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Abstract

The performance of proton exchange membrane fuel cells (PEMFCs) is constrained by issues such
as reactant transport limitations, uneven temperature distribution, and inadequate water manage-
ment. To address the mass transfer bottlenecks inherent in conventional flow fields, this study pro-
poses a tree-like biomimetic flow field (TLFF) inspired by natural branching structures; three con-
figurations-TLFF-1, TLFF-2, and TLFF-3-were constructed by varying the number of branches. The
effects of these branching structures on oxygen transport at the cathode, membrane water content,
temperature distribution, and electrochemical performance were systematically investigated. The
results demonstrate that increasing the number of branches allows the tree-like flow field to effec-
tively expand gas transport pathways, improve the uniformity of oxygen distribution at the catalyst
layer interface, and facilitate water migration and heat dissipation. Notably, TLFF-3 achieved superior
synergistic management of gas, water, and heat due to its more sophisticated multi-level branching
network, exhibiting enhanced mass transfer capabilities under high current density conditions. Po-
larization analysis revealed that TLFF-3 achieved a maximum current density of approximately 0.81
A/cm? and a peak power density of approximately 0.50 W/cm?, significantly outperforming TLFF-1
and TLFF-2. These findings indicate that tree-like biomimetic flow fields can effectively enhance the
overall performance of PEMFCs, offering a new optimization strategy for the design of high-perfor-
mance bipolar plate flow field structures.
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Figure 1. Tree structure and design of different tree-like flow fields
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Table 1. Geometric parameters and operating parameters
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Figure 2. Grid independence
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Figure 3. Distribution of oxygen molar concentration in three different flow fields
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Figure 4. Distribution of membrane water content in three different flow fields
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Figure 5. Distribution of temperature in three different flow fields
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Figure 6. Polarization curves and power density curves of three different flow fields
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