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Abstract : Optimum design of flow channdl in the separation plate of Proton Exchange Membrane Fuel Cdl is very
prerequisite to reduce concentration over potential a high current region and remove the water generated in cathode
effectively. In this paper, fully 3 dimensional computationa model which solves anode and cathode flow fields smul-
taneoudy is developed in order to compare the performance of fuel cdl with parallel and interdigitated flow channels.
Oxygen and water concentration and pressure drop are caculated and i-V performance characteristics are compared
between flows with two flow channels. Results show theat performance of fud cell with interdigitated flow channel
is higher than that with pardlel flow channe a high current region because hydrogen and oxygen in interdigitated
flow channd are transported to catalyst layer effectively due to strong convective transport through gas diffusion layer
but pressure drop is larger than that in parald flow channd. Therefore Trade-off between power gain and pressure
loss should be considered in design of fud cell with interdigitated flow channel.

Key words: Proton exchange membrane fuel cell, Parald flow channe, Interdigitated flow channels.
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Nomenclature
& activity of water in stream K, Dimensionless
Acv specific surface area of the control volume (cv)(m™)

Cwk concentration of water at K interface of the membrane(molm®)
Dy, hydraulic diameter of flow channel(m)
Dw diffusion coefficient of water(m?s?)
F Faraday constant (96,487Cmole-of-electrons™)
I local current density(Am?)

lo exchange current density for the oxygen reaction(100Am?)
Mk mass fraction of the species 1 in stream K, dimensionless
Mmay  equivalent weight of adry membrane(kgmol™)
My, molecular weight of hydrogen(kgmol™)
Mo, molecular weight of oxygen(kgmol™)
P\SNaL vapor pressure of water in stream K (Pa)
Q volume flow rate(m®s?)
R universal gas constant(8.314Jmol 1K)
tm membrane thickness(m)

Ts surface temperature at the anode(K)
Teal fuel cell operating temperature
u,v,w velocity inx, y, z direction, respectively(ms™)
Voc cell open-circuit voltage(V)
Vel cell voltage(V)
X channel length measured from anode inlet(m)
Xwk mole fraction of water in stream K
u dynamic viscosity(kg s m?)
o net water flux per proton flux
A water content in the membrane
Ny electro-osmotic drag coefficient
(number of water molecules carried per proton)
n overpotential for oxygen reaction(V)
Om membrane conductivity(chm™m?)
Pmdry density of adry membrane(kgm'®)
P density of the mixture(kgm)
Be permeability in the  direction

1) A% wE Py

V-(epu) = S, @
oA71oA e TR el thedola,

p=
o Sp2 AdsF9 F71FAA e Aot Akae] AR e
Y, F7[F9e H09 AAdEe ey o3 Zo] &
).
Sn=Su,* Sw UE
Sn=Su,+ St 371

10
A
S

e
&

2 +EY BnEWHA
Darcy's M=ol 7|Zate] ta3t o] e Erh

V(epliti) = -Vp+ V(enVi) +S, @
71w FAASe, S o 2ok
u VvV W
AN
X y z
3) sleks HEW
V(eliC,) = V(D}'VC) +5,
3714 DEff{‘ Aol 3 AT S oo s FEdT)
_lxy)
oF M A

Sy,

H," v

X, y) .
T F (% y)MHZOACV 'SaW
xy)

4F Mo A

0," ‘ev

*So,

1+20(X, .
#I(Xy y)MHZOAcv “Sew

71 I(xy)ye AFLERA,
1(X,y) = Om/te{ E-Ve(X,y)} (8)

= wAH,
axYE Fa T & B BAASASE e, thest
o) verd 4 ik,
F

=Ng— D, (% y)—=

AEA AdE A8AX Y Aol 283 W H09 o]
= AHY AEL Table 11 A&t}

2. TR|siM=H

FAAAS Fig. 20F 2 FAFAEH Interdigitateds] 2 ]
ARG o] R F AEe] WHEHAL FUsH e
7] Q18] FUs WA MEAS AREEton F 719 1A
2 F e FujFS oldste dESEH IS 74
sidnk. Ade] el 709 WA 0.0762(cm)x 0.0762(cm)
o] Zoj= 4(cm)elth. 7k=8Ee] FA= 0.0254(cm)™ F)
% 7= 0.00287(cm)oltt. Ade] Zolwdy H4& A 4

(a) Parallel Flow Channel

(b) Interdigitated Flow Channel

Fig. 2. Parallel '3} Interdigitated 9] AA+3



F=171851304, A 9 A, Al 4 5, 2006 173
Table1. H,09] o] #39 vA 4
- Phi0
Water activity = —= (20
Psar
p_ *pY
Nernst equation E=gy+ Rl sjn) =22 (11)
2F Pii0
_ ) = 0.043 + 17.81a, —39.85a> + 36.0+a;
Water content in the membrane (12)
O<a,<1=140+14(a,—-1.0):1<a,<3
Water concentration Cy = (M *A (13)
M
m, dr
Electro-osmotic drag coefficient ng = 0.0029* 7»2 +0.05%\ —3.4* 10_19 (14)
M
Membrane conductivity o = (000514* 29 «C, —0,00326) x exp( 1268( == - i)) *100 (15)
Prm dry 303 T
RT (X Y)P(X, ¥)7 . :
= —I 2 > :cath
nxy) O5F n[ 10Po,0% Y) } cathode side
Over potentia ’T Tl P (16)
= —ln[w} :anode side
F |0P02(X, Y)
C, —-C,)
I F . *( Wo Wy
Back diffusion <) D, T a7
Table 2. Physical parameters
Description Value Description Value
Channel length(m) 0.04 Cathode side pressure(atm) 1
Channel width(m) 0.000762 Anode stoichiometric flow rate 2
Channel height(m) 0.000762 Cathode stoichiometric flow rate 2
GDL thickness(m) 0.000254 O,/N, ratio 0.21/0.79
Catalyst layer thickness(m) 0.0000287 H, inlet mass fraction, Anode(%6) 11.54
Inlet temperature( C) 80 H,0 inlet mass fraction, Anode(%) 88.46
Anode side pressure(atm) 1 O, inlet mass fraction, Cathode(%b) 233
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