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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
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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.
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Fig. 1 140-cell commercial PEMFC stack cathode

Bt o AN X R O 3 Sk, BRI 2 R 3 AN LA
S AR X B A2 ity Sk BT E Y AT AR B SR R 42, B
T,

(1) 1] g o BE E. o Fl, 3 3 Sk i -0 38 5 A 7 4
Jr 1), B 2 oh fE 7% 4 R 6 T 055 45 op i 2 (0 R 1] e,
59\ e, Ce. e, 23 548 22 B FL L v = 30 D 1) 19
A5 ) RN B 1) JONIE e, 1) R H A5 PR L HL AR B
25 T 5 e U RS B K 0 3 Sk RSE S O B Bai
SRS R S IR O R A X 43 T A 5 i A
JIN G BRI AR SCAN 3 IO T i o0 0% B e 5 R 0 3 Sk




4 (LI 7S S

T S T ] JLART RO B — 2 CRIE 2 R i A Z Y
JUROPR N B ) i 0 B B AR TR &

2) Ui Sk R AL LG R, . Huang 2521 % P, i O
ik #E H K 1 BLAR S B K ) BLAR HEAH (RTTMHD)
XoF G T A A 5 0 el L AR 2 MG SR A e 1 8T AR
Si HECE RN S Z HE R i O i Sk 481D AR
It R,

C3) M 0 i 3k 75 B B Ry, Huang 28529 & B, %)
T 2 v Sk T B R E X G TG AR R A
A i Co i Sk 9028 Be g JBE LG X6 25 A3 43 TC AR A 52 )
1) 3R 3 B At 2 506 I 1) 52 W) 3 0 TG A 18 o AR 3K
U 78 B FE Pinier 5 Vi S A BE o Z L RE SR R
Lotk = L Ry o

B2 i s Sk TR 2 8

Fig. 2 Eccentric header geometric parameter
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Table 2 Eccentric header adjustable geometric parameter and

their level
2 K
1% 2 2% 3% 4 % 5 2%
0.00 0. 35 0.70 0. 85 1. 00
R, 0.62 0.69 0.75 0. 81 0. 887
Ry 0. 40 0. 44 0.49 0.53 0.58
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Table 3 Additional snapshot condition geometric parameter

ES E. R, Ry
1 0. 00 0. 887 0.58
2 1.00 0.62 0.41
3 1.00 0.62 0.43
4 1.00 0.69 0.44
5 1.00 0.69 0.47
6 1.00 0.69 0.49

2.3 HABSHE ADCHIAREN SRR EN I
2.3.1 ADC T &7 ik ik & R Ao R

1 ADC BB 2 B POD [ 4 J 45 B B9 B 25
25 0] AR bR 75 2 5 T 0 PR IR B SR A Y O ik kA T
PUA L AE 2ot T 22 R 4% Sl ) R B &2 (el
IH & MARS 5 ZFh A HALZR 2= > k)G A3
PUA 25X R P R R YA KT 0. 1, Ul LA
AL S RPN BR AT A AL A . X R AR
R AU X G 1R AR AR R o e el T R O R T AR AT 3
B ADC 1) [ £ 41 A% 1 . 15 S J2 HL HE A Y ESE ) B
o r LA 10000 4 B 47 04 91 T MARS 45 J5 7 91
AiE M. Wbt — 2R H £ w2 m 34
(PCF), SE5 % L. PCF 7E 814 B e 43 51 0 1.
3B e REC AT BRI A EAT R, AN
BN 2 B, R8T A RCR, X 2R R
ADC EITF = 26, T L PCF B #1& tb HAih
MBS A, ERERNYTIREN 6.56 X107,
HE R R =0.911, % T3 J& 78 AR 38 It -0 oty 3k 22
SHGRE T ADC 0T 55 i R g 4 L OF B
TE L Z R G 5 5 e IR B B AR LB RO . A
It PCE 94 1A A 8 XA R B00CHE I A5 H o Aff 19 T30, 2
— R SRS B B ADC 45 B A ] LA CFD
15 B 25 43 Fe e P il 2&




sk

8 IS

i

INEE A

%559 &

2.3.2 BHE Np@i%ak R 5 Ry 3L H%H

BT 3 AT EXL 22 R, M EE S, & 4
R [EE R, FA W 2H S 8507 D IR T AR 6T 45 310
MR 22 R, FEAREE , ARYEEE 4 7T, Ko TOL R L E.
BERA A2 R, W8I s ARAE [ 5€ Ry K E. 15t
ERR I AE R TOUT Bk 22 R, B R, 39K
B R AR 51 R, M EL R F00 45 5k B0, 28 R 43 T
OUT I BC 22 R, B Ry 34 R SGH/N FE OR  HAE
S TR BT R, B Ry 3R RS O 4% T
RIS H AR X E. 52m E, fERE T.00 T
B ML 7E R, = 0. 887 il Ry = 0. 58 i), 3 Fif
E. BRI 2 R, HBLSEHE R RN e ix 2
KR4 R, BKH E. B/, 323 R, W52, Bk

(a) R, =0.62

(b) R, =0.75

R, 4R 545 = FHL, U R, SRS Y E.
WK FNFHE AR E ERTE B R, B0, i R,
Zxfarm i/ I H Y Ry WU KET R, 5 Ry FLFIfE
AR, RIIEHGE, Wk R, W/ IME I BE—
B FECE WM R, 5 1m) BRI Y B 47 i ) J5
FER 7E R, = 0.887 H Ry, = 0.58 B} .R, 5 Ry Btk
ZWREM LB T E. M2/ MELE, 47k
MR, W/NRIRON SERTH AR R IBE E R R, HR
RS o PRI 3 ot Sk O R AR AR BB 3 S
Be , 7] i 55 ZEDCAC R, & Ry WHBUEE I Ry 5 R, 3
KA 2= R REAE I E . 38 R BT A7 2k 19 1 22 10k 3 3 [l
MR UL & R, S E. 3G K iy >k 4 i) 22 % 20 1 [l
RV AR A L R, X E. 5 IR 5 TR,

(¢) R, =0. 887

4 ROAZER Ry 5 E. X Ry, B2

Fig. 4 Ry and E. influence to R;l while R, remains
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