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Network Modeling to Investigate the Effect of Coupling the Transport Phenomena on
Water Distribution in Gas Diffusion Layer
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ABSTRACT: The cathode side gas diffusion layer in polymer electrolyte membrane fuel cells
discharges out the water generated as a result of the electrochemical reaction through its porous medium.
This paper criticizes the generated pore network models for gas diffusion layers assuming uniform
injection of liquid water from the catalyst layer. These models lead to a roughly uniform distribution of
liquid water saturation in the in-plane direction making no difference between under gas channel and
under rib regions which is in contradiction with the in-situ visualizations of gas diffusion layers. It has
been attempted in this paper to couple the existing two-phase flow network models to other transport
phenomena in the gas diffusion layer and also in other layers. To achieve this, the mentioned model is
coupled to network models of oxygen and electron transport at the cathode side and also to a model
of electrochemical reaction at the catalyst layer and a proton transport model of the membrane. As the
first result of modeling, the distribution of local water generation rate and also the temporal evolution
of total water generation rate at catalyst layer are presented, the latter experiencing an approximate
50% reduction from start-up to steady-state. The resulting water saturation distribution is strongly
non-uniform, and maximums are observed under the ribs which is a direct result of non-uniform water
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1- Introduction

1. Introduction

Polymer Electrolyte Membrane Fuel Cells (PEMFCs)
are generally recognized as promising alternatives to
internal combustion engines. One of the key challenges in
PEMFCs is the water management issue which relies on
a compromise between flooding of Gas Diffusion Layer
(GDL) and dehydration of membrane both of which must
be avoided. Cathode side GDL provides a passageway for
reactant oxygen, electrons, and the generated water between
Cathode Catalyst Layer (CCL) and Gas Channels (GCs) or
the current collector ribs.

To simulate liquid water dynamics and two-phase

flow in GDL, pore network modeling has proved as a
valuable tool which has drawn attention in the last decade
[1, 2]. The majority of the developed pore network models
for GDL have assumed a uniform injection of liquid water
from the catalyst layer into GDL, which is not actually what
happens in the PEMFC electrodes. On the other hand, there
have been few models in recent years taking advantage of
coupled transport phenomena for a better representation of
water dynamics in GDL [3, 4], however, the models merely
integrate a predetermined water configuration in GDL to
other phenomena while ignoring the liquid water invasion
process.
*Corresponding author’s email: mkermani@aut.ac.ir

In this paper, a network model is proposed for GDL
coupling the cathode side transport phenomena directly to
the invasion process of water into GDL.

2- Methodology

At the first stage of modeling, a pore network is generated
to adequately represent the pore space of real GDL in terms
of porosity and permeability. The void space of GDL is
represented by quadrilateral pores (ducts) and volumeless
nodes. The pore sizes are distributed randomly according
to a Weibull probability density function. To address the
uncertainties accompanied by the statistical nature of
network modeling, a large number of networks are generated
and the results of the simulation are presented as averages
and standard deviations of the results extracted from these
networks.

At the second stage, two-phase water/airflow is simulated
within the generated 2D networks. The capillary pressure
model developed by Medici and Allen [1] is used. The
volume flow rate in a pore is given by the modified Hagen-
Poiseuille law as follows:
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Fig. 1. Coupling algorithm of transport phenomena at the
cathode side of the fuel cell

where P, and Pare pressures at nodes i and j, P is the
capillary pressure within pore ij, g is the effective
viscosity, R, is the pore size, A, is the cross-sectional area
for water and L is the pore length. This part is carried out
with the same assumption of uniform water injection from
the catalyst layer as used in the mentioned references [1, 2].

At a third stage, first of all, the generated networks are
upgraded to 3D, then it is attempted to couple the two-
phase flow to other transport phenomena in the cathode
side. To take the effects of oxygen and electron transport in
GDL into account, network models are developed for them
as well. The same void space in the generated networks
is used for oxygen transport governed by Fick’s law of
diffusion. The solid walls of the pores are representative
of carbon fibers of GDL and are assumed as pathways for
electron conduction triggered by electric potential (E).
A model of electrochemical reaction for catalyst layer
governed by Butler-Volmer equation is used which leads
to the determination of activation overvoltage ( 7, ). A
proton transport model is used for the polymer membrane
which results in the determination of ohmic overvoltage (
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Fig. 3. In-plane saturation profile as a result of the coupled
model. The saturation distribution of Eller et al. is also added
for comparison [5].

Mot ). Based on the drop in oxygen concentration (C_, )
in the catalyst layer, a theoretical relationship is used for
the computation of concentration overvoltage ( 77, )- The
mentioned phenomena are coupled together according to the
flowchart of Fig. 1, in which J represents mass flux, V is the
meniscus velocity within a pore, and g diftii is the diffusive
conductance of pore ij.

3- Results and Discussion

The simulations are carried out for a current density of
i=0.75 A/em?2 and relative humidity of 100% in gas channels.
As the main results of the model, saturation (S) distributions
along the in-plane direction of GDL are produced. The non-
coupled model which is based on the uniform injection of
water as a boundary condition leads to the local saturation
distribution depicted in Fig. 2. As spotted, the distribution
is roughly uniform and no distinction can be spotted in the
under the gas channel and under rib regions. This finding is
in contradiction with the in-situ visualizations of GDL water
distribution, however, similar models leading to similar
results have been used before by the researchers [1, 2].
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The in-plane saturation distribution as a result of the
mentioned coupled model is portrayed in Fig. 3. As can be
observed, water saturation is clearly higher under the

ribs as a result of non-uniform water generation in the
catalyst layer which is now an output of the model. Also
appended in Fig. 3 is the empirically determined saturation
distribution of Eller et al. [5] which has been carried out for
the same operating conditions as this paper. As can be seen,
the agreement is satisfactory.

4- Conclusion

In the present research, it was attempted to improve
the classic pore network models for GDL which had been
predicated on the uniform injection of liquid water from the
catalyst layer. To achieve this, the two-phase flow model
was coupled to network models of oxygen and electron
transport within GDL and also to an electrochemical
reaction model of CCL and a proton transport model of
the membrane. The model actually couples the local water
generation rates as a result of the electrochemical reaction
directly to the invasion process of water into GDL which
renders it a transient model. As a main outcome of the
model, water saturation was observed to have its maximum
under the ribs while being minimum under gas channels

which was in good agreement with experimental imaging
of GDLs.

References

[1TE.F. Medici, J.S. Allen, The Effects of Morphological
and Wetting Properties of Porous Transport Layers on
Water Movement in PEM Fuel Cells, Journal of The
Electrochemical Society, 157(10) (2010) 1505-1514.

[2] C. Qin, Water Transport in the Gas Diffusion Layer of a
Polymer Electrolyte Fuel Cell: Dynamic Pore-Network
Modeling, Journal of The Electrochemical Society,
162(9) (2015) F1036-F1046.

[3] M. Aghighi, M.A. Hoeh, W. Lehnert, et al., Simulation
of a Full Fuel Cell Membrane Electrode Assembly Using
Pore Network Modeling, Journal of The Electrochemical
Society, 163(5) (2016) F384-F392.

[4]N. Belgacem, M. Prat, J. Pauchet, Coupled continuum
and condensation—evaporation pore network model of
the cathode in polymer-electrolyte fuel cell, International
Journal of Hydrogen Energy, 42(12) (2017) 8150-8165.

[5]7. Eller, J. Roth, F. Marone, et al., Operando Properties
of Gas Diffusion Layers: Saturation and Liquid
Permeability, Journal of The Electrochemical Society,
164(2) (2017) F115-F126.

HOW TO CITE THIS ARTICLE

J. Mech. Eng., 53(11) (2022) 1385-1388.

DOI: 10.22060/me;j.2021.19340.7004

H. Gholipour, M. J. Kermani , R. Zamanian, Network Modeling to Investigate the Effect of
Coupling the Transport Phenomena on Water Distribution in Gas Diffusion Layer, Amirkabir

1387






75 ool SlSo (owigee g pui

DOVA b 00+0 Sloxio ¥+ Jlo VY oyl Y 695 ¢puiS yual SeilSo _nbines 4 5
DOI: 10.22060/me;j.2021.19340.7004

55 d9b a4 3> Ol @598 1 JULST grong g SidysS 51 Loty 31 C (61450 (g5l

Tollej ) ¢ SlayS phardenns gy (B ol

ol eyt syl inio oSl (SlSe sine 03Kl -

ul);l ‘Ul)'et’ 5)A.A§)A.¢°l u.uu..o bliuu].) cJ.L:Jl O u.u.))J ‘}» LSLQ’LS)JQB DMB)J -y

1891 au )b
ARRCVRLVAR PPN
NESARAREP T
WY/ 2oy
VRNV 2o MT )

1605 Clols
Sl aSs Jue

JB e 4

Sy Lis (g Uy
il by

Sihss

o 4 395 505 L 11y 2551y 5 005 05 o 5ol L (g sl g 53 515 a5 355 Y 1Y
CAleSs By5 28 1 e 8 3905 Y (gly 0nds gy s 4 (sla Jie 4 (o0lis] 2l dllie () S e colin
slily » gle ol gludl ) (316 g @59 4 e se cul o)l 8 3si Y (90 4 CandblS Y 5l wlo
Slaalio b a8 35,5 a5 odnlie biolid codi g by sl JUI cov  Jolds gub g Wb oo 55 3005 &Y )3 (glastas— g0

Y o Jsl glaosssy Koo bdgse (6590 by (glaSids Jao oSl osds (rw e cpl (0 Db Oplie (2Ll
b o 3 515 3 30 3 ] Il S5t s Jio b 30 i oS ol 39 g Lo 50 5 3
e 95 &5 @ e o (gl D980 higS L 3 (g n JU] Jae g cundBlS 4 5l (olien zSUl STy e
S @ gl 1 400 oy il S oS sl B Y 3 ST s IS 65 Sloy JolSG o g CanadllS 4 p3
30L5 5 035y 35S SIS 5 3555 Y 53 gLt 35 ik 45 13 5 o 055 ot U 0 sy B s

.CwJuﬁbebﬂhjhbbm))éﬂo9j¢$b§§ﬂiAJ§wgﬁwm42%54§pgmuﬁhwﬁjﬁodLﬁmwabfu

g 4 lo)S 9 Ol g ooly STy Wlodwy "5 cond B Y 4 "L >
1 o (gl JWE5I ooty syl Bgd o g5 STy Y guao LS
3,55 lp O jguas londs ool lis ) S5 3 Slesds &g 4
Sl S glid I sl (65908 Sl yec Lis (B gw S
oS olin Jg ams o ) bopygign mslio 6 4 b 2l gy
Sai5 aY s Lo JB (lalisd 55 o g 51 Caons 5 gilo
CondBIS Y & 5enST JES] (6l 395 90 (5 yunno 9 03,5 Jlril 1 55
g 088 Judg Vb b (b IS )3 Candy cpl e (1S,
Ja ool 2 208 8l g 58 3o Y T SBS O 4 e Wl 0
P SES g lie (Sis o i) g eles ils ) B Lejly
g Ju 50 Ol Copde 3900 Can olb oW il e 55 348 &Y
b 55 368 Y obaw ilde 4 olg e sl oy 5l 45 canl oss plol

2 Current collector ribs
3 Cathode Catalyst Layer (CCL)
4 Flooding

doddo —
O3St g 039 STy 5l eoliiwl b oS (6 pealy Wi Bgw Ju
iRl g ol Wy ol plie 1 (S (laie 4 0S5 o Mg Aty xS

Wb 0t g Slo ol )8 lgil sl (31 Glyst slaygige

m9)au9wd»)lw&&ud)~bw‘})&[\]wlul
ol 0dd jgame Nl iy g WIS oo bwg b ¢ 5l a5 wsb e
Olaio il )3 9 5 348 4Y G Bl 4Y G Jols Bk ya
sy bl Cusl otd 4 by U Lol ) & laby>
Crows S 4V 2 L 5,k 51 0T o CandBlS Y )3 00 W5
51 Caams oy SV 51 88 3T L bl o o 005 Jitie 518

218 gax (slmotid I 2B Jle ) jgee ) an 4 Ul L g 0 e

1 Gas Diffusion Layer (GDL)

mkermani@aut.ac.ir :olse solge odiwg

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

00+0



DOYA B 00+ oo ¥+ v Jlo VY 0yl DY 0,93 ¢S yual SilSo  puwdiges 4y pui

0238 5 5B by (8,5 a5 )3 b5 Se8 Y sl (Seelns Jae S
31 01 o)l3l (S (glaJto oled 105,81l lnoyis (cloaissS 3
5l (00 o b cablS 4Y )3 oadg O a8 Wlosgs gl (5,8 o]
Db oo 3ylg S 9is Y 4y Jae (639)9 o e 4 cplpli g SIS
Soden 4y aS Y S5 50 ol 00l isled Jlal glaosy sy 3485 opd

sl adllae &yl g Conl (L e S Ojg0 4 e dites by
4 s 58 dg slaaY > Ol (68 IS 5 Jlanl slapjlSe )l
ol oleMbl oKkl clialis Cuns by JolS g
prie & olap sl Sl Ll wimd e cund @ mle O i (SisSy
Sbopile I i Sy3 Slp a8 g3 Nede iy cnl &
oS el sl (gl (sl S 51 o3lizl b I8 Sei5 Y )3 T s
der 68 6,50 JUl ooy Ly gilbgs by (sl s S
oS loss plool Ls] cllllas 5 pmled JusS 453l oo 51 5 gus
5 s Jio sl [VY-YF] wlas s ks 3 1) 03,8 S jl 98
518 35 Y (gliSicd o &8 15,8 g5 |y gl Je S5 [YY] o, Kean
Lled o JrsS B Cuans olod > g Lig B Y (glaosyy L,
503,85 L3l I8 30 Y 41 lo Ol Sgiimalas o260 aliusg 4 Lo
OhlSan 5 g5 85 a5 13 58 Jue gl (999)9 S i ) o
Awgo e Jae SO L (glaSiis Jao S 00,8 JisS (sl G [YY]
g 2 x50 (ol (25 e o5 ai8)S aos ag] sl ploxl
@l diwgy e Jao o 4 b2y s g (Sl Jho S5
|y el Jao Sy [YF] )Ken 5 il sl 50 5 3515 opllas
0525 ol 3905 g8 Ui 5 Bl &Y dtusg Lo (gla Jo 4
3y 55 358 Y 4 by Sjpo 4 Bl Y 3 iy O S
g Lo Sl Jao adlo Jao (298 6 plgie 4 ol 85 45 25 0
Olae 4 oo 85 €85 )5 3 55 ) b la Ul s Cug Ll
o 8 Lulps 4 sgame Ll e Lol g e roid 5 50 b
285 Gaobe b ok GBS 5 glo Oyl Wl e o
lnossd cos s & wlo ol @lylad dgmg  aBislejl clinlie cids
el S )3 Loguaso Y] Shools Lt |, by cela JU e aSLy
s ol Mos bz U 55 YU s Casby 5 YU olys
5,8kae yy dlalinMo L5 31 Wl e 55 ol e JUS 55 5 glo

ST ok @adbl culs (2l {¥] e (98 52 500 ca plis
)5 o sl [£] Jodoeieg Ko 0¥ 5l odliiw] (pieed o [0
Slodzrn (SVsdy (ol g Loy S 5 Sois Y o5 bl
Jasl (SeSs s cpbgy sl Slglyd (oae ldllas coplply wunl
ab p ldlas ol 5l ool dlaw .l oas plosl 55 395 4 3
L S olgie 4 Jodstie basme ()] )3 a5 ol dtgy Lo 39,
S9y » lawgle Gjgo 4 lueS 5 odd aB)S Jla )3 (058 gy
Job (elie (ol porde » () ool [V] B9 oo iy 4 laeoe
Sy 2 85 o g sl gl aly oo 03Il g i o3Il
SasS dsio Lo 01551 b duglio 13 uly 355 o0 (65 1,551 o
SasS )> pzmen g gjludie )3 gy sk o) cnl 4251 a8l
ladn 5 398 Y (gl o] (o )G a5 18 edlisal 390 (5,00
ol oyl oyl cpl Blaio [R5 A] cusl a8 )3 )18 Jlaw 5yg0 (B gw
s Canl oy Ve 5l S ebus gl g Ul I8 d0a Y &S
ly Job el (ol slne cnlpls il oo S 0jlal 390 53 (5
ol b e 40 diwen basre g, 5l edlatnl s Hly8 4 5 dea5 &Y
5l el atsly oolatul 550 sl g b yolido 4 a5 30 o (L0l 4 yoxie
g b o MolS 58 30 Y 55 golo o Jlan] il el 5 Sis
Y 3, Sbuenl H b ssy 5 cpiomen 5 oy ol sl S dtwgy
5 o J5l5s oSb Jao S, aliog & (55 4 gse | 5 S
) o Lo sy (s3] 485 S b 2 30 ey S e
ous 48,5 IS & J8 d9is Y )3 (3B9> by (9,5 Je (sl oioee
e O Gop Al el sl Juo ol obos Ly [V =YY ]
o)Ll gla Jio o ST iun Hlgtul 5 3aa5 4Y 4 CanblS 4
S50 g 03lw 45" Wilodged ookl "dgai—dles  Sliwl dud w56l 5l o
255 ]y cas) all lge Swlyd claSid Jb Ky oS3 b
e | iz I (B sl (5K Slasle Hlas I Ll 5,55 jlas
A g oo (Jlie (sl Wlodges odlitwl 55 3e85 4 (glp Seolod
85 5k ) b B ek Yl ) gamgd (Seelis Juo S VO]

1 Micro-porous layer
2 Invasion-percolation

00+



DOYA b 00+ 0 dxxins VF++ Jlo ) o)l @Y 0,93 ¢y yuol SilSo swigen s

Bipolar Plate

lO2 +2¢ +2H" > H,0
2

H+

H+

olaBed Oloius 1 5,55 anly Sy Cod W15 Ceoww STy od 9 JUH glooyy 31 (Seilows ) JSUWS

Fig. 1. Schematic of the transport phenomena and half reaction of the cathode side under one repeat-
ing unit of bipolar plates
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Fig. 4. Distribution of liquid water at steady state in 3 networks representative of the 30 generated net-
works. The black color represents solid fibers of gas diffusion layer, the white color represents air, and
the blue color represents the water present in gas diffusion layer.
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Fig. 5. Local saturation distribution profile of liquid water along the in-plane direction of gas dif-
fusion layer in terms of average and standard deviations
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Fig. 6. Manifestation of a pore (duct) occupied by water
and oxygen which passes along the corners of the cross-
section and the solid wall which is used for electrons
transport.
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Fig. 7. Simulation domain including gas diffusion layer, catalyst layer and polymer membrane under
one repeating unit of bipolar plates
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Table 1. Correction factors used for implementing the impacts of network anisotropy and non-uniform
compression on gas diffusion layer

- ) v

0did Cod oba JUB e
&l amio Lo &l aio iy, &l amio b &l amiom g0
“IA- — — — 0> Job
Vo -/30 — — 0 i b
-/f4 [¥f 5 v¥]-/aA nE [¥f 5 ¥y d9i bl
\IATs [¥f 5 ¥rlva. -I¥V S [vf 5 vvlvng oS bl

00y



OOYA U OO+ dxdo NFe» JL‘“ N D)Lo.w HY 0,93 ‘)A‘.{)ml &JKA u*“’"-*-e(" d..;).a.w

Jowo 4> 00! 3590 (B ga Ju (5,1 (oW el b Y Jgus

Table 2. Operating parameters of the fuel cell utilized in the model
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Fig. 8. Schematic of the defined inlet zones each accommodating 16 inlet pores of liquid water
into gas diffusion layer

A8l oe (ot Sl 53 (ol gl

cou g gols =5 -
L] (Sod J5dos 48 K4 o0 M5 Cglite Sdsie a8 Yo luss
ol JE sl bsjlodnmd olad Coul oad palas €= £ 5 o) 5

4 3l (550 byd G lsie 4 4 39800 plwl 1 =/V0 Alem’

ool o pE ) dad e 031y 0 X/58 deas Y Syl Juad
Jie 5> o3izal 3p90 olgs olin 5 b o sla bl (<SS
Slors 03,91 ¥ Jgan 5
P 0l 23) Sl Sl a5 &5 i by 4 e sl
—092° S Jsb 3 (Md ple Ol JB 4l slmo i & e
o o3y s VeSS jd oS Wgd o candBlS 4Y 3 X glaxio
ol G b aS dgu o0 odnlie odids o a4l 43 pesjSle 93 .ol
e ) Jota 4 (2K Ll olyon (b p JUS 5 4l 3 SLSU
1bo3 15 53 (Moo plon g 5 458 5 7S bl o spug
x> ansl yiday JU 5 4 Cond (S5 4y S LS domas )
JUS 325 53 3o st Jsl 52 mosis 555 590 sessh Jis
o> 5 4l ) SV JiSly sz & pxie 5 WS 00 e ol
bosizess 9 by JU slajye 225 )3 e jSlo 5:53 Cupmdge 29 oo
st Jl g g2 e Jla] 50 bl i )3 & 33l o 3l

sy diaie S g odb GiSg [) Y 5 X asmio 9,0 Slex 305 oz
B bl g aagbast o aes o LS ) oy Voo
ooy (5552 31 200 9 oles b S J) ol 35 ojle) dmoyios oy
Y jpas oS CiS g e oplply g amd e B de Y B4
Jad 53 0 iy poi san b (oolod S (0 (il | i e
Oiles A S 55 Slasd O yguo 4y Cannd B /58 3905 40 Y S o
P S0 (gipe by G i Y Sl pslaw (gl lesds ool
g o 48,5yl

oz g (SeSIl L it Ol Jasl e SalsS by,
ol 03l yinled A IS5 50 (gyeuly slis g B Y > oy
M5 5 obr S i S5 shinl 5 S gapd 5 o
o), S5 Jsbo 55 Lotz 81938, B Y )3 janST il g
Cdds ) a8 aad Al ond S slagiy ol (o, Ken b
389> Ol jlodnd & (639)9 Olyie 4 g Wbl Jho sy gy
N8y By 0ad 00> i ylagld j0 &S il s Hlxe g o 00l
oo Ol | aisl 98w el 53 aSs 3 lacSuine olod 4 34 0
el 03,8 13y 1y 515 3985 Yl yeue (sl 355

Py @ CIBS (9 A0 (1558 )5 (gas I Sy gilodnd sl
S 8 3 45e Ko sl 35 (sl ploj ol 02 g 55 1
g ¥rsecore 1-0 ¥/Y+- GHZ 5550 (5ilp b piw Sl dtun

Jde & diws) celo Ae 1Y sdgime 3 (RAM) A GB abasls

00YA



DOYA b 00+ 0 dxxins VF++ Jlo ) o)l @Y 0,93 ¢y yuol SilSo swigen s

iGDL,"rih LFLH:?“

Sire by Glye 4y

Co,.cCL &8 o>

)| 58 dmlonn 5 Co, lasn Jo @

Jo,GpLiccL

jn i e s 8 i ij S0 4
LGDL/ICCL &% (e

Ll o i ale3
(YY) alai, 5 oolizal L =

(1 +) adad, 5l oolisd

M concd Mohm Mact S 82385 e
(TV)-(1) Lady, 5l oolizd |

Co,,CCL &3 4l

EGpLiccL &8 oeess
(10) alayl, 5l oolizud Ly
Jé &S..mﬁ.i.ra Ca.:r.u L_IJ

?C.—al,&.a‘.hn)i:h u.tL«:.'l'

J0,,GPLICCL &8 (e oo ¢ 32y fign Jo
(YY) ala, 5 oolizal L

n+1
IGDL/CCL &%

b oji> aled ;0 85 (i3, 4

f

n+1 n -4
I SPR 1 <10
GDL/CCL Gl)L!((l.l REPW

(A7) S

Q-IIZO.GDL.’(?(TL &8 (s

(YY) alay, 5l oolizl L

gt a3 Coonw 3 JBEGT glroag sy Ky sS i 9514 JSUS

Fig. 9. Coupling algorithm of transport phenomena at cathode side of the fuel cell

0044



DOYA B 00+ oo ¥+ v Jlo VY 0yl DY 0,93 ¢S yual SilSo  puwdiges 4y pui

e

x 10
T
7 4
64 T 7
C
- | 4
g —
TZ5- /]
<
4o+
] T
f A
_I T T | T
0 0.5

X (mm)

Qin .ol OF 51 JB 515 395 ¥ a5 89 X gldsxiuo— 9,0 Sliwly 13 Cannd U ¥ 15 OF lawgiio g5 &35 aaj98 VoSS
iy g b gd (a5 (S 40 olB XSG 13 Y (gl docbuo— 49,0 (gluwly 43 (63959 W pis 03 hwgio (lgie s Il 43
il o0 a5 Vo soled (gl bawi By y2T (o QN Lawgio Clinis 10 JIdg0d 10 B S 4 y9oe oS (Jlba 45 dgd 0

Fig. 10. Distribution of average water generation rate at catalyst layer along the in-plane X direction when
gas diffusion layer is devoid of water. Qin is at first defined as the average of the flow rates of the inlet
pores along the in-plane Y direction at a specified X in one of the generated networks, whereas the ordi-
nate is actually the average of the defined Qins of all the 30 networks.
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Fig. 11. Evolution of the total water generation rate at catalyst layer cells versus the total saturation por-
trayed for all the 30 networks
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Fig. 12. 3D Illustration of water distribution under one repeating unit in 2 networks representative of the
30 generated networks. The blue cylinders represent liquid water in the pores.
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Fig. 13. Local saturation distribution of liquid water along the in-plane X direction in terms of
average and standard deviations. Saturation profile of Eller et al. is also added for comparison
(case A13).
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