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Three Dimensional Computational Study on Performance and
Transport Characteristics of PEMFC by Flow Channel Patterns

Pil-Hyong Lee, Son—Ah Cho, Seong-Hun Choi, Sang—Soon Hwang

Selection of flow channel in the separation plate of PEMFC is very important parameter to improve its performance and
reduce parasite loss. Flow patterns in the channel have great influence on the transport of hydrogen and air and removal of water
generated from electrochemical reaction in diffusion layer. In this study. fluid flow in flow channel with parallel and interdigitated patterns
are simulated three dimensionally on full flow domain including anode and cathode channel together. The numerical results show that
the fuel cell with interdigitated flow channel represents better performance than that with parallel flow channel due to its strong
convective transport across the gas diffusion layer. But the pressure drop in parallel flow channel is much more than that in interdigitated
flow channel. And effects of temperature and stoichiometric number on performance can be calculated and analyzed as well.
Nomenclature

LGRNRE PEMPC(ZE7 A8 d8AX), Parallel flow channel(B35 A'd), Interdigitated flow channel(Interdigitated #'d), Electrochemical
reaction(ﬁﬂﬁ]@}ﬂ’%), Stoichiometric number(°1%%’-ﬁ“‘ 21:) t
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I exchange current density for the oxygen reaction
Nomenclature (100Am)
a. : activity of water in stream K, Dimensionless my: mass fraction of the species 1 in stream K,
' dimensionless

Au ";gj?:{f)c surface area of the control volume Moy : equivalent weight of a dry membrane(kgmol-')

My, : molecular weight of hydrogen{kgmol')
Mo,: molecular weight of oxygen(kgmol”)
Pk : vapor pressure of water in stream K(Pa)
: volume flow rate(m’s?)

: universal gas constant(8.314Jmol"'K")

: membrane thickness(m)

: surface temperature at the anode(K)

Cwx : concentration of water at K interface of the
membrane{molm™)

Dy : hydraulic diameter of flow channel(m)

Dy : diffusion coefficient of water(m?s?)

F : Faraday constant (96,487 Cmole-of-electrons™)

I : local current density(Am™')
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T.: fuel cell operating temperature

u, v, w: velocity in direction, respectively(ms)

Vi 1 cell open-circuit voltage(V)

Viar: cell voltage(V)

x : channel length measured from anode inlet(m)

Xy : mole fraction of water in stream K

u : dynamic viscosity(kg s m?)

a : net water flux per proton flux

A : water content in the membrane

n,: electro-osmotic drag coefficient(number of water
molecules carried per proton)

n : overpotential for oxygen reaction(V)

on : membrane conductivity(ohm'm-')

Onan © density of a dry membrane(kgm™')

o : density of the mixture(kgm?)

B : permeability in the ¢ direction
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Table.1 22| 0[Sz} = ulmal

. _ Pug
Water activity a=p (10)
: . p1f2
Nernst equation E= B+ %'m( _1’1_;”%& ) 1
Water content A= 0.043+ 17.81a, - 39.85a% + 36.0%a: 1)
in the membrane 0<a,<1=14.0+14(a,~1.0):1<a, <3
Water
= [ Py |a
concentration G (MN,,) A 13
Blectr o—osmptic ng=0.0029*A*+ 0.05* A~ 3.4* 1077 (14)
drag coefficient
Membrane conductivity o= (o.onswg—:f* G- o.uoszﬁ)x ex»{l268(§é~3~— -il.:))'wo (15)
) RT . [ Nz, y)P(z,y)
Over potential n(z.y) = mlﬂ[Wl (16)
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Table.2 Physical Parameter

Description Value Description Value
Channel length(m) 0.04 Cathode side pressure(atm) 1
Channel widih(m) 0.000762 | Anode stoichiometric flow rate 2
Channel height(m) 0.000762 | Cathode stoichiometric flow rate | 2
GOL thickness(m) 0.000254 O/N, ratio 021/0.79

Catalyst layer thickness(m) | 0.0000287 | A, inlet mass fraction, Anode(%) | 1154
Inlet temperature(C) 80 | HO inlet mass fraction, Anode(%)| 8846
Anode side pressurelatm) 1 0, inlet mass fraction, Cathode(%)| 233
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