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ABSTRACT

This study applied a multiscale, multiphase PEMFC model to simulate the cell performance for three different cathode flow

field designs, including conventional(rectangular, trapezoidal), and orifice-shaped flow field designs. The results demonstrated

that the orifice-shaped flow field designs allowed for uniform distribution of oxygen concentration, ensuring its efficient supply

to the outlet. Also, at a high current density of 2.0A/cny’, the orifice-shaped design exhibited reduced concentration losses and

improved performance compared to conventional flow field designs.
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Table 1 Transport properties in the electrolyte
Descriptions Equations
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Membrane water A =22
content () R T
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() k= (0.5139\—0.326 )exp| 68(303 T)]
DZZICIVL .
{2.692661843 « 10710
for A <2
D’fnf'm _
Water diffusion {(0 87(3—\)+2.95(A—2)) + 107 '°
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Table 2 Two—phase mixture correlations
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Table 4 Cell dimensions

Descriptions Value
Width, W, (anode/cathode) 0.7/0.7mm
Depth,d.. (anode/cathode) 0.36/0.36mm
0 p(anode/cathode) 0.1/0.1mm
d¢pz(anode/cathode) 0.15/0.15mm
Thickness d,,p; (anode/cathode) 0.03/0.03mm
0 (anode/cathode) 0.0075/0.0075mm
Oem 0.015mm
Cell length, L 270mm
Active area, A,,;,. 3.78cm’
Inlet area, A, (anode/cathode) 0.227/0.227
Table 5 Operating conditions
Descriptions Value
Anode, cathode Inlet temperature 40C
Relative humidity 50%
Anode stoichiometry 12
Cathode stoichiometry 1.5
Current density 0.1~2.5A/cm?
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Fig. 5 Oxygen concentration distribution contours over the
middle of the cCL for the three flow field designs,
observed at an operating current density of Ia\,g:Z,OA/cm2

and 50% relative humidity

Coolant Air
inlet inlet
3.531 2.955 3.797
3.226 2.713 3.452
2.921 2.471 3.106
2.616 2.229 2.761
2311 1.987 2.416
2.006 1.746 2.070
1.701 1.504 1.725
1.396 1.262 1.380
1.091 W 1.020 1.034
0.786 | iniee |l 0778 0689 1Y
0.536 0.344
Azt Atctal g ==y
;:?:;: 0.630 0.433 0.420

Fig. 6 Current density distribution contours over the middle
of the membrane for the three flow field designs, observed
at an operating current density of l,4=2.0A/cm? and 50%

relative humidity
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Fig. 7 Oxygen concentration and liquid saturation
contours, acoompanied by gas/liquid velocity vectors in
the XZ cross—section of the cathode GDL at an operating

current density of Iavg:Z_OA/cm2 and 50% relative humidity
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Fig. 8 Breakdown of activation, ohmic, and concentration
overpotentials for the three flow field designs at the operating

current density of IE,,VQZZ_OA/Cm2 and 50% relative humidity
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