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Abstract: To address the problem of uneven gas distribution at the cathode of proton exchange
membrane fuel cell (PEMFC) stacks for better stack performance, a distribution uniformity
enhancement method is proposed based on the co-optimization of multiple geometric parameters of
eccentric headers. For the purpose of this study, a limited sample dataset is constructed through
computational fluid dynamics simulations, and then reconstructed into modal space with corresponding

coordinates by proper orthogonal decomposition (POD); polynomial curve fitting is employed to

Wk H . 2025-03-24, YEZ A TR Q997 B A By sCie GRS ERD . 5B 308 Wl 24 50, v [ A} 2%
ST v EETH. BRA RIS BT H (523061123) 5 A IH B 78 52 50 = 68 W Z 6 0F 58 b o0 % Bh T B
(ESLB202408) ,

W 24 1 R I ] . 2025-07-14 RO 2% R . hetps: // link. enki. net/urlid/61. 1069. t. 20250712, 1159. 002



[N O N R N S %59 &

accurately characterize the nonlinear mapping relationship between the modal coordinates and
parameters; based on the reconstructed modal space, a parameter-based prediction model is built
for cathode gas distribution in an eccentric header. The results show that the prediction model is
proved to be of high precision (coefficient of determination up to 0. 911). The geometric parameters of the
eccentric header have significant interaction, with a nonlinear effect on the cathode gas distribution. By
using the predication model, the optimal parameter combination can be identified, as evidenced by the
reduction of the gas distribution non-uniformity indicator at the cathode from 7. 69% in the initial
model to 4. 04 % after optimization, achieving a 47. 5% improvement. This significant improvement in
the uniformity of cathode gas distribution is realized without expanding the cross-section of the
manifold, and may enhance the volumetric power density of the stack. Therefore, the proposed
POD-based dimensionality reduction and polynomial fitting method can efficiently deciphers the
mechanism of synergistic effects of multiple geometric parameters in stack headers and improve
cathode gas distribution uniformity, providing a reliable optimization strategy for the design of
PEMFC stack headers.

Keywords: proton exchange membrane fuel cell; eccentric header; proper orthogonal decomposition;

polynomial curve fitting; computational fluid dynamics
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Fig. 1 140-cell commercial PEMFC stack cathode
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Fig. 2 Eccentric header geometric parameter
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Table 1 15-cell stack cathode experimental condition at 0.3 A+ cm *to 1.8 A » cm *

je/(Aeem ®)  quin /(ges ')  P,/Pa P, /Pa T,/C T, /TC @in Pout AP./Pa  AP,/Pa
0.3 2.12 10 747 5 226 316.1 318.7 0.91 1.00 5521 4633
0.6 2.37 29 963 25 026 326.1 331.0 0.57 1. 00 4 936 4 599
0.8 3.28 22 057 14 447 340. 4 336.0 0.66 0.88 7 610 7 547
1.0 3.85 55 068 42 900 336.3 336. 2 0. 30 1. 00 7 168 7225
1.4 5.61 59 832 48 637 348. 3 350.0 0.50 0.71 11 194 11 370
1.8 6.73 73 332 59 376 350.7 359.4 0.59 0. 64 13 956 14 504
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Table 2 Eccentric header adjustable geometric parameter and

their level
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Table 3 Additional snapshot condition geometric parameter
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