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Abstract

Reactants of PEMFC are hydrogen and oxygen in gas phases and fuel cell overpotential could be reduced when reactants
are smoothly transported. Numerous studies to modify cathode flow field design have been conducted because oxygen mass
transfer in high current density region is dominant voltage loss factor. Among those cathode flow field designs, a block in
flow field is used to forced supply reactant gas to porous gas diffusion layer. In this study, the block was installed on a
simple fuel cell model. Using computational fluid dynamics (CFD), effects of forced convection due to blocks on a polar-
ization curve and local current density contour were studied when different air flow rates were supplied. The high current
density could be achieved even with low air supply rate due to forced convection to a gas diffusion layer and also with
multiple blocks in series compared to a single block due to an increase of forced convection effect.
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2.1, K[HHEEAL
HEg-o] EASI = AAEC] A4 W2 (continuity equation)<- 2]
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Figure 1. Schematic geometry and mesh domain for PEMFC (a)
Geometry, (b) Position of blocks in cathode, (c) Mesh configuration of
cross section domain.

Table 1. Cross Sectional Geometry for PEMFC Model

Geometry value Unit Mesh layer
Channel
Length x height x width 50 x 1 x 1 mm 10
Block
Length x height x width I x1x1 mm 10
Bipolar plate
Thickness 1 mm 10
Gas diffusion layer
Thickness 200 pm 7
Catalyst layer
Thickness 10 pm 2
Membrane
Thickness 25 pm 5
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Table 2. Analysis Parameters and Operating Conditions
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Table 3. Air Flow Rate for Various Cases

Property value Unit
Operating condition
Temperature 65 T
Pressure 1 atm
Anode relative humidity 0 %
Cathode relative humidity 100 %
Anode mass flow rate 373 x 10% Kis
Cathode mass flow rate (100%) 1.72 x 10°  kg/s
Membrane
Equivalent weight, EW 1100 -
Proton conduction coefficient, 8,,,,, 1 -
Proton conduction exponent, w; 1 -
Water diffusivity coefficient, 7, 1
Absolute permeability, K 1 x 10 m’
Gas diffusion layer
Porosity, € 0.6 -
Absolute permeability, K 3 x 10" m’
Contact angle 110 deg
Water removal coefficient 5% 107 s/m
Catalyst layer
Porosity, € 0.2 -
Absolute permeability, K 2 x 10" m’
Surface to volume ratio, ¢ 2 x 100 mip/m’
Contact angle 95 Deg
Reaction parameters
Anode reference exchange current density, j;ef 10000 A/m?
Cathode reference exchange current density, jzef 10 A/m?
Anode reference concentration, [Ié],ef 1 kmol/m’
Cathode reference concentration, [02]ref 1 kmol/m’
Anode concentration exponent, ', 1 -
Cathode concentration exponent, v, 1 -

Anode transfer coefficient, o,

Cathode transfer coefficient, o,

2=
nn
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gon, 37 37 9 FHES o] AT

& ot

Air flow rate (Cathode)

Case  Flow field Volumetric flow rate Mass flow rate Percent

(mL/min) (kg/s) (%)
0-1 1330 100
02 Experiment 1000 75
0-3 (EXP) 663 50
0-4 332 25
1-1 1.72 x 10° 100
12 0 block 129 x 10° 75
13 (B1) 0.86 x 10° 50
1-4 0.43 x 10° 25
2-1 1.72 x 10° 100
22 block 129 x 10° 75
2-3 B1) 0.86 x 10° 50
2-4 0.43 x 10° 25
3-1 1.72 x 10° 100
32 4 blocks 129 x 10° 75
3-3 B4 0.86 x 10° 50
3-4 0.43 x 10° 25
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Figure 2. Comparison between numerical and experimental data (a)
Experimental data with 25cm’, 5 channel serpentine fuel cell, (b)
Numerical data with B0.
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Figure 3. Effects of one block for various air flow rate (a) Polarization
curve, (b) Current density at cell voltage of 0.6 V.
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