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ABSTRACT

In general, a passive air cooled proton exchange membrane fuel cell (PEMFC) operates under an excessive amount of air
flow and low humidification conditions, indicating effective control of stack temperature and membrane hydration is of paramount
importance for achieving high and stable performance. In this study, we numerically investigate the effects of cathode bipolar
plate flowfield design on temperature and water distributions inside a passive air cooled PEMFC. The three-dimensional (3D)
non-isothermal PEMFC model is applied to various PEMFC geometries where three different flowfield designs with different
ratio and dimensions of air supply channel and cooling channels are taken into account. Simulation results show that the flowfield
design with narrow air supply channel and/or wide cooling channel exhibits superior water management performance whereas
the effect of oyxgen depletion is minimal due to sufficiently a large amount of air supply conditions. This study clearly demonstrates

that the membrane dehydration issue in a passive type air cooled PEMFC can be mitigated by proper design of cathode flowfield.
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Fig. 1 Geometry and cell dimensions for simulation cases.

Table 1, Physical, transport and thermal properties

Description Value

Cell dimensions

Gas channel height 1.6 mm

1.6 mm
0.65 mm (0.325 mm + 0.325 mm)

Coolant channel height
Thickness of cathode GDL

Thickness of cathode CL 30 um
Cell length 40 mm
Active area 2.04 cm® (0.51 cm x 4 cm)
Coolant channel number 2 EA
Gas channel number 1 EA

Operating conditions

Inlet temperature 25C
Outlet temperature 50C
Rh 35%
Pressure 1 atm
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Table 2. Cell dimensions and operating conditions

Description Value

Specific heat capacities
of GDL, CL, and BP

Specific heat capacities
of Hzo, Nz and Oz

Thermal conductivities
of GDL, CL, and BP

Thermal conductivities
of H20, Nz, and Oz

Porosity of cathode GDL and CL
Diffusivity of O, and H,O in

Diffusivity of O, and H,O
in GDL

568, 3300, 7703 J/kg + K

1863.63, 917.778, 1040 J/kg - K

1.5, 1.2, 134 W/m K

0.0237, 0.0293, 0.0296 W/m - K

0.5, 0.4
3.5131x10%, 3.421x10° kg/m - s

1.2421x10°, 1.2095x10° kg/m - s

Diffusivity of O, and H,O in CL|8.8875x10°, 8.6545x10® kg/m - s

Viscosity 2.0498x10° kg/m * s
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