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Working Parameters Distribution of Fuel Cell under Mechanical Stress

ZHANG Heng, CHEN Ben', SUI Bangjie
(School of Automotive Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: The mathematical simulation of gas—liquid two—phase flow of the proton exchange membrane (PEM)
fuel cell under mechanical stress was studied. In this study, a two—dimensional, non—isothermal two—phase flow Mul-
tiphysics steady—state model of PEM fuel cells was established. The model comprehensively considered the solid me-
chanics, electrochemistry, heat and mass transfer and gas—liquid two—phase flow. The two—phase flow distribution of
PEM fuel cells under mechanical stress was studied. The computational results showed that the stress of the porous
medium under ribs was significantly greater than the stress under the flow channel. Stress concentration obviously oc-
curred at the junction of the ribs and the flow channel. Liquid water was only condensed at the cathode and mainly
formed in the porous medium under the ribs. As the current density increased, the cathode relative humidity gradu-
ally increased, however, the relative humidity of the anode decreased. Cathode liquid water saturation increased when
current density increased.
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Fig.1 Schematic diagram of the geometric model of proton

exchange membrane fuel cell without mechanical stress
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Fig.3 Comparison of test results and simulation of fuel cell

K3 ZBRHESH

Tab.3 Experimental characteristic parameters

R Jm vk
TIEZE Y BT
s EINGR 5cm?
CLH A} AN
Eisk sy 0.3 mg-em™
PEM #4 NR211
GDL# K Toray TGP-H-060

2.2 PEM MMM S1ZE S

K] 4 2 PEM JA R A A2 B I T B, Z LA
JOT B NE 3 43 A5 15 L (S TR 25 A R Z2 LA i X
185 NI 4 A R g A o] LA BR  BARC R O i 2 4L A
J A2 B N 7 I K T E T T 2L B, BLE
T GDL & =4 AR E IS . 5 R, 78
PR R 3 A8 B TR T 9 GDL AT W &g ) 1o 77 4 v B
G, B A i N D7 1B R 2 LA 5 B B K 5 MPa.
&1 5 ARk e b Az B HLARON; T 5 2 8% 53 A, IR
Ha] LA s il T AR BPP B 434 A, 67 T AR R
J7 GDL BB AF 5 B R F F i F J7 GDL [YJE A8



543

SRR AT OB TEALRON, 1 9 TAE S8 A 191

i, il N 7 GDL B AR & JL-F & 0. MPL.CL DA %
PEM BYTEAS 8 AT GDL AR AR B M 5 S i /N
AR i AR

e S . A o B R
S L © W © W o Wn O

B4 w4 (MPa)
Fig.4 Stress distribution

fo—

: :
[ .
[« W — — [N~} [oe] W 1%

(=] W (=] W (=] W

B5 12 aH (um)
Fig. 5 Displacement distribution

2.3 PEM#MIEBMAERE S

1 6 S PEM %t i 3t 78 S W) L 9 %5 B T (i =
0.17 A~ecm™ ,1.05 A*em™,1.66 A -cm™) {3 B 431 .
ME 6 7T LA H - 38 T 2 LA 5 A IR = T R
W F 7 LA IR . i T HLME 46 AR 5 £
FLA T B FLIBR AR AL T 308 T 5 Z LA R A FLER R
BN X RN AR T O B S AL R BE ) BER T
R AR AL SRRy, TR E T O i 2 LAY
o P8 52 7 AR ) e A v, A ) R Ak S
AR IR L TR A . A AT DL R IR B R 1 R
BT MR, X TR PEMSRARL v b, BEAR 1 RA
SR 530l e A WA 2 Ak SO BFIAR, 4)38 JE 2 B
V18 J52 IO s B2 R B e AP R I 19 s I 4, T LA B A
(1R Y05 B v 1 PHR ()R BE . B P T 28 B (R B84, F
b A A TR 2 1A, BHRR A B AR A0 3R 22 2 BE 2
DAL JRE TR 38 o 4 o

<

R

<2 (N .

(a)i=0.17 Arem™

e

U
(b)i=1.05 A-cm™
ﬂ

S

v
(¢)i=1.66 A*cm™

|54 W

(98] (98] (98] W (98] (98]

W W W wn W W W )

—_ (o8] (9%) & W N ~ [ee]
BA6 KR WREENRESH(K)

Fig. 6 Temperature distribution at different current density

0S¢

|54
W
=}

09¢

2.4 PEM B EB it OB XTIE 9

& 7 J2: PEM #RRE L M 7E = AN [R) B L 2% T
1 (i=0.17 A*em™ . 1.05 Aem™,1.66 A-cm™) A XHE
FE oA . NI T (3 < PEAR R BRI R % [ 45 A [)) AT A &
I« BRR R AER 160 5 i L 25 P 14 0 T 58 ¥ 44
Jn, I Has Mt 1, U HOR AR T 2 4LA B IX
SN . 3k A AR T T 1 Z2 LA B AE LK
N T PERTE G5 S EONFLBRR AN 3 R A 98N,
T BEL T A BG RATAS F A 2 7= AR K AN S Sy HE
Jn AR 5 0 22 LA o X el B A T T
1 22 FL A T DX R B, BT DA Al 7 DX 3 49 A X
JFE R T AE T 7 Y PEAR A R X B 43 A1 ) 55 B
AT A 2, H B8 P R T Y 2 B o L %8 A 5
T 28 Tk /0, L L R A AR 8 B 259 /N T 1. X2 TRy
KB I8 3 A L AR O e PR R SR [ e e
B B A E O R B G 0, H AR AR B i PEAR Y
K 25 Bt o 1] B AR O 31, >4 H 4 A T A i £
KT S A HAE FH 6 3 8 e e, BE R PN AR K 25 Bt 2 HR
T BE B HEIATIE . eAh  BIAR A R T B K
KT AT 7 WK & &, Al T o X8 9 1
FIAE R R T RAR T 7 X3k s 4 80VE L B LA BH
TLIE T 5 B AR R T AR T T AR R L Bl
A L R BTN, L (A AR R B 1 S AE L
ARK BRI CL A R] DX I . >4 Fe i 2 B B/
BF, CIL A [a) X3l ) 52 07 0 e ey, At L v i) X Jk
T A v, T R 0 DX B P R T B v T ) DX



192 PN QR 2]

2022 4F

FRAF O RE . 2 FL I 25 B AR S B I, B 7™ A i 7K
di TSR R, CL A ] X A X B B

IR B2 1 Y Sk B A A2 K
(a)i=0.17 A*cm™

L —

(b)i=1.05A+cm™

| S—

(¢)i=1.66 A+cm™
o e e e = = = = T R
(=) [=) =)} (=) (o)) ~ ~ ~ ~ ~ ©
S 0 B & ® S N & & o S
— —_ - —_ —_ — —_
(=) (=) —_ — s} [\e) (o8]
S S o n S G S

B7 FRWIRE LGRS
Fig. 7 Relative humidity at different current density

2.5 PEM BRI ASKIBMESH

PING AN = i o0 N [ o O =TV O
T AR B AR X R EE /N T 1, B LA AR — B A S
A=A CTE ] 8 H IS A 22 il BH AR Y8 285 7K AR A Y
1A . [l 8 J& PEM AL L 7 = AN [R] (1) L I 25
T (i=0.17 Acem™ 1.05 Acem ™, 1.66 A-em™) [
VRS KA T RE 43 A1 . IR P R T 8 B 2 A L %
I8 — 5 BUE A I T 1, Bei 2 = AR s k. H
ISP B8 Y080 A A b R i A P A 4 B ) G T T 3R T
200 2 5 1.66 A - e R BB VR AS KA
FEE AT DAGA 2 0.3 W A KA RN EEZE AR T 5 1) Z2 4L
A B X IREL R T3l B 7, X2 R Ak 5 L
BRFNS 5 R BN T B T 7, T LA A A
K AR T 7 BUR . B F GDL X iy i &

FG /N CL X IR IR S /K AR AR ) e KA &
HELZE AR 748 25 CLAY GDL [X 35, .

(a)i=0.17 A*cm™

__

(b)i=1.05 A-cm™

(¢)i=1.66 A*cm™

=) =) =) =) =) =)
=) = —_ ) )
G o 5 S G

B8 R Wik E B R T JE A

Fig. 8 Saturation at different current density

w
1
I

it

AREIIEE G T AU 7 RS B 5T F Ak~ 1
EZY/BL Ry BIUP N AR Y N R IR ST
PEM A} b 19 S -V B AH I TAE S B A i Ol AR
L5

1) SRR A 327 20 ke FCHLARN 7 B, AR T 7
() GDLJE AR 8 fie K, HoA B 19 T 48 & A X T GDL
JEAR JLF- 0] LLZ W R T 5 1 Z2 5L 32 B A HL
BN ) BER T E T O 2 LA Bz BN, A
Jihi i 5 i 3SRk GDL A W 4R e

2) KRk Rl AR A I R P, IR CL 7Y
ok J3E e v, it A L S ) R %% R L e 14 38 R
B 22 2R Y L E N 1.66 A em I,
254 10 K.

3) Bt 5 L % A B, AR ) AE X B AT
TR A 0.8 BE A 1.3, (H FHAR AH X W2 B MR AR 14 0.8 I
INEN0.6 547 .

4) B Bt A P I 2 T 04 0 2 3 T 7 A VRS
K, FL A 2 B R, YRR A K P R R Y O
JEN 1.66 A-cm B, 10 AR A 0.3. i AR T 7 2 LA
JoTJ2 T IS K AR B R T A T O B 2 LA T
JZ, FLA R ) e KA 4 A 78 B W A s 3T Y GDL
X3 .



543

SRR AT OB TEALRON, 1 9 TAE S8 A

193

S0k

[1]

[10]

MAJLAN E H, ROHENDI D, DAUD W R W, et al. Electrode for
proton exchange membrane fuel cells:a review[ ] |. Renewable and
Sustainable Energy Reviews,2018,89:117-134.

PRIYA K, SATHISHKUMAR K, RAJASEKAR N. A comprehen-
sive review on parameter estimation techniques for Proton Ex-
change Membrane fuel cell modelling[ ] ]. Renewable and Sustain-
able Energy Reviews,2018,93:121-144.

MILLICHAMP J, MASON T J, NEVILLE T P, et al. Mechanisms
and effects of mechanical compression and dimensional change in
polymer electrolyte fuel cells—A review [J]. Journal of Power
Sources,2015,284:305-320.

SIMON C,HASCHE F,GASTEIGER H A. Influence of the gas dif-
fusion layer compression on the oxygen transport in PEM fuel cells
at high water saturation levels[J]. Journal of the Electrochemical
Society,2017,164(6) : F591-F599.

DAFALLA A M, JIANG F M. Stresses and their impacts on proton
exchange membrane fuel cells: a review[]]. International Journal
of Hydrogen Energy,2018,43(4):2327-2348.

CHI P H, CHAN S H, WENG F B , et al. On the effects of non—
uniform property distribution due to compression in the gas diffu-
sion layer of a PEMFC [J]. International Journal of Hydrogen En-
ergy,2010,35(7):2936-2948.

ZHOU Y B, JIAO K, DU Q, et al. Gas diffusion layer deformation
and its effect on the transport characteristics and performance of
proton exchange membrane fuel cell [J]. International Journal of
Hydrogen Energy,2013,38(29):12891-12903.

ZHANG H, RAHMAN M A, MOJICA F, et al. A comprehensive
two—phase proton exchange membrane fuel cell model coupled
with anisotropic properties and mechanical deformation of the gas
diffusion layer[J ]. Electrochemistry Acta,2021,382:138273.
INCE U U,MARKOTTER H,GEORGE M G et al. Effects of com-
pression on water distribution in gas diffusion layer materials of
PEMFC in a point injection device by means of synchrotron X-ray
imaging [J]. International Journal of Hydrogen Energy, 2018, 43
(1):391-406.

HAVAE] P. A numerical investigation of the performance of Poly-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

mer Electrolyte Membrane fuel cell with the converging—diverging
flow field using two—phase flow modeling[J]. Energy, 2019, 182:
656-672.

CAULK D A, BAKER D R. Modeling two—phase water transport
in hydrophobic diffusion media for PEM fuel cells[J]. Journal of
the Electrochemical Society,2011,158(4):B384.

VETTER R,SCHUMACHER J O. Free open reference implemen-
tation of a two—phase PEM fuel cell model [J]. Computer Physics
Communications, 2019,234:223-234.

ZHANG H, XIAO L S, CHUANG P Y A, et al. Coupled stress—
strain and transport in proton exchange membrane fuel cell with
metallic bipolar plates[ ] ]. Applied Energy,2019,251:113316.
WEBER A Z, NEWMAN J.
electrolyte fuel cells [J]. Chemical Reviews, 2004, 104 (10) :
4679-4726.

LI S A,SUNDEN B. Effects of gas diffusion layer deformation on

Modeling transport in polymer—

the transport phenomena and performance of PEM fuel cells with
interdigitated flow fields[ J |. International Journal of Hydrogen En-
ergy,2018,43(33):16279-16292.

WANG J T, YUAN J L, SUNDEN B. On electric resistance effects
of non—homogeneous GDL deformation in a PEM fuel cell [J]. In-
ternational Journal of Hydrogen Energy, 2017, 42 (47) : 28537-
28548.

WEBER A Z, BORUP R L, DARLING R M, et al. A critical re-
view of modeling transport phenomena in polymer—electrolyte fuel
cells[J]. Journal of the Electrochemical Society, 2014, 161(12) :
F1254-F1299.

ZHOU P, WU C W, MA G J. Contact resistance prediction and
structure optimization of bipolar plates [J]. Journal of Power
Sources, 2006, 159(2) : 1115-1122.

VIJAYARAGHAVAN K, DEVAAL J, NARIMANI M. Dynamic
model of oxygen starved proton exchange membrane fuel-cell us-
ing hybrid analytical-numerical method [J]. Journal of Power
Sources,2015,285:291-302.

MUIRHEAD D,BANERJEE R,GEORGE M G, et al. Liquid water
saturation and oxygen transport resistance in polymer electrolyte
membrane fuel cell gas diffusion layers [J]. Electrochemistry

Acta,2018,274:250-265.



