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The Effect of Liquid Water in Fuel Cell Cathode Gas Diffusion Layer on Fuel Cell Performance
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Abstract: In this paper, a dynamic model describing the 2 phase effect on the gas diffusion layer depending on load change of a
fuel cell stack was developed to examine the effects of liquid water in fuel cell cathode gas diffusion layer on the fuel cell
performance. For the developed model, 2 phase effect on the performance of a fuel cell stack depending on the load changes, con-
centration distribution of water vapor and oxygen inside a gas diffusion layer, the effect of the thickness and porosity of the gas
diffusion layer on the fuel cell stack voltage were examined. As a result, a fuel cell stack voltage for the 2 phase model within the
scope of the research become lower than that for the 1 phase model regardless of the load. Although oxygen molar concentration
for the gas diffusion layer adjacent to the catalyst layer was the lowest, water vapor concentration is the highest. In addition, as

thickness and porosity of the gas diffusion layer increased and decreased, respectively, the fuel cell stack voltage decreased.
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Nomenclature M
a water activity n
b parametric coefficient(V) nd
A area (m?) p
c concentration of species (mol/cm?) Q
c mass concentration (kg/m’) R
Co specific heat capacity (J/kg-K) Ri
Du diffusion coefficient (m%s) Revap
<Dp> effective diffusivity (m%s) S
Duater water diffusion coefficient S1im
E open circuit potential (V) S
i current density (A/m?) S
| current (A) t
K absolute permeability (m?) T
m mass (kg) or O, of vapor \Y

molecular mass (kg/mol)
number of electrons (2 or 4)
electro-osmotic drag coefficient
pressure (atm or Pa)

heat transfer ratio (W)
resistance (£2)

ideal gas constant(J/kg-K)
molar evaporation rate(mol/s-m®)
liquid water saturation ratio
level of immobile saturation(-)
change in entropy (J/mol-K)
reduced liquid water saturation(-)
thickness (cm or m), time (s)
temperature (K)

volume (m®) or voltage (V)

T Corresponding Author (ORCID: http://orcid.org/0000-0001-9981-6250): Division of Marine Information Technology, Korea Maritime

and Ocean University, 727 Taejong-ro, Yeongdo-gu, Busan 606-791, Korea, E-mail: skpark@kmou.ac.kr, Tel: 051-410-4579

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © The Korean Society of Marine Engineering



VD = vy X

Q

0}nem

&

act
an

ca
conc

ele
fc
h,

in

sat

sou

A Z A (Fuel Cell) 249} AH~9] 3

0 2o
= ==
o

ALE, e AEAT Fe

TH

5ol

fo @ 24 By
ro 1o o ofh

7h2s FAE (GO W] Bol ARHA A

molar ratio(-)

porosity

constant parametric coefficient
over-potential (V)

water content

mass density (kg/m®)

surface tension between water and air
(N/m)

membrane conductivity (1/2-cm)
viscosity (kg/m-s)

contact angle of the water droplet
volumetric condensation coefficient(-)
activation

anode

capillary

cathode

concentration

inlet and outlet of the capillary
electrical

fuel cell active

hydrogen

cell number

inlet

layer

reactant or product gases

liquid

maximum

membrane

oxygen

ohmic

relative

pore

saturation

source

vapor

A 2

SolA A

oA AR Yo] g ers] A A39HW A4E(2015.5)

=2
sy
rlr
o
oft

>

Lo ot

12FEo] PEMFCO W X|= ol thste] thefgt
Aol FABIA o] o] FojH AL ATHTI-9]. +H
PEMFC 2~®¥]9] 7} = (Cathode)Zol A A E &

S} FS(GDL : Gas Diffusion Layer)3< &8l 7|4A=
d& F3te] F2 wiEE A @k GDLUFelA ] AF
o FEE AAAEE B9 T SO st A54
H3leln] AR AR Aol 2 TS Frk A8AA
Yo Zof B3 de B VR AFIAY Be
kS TEA|%H oyl o o3Ekz
3 GDLW ol

ko] A =3 =

i

R IND o )

> lor
LN O

1
J

el [¢]

HH of
>
il
ftlo
[\e)
o
=3
=
o
&
[o
fr
=3
r_gh
ols
rorr
ol
=
o

2 X
o

(2
= 4
g
S~
I

NN
[>
iU u}
o
Hr
ol

o & Wi
2Ll

= rfr il
offl ol
2
b
s
lo
X
i)

il
g "
1:,
fu
gg
K4
X0,
o
X
i)
e

X8 @ oMo R
ol
2
re
il
R
By
1z
_O|L
g
offl
o
k)

o

2y
TR

ols

o

2

4 of &L wS g

2
o 2 e
oo

S

=
N 5: 1

1

Ky

S~

o,

il

of\

N,
RN

2 9

B>
lo 1o

iy
a ML
b
K3
& of
rot

2w grole] WAl Zgte] Fol 28] Ak(Vawel ek

ME 2 AHENS St st A7leluA o] o] 3
of o@ Sxol giee] g AolHThia)

E=1229—0.85 « 107 *(7— 298.15)
+4.3085 « 10 7In(py) +0.5n(p,,) |

sk YRS SRS AR FECo)d FFR

gl A Arge FmEAe e Agstan
[13]-[15].

375



=& TET+E4TIn(C,) +E,T1 .11 \078
Nat =& T & & n( Oz) & Tin (1) <Dj>:ng(8 011) (1— )

Py, 1-0.11
Cy = 1% V..
% 508 « 10°exp(—498/7) o= e g liquid
VGDL I/;mre
J = Oy vapor
A DAL gomy =2 HA wg} A, FBHA F
uﬂu o] &S 2= ol i _ .
et WEH AEgS TR xdETHI6)17]. GDL UlsolAe] 7] Se] B GDL ul=olAe] %2
i o b S50 §a mATeAe] Eo] Furg R vehd 4 gtk
Mohm =1 ¢ Bopm = ——— [18][19].
PR AEE(open)S EE PHHQ -] F2 G e VM,
ol meE Pz o ErHI6)(17]. bt bin ot e
e = O * exp[1268( 3(1)3 iT)] GDL Z}zte] oo xfe] A &of ¥-u&= thaa) o] 4
o =0.005139),,,, — 0.00326 <] HH8][19].
FE A ) e BHOE =50 o2 A AF B ey~ )
evap
Wico] R Ao Hr4][15]. av, £ . , k=1
— 1
E I
- e jzevap (k) + w(ki 1) - W(k)
- , k=23
Hlon bin (1 max ) P
22 JIA BHARE HERAL BA gl A o] A o] 55 dE el ofsiA EH
) B
AT GDL WEol A sFehukso] olaia AAEE = o ZTH18][19].
o] ezt 7]%4]% A5-oF AAY A9l whebq wEQl
el B4 el e Z Aotk B ATl Ak () = — KB () Z_Zc( 125 )
5 € 9
= GDL WA 3 &9 TV EH7F TAld EAl8k= 2 . H 1 Y
el 492 3edstglth 714= GDLS Figure 1074 1.9] 6 sy <5 < 1
1 1
=rkel el 399 % (Bpoint) &2 2] ko] Nl Ahaet 0 0= 5 < 8y

AREAQ) ol i TGl diste] HEslt)

wATlA ] grele oA Bree] B o T

o] Z1T}H18][19].

ocosf,

— 3
Pe= (T iR (14175, — 2.120 5% + 1.263 5]

hd Posat (T) = p, (k)
Cathode GDL Revap (k) = ’YT’
Figure 1: Schematic Diagram of Apparatus p, = ¢, RT
GDLelM €] =3 ik 7]14]9} NA & G4 AT A GDL W0l A ¢] 2749 552 8 559 &S We
tEAe] e TEF FE (DR TS ol th GDL Z47+e] goelA el thagiast 5719 S2E9
%3 dvH18[19]. th&h o] Alaks] o ZItH18][19].

vk A Yo P et A A39A A42(2015.5) 376



7k (LW &o] dudA] dsdl mAe= 9%

d602 8]\702
dt ) - oy ()
de N,

o (4 _ v (@) —v@) %(z)zw(s)—wu)
oy 6y( ) Ty oy

21 Yo — 9 (3 _

a—y( ) 05(5y ’ - C027 Cys Sca

ko] gelo|ne] Abash F7]9) BEYsE sjs
e} & SAkgol ek Z)abE o A Ts|9].

Q
g
=
L
N
N
o
o

]vv,rd,/‘]vamrat k=1
2 (k) = N,(k=1)/N, (k—1) ,k=2,3
- <D, (k) > ac,
N ) = T e, ) oy P
- <D, (k) > ac,
N, (k) = 1=, (k) (1+1/z, k) 2y W

= ae AR Foltis|nI).

GDL 7}7te] 7Aool Mol Akash 2719] BEelz )

= oo ol BEE 5 Aok

a No. ]\/:; (1) - ‘]\/:)‘,rut aN, N, (1) N 7
ayQ W=— dy z 0yv W= oy -

o No, N, (2)-N, (1) anN, N, (2) - N, (1)
ay @) = oy oy 2) = oy

o No, N, (3)=N,(2)  an, N,(3)— N, (2)

(3) = ——B)=

ay oy oy oy

Figure 2:= GDLO| A ] 27 Rde] A 3528 B

o1 9}

Starwl Az Yo g 3ks| %] #1398 A4%(2015.5)

(a) Point 1

Nea(1) |

]
Ij Coz2(2) t

Do2(2)

N, (1)

|
R —

|ﬁ Noz(2) ! ‘

WI (1)

|
|

Coz2(3)

S (@

CLE

(R

(a) Point 2

Nea(2) |

]
Ij Coz2(3) t

N, (2)

|

|ﬁ N.2(3) ] ‘

D2 (3)

Wi (2)

el
|

Coz(Ch)

C, (Ch)
S(Ch)=0

i E A

(R

{ %e |
[ oG |

(a) Point 3

Figure 2: Flow chart of 2phase model (GDL)
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Figure 3: Compares the stack voltage between the model
considering a single phase and two-phase
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30

25

—— 0.4 Alem® (55sec)
—— 0.8 Alem” (90sec)
—— 1.2 Alem” (125sec)

20

Oxygen concentration (mol/m®)

1.5 Lu 1 1 1
0.2 0.4 08 0.8 1.0

Distance from catalyst layer (t /t, )

Figure 6: Distributions of oxygen concentration

Figure 5= GDL @ <jellA 9] Agle] W& & 5719 v
E BT Stk t/gp = 0.0 shshikgo] dojue &
WSS nEaL, t/ten, = 1.0 7k FEEE 7 A

ge ouigth 94 %@ vhek gol et wess
B 3709 5k wohde & qduk ER, F0iF B2
2~

=4
149 e & 5719 BEE 7} B5E Yo}y

2
X

A

i

378



7b2 Bk (GDL) -2 &=

e

F gk ol FejFelA AR B 3717k s A
JFoR sl o5 WA Ast $Fo) 5ol
2 waksle] shaalde wEsy) gl

Mo o o
T

Figure 6> GDL g <jollA o] Aol whg 4hao] w5& W
shE HolFaL Qith SFA] 7%k whe} o] Habt we
= Ak FRUt Gold g o drh AlgFLelAE §
stofl TAIGle] FLe AbA FEOIA N FHulF FZo A=
W Fatel M= bl Tt i w8 FtelAe At
29 st gol s & & Stk ol w2 FatillA B
7] B B AgRke] Wobglel wabA ThaAd o)A

=4
SojEo R Aak Sile] oA gt re) s

33 GDL F/H % Ctsygeol g
Figure 7-& 24+ &2lo] tsle] GDLY 7)) W3l u}
2 dgdA 28 Agte] WS BRI r) Fas

0.5, 0.6 2 0.8 (Alem)= ¥5HE T3 4§ Z42e] ot
oA GDLS] FA7F FAE5E =8 A

4 9t} o] GDLo] §AF=
7] @ Bo] FujFo] wol EAjs}
i, GDL 7 ZHA7F 7k A dol A EZujEo -
Abzeell sl Agre] s stof FHujT Fte] kA F
E=7F 3HAesh] wiZelt.

Figure 8- 24 &9lo] tjste] GDLY t}
e A HA 28 Adgte] WEkE BoF
0.5, 0.6 2 0.8 (A/cm?)= WH3}= F
o4 GDL®| thgido] #45 = o)
4= 2t} o] GDLY thaAdo] Zobx|H GD
sto] Bt Ak oFEE 5

o A o] At} vrolx] 7] wliE o]t}

2
[
B
Lo
o o
r)t
tio
oz

of

=
30 ox

£ e
ﬁ{mr&
4o oo

9 ox
o
=

iooN
, Mo
o pe ob mn 2

T
|

Moo
K3

(a4
o,
ol\
N
Nl
ol
o
N
2 & -
Jh i
=2

2

1.35 . . . . 0.9
. . oo 1, =0.0002m
: — t_20.0004084m
130 s e e RN 8 NE
< o 2
Q ! i
D 125 | o e IR VN Qe 107 =
© _:| F: >
B | [ [
: 120L R Lo ‘l ............. - loe 5
S ] 2
i ! c
0 115 ; o
: 5
: : : @]
1 1 D L L L

: 0.4
0 30 60 90 120 150
Time (sec)

Figure 7: Stack voltage depending upon the thickness of
the GDL
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