Ï~� ¢;~² /
[öB zêR" Ö²& ²j>
� �Özê² 5 b� �WB
� &;~&
. 6� *�î ï
ö &�F zêR" b~ R"êö "�� source termj 'Ï
~� ¢;� ³ê� zêR" b� R"�
� &;~&
.

FLUENT¢ �Ï� ç7 zêR �ò*æ~ *ÖÎÒ¢ *�
Bº ''~ �Wº²(*�îï, *� 5 ªÒ6)~ bWö &
� ;�& jº~
. ç7 zêR �ò*æöB �ª¶ *�î
f Ï
ö &� >z>� ¦b 5 bW~& æ~º ßûj &
æ� ®
. � ��öBº ��� *�î~ æ~º bW8j �
;~� ÒÏ~&
. � ��ö ÒÏB *�îï, /
[, VÚ{
Ö[(ê²«�, carbon paper) 5 ªÒ6 �~ �Vº Table 2
f ?
16). � � ç7 zêR �ò*æ �Ê�~ *� 5 ª
Ò6~ bWf Table 3" ?
17).
� ��~ FÚ *ÖÎÒ¢ Û� ç7 zêR �ò*æ~ *

I I P+ I0 ref,
O2

1 s–( )ρgCg
O2

ρg ref, Cg ref,
O2

--------------------------------
αcF

RT
----------ηC– 

 exp=

i i 0
1 α–( )zFη

RT
----------------------------exp α– Fη

RT
---------------exp–=

ηct
RT

nFi0
-----------=

η RT
αnF
-----------= i0ln

RT
αnF
----------- iln–

Vcell U0
O2

U0
MeOH

– ηA– ηC I
HmS

κ
----------– IRcontact–+=

U0
O2

U0
MeOH

Table 1. Physicochemical properties used in this model13-15).

Anodic transfer coefficient(αa) 0.239

Cathodic transfer coefficent(αc) 0.875

Reference exchange current density in the anode( ) 94.25A/cm2

Reference exchange current density in the cathode( ) 0.0422A/cm2

Thermodynamic potential of MeOH oxidation( )           1.24V

Thermodynamic potential of oxygen reduction( )             0.03V

Proton conductivity(κ) 0.123S/cm

I0 ref,
MeOH

I0 ref,
O2

U0
MeOH

U0
O2

Fig. 2. 3-dimensional domain in the present model.

Table 2. Dimension of the DMFC components.

direction (mm)
 inlet/outlet 
channels

electrode
electrolytegas diffusion 

layer
catalyst 
layer

x length 0.8 0.66 0.15 0.51

y height 0.8 0.22 0.05 0.17

z width 30 30 30 30
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Vz�' �Cj *~� ;çç�¢ &;~&
. 6� �Nç�
5 *�î~ >²�N *êêº ¢;~� 7/&�" zêR �
�ÊJª¢ Û� bW**º  ì
� &;~&
. 

2.3. ~ö� ªÒ6 Jê¢ *� 3Nö êz�
ç7 zêR �ò*æ~ ·�öBº Ö²& �/>� r�ö
B �ÿ� >²�N" *¶~ ~ö>wö ~� b� �WB
.
�-² �WB bf *�î ïj >z�Ê� >²�N *êê
¢ Ã&�Î
. ��¾ ·�öB �WB b� ö�~² B�>
æ á� ãÖ s>*ç(flooding)ö ~� �/b� Ö²º *�
b� ö�~² {Ö>V ¾

. V¢B ·�öB �WB b~
ö�� B�º ç7 zêR �ò*æ~ WËö ®ÚB 
Ö 7
º~
. ��� ·�~ �/b� Ö²~ ö�� �/" �WB
b~ ö�� B�¢ *�F ·� ªÒ6 F�~ Jê& Zí�

 7º~
. � ��öBº ·� ªÒ6 F�~ ^ &æ ;�
ö &� ÿ¢� ��öB Ö²f b~ Fÿ ª�¢ �C~&
.
Fig. 3f ·� ªÒ6 F�~ ;�ö V� FÚ~ Fÿ�Cj
*� 3Nö êz�b�B, (a)~ ãÖº «�f Â�& ~¾~
F�(serpentine flow type)� ��Úê ;���, (b)~ ãÖº
ªÒ6 7�öB ï¯~² >wb� �/>º ;���, îæï
b� (c)~ ãÖº ªÒ6 (b)f F�~ ;�& ÿ¢~¾ «�
f Â�& vªOË~ >çb� ·ã 7�öB �/>º ;�
�
. ''~ ªÒ6 F� (a),(b),(c)º >wb~ {Ö ��j ~
º VÚ {Ö[" 7/>Ú ®
18).
� ��öBº ·� ªÒ6 F�¢ Û� ¢;� F³~ Ö²
& �/>� ªÒ6 F�f 7/>Ú ®º VÚ {Ö[f source
termj �Ï~� ¢;� ³ê� b� �WB
� &;~&
.
�r �W>º bf 25 cm2~ *� �'j <º 
B ç7 z
êR �ò*æ �**æöB 4 A~ *~¢ �Ú "îj r �
W>º b~ ·�
. 6� ;çç� 5 �Nç�¢ &;~&
.   

3. Ö" 5 �V

b& Fig. 2~ êz�j <º ç7 zêR �ò*æ~ *Vz
�' �C" Fig. 3~ (a),(b),(c)~ ^ &æ 
� ;�¢ <º
·� ªÒ6 F�ö &� FÚ~ Fÿ�Cj >¯~&
. ç7
zêR �ò*æ~ *Vz�' �Cj *� Ú* �� 5 &;
f Table 4f ?
. r�ö �/>º zêR ³êº 1 M��
·�öº B>� Ö²& �/B
. r� 5 ·�ö �/>º >
wbf B� >&OË(counter current flow)b� v�² B
.  

3.1. ç7 zêR �ò*æ~ *Vz�' �C
ç7 zêR �ò*æ~ *Vz�' �Cj *~� r� /

[ Ú~ zêR ³ê ª�ö &� Ö"& �Ï>î
. r�
ªÒ6~ «�öB F«>º zêR ³êº 1 M�
. ��¾ r
�ªÒ6 F�¢ æ¾�B *�j Û� zêRf {Ö>�, �

� �� *� /
[öB~ zêR~ ³êº .Vö ªÒ6 F
�öB F«B zêR ³ê�
 Ôf ³ê¢ <² B
. V¢B
zêR~ Öz>w� ¢Ú¾º /
[öBº 
B �/>º z
êR ³ê�
 Ôf ³êöB zêR Öz& ¢ÚÂ
. � Î�
~ *Ö ÎÒ¢ Û� êÖB *�îï-*� 7�Úf ªÒ6 F

Table 3. Material properties.

carbon paper
(gas diffusion layer)

graphite plate

Thickness(mm) 0.219 -

Density(kg/cm3) 450 1950

Thermal conductivity(W/mK) 1.674 1.162e+2

Porosity 0.78 -

Fig. 3. 3-dimensional domains for three flow types; (a)serpentine
flow field, (b)parallel flow field(I), (c)parallel flow field(II).

Table 4. Operating conditions used in this model.

Parameters Values

Cell Temp.(oC) 80

Anode pressure(atm) 1

Cathode pressure(atm) 1

Anode inlet velocity(m/s) 0.1

Cathode inlet velocity(m/s) 0.1

Methanol concentration(M) 1

Oxygen concentration(%) 100

Contact resistance(m2) 0
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�~ zêR ³êª�º Fig. 4f ?
. ªÒ6 F�f *� 5
*�î~ zêR ³ê& '' 
�² ¾æ¾� ®
. 6� *�
îï-*� 7�Úf ªÒ6 F�öB~ Ö² ³êª�º Fig. 5
f ?
. 

Fig. 6f ��� /
[~ ��(x-direction)ö &� zêR ³
êª�¢ ��"� ®
. zêR ³ê& ¸f ¦ªf r� ªÒ
6 F�f ò¾º ¦ªb� ç7'b� zêRj �/ Aº ¦
ª��, ·ãö zêR ³ê& Ôf ¦ªf ªÒ6 F�& jò
�¾2�Þf ç7 7/>Ú ®º ¦ª�
. V¢B � Ö"�
¦V r� ªÒ6 �" 7�®º /
[~ zêR ³êº ¸�
�¾2�Þ 6" 7�®º /
[~ zêR ³êº Ô² ¾æ
¾² B
. 6� Fig. 7f r� ªÒ6~ vªOËö V� /

[öB~ zêR ³ê ª��
. zêR� �/>º «�¦ªö
B Â�¦ªb� .>� zêR ³ê& Ôjöj " > ®
.

�º �/B zêR� *�b� {Ö>� zêR Öz>w� ¢
Ú¾V r^ö Â�� .>� zêR ³ê& ÔjæV r^�

. Fig. 8f r� ªÒ6 F�~ vª OËö V� {Ö["
/
[ 5 *�îöB~ zêR ³ê ª��
. *�îï-*�
7�Ú~ zêR ³ê& vªOËö V¢ 6²~� ®
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Fig. 4. Contour of methanol concentration in the MEA and flow
channel.

Fig. 5. Contour of oxygen concentration in the MEA and flow
channel.

Fig. 6. Methanol concentration distribution in the anode flow channel.

Fig. 7. Methanol concentration distribution along axial direction in
the anode catalyst layer.

Fig. 8. Methanol concentration distribution along the flow direction
in the anode catalyst layer.
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Fig. 9. Polarization curve in the present model.

Fig. 10. Local current density distribution along the flow direction. Fig. 11. Contour of water on the various types of cathode flow field.
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List of Symbols

C mass fraction, kg/kg
D diffusivity, cm2/s
F Faraday constant, 96,487C/mol
HmS membrane separator thickness, mm
I current density, A/cm2

I0 effective current density, A/cm2

IP parasitic current density at cathode resulting
from methanol crossover, A/cm2

j species mass flux, kg/cm2s
source term in species conservation equation, kg/cm3s

R gas constant, J/(molK)
Rcontact ohmic constant resistance, Ω/cm2

m·

Fig. 12. Distribution of water on the various types of cathode flow
field.
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t time, s

T temperature, K

u velocity, m/s

Vcell cell voltage, V

x coordinate, mm

y coordinate, mm

z coordinate, mm

Greek Symbols

αa anodic transfer coefficient at anode

αc cathodic  transfer coefficient at cathode

ε porosity

h overpotential, V

k ionic conductivity of membrane, cm-1Ω-1

r density, kg/cm3

Superscripts

K species

MeOH methanol

O2 oxygen

Subscripts

A anode

C cathode

g gas phase

l liquid phase

mS membrane separator
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