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Abstract: Addressing the issues of cathode flooding and uneven mass transfer in proton exchange membrane fuel
cells, this paper proposes a segmented cathode flow field that enables regional regulation of water and gas transport
in the upstream and downstream sections through local air supplementation. Numerical simulations are conducted to
investigate the output performance of three flow field configurations—parallel, U-shaped, and segmented—and to
explore the effects of cathode stoichiometric ratio and segmented humidity ratio on water transport efficiency. The
results show that, owing to the water and gas regulation capability of the segmented flow field, its power density is
10.1% higher than that of the parallel flow field. Within the stoichiometric ratio range of 1.5 to 3.5, the segmented
flow field exhibits significantly improved output performance, with the advantage being more pronounced at low
stoichiometric ratios. To optimize water management balance in the flow field, a segmented humidity ratio of 60%:

30% alleviates upstream flooding while accelerating downstream water removal, further increasing current density
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by 12.9%. The study validates the flexible regulation capability of the segmented flow field for synergistic water and

gas optimization.
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Figure 1  Structure and segmented flow field of proton exchange membrane fuel cell
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Table 2 Boundary condition parameters used in the simulation
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Figure 2 Grid independence and experimental verification
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Figure 3  Polarization curves and power output characteristics under different structures
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Figure 4 Distribution of liquid water, transfer current and temperature in the cathode catalyst layer at 0.5 V

®3 BEMSEEEXEREEHHAOZNE
Table 3 Effect of local supplementary air flow ratio on

current density output

b Je b EE HL L2 Afem?
1 0.26 1.318
2 0.36 1.339
3 0.46 1.356
4 0.56 1.368
5 0.66 1.377
6 0.76 1.387

FL AL 285 8 i S I AR Ak B %) 38 o v 4
PR Ry BRI A AL 27 i L3, 8 R S R s 1
T Ay B A A A J2 2 b B 22 500, BT ARSI T FL
BRI, R A AE1.5-35MbF T,
DX 30 S R R oL St P 98 % B A% 9 U 3 1 4 T R
{1k 8.3%~13.8% , Fi AR IEAR AL LT AR Tt
R 32 fe BRI

T3Ah MK A PR A A AT LT AR
Gk i R AT A s 0 AE —4~, H
O N KSR 101325Pa, AT AE H, B 78
AN BT = R, 40 K5 Ho A i i o
1R A LY, J5e i 13 HE 220Pa. 40 X 3 37 1 Jei 38
ANHE R R S R A L, PR AR
26.84 ~ 58.98Pa. X F W43 X Ui 7 (1) Jmy 4 H Y

F 735 FRERH B S LFAR Y, BIAN T 5 Y
T RN o TRV, DA ] 0 37 £ 8 AR s 2 L 4
X EE L TESE T 4 DU 37 Y TR e 5 A e i 3 A U B
G IR R R g T — A R g, AR R R R A T
L5k . AN TP BI R IIAE . R, AR 1%
TG A5 K AN LI 15 DRAL 370 s e o AR i o 1 R
HUE7 54

AT R A2 WS K o A ] 6
Ps o M T PAT R A X B A=
i PO A BAAR R SR R B T, T LU AR A
PHUZ ML Z B HEK IR S K B T i
Fe¥ o SR, AL TR L BB, R A B T T AR
HEARJZ A S 0T 56 B, S SO A 7K A 1 B SR 39
AR WAL 2 PR S AR R R T S K R
BEAh AR T R B2 XU T K fig
LT Wit B, B R AR B A e 11 i AACHE [l
{73 DX 3 7 L U DAL i 200 A S 77 A 14 K 7]
HURBEMR LR .
23 HRIBEINKSERHFE

N TR T K AR T B AR K AR B
S T, B 5T T B IX R B R AN TS
A AR 3 DX RE L X R Tt A B ) 52 I MK 23 A7 9 47
AIRZIR . UnPE 7 Bom , B JR b <t 11 A8 3 B 3
153 DX 47 2 308 T8 P I /I AR R T ) R O



5 XX

www.hgxb.com.cn c 7

15
_lap
NE |
%13—
a2} —e— AT
e —e— Ui
SLLp —— P X
- iB4THE=0.5V
10} JRFB AN L 0.36
0.9 T S —
15 2.0 2.5 3.0 3.5
BIBAL 2 T R L

FS BBt o =Rt et e il i R RE A4 52

Figure 5 Effect of cathode stoichiometric ratio on the output performance of fuel cells with three flow field configurations
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Figure 8 Effect of segmented humidity ratio on the regulation of liquid water transport in the catalyst layer and current density
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