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NUMERICAL ANALYSIS OF TRANSPORT PHENOMENA
IN POLYMER ELECTROLYTE FUEL CELLS

C.G. Park™

A three dimensional numerical model to predict the flow and transport of mixtures and also the electrochemical
reactions in polymer electrolyte membrane (PEM) fuel cells is developed. The numerical computation is base on
vorticity-velocity method. Governing equations for the flow and transport of mixtures are coupled with the equations for
electrochemical reactions and are solved simultancously including production and condensation of vapor. Fuel cell
performance predicted by this calculation is compared with the experimental results and reasonable agreements are

achieved.

Key Words :

ks AR

DE

M (Vorticty-Velocity Method)

.M E

sl A AT w7ty AA4E H7E S g
FHeAL F=2 FU1Ek Qe o o uhel diAdux] 2
AR ZA ] A AR dEt AL B Zksla
% AsAAE dae A 7o gat4 o~
Azl AR MEA7Y  slee
efficiency)®] W9l 74E%] ¥a T3 Zuks opy)3t
= 718 A4 € 7)1ARY st
FEs 38R et odE 7Rz gt

AA2EAY Az AR (polymer electrolyte membrane  fuel
cell)i= IEAF To] FZo 77} Fule) v 7)A Bk
S(GDE, gas diffusion electrode)o] M=R& 4] 07 ZAjtw o]
%= MEA(membrane electrolyte assembly)® TFE0iA] glom
MEAY] 45 wgZoR HAF7L Ede  HTA(graphite
bipolar plate)7} HZe]o] glrk. o) AmAele 7)Ao 7}

T & e T3] 2450 low o] 5§ Bl I

o)
AA

[<IR=N
PATS

s 43

A 20069 84 199, AR 20079 19 199,
evd H
[} ™

1 399, Adgn gAue A2 e

* E-mail: cgpark@chonnam.ac.kr

AEAAPEM Fuel Cell), 4*2(Hydrogen), A H+ASSHCFD), E&714 -5 (Flow of Gas Mixture),

(anode) Wl M= AR(FA), T
Ak 2 V)7 FaEch

S (cathode) HolAM= 413
Ta7l AREA

v B g 0
%—H —

PEME 9] 844 & $A2AEAAE 90 Tolshe] Aol
T ES 288 YehY 53] FFle 53010 1As)
7] W] A A7AREAe) TS A9 AYez HA
ZigE 2 gick
PEMAEAA Y] 983 88 sy dsdAe &
=] zdo] FrHQl Qhott LEALe] FErt FEEHR|
gdow whg Bushs gAY b B Age] s
I LR 22 S0 9ste] v)HEalEe] A dele] B
o] Al g % AbhAlY] f-Fel Fsjeast 2 F gl
th 53l whge] Ao 2] ES(cathode)oll A= Eol Al
A s =3 A7) AFA A electro-osmotic drag)oll &) 5ked
Fo| Y¥Hanode) 2EHE SFOZ o)FH7] wWio] S|
A
X

=
ki3
ottt viol
A7 AT}
 mRAT Ay

W3 Verbrugge[l] <+
Springer B{21%E) AFste] 239 $5L L Um 3]0
A7 £ e HIoe 33 FEEEE0] e

R
L



L RIS eE X

u 5513 Hu 5111 334283 &
o] 24 F5E —'3313}1 ek B3 Jen S{7]S F5Ee
9 B FEsme WHow wm
A4e wiom #50 o ANEAAE FHE F 2718
WA dddste] EF7IAY F5 2 d8xA
Zatm Yok ot gAE %% ROUGIRIL i%s}
=i % %

o

AZ

o
/\61 e

= ATNME Jen SOl AHSE S-S WEHE A
3 B0l FFAM A" #5719 §52 nese &
71Ae fE 9 AFe AN diste] w814 3]
2 .

2. FAE Y
2.1 X|uj g4
211 FSUHY
Fig. 13} 22 A4z W] o|=adA 2 A7)3kets u

29 SR /1R A0R 3R SNel bast A

& % $371% LHHE BWIAS 75, D A% 54

—

B4 TP o JHoRE TS A olF
RGO AHEIN dEdA Ui exe 9
A= AOE o FEe AT ALE S,

|
ot ERVIAY bR HRER ARl o

\I

ool W} $5E ALY wel FAE HIBHoR 17
fov 9 ALE & F WA BIRAL AN
Aol Wk WS $AR Al ANSE e dsiel

A71A p,& FHF 24 HAAX 71E e p' e

z Ry I gHwbelt. ap,/oz> op' /o & 1
o

op_ . _

02~ oz =f(2) ©)

du v Wy ©)
ox oy O
ou ou ou
&2 plu ox oy "oz )
2 2
:_@+_li(ﬂ2_+a_1;)_ﬁu (4)
ox € Yy
ov ov ov
& plu o Uay waz)
2
P mov oy B, )
9y € 9r® oy K
1 ow dw w
i ___|_ —_— _
€2p(u a v oy w 8z )
2
@.4, B 9 1;) 9 7“: ) — ﬁw (6)
oz € ax oy K
:0.4 X X X
— £(u—-i— w—y)
ot € ax Yy 9z
%X X X
= pD( + )+ 7
P2 o o2 P @

9 Hoa] e FE(porosity)o]™ uV/ke NEEI} 1
of ohd it & B Fuj Fojvt HEdrh B X= AEH|
(mass fraction)o]™ D= 2 AT, S, 4713t whe
2 A7NH @A electro-osmotic drag)e] &3 Ak, 44
2 FF79 S A vehie dA otk ¥ |
pe Ak, A o 3 7] 5 ERVIAY BE g
5" Eo] WANYE AT E9 "WEE Xttt
u, v, wt EFVIAY ol $EHE EL VA U
28 ;l’% Aoz &Rt

VA= HAE B &3
o= 315tk I &5 &7 F5 S ] TEEE :"71 25

o]

_‘

2o e thedt e A2 olgs
_ A BRI
_ A R,
9= Ca AF an]{2 (9)

A HelA q, ¢, 27 3719 F49 frdoln A= A
=9 B9 WA, RY Fe ‘ﬂ%—ﬂiﬂ*&#g} Faraday 3-<r0] 4.
T3 pl Y, Te 2% XE A 2 49 B g o)
(mole fraction)e]th. (& ¥2 H|E AAtE H-3(stoichiometric
flow rate) o= At o] 8" ¢, ¢ & 44 300tk A 7
= AFEEEA A Q) 9)ANHE I=14/em? L 71208



IATRAY A2 W o) FAY dig FA 54

A28 A1Z. 2007. 3/ 11

VB Ao AdE fFe G BAE dEa
LD

A7 o] o7 hst fael AR B A
Bk ool 87 2 BT 29l 55719 BE W o)
Aol Sl Bl oldol WA £i AN AEAA o
s FT 29 gol 22 o= olFapl U o5 o
F& EWIAY FUugAe 2T 39 o 20 94 I
o2 FRIAT PN o olfeht 2o % m, =
Thest o] AT

m,=M,(n;~D, d;;” - w%( C;py“’) (10)

7oA M, = B9 A% Fe Fanday s, iE 24
AFAEOI ny, X, D £ 27 A28 A5aadd o
olFe Akl A% AF £F719 B B $£E79 ¥
= Aol fJgte] o]FHE B F& ARtel] 9% B4
oy n,¢ D, = thg AL o] gagl

ng = )\%S— (11)

D, =3.1x10"Tq(e"%e — 1) 24/T

12)

# Aol Ak ez 47 A 43 (25)9 o] HojE=

gt =9 g ol

2

2.1.2 HU|5tEHre iy
HALERY ARAAE £4 59 dEr) TFHE g2
(o]

(Anode)™} A3HAIQ) F717F FHEE SFHCathode)o] Aoldl

[E]
[e]

JAZEAE] o] glrk o] mEAL WS Edle] ZgE
(Proton)o] FFollA] T2 olFEm SFol|A o] L3l]o]

O
S Aol AReel B¢ YAFoA HAlS Bas
A Bk 24zte] Fele) oleste

Anode: H,= 2H "+ 2¢” (13)

1
Cathode: 0, + 2H +2¢ = H,0 (14)

)

¢ o
_ ref @) = c
j(‘ a’c ( Cg:f) exp( RTFnc) (16)

Sie] Ao et MeEe thest gon o8¢ A

Table 29 VFERAILE

=
o
A

o =z
g5

=
=

KN
o

ks
=9 7Hgzd
==

y . Ol = ZED
Ja - 3+ ZY AREE
i o3 Zo| AEYLG
jC " % ]

ol L ¥F 29 ERBNFYE
(reference exchange current density of anode)
L4 29 VERBARYE

(reference exchange current density of anode)

Qg . @ °1%8 dtransfer coefficient)

Mo Mo+ 243 Y (overpotential)
F: Faraday ‘35

Aol A (15)3% (16)2 d= SolA= ukgol

APAQ 9 Hl&S RYo A ‘7){% FAYE HER
ole} IR F=oME AulyeR =
A5 AAE Butler-Volmer 2] 0.2 5-E %Elﬂ Aolth2). &

2Ao $4F Fage ohest 2,

.= 2, W

= V;ci Vcelliée (18)
9 Aol Ve ARAA Aol v, = &

%open circuit voltage)&i s Alm 2ol
7o 1A R ZheA YERd 5 gl

V.= 0.0025 7-+0.2329 (19)

5} £ Zol ZolN WS WAL 2
3 71Ae] RSl AA e 4AdEEHY olg9 %e oE
Aoz zHAE
anode _ Ja 20
O oF @



12 / St LUFA S5 A

v}

22

=

cathode i 21
SO: AF 21
Saathode i (22)

£HO - 9F

71N Sgrete, S, S = Az S, A

aMF R 75719 Aol

213 DH A EM Y

FATEAY ASAA A BAGTE FHEs
84 A3)d proton exchange membrane)2] o}
W o2 HeEwE 1 25 F 579 Eikme sl A
AErh £ 7oA E NafionAdl A e AR oH
o] Mad vhe] o] LM =T Springer B2 AP T}
53 Zo| AL

i

= 73
2 ATLo]

o, = exp [1268(%— %)](0.5139,\ —0.326) (23)

A=0.43+17.81a—39.85¢°+36.0a> 0<a =<1

A=14+1.49(a—1) 1<a<3 (29
Pro

a=—22 25)
psat

9 elX Wy Tz et 2,

o, O RATE
A g
a : &9 B E(water activity)

Pro: TS TY

Do © X3 F571%
2.1.4 TS A
A77L wAslE Aol M nEAE 2 Evjo ExaE

A3t @, U A 0oz 72 4 gk

div(o grad®,) + Sp=0 (26)

Table 1 Source term of electron conserve equation

Anode Catalyst Layer Ja
Cathode Catalyst Layer —Je
Proton Exchange Membrane 0

A7|AA ov 74 GHXY ArARE, Se dWF
(source)©] L Table 19 Z+&olM9) S5 UErdch £ A7l
ME 71 i E JAdA] Uehde A714 3H(Ohmic
loss)2 FAIEIR oM Fuls 9 nEARA Azt ol
ZRE ol oate] BAHER 7)Mo Hr|dREE
oA EAREA ALl ol2HRRE o] &IAL:
B2 AR AACN dsks REde 218 WEI
2 (6)o2RE W3} ¢, 7t THAE FAHVEE 3 H
HAMAEE e e Hog T

8P,

e ay |y=I.F

g = % ff idz dy (28)

22 TR M LY

oln] AFT Wt Zo] FEANLS d=-HEof WIPY
S AR U A 29 2ol Bl 5
GE AREE] A 30) 2 3D FEZ & drk

t=—0

v ou

_9v_ov 29
= 5 3y 29)

8¢, 8w
=2 30
Viu oy 0xdz G0

¢,  ow
2, % 31
v or  0yoz Gh

SEFIRA A 95t (9=
0§
RIS

1 o, , 9 BCZ)

62” “a ay az

2 2
—£3<z ac,z _ECZ (32)

€ ox? 8y2 ot

drtf ez g Aldshs WY 4 37 5 A58H
A u, v} woll WE SEFEEY A Q-] 24
oo} 53] 4 po] Arh Rk ool whele] efwe}
£x2g yifshs PEL 4 (3032)8 AHe] u, vE T
T A @M Rl dAslths 2ok F f5UF &
EAER wE T . 240l e ® gk (ol o



IALEAY A5HA] W] ol FAM] U £H3)4

A12A A1s. 2007. 3 /13

Flow Channel(cathode)
Diffusion Layer

T e
Membrane

Flow Channel{Anode)

Fig.1 Computational grid.
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Table 2 Physical parameters and properties at 353K.

Gas channel length 3.0 cm

Gas channel width 0.1 cm

Electrical collector width 0.1 cm

Gas channel depth 0.8 cm

Backing layer depth 0.0254 cm

Catalyst layer depth 0.00287 cm

Membrane depth 0.023 cm

Gas phase electrode porosity 0.4

Membrane porosity 0.28

Transfer coefficient, cathode side 2.0

Transfer coefficient, anode side 2.0

Ref. exchange current density, 1.0x10° A/m’
cathode side

Ref. exchange current density, 5.0x10* A/m’®
anode side

0O, stoichiometric flow ratio 3.0

H, stoichiometric flow ratio 3.0

Alr side inlet pressure/fuel side 5.0/3.0 atm
inlet pressure

Inlet nitrogen-oxygen mol fraction 0.79/0.21

a) V,,= 0.05 b) V,,= 0.005

Fig. 2 Mole fraction of water depending on the rate of condensation.
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Fig. 4 Mass fraction of species and current density at catalyst layers.
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Experimental Results
Numerical Results
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Fig. 5 Comparison of predicted and the measured cell
polarization curves
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