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Abstract: In response to performance limitations caused by uneven fuel distribution and inadequate
water management capabilities in proton exchange membrane fuel cells (PEMFCs), a novel bionic flow
field is designed based on the vein structure of begonia leaves, and its performance is systematically
investigated through numerical simulation. Firstly, the bionic flow field is developed by mimicking the
natural flow patterns of begonia leaf veins. Then, numerical simulation techniques are employed
to compare and analyze the flow field performance of the biomimetic flow field, traditional
serpentine flow field, and parallel flow field. Finally, the distribution characteristics of limiting
current density, peak power density, internal oxygen concentration, and current density are

explored. The research results demonstrate that compared to traditional serpentine and parallel
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flow fields, the biomimetic flow field exhibits lower pressure drop, more uniform oxygen

concentration distribution in the catalyst layer, and higher gas supply quality. Furthermore, the

biomimetic flow field shows a 35.42% and 6. 81% increase in limiting current density, a 29.71%

and 5. 22% increase in peak power density compared to the parallel and serpentine flow fields,

respectively, with improved water retention capabilities compared to the parallel flow field. This

research provides a new perspective for optimizing the design of flow fields in PEMFCs, offering

significant practical value for enhancing the overall performance and efficiency of fuel cells.
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Fig. 1 Distribution of fluorescent solution in the leaf veins of

crabapple at different times
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Table 1 Geometric parameters of PEMFC simulation model
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Fig. 3 Schematic diagram of parallel flow field and serpentine

flow field fluid domain
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Table 2 Main parameters of fuel cell model
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Table 3 Geometric parameters of a single channel proton

exchange membrane fuel cell model
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Fig. 7 Oxygen concentration distribution at the interface between cathode GDL and CL in different flow fields
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