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Abstract

Proton exchange membrane fuel cell (PEMFC) has various performance indicators, and the compre-
hensive performance of PEMFC can be improved by multi-objective optimization. In this paper, a
multi-objective optimization method for comprehensively evaluating the performance of PEMFC is
proposed by comprehensively applying orthogonal experiment (OEM), analysis of variance (ANOVA),
and entropy value method (EWM) with artificial neural network (ANN). Firstly, several commonly
used PEMFC performance indexes are selected, and orthogonal experiments are designed for the
parameters that have an impact on the PEMFC performance by initially selecting the geometrical
and operational parameters of the PEMFC, and then simulations are performed using COMSOL soft-
ware to obtain the results of the performance indexes under the corresponding working conditions.
Through the analysis of variance to screen out the variables that have a significant impact on the
target, it can achieve the purpose of reducing the optimization space and improving the optimiza-
tion efficiency. Secondly, orthogonal experiments were conducted again according to the significant
variables to obtain a globally representative data set in the optimization space. Subsequently, an
expression representing the comprehensive performance (CP) of PEMFC was proposed, and the
weights of multiple objectives in the CP were analyzed by entropy method, and the mathematical
expression of the CP was further computed and used as the fitness function. Finally, the ANN is used
as a proxy model for calculating the CP to optimize the significant variables, and then an optimal
combination of parameters is obtained to maximize the corresponding CP value, thus maximizing
the comprehensive performance of the PEMFC. A multi-objective optimization analysis of the trap-
ezoidal baffle runner model is carried out using this method, and the power density and net power
of the optimized runner model are increased by 53.71% and 53.70%, respectively, compared with
the base runner model at 0.4 V, while the cathode pressure drop is increased by only 7.93 Pa, and
the oxygen inhomogeneity is reduced to 0.19. The above method can effectively reduce the optimi-
zation computation time, which is very useful for the design of future PEMFC structures and the
development of the PEMFC.
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1. 518

J5 A MR P it (PEMFC) PR e 1o RCRE AR HETBCRF AT 45 52 B8 H - B R R REIR e 0 ) B 243
#[1]-[8]e VAT AU, PEMFC JEILH ) MR N AT AT S, ySEBL gk e it © L SCHF . R
s[RI W T W 5 R AR PR B 5 T A AN AR S B, XL PRAg IR ] 7 AR T 3% L) 2 B [4]
Ut JE)FE BN g5 AL MR e i RE OB 7T ik, DAHESH LTI AR R AR R

B A J A S5 R RT R T PEMFC MEREZ G H B, 5] W #E VALTE Hh VN IS4 R RT AT 28R A s B A4 1Y)
AR, 127+ PEMFC fi thVERE, 12223 CAER —YURtAT 7 KEBI T, Yin ZE[5]E &L 1 B
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BTG A AN S AR T PEMFC PERERIFEN . 455K, BRIZRIR M HTRL A FUS &35 45° K, PEMFC
PERe . Perng 28 N [2]F 5T 1 AN IR JUART S50 (1R A7 A1 e FEE) I BE TR A4 ARO0 PEMFC TP RE IS0 . BT 9T
SEREN], MEEN 1.125 mm. BN 60°H, PEMFC 1% Bh R LA 4R (1) PEMFC 275 T £ 90%.
Wang % N [6]8F 7T T B P FR R Z5 44 (1 PEMFC, R BLASAS 1A 248 (STBP) i 8 5. 24 #2/ T PEMFC 1
RAREINE, SESGNPATRIE AT RS IR (PTBP)FE AL, /3 Al m T 6.39%F1 2.54%.

WAL, R T SRR A He AR I R A B AR, BT IR PEMFC 7EIE Y A E 5 T Ra e
IBAT . 5002 B RRE b (R t PR RS, ISR L IR Ak, AT KR8 J A ek FEL ) 5 FH i A [ 7]
EExbx—HkAR, I SOOI — AT TR, BRI T AR i M RE R L. Yan [8]5F
S IT T PR VARG . AR ORI L F Tt I S A R B R AR R R AR B A R A # A
Wil PEMFC HLRE BEHIFEMR . SR a5 RN, BEAE IR E AR A o ISP AN A 4 ik AR b b i 2 %)
w, IR S TR R . Kim Q1SR 5T 1 AR X A N A Ak 25 T B s PEMFC 7K AT B (152
M. SEREH, BRSSP T IR KRR, F38am 1 K A BAAR B BEAZ 58, A
P& T PEMFC (kRe. 2810, ORBEFR#AE 5 — HAn kit PEMFC 11tRe, BRI T HAAF) 5
R 3E R

R HRRACAHEL, PEMFC (2 HAsRA B A TSRS . B T7E PEMFC H, AR PERESR bR
LI, G, #HT 2 Bistig —IiE 2 CH BABEMER T/E. Liu 58 A[10] ARE ORI 4 H )
FNHEbR, Eid 2 HbsiEE EZ PEMFC ISAT 26 AGE 25 /1T T4k . Kwan 28 A[1118847 7 —
Tk T NSGA-IIIEAL, DAL PEMFC R4 HL & BRBL T R Ge ki Hh D)3 A% . S8, R 2 B
oA B35 5 BN Wb, 25 T H BRI VT A 3 S bR BRI, A A LU BCRE R o (R U, AR SCHR HE — P 255 VAl PEMFC
PEREM 2 BRI tL i, ATPuE . RGMSCBLEREE . #I%. KBRS AYAESEZBRNGE
k. Tz, AR CULEF AR A PEMFC fIERRU A FIBET 2, 5 0.4V BIE T, RIALETR
TEASRUAE LU R IR TG L I o, Th e 25 B R4 D28 55 ST T 53.71%F0 53.70%, SR B4R He B £ AX
R EFHT 7.93 Pa, HAABILIERESE 019, R 5kl B 8BRS, %4 J5 PEMFC 14544
Wit 5#EEBIT A — e 52 L.

2. Y{EEH
2.1. ZEFMLTE

Z HbrtACm R W 1 B . B 5EHT 2 HARE R, 158 LAY H FH I PEMFC T BEFE br . £1%F PEMFC
(1 L] 2 BN SHD R B0 H AR A R S50 IEAS 5048, b5 i8I COMSOL Hidtlit Bk 3k
O B T N &AM PERE TR bR g . B R MR RE TR AR AT O Z 0 W, g R AN PERR FE bR B Y
M (AR &, AT DLA BR8] SR AR I H e BEX 2 3 AR B B R BT IEAS SR8 AR I AL
2] h B 4 SR AR EME SR 4, IRl COMSOL APl 545 4 Ti A /)38 47 FL S 101(0.4~0.95 V/, 1)
0.05 HUE) VUM BEFE bR - BE S H2 0 T 483K PEMFC Zi &P RE 2L CP, MR P3R5 I AiE 38
HRMEE T 7 CP 2 HARKIALE, #3t— B8 H CP s RIA RN Z S5 2 H bR AL 38 I B o8 5
Het S A — 2 TSR R CP B LA J5 2 ANN REZ I 2/ IR A, e e R 4 T 000 2 0 8 e vk
(1) CP (A R — A4 . e, TERRST ANN ALY J5, M8 — 5 LBk SR A3 1 By B SR B AL 20 N
WZREEATNNAER , KA ZREHAT ISR, @ WA VA T R . 555 fE B e ANN AR FI0N 10 v ff 14
DU B0 e SO AR B UE VG, K ANN BBV T 5T CP i) ARHR AR B SR BT E{EL Y5 16 N Bl A5 CP 1,
Ak AP I AR B — Rl R AR I SR A E S X B CP (EA R R, BKBREEMIIRTE T 52 BARm
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Figure 1. Multi-objective optimization flowchart
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Figure 2. Schematic of PEMFC runner geometry with trapezoidal baffle structure
B 2. W RIEIREAY PEMFC RE LR REE

KH R 2 BRI %, ASCE BRI RS IR K) PEMFC JRIEREAT 2 B ARG 704, HARAUR =
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Table 1. PEMFC model geometry and physical parameters
= 1. PEMFC #B LT RAJEESH

B4 HA
E K /mm 20
ViLIE i FEimm 1
VL B FE/mm 1
RO %5 B fmm 1
¥ BUZ E R /mm 0.3
Z LR R mm 1.29 x 102
J T A8 4 B fmm 0.108
JE ) HE 5 2 /(S-m-1) 9.825
Z AL HRIEEF Im? 2.36 x 10712
R R 225 32 46 r iR 2 T (A-m=2) 0.001
PR AR A e L 25 P2/ (A-m=2) 100
PR BIE R /m? 1.18 x 1071
T EUZHEFERI(S M) 222
2.3. BEER
KW Ry =4, f2ds. HAH. JESEIERM PEMFC B8, AFEE TR, RAW FRE
[12]:
1) ARGB A ZE I H A AT R 4 0 AR
2) ZALA BRI A R
3) AR RET & PEM.
4) 2ugEIER .
BT LA BRI, $EGD7 R LRIA I R [13]:
JoT B Sy E T R
V-(pu)=§, 1
s p AR, ko/m3: u AEEERE, mis; S A EIRI.
BT IE TR
V-(epuu):—gVP+V-(g,ueﬁVu)+Su )
s e NALBRE; P RIREE ), Pas wer WA BN /KGR, Pa-s; Sy AZIEIRTI.
Re i ST E 7
PCLU-VT =V (kyVT)+S, ©)

X Co NAME RIS, Jkg-K; THEE, K ket NAFHRAREL Wim-K; S NAEEIRI,
Yoy ~p T TR
puU-Va, :V~(pr"Va)k)+Sk (5)
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L o AARFRIHS R E DG D AAFRAED AR B ARE: ScONH 3R

FEL AT 571 T
V-(-o,V-¢,) =S, (6)
v '(—CTmV ' ¢m ) = Smem (7)
ﬁq:': Os~ amjﬁﬁj\%ﬂjﬁfﬁ$ﬂﬂi§5@@§r$, S/m; ¢S\ ¢m7‘~77l‘ﬁ$ﬂﬂﬁ7l‘ﬁEE%, V; Ssoln Smem%@%ﬂ;u}ﬁ%
CEN/TR/BUTP

Butler-Volmer 77 F%:

.| C g agF ) —-a,F
Izlo(ck,refJ [exp( RT 77) exp( RT 77):| (8)

A | AHREE, AIm?; i AZHHEIREE, AIm?%; ar. a0 NIEERREL » MIKEBIERE; Ck
Cioret NI MWK FEFI 2 [ NDIRIE ;s T A TAERE, K g NiEtbid A, Vi FATERL S H %, 96,485
C/mol.

2.4. BFEH

FREHAR AT AR N DR 40, BT A YR R R I 6. N RRIE . & A
AT F RS A B . BHASRT AR N S S i DA R A it
1 R 1
a)mz Py A,

i 1 RT" 1

u =& 2 - c =
in.c 50 4F A‘n a)lonz p::n A\;h
K G & AUNBHR AR AL =T R L o NS TAERREE, AIm% An Ac 7050 93610 X 35
HEARAIREN AR, m?2; o AR D SRR 5B 5.

TEFHMRFI AR i T 5, 2R B o R T 1, 38 PEMFC [ TAEE /7.
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Figure 3. Grid-independent verification
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Figure 4. Comparison of simulation results with experimental data

B 4. RS LR HIRIIEL

etk th 22 WAl PEMFC Sz AT M 2R & PERE R SCBE AR HE . O T IRIEA SCRUE R R 1%, AR ¥R
Sezgin SE[1AVREAL A LA 2 AR AN AR 2, X6 SCHR A (1 ELAUE BEAT XS LLISAIE, 45 R Al 4 B M Aar
DA, BMEEE S SCmBdE AR e, AMIESE | R B A iy SE 4k

3. HEREITR

3.1 % EARAEIERIE R ER g

Table 2. Selected 10 variables and their respective level values

2. FriE 10 REBKEE
5 24 45 KF 1 K- 2 KF-3
1 FHHR = E/mm H 0.2 0.4 0.6
2 AR 6 30 45 60
3 EELE R N 2 4 6
4 P HUZ LR e 0.4 0.5 0.6
5 BB R Jlatm P 1 2 3
6 BARIREIK T 333 343 353
7 FEAR AL 20t e L G 15 35 5.5
8 AR AL 20 L & 2 4 6
9 B AR A AR E 1% RHa 80 20 100
10 AR AE X T B 1% RHc 80 90 100

PEPEDUANE R MERE R br: 1. HIREEIE 1 2. FAMRRIE N 105 H O 2 [ i [ B% AP; 3. GDL/CL $itifi
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WA AABISIE Ny #0033 ARG Fi b, BB RMEREA R TR, B €N
Yo N TR IR AR IR A S R, SR Z 0 M T ik AR AL AT REAT B2 AR U . ik
P HARA RE W ACE, BRI SRR H K BEXTES TS RATE R % 10
ANH ) PEMFC Z 34T 087, ik 10 A& K5 BACTHE LR 20 JU S HORRAE S 4% e AE
Wo JUMTSEOREEE . SR EE A L . 908 % 3 HUZ LR BRIESHONE . . I
WAzt B/ B AR R R

N VAT I Z M, B e AT I SRR T [15]. BANSEEAH = DA FERKF 8L 08 2 fos.
LRI, X 10 DS =AKHE R LR FE T PEMFC S0 — BE A — 2205 16] [17].
Ub, ARG IEACSRIE, A Lar(310) IEAZ BRI, TR ILE 3. XM T RATI T A4S, T PEMFC J#
WAL 0.4V WAL/ AIE B R KDY H L, Frlilid COMSOL Ml THE H 0.4 V HUAL R XS 2 ) DA REHE
PREE . Pl —IE 73T 27 AR, A E TOE A RS MERER bR . THRE4IR % 3
IV

Table 3. Arrangement design of orthogonal table L27(3'°) and its simulation results
3. IE3XFk LaBO)MRHER T R ARG R

b AEAH B

FF5 H 6 N e P T & & RHa RH V(W-cm-2) JEF% P/Pa AREN W
1 02 3 2 04 1 333 15 2 8 80 10727 22670 0.66 0.171631
2 02 30° 2 04 2 343 25 4 90 90 11449 50318  0.33 0.183181
3 02 3° 2 04 3 353 35 6 100 100 11596  8.0176  0.26 0.185529
4 02 45 4 05 1 333 15 4 90 90 11466 49899 025 0.183453
5 02 45 4 05 2 343 25 6 100 100 11636  7.9809  0.19 0.186169
6 02 45 4 05 3 353 35 2 80 80 11056 24889 051 0.176895
7 02 60 6 06 1 333 15 6 100 100  1.1603  7.9856  0.15 0.185641
8 02 600 6 06 2 343 25 2 80 80 11078 24826 046 0.177247
9 02 60 6 06 3 353 35 4 90 90 11570 54890  0.20 0.185117
10 04 30° 4 06 1 343 35 2 90 100 11105 35188 046 0.177679
11 04 30° 4 06 2 353 15 4 100 80 11552  7.8436  0.19 0.184827
12 04 30° 4 06 3 333 25 6 8 9 11713 116720 0.5 0.187398
13 04 45 6 04 1 343 35 4 100 80 11328 85660  0.30 0.181243
14 04 45 6 04 2 353 15 6 80 90 11458 143200 0.24 0.183315
15 04 45 6 04 3 333 25 2 90 100 1.0627  3.7275  0.62 0.170031
16 04 60° 2 05 1 343 35 6 80 90 11784 149900  0.18 0.188531
177 04 60° 2 05 2 353 15 2 90 100 11114 45586  0.50 0.177823
18 04 60° 2 05 3 333 25 4 100 80 11617 92141  0.24 0.185867
19 06 30° 6 05 1 33 25 2 100 90 11303 61930  0.55 0.180846
20 06 30° 6 05 2 333 35 4 8 100 1.1883 141060 0.27 0.190120
22 06 30° 6 05 3 343 15 6 90 80  1.2027 255730 0.19 0.192410
22 06 45 2 06 1 353 25 4 8 100 11719 237330 0.19 0.187490
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gk
23 06 45 2 0.6 2 333 35 6 90 80 1.1867 351280  0.15 0.189843
24 06 45 2 0.6 3 343 15 2 100 90 1.1157 10.5000  0.45 0.178509
25 06 60° 4 0.4 1 353 25 6 90 80 1.1752 39.3790  0.24 0.187997
26 06 60° 4 0.4 2 333 35 2 100 90 1.0781 9.6117 0.64 0.172493
27 06 60° 4 0.4 3 343 15 4 80 100 1.1508 229710 031 0.184115

3.2. RETEIRS
K5 22 5T 7 v %A B 45 RN R B V(18] 7 ZE A A — R ge it ik, T ARG AR En s
aE R RENE . ERXITAES, TTETHTEE LT MINITAB B4 SEILR . MRAEZE 3 BRI
SR, R A MERESRFREEAT T 0T, Gritas R WK 4.
Table 4. ANOVA results for the four performance indicators
=4 MO NMMEREIEIR S E DGR
A BEVLIM B
PR e 0.002296
PHRR U BE £ 2 0.000603

i B7 FiE P suikE &

2 0.001148  23.38  0.001  6.65% 3

2 0.000301  6.14 0035  1.75% 4

FHRUE HA%L 0.000123 2 0.000061  1.25  0.352  0.36%

T EURTLI R 0.004414 2 0.002207  44.96 0 12.78% 2

BEET 0.000004 2 0.000002  0.04 0.96 0.01%

FL UL % P BRI 0.00049 2 0.000245 499  0.053  1.42%

FHARAL 2 0 B L 0.000079 2 0.00004 081 049  0.23%

B AL 2= 1 2 L 0.02606 2 0.01303  265.42 0 75.47% 1
BH AR AE X I8 0.000108 2 0.000054 1.1 0393  0.31%
FFAR AE KA 8 0.00006 2 0.00003 061 0574 0.17%

6

W 0.000295 0.000049 / / 0.85%
S 0.03453 26 / / / 100.00%
65 WEVHAM HHEE ¥175 Fd PHE  Tik%E  H4&
PR 1206.18 2 603.09  515.17 0 48.66% 1
PO EE F 5 149.1 2 74552 63.68 0 6.01% 4
FHRUE HA% 41.42 2 20.71 17.69  0.003  1.67%
T RURTLIR R 34.46 2 17.229 1472  0.005  1.39%
BEE 9.51 2 4,755 406 0077  0.38%
JE B BRI 10.9 2 5.449 4.65 0.06 0.44%

FHAR AL it B b 4.73 2 2.365 202 0213  0.19%

Bt A it B b 796.76 2 398.381  340.31 0 32.14% 2
BH AR AE X I 5 151.28 2 75.641 64.61 0 6.10% 3
AR AH XA 5 67.47 2 33.733 2882 0001  2.72%

W 7.02 6 1.171 / / 0.28%
S 2478.83 26 / / / 100.00%
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A BEYHM HAHE B7 FfE P suikE &
PR 0.001089 2 0.000544 141 0314  0.16%
FUBONBE & 0.001689 2 0.000844 219 0193  0.24% 4
FHRUE 1% 0.000089 2 0.000044 012  0.893  0.01%
T EURTLI R 0.081067 2 0.040533  105.23 0 11.54% 2
BERS 0.000156 2 0.000078 0.2 0.822  0.02%
EawiS oLl BAEIR 0.004822 2 0.002411 626  0.034  0.69% 3
FHARAL 1 & Ll 0.000067 2 0.000033  0.09 0918  0.01%
B AL vt B L 0.610956 2 0.305478  793.07 0 86.97% 1
FH R AR X 1. 0.000067 2 0.000033  0.09 0918  0.01%
AR AE %o I B 0.000156 2 0.000078 0.2 0.822  0.02%
WE 0.002311 6 0.000385 / / 0.33%
¥l 0.702467 26 / / / 100.00%
A BEVHM HAHE B7 FfE P suikE &
PR 0.000058 2 0.000029 2326 0.001  6.58% 3
FUBONBE & 0.000015 2 0.000008 616  0.035  1.70% 4
FHRRUE 1% 0.000003 2 0.000002  1.25  0.352  0.34%
T RURTLIRE 0.000113 2 0.000057  45.05 0 12.81% 2
BEET 0 2 0 0.04  0.959  0.00%
oK BRI 0.000013 2 0.000006  4.99  0.053  1.47%
FEARAL vt B L 0.000002 2 0.000001 0.8 0.49 0.23%
AR 2 B L 0.000666 2 0.000333  265.16 0 75.51% 1
FH BB AR X 1 0.000003 2 0.000001  1.08  0.397  0.34%
H AR AE %o I B 0.000002 2 0.000001 0.6 0579  0.23%
WE 0.000008 6 0.000001 / / 0.91%
SR 0.000882 26 / / / 100.00%
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FET7 225 b, HEA BT DU A LR B vt s b T BUZ FUBRA . SRR . RO EE A B, DO X
ARSI B TTHRE Y 99.44%; (EHIIZHTT =N, HEA AT R 2 B e it B E . 9 R
FLBRAR . PR L FACUEE Fy 5, DU X9 D (U DTk 0 96.60%; (AL, eI AL A THERLE.
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Figure 5. Contribution of decision variables to the four per-
formance indicators
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DU PERE b fE, FE153) 25 x 12 = 300 2H & .

Table 5. Six variables and their levels in the second orthogonal experiment
F5 BIREXRFHIANEERHKTE

AR HE K1 K- 2 K3 K- 4 K5
1 € 0.2 0.3 0.4 0.5 0.6
2 e 15 25 35 4.5 55
3 % 30° 45° 60° 75° 90°
4 H/mm 0.2 0.3 0.4 0.5 0.6
5 RHa 80 85 90 95 100
6 T/IK 333 338 343 348 353

Table 6. L25(55) orthogonal table with six variables and five levels
6. BEARNMEERAENKTER Ls(5%)IERTHER

Fa e 0 & H RHa T
1 0.2 30° 15 0.2 80 333
2 0.2 45° 2.5 0.3 85 338
3 0.2 60° 35 0.4 90 343
4 0.2 75° 45 0.5 95 348
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5 0.2 90° 55 0.6 100 353
6 0.3 30° 25 0.4 95 353
7 0.3 45° 3.5 0.5 100 333
8 0.3 60° 45 0.6 80 338
9 0.3 75° 5.5 0.2 85 343
10 0.3 90° 15 0.3 90 348
11 0.4 30° 35 0.6 85 348
12 0.4 45° 45 0.2 90 353
13 0.4 60° 5.5 0.3 95 333
14 0.4 75° 15 0.4 100 338
15 0.4 90° 2.5 0.5 80 343
16 0.5 30° 45 0.3 100 343
17 0.5 45° 5.5 0.4 80 348
18 0.5 60° 15 0.5 85 353
19 0.5 75° 25 0.6 90 333
20 0.5 90° 35 0.2 95 338
21 0.6 30° 55 0.5 90 338
22 0.6 45° 15 0.6 95 343
23 0.6 60° 25 0.2 100 348
24 0.6 75° 35 0.3 80 353
25 0.6 90° 45 0.4 85 333
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Figure 6. Contribution of significant variables to the
four performance indicators
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Figure 7. ANN model structure diagram
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Figure 8. Correlation between ANN model predictions and actual values
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Figure 9. Comparison of the performance of the optimized model with the base model: (a) Polarization curves; (b)
Net power and cathode pressure drop; (c) Oxygen mole fraction
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