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Numerical Study of Land/Channel Flow-field Optimization in Polymer
Electrolyte Fuel Cells (PEFCs) (1)
The Effects of Land/Channel Flow-field on Current Density and HFR Distributions

Hyun Chul Ju

Key Words: Current Density Dlstrlbutlon( WU EE) Diffusion Media i Al ]ﬂoi) Gas
Channels(7}2= Al @), Mlcro-porous Layer, MPL(V}o]A2t}¥ %),  Polymer
Electrolyte Fuel Cell, PEFC(ZL A 3 A & A 5 4 A])

Abstract

The performance and durability of Polymer Electrolyte Fuel Cells (PEFCs) are strongly influenced
by the uniformity of current density, temperature, species distributions inside a cell In order to obtain
uniform distributions in them, the optimal design of flowfield must be a key factor. In this paper, the
numerical study of land/channel flowfield optimizations is performed, using a multi-dimensional,
multi-phase, non-isothermal PEFC model. Numerical simulations reveal more uniform current density
and HFR(High Frequency Resistance) distributions and thus better PEFC performance with narrower
land/channel width where the less severe oxygen depletion effect near the land region and more
uniform contact resistance variation along the in-plane direction are achieved. The present study
elucidates detailed effects of land/channel width and assist in identifying optimal flow-field design
strategies for the operation of PEFCs,
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Table 1 Cell properties, and operating conditions

Description Value

Thermal conductivity for CL, ker 1.0 W/mK

Thermal conductivity for MPL, kwpL [1.0 W/m'K

Thru-plane thermal conductivity for

1.0 WmK
DMa kDMfithru
In-plane thermal conductivity for
5.0 WmK
DMa kDMiin
Thermal conductivity for BP, kgp 10.0 W/m'K
Thermal conductivity for membrane,
1.0 W/m'K
kITIEITI
Thermal contact resistance between )
0.75 cm™K/W
BP and DM, Rt,Bp
Electronic contact resistance between )
5.3 m&-cm

BP and DM, Re,BP

Contact angle of DM and MPL, 6 |110°

Permeability of anode and cathode

1.0-10™"m’
DM, Kowm
Permeability of MP, KypL 1.0-10"°m’
Porosity of anode and cathode DM, 0.6
€DM .
Porosity of MPL, ewpL 0.5
Relative en ressure for MPL,
P 5000 Pa
Pentry
Hydraulic permeability of membrane, 20 2
5.0-10" " m
Kmem
Anode and Cathode inlet pressure,
1.5 atm
Pin
Operating current density, | 1.5 Alem’
Operating temperature, T 70°C
Anode/cathode inlet humidification
100%/100%

at 70°C, RHa/RH.

oA A Y E oA FEEoF 3 H
Fig. 194 Hol= ZAA7 & =(anode) %2 W=
(land)®] Zo] %=(cathode) & HT} A4 Huj:=
ZAolth, T3 FF(cathode) ZEHov= ZHH
(flooding) S 4 3}3l7] 9% MPLe] CL¢ DM
Atolell o] Q= WHA &= (anode)Zoll = MPLO]
A EA] T 53] . AT AR F
3} (electronic contact resistance, Re)@ & HEA
3F(thermal contact resistance, Ry)©] ]33} DM
Abo] 123l DM$} CL (anode)Abo] 3 MPLI}
CLA}] (cathode) ©lA 72} 318 = Q&S Fig. 1

= Fl & v AVIM FHESoF & A

MEM thickness: 18 pm

Thru-plane CL thickness: 12 pm
0.3 mm MEM 170 ym 0.3 mm
In-plane L L
Half
AGC CGC channel
width
DM D '
Anode Cathode
Bipolar |- | | Bipolar Land
Plate /:::_’ Plate width
s =
R.and R.are
appligd cGC

&>
200 pm MPL=30 pm

Fig. 1 Dimension of the PEFC geometry where the
electronic contact resistances are applied at
the DM/CL interfaces and bipolar plate/DM
interfaces(23)

DM3} CL Ao] (anode) T MPLI CL A}ol
(cathode) 4 Re ¢ Ry 9 ko] =94+
(compression pressure)®] A Z=F (cell assembling)
}g F AAZ HEH Aolo| webAl  in-plane
ko w Wkt ARdolth. = Al 'd(channel)
FA = 7P AL 452 (compression
pressure)©] A8 7] djifol] 1o wE HEFAZ
S b AA He vhd, W= (land) 3 A3
DM/CL(=&= %) =% DM/MPL (¥ %) H=d
o = =<2 (compression pressure)©] & IFA O
2 AEEJA7] wjdel HEAZ] AA FA=E
Aoltt. ol# g HEAFe] ¥+ PEFCO 4%

= B
9 AFEE, 25

2 odE ;i—
A3 DM/CL(S=

HEW A HEATFO] A (
(land) Zoll Hlste] A¢grgel=z S7Hevar
7H3 skl e

x

Tol A= A< (channel) %3}
DMMPL (%3 %)

3.5
Rchan=Riand . €7 43)

A 714 x&= W=/ € (land/channel)o] 7}7A}E]
(edge)F-E A9 (channel)F&F o 22| A2 E YEL
Aok ol g 7hAel ofg da 2 d HEATY
< in-plane W3F o2 YERUWH Fig. 29} o} g
H, Fig.1olA Hol= AAH 23] #H=(land)
o} DM Afolo] Az} Bl o HEATE 2 Oq:rLoﬂ
A = ATt Table 191 U= Rege 2 Rige 4

in-plane *3F o2 FAstrt= 7ol ::EH%«]
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Fig. 2 Electronic contact resistance (a) and thermal
contact resistance (b) variations at the
MPL/CL interface (cathode) and DM/CL

interface (anode) along the in-plane direction
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