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Single cells with serpentine flow field (SFF) and parallel flow field (PFF) were tested using
nickel foam-based carbon porous materials (0.9 porosity, 110 ppi pore density) embedded in
the cathode rib regions. The current density, power density, and flow field pressure drop were
measured under constant voltage mode. The influence mechanisms of air inlet humidity (0%—
100% RH) and back pressure (100—200 kPa) on cell performance were analyzed. The
findings indicate that the incorporation of porous materials within the ribs significantly
enhances under-rib mass transfer and augments water drainage capacity. This is particularly
evident under low-voltage conditions. A comparison of baseline flow fields with the current
density and power density of rib-embedded PFF (RPPFF) reveals an increase of 22.1% and
24 1%, respectively. Similarly, the current density and power density of rib-embedded SFF
(RPSFF) increased by 13.8% and 15.8%, respectively. As the relative humidity increased from
0% to 70%, power densities of RPPFF and RPSFF exhibited enhancements of 9.8% and
7.8%, respectively, with minimal alterations observed at 100% RH. An increase in back
pressure from 100 to 150 kPa resulted in enhancements of 7.1% and 5.8% in the power
densities of RPPFF and RPSFF, respectively. However, at back pressures exceeding 200
kPa, the suppression of liquid water removal at high current densities led to a reduction in
output power. Furthermore, the incorporation of rib-embedded porous materials led to a
substantial reduction in flow field pressure drop, resulting in a notable enhancement in power
conversion efficiency by 42% for RPPFF and 74.4% for RPSFF. This study offers compelling
experimental evidence and technical references for flow field structural optimization in
PEMFCs.

Keywords: hydrogen fuel cell; porous material; flow field optimization; enhanced mass

transfer; power consumption ratio
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Table 1 Geometric parameters of the plate structure
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Fig. 4 Schematic diagram of embedding porous
materials into the rib part of the flow field
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Fig. 5 Schematic illustration of flow-field
configurations (a) serpentine flow field with rib-
embedded porous medium, (b) parallel flow field with
rib-embedded porous medium
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