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Abstract

A pumerical flow-field analysis is performed to investigate flow configurations in the anode, cathode
and cooling channels on the bipolar plates of a proton exchange membrane fuel cell (PEMFC).
Continuous open-faced flow channels are formed on the bipolar plate surface to supply hydrogen, air
and water. In this analysis, two types of channel pattern are considered: serpentine and spiral. The
averaged pressure distribution and velocity profiles of the hydrogen, air and water channels are
calculated by two-dimensional flow-field analysis. The equations for the conservation of mass and
momentum in the two-dimensional fluid flow analysis are slightly modified to include the characteristics
of the PEMFC. The analysis results indicate that the serpentine flow-fields are locally unstable (because
two channels are cross at right angles). The spiral flow-fields has more stable than the serpentine, due
to rotational fluid-flow inertia forces. From this study, the spiral channel pattern is suggested for a
channel pattern of the bipolar plate of the PEMFC to obtain better performance.

71549 1. M =2

A, 99 [(mh DER} ALY dudE dagEd) L A
P, : AFRAFLY [ Pal 27 7K Qe gy E d7]8shkg o)
Smo: AF &2(source) [ kg/s] s ZuE A7lduAR b8AA F= Mo
U AFVREE [mfs] BR P02 da Yel 2elm Y o4 @
w : ARFALE [mfs) A, F77ke 2d S ge davbgoly
;o FRAFANY FA FUEE [m/s]  7IAH Lol Ba U ARAA N uEeA
% AuAE oth. & ARAAE AR} AT Y& Akl
Vg 949 93y UAE AR ol g3t7] Bl U £do] ¥

o] & ¥t A& 1 80% A:xE W% ¥
gl HWg e dE 3 A rotor) 7t §171 W
tAAAR, A, Ay 3T 4 A Bo x8o0] o}F Ao} mak WA A|xEe T
B = TS0 REYE ARNEE §F Aol

E-mail : jungsun@mail hangkong.ac.kr
TEL : (02)300-0283  FAX : (02)3158-3189 7bsdte). mE A& YA Jbssto A
* Ao o FEiATEH go] Wad Fad AFRz A & ok




1202 u g .

ojglg o]FE AFY gAAUNE fYyetE:
v Es] o driFA dyrtx daxA A
o] @3 olfojAm JYk.W 53 mEA A
] AdEHAY Fgole #&L ATAIT
& d 7 A AREES o, Ayt vt
ojuf Al zEate} nlasted, NO,° WE
2 1/500, SO.°1 W& 1/10,00002 37
a1EE FAAN2Ho 53] nEA
AsHA =
ARz

~

ko

o e 2L e
(RN

0,

Lo o

=X

¥ oL N ol
PR T AT S- T =1
)

b

ALY ARAA Az=ge AT A
ARAARY oF 10d A% AA AR
uel AeolH FaE, sEe] A
bt 58 71%9 Agol 47 9
24 A338 AsdA og 7
Aedstls Fee dolth ©go]

Ar
rli
o oft T

P
P

xR e

o

LS ) >

2 o g

rﬂ > é
O
jia'd
otn lfi

382 A4y AgHA
A z}%iu A4 ARAH $5A4o)
T7F A& Fol drh

fAAD s e

2
52
rlo
_8.

Lo

% BAS] gade B
ok a7] W, £18 2
A

47 = oofr R oo e
fr Kojo B 2 oap

N oo o 2

r_u

N

=

ry

X

rE

r

o og 2

i =

) H

) He

0 o o

2 r2

= il

2 in

) Y

%
X
2
o)
r
jind
filo
M ex

me o o2 8o oox
b d
o
ol
Lo
L
s
a2
Ko
e
[T

of &

A
o
i
3
e
tio
>
%

ze fHe gwrow
o At 478 m
AA AY 2de] Ao} Wwsld
A dt?
7120 #39 d7E AvRdY,
244 @4 dstd T 2
x

i)
ft
4o
o
ne
U2
)

= T

date] A7 3% v J® agan nAn
A48 dsdAd dig Yztasel Fxz4dd
2 A7 2 1A 2EAY d8HA Al o
3 Aedde £33 v JoiS =3 339 @
SAA P dgte] wHYLH =HE F2
a3

4 Al ge A Fagge”
; %

I

5AA9) F9F Fure 2L xR ¥ ¥
d 4FE mAg. aeEz 2R AddAe
5 e Al ds3AXe dsaAde 8l

.
weAl Besth old B ATt g @
F 1% ARAAY 4B 9B A 2
% Ad Fgol mE 9Y % A5 23 o
A4 g RS

2.1 ARTX|S w4 3 ZHSHE

AR dEAA HBHAARE A5 HA
(fuel cell stack), A2 27| (reformer), 3 ZLF
W3] (DC/AC inverter) 2 AoF=], 2851 )
dol& Alz=yl Foz FAHO Atk Fig 1

duRAY FAE S A RoFa Ak

1>
2

i

3218

AW R NN A 2o e

Fig. 1 Expanded view of a typical
fuel cell

]
n
2]
L

4
o

-— 8 A(BI))

+
T

R

b

¢

- —»Si &

Pg+2e'/ \ZH‘+OZ+29‘

Fig. 2 Schematic view for chemical
reaction in a fuel cell



AnAA Pelwd FHUAE AT FFHA 1208

ANEHo g GYAAE Fig 13 Zol daA (serpentine) FEjojct, of EdE AW 400
(electrolyte)oll ¢jste] Fel® dA&gF B I/ af Wl A2 BYPsHA wiFr = AEE
o ¥ Ey#om FAH Utk F R A} °o] ¥4 e FAE st YUY Fig. 39
old Q= IEA ANF o] FH WL U|FE serpentineF B AMEEL EF Imm9] F& %=
Z Z:= carbon clothZ THEA ks J&& o} 7z} QP Zolx FU|HY B$ 1.5Smm, F
gt o)t e g AFES 4 R T 293 JdZtge A$ imm2 9tk Fis
7} st} g 2 5 AESI dES B AW P Fgukgo] dojupr] wiE,
g# Zo A e AXE gL F4t F7)1B9 FAE Fa% 2 Y4 vt F
3715 BYU® FoE olF¥ F Y=F v BAA AAR
AzAR ol AAEH gl EYIL A=A
o] AL z2t= Bawor Ho glo] AV|AE 2
Ao AFE FyP& B ol YR dx 2
AstAE FFE 5 de Adol AYstFEHA
9ol gshibgo] "Weg taE g3 T
202 FHAA FE J&E 0

AudA Y e FAA7I7] A dsHA
Jd THFHE WE2E FFEEe FANA A=A Boita
AR, dgAA9] AdY, 2HF A %=
2. WE HMAgx 9@ wde olfstd dEEL (a) The configuration of channels on bipolar
FIN7E ol gA 2R Fo AaHA *A plate for air
Azl Jdke] Pasith a8y ALY
A FAe 8 29 YE 553 g 4 ss23
T7F Besith B Ad dold wE 4gAd
3 ATE spghigeo 9siA APsEHE FEY
W& EAs AFHd FABAE ek =T
2@ Ad Uy #43 F5%9 4L o
Ug s WAl YT AFREEE
Adg F A &7 dEe A AEHPA A4

sati@(—| &
o AtEs dadA

I
o] HA7IE F shtelth (b) The configuration of channels on bipolar
FdeAxYg FEdEs Fadt An
ojgte] AREE AAY ojFoz HEE 5 9
—L
-

=
olo
=2

plate for hydrogen

t} Fig. 2014 Re vt o] 47 I
4 F5E FHAA 4 ()B ol Fiol
2oz WFAY o Faolee 4 @)% gol
Aas AAHFHSS DoA B AR WA
PAE-AR=SC ) WA4BIc=)
%t Hy — 2H' +2e” (1)
ST O, +2H +2e"— H,0 (2) (¢) The configuration of channels on bipolar
plate for cooling water
B Ao AlgE 7], 4, B Raw o Fig. 3 Conceptually configuration of channels on
Ade] HAL Fig 37 Pol FEFEF bipolar plates



1204

1=

A

2 F7IgE 15709 Ade 3t
Atk o] AEEL §JFAM ET7HA ES
Zka Q7] wEel] Zzbel Adi:

25 zre=dh Fig 3b) 2 (0)9
A Zbzhe] Adel el

2 7 e 3 9y BT

sdsieh

ol¢} 2L EIT Ad ¥ FEAAAAL
Wolf & Wilemski®] 22®& #zsi9ic). 1 5
4L 2z, BASHY A =gt 3z

A B 2 BY L 45, dix A
& st 9ok

22 KEf @A Y 2
SEREBREEE R
1

)

2L oo
L
12

2
Yo
i
> md oX

Fel
it}
o
>
A
>
ot 1o,
23
ofo
it
o (%
=

©, SERE So| SA9 3
o2 we B o
7% E/tssiER £ :
712N E EQstd AupgA A s
o g4 2 FVe oldVIAl, e ¥
< HYgFAHE a3t £ 74 4
of thg sEereE nE A FAr] wWEd
de| H 7l HA szt A

=
a3 At Ade He fe] &

=)

it
i o M

=

o
o
)

X
=
SLoofn o P
>
Q.

re
-1
2
R
fr
N

~0 >g 1o

Y
M
o

it
W$—w»$
N

je)

—»_._—-.__.,-__..._.__.,_

o:
N

rr

)
L K
.

i
Lo
0
o
e
=
s

O
tw
or .,
~o E
t =
i lOl'
§§ i o
% (o (o
o o]}l'
4o 2 g0
>y 2
w £

ol
Lo

&)

(p Ui~ Ty) 4)

__0P

ax, +s;

g 3

s Holq g WA 5%
& ojmjgu,

Hol e

-4 4 vl

Table 1 Inlet boundary conditions and fluid

properties
A 4= A+ AF FF
i zbgk 0=9982 kg/m* m=3.824% 10 *kg/s
7| 0=1.205 kg/m* m=2.678 X 10 *kg/s
Faw 0=0.0812 kg/m® | m=4511x10ke/s

9 )= d(ouy) | d(puy)
ox; P T g, 0xy

—~
W
~—

2 drdde 371, £, 29 7 ¢
A Zg@rishez st B

T gL jFer HY @ AA ¢y
2 224 2 79 7%

T4E A% Zbﬂalf’ﬂ
M-CFD2| DDN-2 A}%o}dt}

3. AlA Z2ob 3 OF

2 g 34 A dAN s
ok & He A GEHE T I} /F
TS AYH 48 &+ ]7} HEE 3t Aot
ols} & FUT FE5F2 AW H(active area)
Wil w4 eht3g fxEst Ad ol
tgFom #Ud Hr] 2 F 2o oA
o 2322 AA AsHAAY Heg FFAT]
7] S 248 ALY FAAEA dig 4
T-7F Wr=A] F g3t

OE
m& o ¢ 1

>~J



2

=2

[

olo] B AFAE Fig 3¢ AW Ad 4
o H fEaMe sy E AitdAMe
REE Boge 7 i =& 5709 FHAR
gk Ad uiEe Z AxEd g o4y %
EE 4 (6)% ol &3td Hydsgith

b S

FFe A3, gk o F
=asiyt g7 W&ol Ad uRe JAd=
AdA A SXEt FFEF A (6 o] &3
d A YR BFEE 2 HFYEE &
ol AT

x
g

fAﬂpuz(x)dAc

Um= puAC ™)
fA Pou, dA,

= 8

P PURA ®

A AFRE EFAAY g Folzh @A
daix AslHAgd AYHeR JYE 13
D Ade 4¥Y0R dojl gy 4 O
g & Yo

P
v,(mV)=59log “p’ ©)

$go) FUA B B A
7t wEdsel FRgoz A
bEst 9 % ek ol A%

9
=k

9]

_rE_r
]

jo o

2L owE e

0|

22 +9% vEd & ot o9
g ] e BB 2 Ax
oA BRI Aolg =F S 4
sjop ok of A% Adel Aol M
doo] 4XE A%e AN B &

m_uﬂﬁm‘
Hr 2 off o sl fU

i
ol

7 gl ¥

7k EAEA B o) 22 AR
AL AASL & dFdA=
AAE serpentineNd Aol didh &
Papqlch

Fig. 4= #4239 Ad Hold & HF¢d
4 JFAEERE AMNERE BT Y Fig
aye 2 BT QY A P AR g
32 ez vk o] AE AWry g
3 Aol EF7A A EAstE 0.202
71¢telt}, o)t #e 4 EEd Ad Aol
ue ggws 2a4g o8, Ad Aol m
2 oty Zate ribd S 3| A (1007 Z2h

P=P0+A1exp(——%) (10)

200000 — T T T T
00 02 04 06 08

Channel distance [m]

(a) Pressure distribution along hydrogen

channel
20

1.5J

1.04

oo

0.01

Velocity magnitude [nvs]

054

4.0 +———

.
0.0 02 04 06 08
Channel distance [m]

(b) Velocity profile along hydrogen channel
Fig. 4 Distribution of averaged pressure and
velocity in hydrogen flow-field plate



:

Pressure [Pa]

210000 4

200000 T T T T
00 02 04 06 08

Channe! distance [m]

(a) Pressure distribution along air channel
04

03
k L P
! o ]
T 024 it "JN\‘_
£
(3
o
2 01
g
2 004
8
2
014
-02 T L T T
00 02 04 06 08

Channel distance [m)

(b) Velocity profile along air channel
Fig. 5 Distribution of averaged pressure and
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