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Abstract
limitations, air cathode is a main limiting factor to performance of PEMFC. Simulations at pore-scale

Due to its slow kinetics of oxygen reduction reaction (ORR) and mass transport

will provide detailed information of fluid flows and mass transports in the cathode of a PEMFC. In
this paper, for the first time the lattice Boltzmann method (LBM) is employed to investigate the fluid
flow, species concentration distribution, current densities distribution and potential distribution in the
cathode of a PEMFC. The two-dimensional computation domain is a cathode including a straight GC
(GC), a porous gas diffusion layer (GDL) with micro-blocks and a CL (CL). Using the VCCP-LBM
(velocity-concentration-current-potential-Lattice Boltzmann method) codes developed by us, in which
some skills are adopted to couple the solutions of mass transports and proton conduct, detailed
flow field, species concentration distribution, current densities distribution and potential distribution
are obtained under different over potentials. Effects of local porous structures on flow field, species

concentration distribution, current densities distribution and potential distribution are discussed.
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Table 1 Geometric and physical parameters used in present simulation
TRES B TR H
EHh P 5%101325 Pa StEEICKE L 30 pm
BET 335 K SEGEERE H 200 pm
SEER R 8.314 J/(mol-K) &P HEERE H, 100 pm
EhERHRF 96487 C/mol AL ERE Ho 20 pm
FEHBE Voo 11V ERFE v 21.9%x107% m2/s
BHEESWE Co, Ret 1.2 mol/m3 HREESHI#E Do, 0.284x10¢ m?/s
REYEE Crota 34.52 mol/m3 AESEZSPYBEE Duyo 0.355x10~* m?/s
BEFOEE u 1.5 m/s A o 4S/m
HOES/BRE 0.21/0.79 ARZREY o 1
SEEEKE L 1040 pm LR B ERARE mp, 0.4x10~2% g/m?

BAREHMRAR A 100000 m?/kg
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Fig. 1 Schematic of the computational domain
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Fig. 2 Left: the distribution of velocity vectors. Right: the
enlarged local distribution of velocity vectors
in the blue rectangle
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Fig. 3 Contours of oxygen mole fraction

31 %

0.3500
0.3000
022689 B
02378 5400
02067 02033
0.1756 -
0.1424 0.1667
0.1133 0.1300
0.0822 0.0933
0.0511 0.0567
0.0200 0.0200

*

(b) [7=0.5
Bl 4 KESHEIRS B

Fig. 4 Contours of water vapor mole fraction

© Inl=0.7

(@) In|=0.4

300
280 0129
L1411
260 01152
240 00833
00544
s, 220 0.0400
200
180
160
140
120
100 '
200 250 300 350

X
(a) %U< (Oxygen)

(b) 7KFES (Water vapor)
K 5 |9l =05 8 GDL PESHABERS B HH>

Fig. 5 Enlarged local contours of oxygen and water
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Fig. 6 Local current density distribution at z = 301 pm
along y-direction under |n| = 0.5
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