Proceedings of IMECE’'02

2002 ASME International Mechanical Engineering Congress and Exposition

November 17-22, 2002, New Orleans, Louisiana, USA

IMECEZ2002-32539

MULTI-PHASE FLOW AND CONDENSATION IN PROTON EXCHANGE MEMBRANE
FUEL CELLS

John M. Stockie
Department of Mathematics and Statistics
University of New Brunswick
Fredericton, New Brunswick, E3B 5A3
Canada
Email: stockie@unb.ca

ABSTRACT

The porots electroesin a protonexcharmge membyanefuel
cell arecharacteéredby multi-phaseflow, involving liquid water
and multispeciesgasesthat are uncergaing both cordensation
and catalyzedreactions. Careful managmentof liquid water
andheatin thefuel cell systemis essentiafor optimizing perfor-
mance.The primary focusof this studyis thuson cordensation
andwatertranspot, neitherof which have yet beenstudiedin as
muchdetailasotheraspect®f fuel cell dynamics.We develop a
two-dimersionalmockl for multi-phaselow in aporausmedium
thatcaptureghefundamentatranspeot processegoingonin the
electrods. The governing equatims are discretizedusing a fi-
nite volumeapprach,andnunerical simulationsare perfamed
in order to determinghe effect of changng operatirg condtions
onfuel cell perfomance.

NOMENCLATURE

¢ specificheat(erg/g %K)

C concetration(mol/cm?)

C5® saturatedvatervapa conentration(mol/ cm?)
C, concetrationof liquid water(mol/cm?)

Djk binarydiffusivity for compamentsj, k (cm?/s)
D matrix of Maxwell-Steandiffusivities (cm?/s)
D matrix of effective diffusivities (cm?/s)

hr  heatof reaction(erg/md)

hy latentheatof vapoization(erg/md)

H GDL thicknesgcm)

HZ condesationg)/evapaation(-) rateconstats (s~2)
i currentdersity (A/cn?)
J  diffusive molarflux (mol/cn? s)
J(B) LeverettJ-furction (dimersionless)
k. heattransfercoeficiert (erg/cm? sX)

krer. relative pernmeability (dimersionless)

K permeability (cn?)

domainwidth (cm)

chanrel width (cm)

landirg areawidth (cm)

molarmass(g/md)

totalmolarflux (mol/cn? s)

pressurddyne/cn?)
masstransfercoeficiert (cmy/s)
capillarytransferrateat channel/GDLinterface(cmy/s)
universalgasconstan{erg/mol °K)

temperatte (%K)

velocity (cmy/s)

QA4S T oL

GreekLetters:

o gasvolumefraction(dimersionless)

B watervapor volumefraction(dimensimless)
y surfacetensionof water(g/s?)

I concensatiorrate(mol/cn s)

0 catalystiayerthickness(cm)

€ poracsity (dimersionless)

K thermalcorductiity (erg/cms)

M viscosity(g/cms)
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p density(g/cnm)
o electricalconductivity (A% s/erg cm)

Subscripts:

i,k speciesndex=1,2,3
g gas

£ liquid

s solid

Supescripts:

~ phaseaveragedialue

— constanthanmel value

¢ porauschamelbowndary

m membanebourdary

w solidwall (landng area)boundary
y verticalcompmentof avecta

1 INTRODUCTION

In recen yeas, the growing worldwide conern over air
pollution and dwinding fossil fuel supplies,aswell asthe en-
suinggovernmrent funding decisionsandair quality legislation,
have beendriving researclinto thedevelopmentof non-polluting
alternatves to traditioral enegy sourcessuch as the internal
comlustion engire. Oneof the leadingcontenérsamorg low-
emissionpower generatio techndogiesis the praton excharge
membane(or PEM) fuel cell. In principe, a PEM fuel cell gen-
erateslectricalcurrentby combinirg oxygenandhydrogengas
in the preseie of a catalyst,geneating only waterasa byprod-
uct. At the heartof the fuel cell is a polymer memlryane (typi-
cally madeof Nafior®) which is permeake only to protans and
henceallows reactah gaseso be comhned togetter in a con-
trolled fashion

Theprimarychallengen developinga mathenaticalmodel
for fuel cellsis the presere of strongcouwpling betweera wide
range of norinear physical processes,ncludng multispeges
diffusion, flow in poraus media, heattranspet, condensation,
catalyzedreactionchemistry andion transpet in membanes.
A greatdeal of work hasappeagd in the pastseveral yeas on
modelirg of masdransmrtin PEMfuel cells,suchas[1, 2, 3, 4],
while morerecentwork hasfocusednincludingwatertransport
[5, 6] andphasechangd5, 7, 8]. However, muchof this previous
work hasemplasizedsingle-fhasemasstranspaot andcouging
the variouws fuel cell componentstogetter, while relatively little
work hasbeendoneon detailedmodelirg of condesationin the
GDL, which is essentiato determinig whereand unde what
conditinsliquid waterwill appear

This paperexterds an earliermodel (developedin [9, 10])
for multispecis gastranspor occuring underisothernal con-
ditions. Our main pumposehereis to genealize the mockl to
includetempeaturedepenénce liquid watermotion andphase
chan@. We thentestthe predictive power of the modelby per
forming a seriesof numericalsimulations.

O, flow channel

O, +4e+4H" ‘
Lo [ Lo B " T

H, flow channel

Figure 1. A 2D CROSS-SECTION THROUGH A PEM FUEL CELL.

2 OVERVIEW OF FUEL CELL PHYSICS

A PEMfuel cell consistof amembrae-electrdeassembly
(or MEA) thatis sandwichedetweenwo solid graphiteplates,
aspicturel in a 2D cross-sectiornin Fig. 1. Into the platesare
etchedflow chanmls through which the reactanfgasesare sup-
plied, with oxygen gason oneside andhydrogenon the other
The MEA consistsof a polymer membane, on either side of
which is attachedan electrode(also known as a gasdiffusion
layer or GDL) thatis compesedof a thin layer of carbm fiber
pape. Theinterfacebetweemrmembaneandelectraleis where
the actualreactims occur andto this endthe interfaceis im-
pregnatedwith a platinumcatalyst.Ontheanodeside,hydrogen
diffusesthrough the GDL to the catalystlayer whereit is dis-
sociatednto hydrogenions andelectrors. The protors in turn
diffuseacrosghe membraneto the cathodecatalystayer, where
they reactwith the oxygengasandthe electras from theanod
to producewater Connectinghetwo electralesin a circuit al-
lows the electrongto flow andhen@ generatea usablecurrern.

The perfamanceof a fuel cell is measuredy its curren
density or currert drawvn per unit areaof catalyst. Becauseof
the highly mobile natue of hydrogenmolecules,performarce
is limited primaily by the effectivenessof ion transpor in the
membraneandby diffusive transpaet of oxygen in the cathode
In this study we donotinclude thephysicsof thePEMandherce
restrictourseles to transpor occuing in the porousGDL of the
cathale. While optimizingperfamancds clearlyaverydifficult
task owing to the mary complex pheromenaoccuing in fuel
cells,the primary issuescanbe organizeduncer two headimys:

1. watermanagement- sincea high watercontentis required
in thePEMin orderto maximiz protonconductivity, while
liquid waterin the electroéshindes gas transprt; and

2. heatmanaement- high temperéuresor thermalgradents
tendto damag thevery fragile membanematerial,andyet
the tempeaturemustbe high enowgh in orderto avoid ex-
cessve concensatiorandwaterbuild-up in the GDL or flow
chamels.
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The main purpase of this paperis to geneate a modelthat will
beableto gaug theeffed of chamesin electrodecharateristics
and operding corditions on performarce in termsof heatand
watermanagerant.

3 GOVERNING EQUATIONS

In this sectionwe only briefly outlinethe equatims of mo-
tion governing heatandmasdtranspat in the catho@ GDL. The
modelis basedon several major assumptioa which we list be-
low:

i. variatiors alongthe-chanelareassumedo beslightsothat
we canconsidemonly atwo-dimensionakross-sectioof the
fuel cell, aspicturedontheleft in Fig. 1. Conseqantly; all
solutionquantitiesarefunctionsof x andy only.

ii. thegasmixturebehaesasanidealgas.

iii. the fuel cell systemis at thernmal equilibium so that all
phaseganbedescribedy asingletempeaturefield.

iv. interspeciesdiffusion in the gas phaseis governed by
the Maxwell-Stefin equatims, while corvective transport
within both liquid and gasphaseds governedby Dargy’s
Law.

v. all productwateris geneatedin the gasphaseandconde-
sationor evaporationwill occurdepemnlingonthelocaltem-
peratue andsaturatiorpressue.

vi. asingleelectroe is consideed in isolation, with the cou-
pling to otherfuel cell compments(chamel, membaneand
catalystyrelegaedto suitably€hoserboundarycondtions.

A more detaileddiscussiorof theassumptiosandmodeldevel-
opmen canbefound in [10] and[11].

Thegasinflow atthe cathoe is usuallytakento be pressur
ized, humidfied air, which consistsprimarily of threespecies,
numteredk = (1,2,3) = (O2,H20,Ny). If the corcentrationof
eachgasspeciesis denotedCy, thenthe corresponéhg densi-
tiesarepx = MCy, whereMy derotesthe molarmass.Further
more, the gasmixture hasconcentationC = 5, C¢ anddensity
p = Skpk. Becausebothgasandliquid are presehtogetherin
the porous matrix of the GDL, we needto distinguishbetween
the fraction of the porevolumeoccupiel by gas,which we de-
notea, andthatby liquid, denoted3 = 1 — a (whee f3 is usu-
ally referiedto asthe “saturation”). With thesedefinitiors, we
canwrite anequaion describingconserationof massn thegas
phase:

(ap)e+0- (pUg) = =M, (1)

WhereLAJg is the mass-aeragged velocity for the gasandl rep-
resentghe watercondesationrate. The velocity is assumedo

obey Dargy’s Law for flow in porows media

U= — K krlg(ﬁ) Py, @

wherePy andg denotethe ges pressureandviscosity andK =
1078 cn? is the permeility of the GDL. The function Krej g is
a saturatiordepeidentfundion calledthe relative permeadility,
whichis typically takento beof theform ke g(B) = (1) (for
porousmediasuchassoilsandrock). Themixtureis assumedo
obey theidealgaslaw, from which

Py =CRT, 3

with T beingthetempeature,andR the universalgasconstant.

For the condasationrate, we emplg/ a simple relation
ship devdloped by Fowler in the cortext of anrular, two-phase
flows [12], in which the rate of cordensationis taken to be
proportioral to the degree of water vapor oversaturation I' O
(C2, —C32(T)), andC5?! dendesthe saturated/apa concentra-
tion, a known function of temperatte. Sincewe expectthe sat-
uration to vary significantlyunde certainoperatig conditiors,
the proportiorality factorshoud alsodeper on on the satura-
tion, andsowe assumehefollowing form:

{Hga (C—CRY(T)), if G > CS(T),
r= ()

Hy B(C2—C5%(T)), if Co < C52(T).

This form of the condensationrate is similar to that usedin
both [7] and [5] (except thatin the former, they have not in-
cluded ary dependencen saturation) We choase valuesof the
rateconstantdHi = 100s~1, which aresimilar in magritude to
thoserepatedin [7].

Theliquid phaseobeys aconserationlaw similarto thatfor
thegas,

B+ 0-(BJy) =T /Cy, (5)

whereU, is theliquid velocity, andtheconcdensatiorsourceterm
is scaledby the (constantymolar concentation of liquid water
Cy. We alsoassumea Dargy’s law relationshipfor the liquid
velocity

He

where P, and |, are the liquid pressue and viscosity while
krel¢(B) = B2 is relative pernmeability for the liquid. The liquid
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pressurarisesfrom a combirationof gaspressurendcapillary
pressurg8, 13]

P, = Py+y(e/K)Y25(B), @)

which is a standardemprical relatiorship usedin groundwater
flow andoil reserwir simulation Here,e = 0.74 is the porosity
of themedium y is the surfacetensionfor water and () is the
well-known Leverettfunction which often assumedo take the
form 7(B) = 1.417(1—B) — 2.120(1— B) 2 + 1.263(1—B)°.

Within the gasmixture, the individual speciesare affected
by both cornvectionanddiffusion, andhenceobey conseration
laws of theform

Ny
———

(aC): +0- (Co0y+31) =0, ®)

(@Co) +0- (czog +J”2) — T, (9)
| —

—

N2

where J; are the molar diffusive fluxes relative to the mass-
averaged velocity, andthe total (corvective + diffusive) flux is

denotel by Nk = CUg + Jk. Noticethe presene of a sink term
dueto condensationn Eq. (9) for the watervapor species.The
diffusive fluxesaredetermiredby the Maxwell-Stefinequdions,

which canbewritten as[14]

[B]=-co [S@9] o

The Maxwell-Stefin diffusivities form a 2 x 2 matrix, D =
[Dll D12
D21 D22
concelrationsandthe binary gasdiffusivities in a comgicated
way (see[10] or [14] for details). The matrix D& that ap-
pearsin Eq. (10) containsthe effective diffusivities which are
relatedto the entriesof I via a Bruggenan-tyge correction,
D = (ea)¥2D, which correctsthe coeficierts for the pore
spaceactuallyavailablefor diffusive transpat.

One more equationis neededto close the system,which
comesfrom conseration of enegy. We assumefor simplicity
thatthe fuel cell systemis at local therma equilibium, sothat
all three phasegqsolid, gas andliquid) have time to reachthe
sameemperatte T. Then theenegy equatio canbewrittenas

], wherethe entriesDjx depem on the the species

~ 12
(BT )i+ 0-(pe0T —ROT) = |6+hvr’ (11)

L=2(Lc )

Figure 2. GEOMETRY OF THE MODEL DOMAIN, WITH BOUNDARY
COMPONENTS LABELLED I-IV.

wherec repesentsspecificheatandk is thermalconductivity,
and the quantitiesdended by tildes correspnd to paraneters
that are averaged over all three phaseq(s =solid, g =gss and
¢=liquid): () =(1—¢€)(-)s+€(1—B)(-)g+EB(-),. Thetwo
sour@ termsappearig on the right hard side of Eq. (11) arise
respectiely from from ohnic heatingandcondesation(where
i is theaverage current density o theelectricalconductivity, and
hy thelatentheatof vapaization)

Equations(1)—<11) togetherrepresent coupledsystemof
five nonlinea partial differential equatias to be solved for the
unknown quarities p, C1, Co, 3 andT, all of whicharefunctions
of (x,y,t). We next describethe modelgeonetry andboundary
condtions.

3.1 Boundary Conditions

We take a 2D slice through the cathodeoverlapping with
two channés, aspicturedin Fig. 2. Thechamelshave awidth of
L, andareseparatedy a solid graghite “landing area”of width
Ls. Thelengthof the domain is thengiven by L = 2(L¢ + Ls),
andthethicknessof the GDL is dended by H. Thebouwndaryis
separatechto four regions, eachof whichis discussedeparately
below.

|. Solid bottom wall:  This partof thebourdaryalongy =0 is
impemeableto bothgasandliquid andsothefollowing no-flux
boundarycondtions areapplied

H=3=N=0, (129
oB
and - 0, (12h

wherea supersdpt y derotesthe verticalcompamentof a vecta
guartity. Thesolid wall is maintaired at a constantempeature
of T" (by meanf acoolar thatis pumpedthrouch smallchan
nelsboredin the graghite plate)andsowe imposethefollowing
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heattransfercondition anal@ousto Newton’s law of coding:
Ko =KYT-T"), (12¢)

wherek¥v is an interfacial heattransfercoeficient with values
takenfrom theliterature(e.g, [15]).

I1. Porouschannel boundary: Acrossthechanmel/GDL inter-
face,gasesare assumedo diffuse at a rate proportiond to the
differencein con@ntrationssothat

Y =ri(C—C), (13a)

for k= 1,2. Here,r§ is a masstransfercoeficiernt andCy rep-
resentghe specieoncentationsin theinlet gasflow. The co-
efficientry canbe estimatedby meansof the Sherwoad nunber,
Sh=rgLq/D, whereD is thediffusivity, L4 is thechanrel depth,
andSh is obtainedrom expetimentsreportedn theliterature.

We also requile that the mixture pressue be continwous
acrosgheinterface,

Theheattransferattheporousbourdaryobeys asimilar relation-
shipto thatat the solid wall:

~6T c =C
Ka_y:kT(T_T ), (13c)

wherek? is a corvective heattransfe coeficient andT¢ is the
chanmel gastempeature. Typical valuesfor k¢ in fuel cell sys-
temsaregiven in [16].

Finally, the liquid waterlying next to the openchanrel is
assumedo be drawvn out of the GDL at a speedproportiond to
thevolumefractionof waterpreseh

U} =-r,B, (13d)

wherer, is theliquid transferate.
I11. Membrane/catalyst boundary: If weassumehatall oxy-

gengaswhichreachsthecatalystiayerreactsmmediatelythen
we cantake thefollowing flux cordition

3 =r"Cy, (14a)

which is similar in form to that imposedat the chanrel/GDL

boundaryin Eq.(13a) Themasdransfercoeficient r ™is chasen
soasto obtainatargetcurrer density(see[5], for exanple). If

we assumehatthe reactionproduceswaterin vapa form only,

then

Ny=-2N] and Nj=0. (14b

Theseflux corditions statethat two water moleculesare pro-
ducal for every oxygenmoleculein the reactio, andthat the
PEM bouwndaryis imperneableto gas. The combiration of re-
actionandcondesationat this interfaceleadsto a tempeature
boundarycondtion of theform

R‘Z—; =h N +har, (149

whereh, is the heatof reaction andthe contibution from the
heatof condesationhasbeenaveragd over the catalystlayer
thicknesso. Thefollowing boundarycondition for thewatervol-
umefraction

op
—=0 14
3y = (149
arisesfrom theassumptiorthatthereis noliquid flux into or out
of themembrane.

V. Sidewalls: Onthesebourdaries,we impaoseperiodc con
ditions on all solutioncompments.

4 NUMERICAL SIMULATIONS

We next emplay afinite volumebasecdchumrericalmethodin
orderto solverthe equatiams of motiondescribedn the previous
section.We only describehe methodbriefly here,andreferthe
interestedeadeito [10] for moredetails.

The rectangilar domainis divided up into a uniform grid,
with meshspacinghy = L/ny andhy = H/ny, wherewe have
chosemy = 32 andny = 24. Equations(1)—(11) arediscretized
in spaceusinga cell-centeredfinite volume appr@chsothatthe
consevationpropetiesof thegoverningequatimsarepresered.
Seconedorder centereddifferencesare emplojed and because
grid pointsare staggerdne-talf meshspacingfrom the bound-
ary, satisfyingthe boundarycorditionsto secondorderrequres
the useof “ghost points; locatedoutsidethe physical domain
After the systemis discretizedn spacethe resultingsystemof
nonlinearordinary differentialequaionsis integratedin time us-
ing the stiff ODE solver, DASSL [17]. In all casesinitial values
for the solutioncompnentsare chasento be constaty andthe
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Figure 3. BASE CASE RESULTS.

solutionis evolveduntil a steadystateis reachedwhich usually

occursafterappoximately100s of physicaltime have elapsed.

A typical steady-stateompuation requires 15 minutesof CPU
time on a Dell Precision620 Workstationwith a 733MHz Pen-
tium Xeonprocessor

4.1 The Base Case

We bagin with acomputationswhichwe referto asthe“base
cas€, correspondig to a catho@ ruming under what can be
consideedusualoperding condtions. The oxygeninputstream
consistof humidified air atapressuref 2.0 x 108 dyne/cn? (or
2 atm). Theparameerscorresodingto this simulationarelisted
in Tablel (referto theNomerclaturetablefor symbad definitiors
andunitsof measurerent).

Theresultsfor thebasecasearepicturedin Fig. 3, whichin-
cludesplotsof thetotal oxygenflux alongthememlyane-catalgt
Iayer(Ni'), tempeature(T), oxygenmolefraction (X3), andwa-
ter saturation(). It is clearfrom the saturationplot that the
liquid waterremainsat very low levelsin this situation(below
1%). Indeedin this situation,thereis no point within the GDL
wherethe condesationrateis positive. The oxygen mole frac-
tion plotsclearlyindicatethe deceasein reactanfrom theinlet
flow chanrels (alongy = 0) to thecatalystayer(y = H), aswell
asthe“peaks”in reactahcon@ntrationthatrunvertically above
thechanrels. Thereactanflux givesanindicationof thedegree
of catalystutilization andhencealsothe perfamancesincethe
O flux is proportioral to the current densitydranvn by the fuel
cell. In thebasecasethereactanflux is quiteuniform acrosghe

Table 1. PARAMETER VALUES FOR THE “BASE CASE,” ALL MEA-
SURED IN CGS UNITS (SEE NOMENCLATURE ON PAGE 1).

Symbad Value Symlol Value
Bourdary conditins: Material parametes:
My [32.0,18.0,280] Ps 0.49
Xk [0.21,0.10,0.69] Pe 1.0
T 74 Cs 1.0x 10
T 74 Cg 1.0x 107
P 2.73x 1074 C 4.2 x 107
re 800 Ks 2.51x 10°
rm 0.3 Kg 2.4x10°
r, 1.0 Ky 6.75x 10
K 1.5x10* Hg 2.24x 1074
KY 1.1x107 e 3.0
HZ 100 C 0.0656
Geometricaparametes: Otherparameers:
H 0.05 i 1.0
Lc 0.10 c 7.273x 10~°
Ls 0.10 Y 72.4
L 0.40 hr 2.72x 1012
0 0.0aL hy 4.54x 1011
K 1078
R 8.3145x 10/
catalystlayer

4.2 Reducing the Operating Temperature

We next considetthe effect of redudng thetemperatuas'TC
andT", within the channémixture andthe graphite plate, by 4
degreesto 70°C. This correspnds,for exanple, to alower tem-
peratue in thecodantanda correspondigly coder channégas
mixture. Selectedesultsaredisplayedin Fig. 4. Thetempera
turehasdecresedby adegreeor two acrosgtheGDL, whichhas
led to the onsetof condesation. The regions wherethe gasis
oversaturate@reshadedn Fig. 4a,from whichit is evidert that
therearepocletsof liquid waterforming on the catalystbound-
ary above the solid landing areasandalsoa small pocket on the
lower wall. The actualamoun of liquid water presentin the
GDL canbeinferredfrom the saturationplot, whereit is clear
that regions nearthe upper bourdary have up to 20% water by
volume. The corresponthg watervelocity is given asa vecta
plot in Fig. 4c, wherethe maxiumun value of |U[| is appoxi-
mately 1 x 102 cmy/s, which is consistenwith the two-phase,
isothernal PEM cathalesimulationsn [8]. Eventhoughthereis
asignificantlevel of liquid wateraccumulatig nearthereaction
zone thechang in thereactanflux atthe catalystiayeris negli-
gible; hencewe cancondudethatatlow levelsof saturationthe
diffusionis nothindeedenowghto affectthetransporiof O, gas
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Figure 4. RESULTS WITH CHANNEL AND PLATE TEMPERATURES
REDUCED TO 70°C.

to thereactionzones.However, the presencef liquid waterdi-
rectly adjacento the catalystlayeris a sourcefor someconcen,
sincethereis apotertial for floodingof thereactionzoneswhich
couldhave seriousmpacton perfomance.

4.3 Increasing the Reactant Concentration

While mary fuel cells feedthe cathodestreamwith simple
pressurizeair, therearemary situationswhenpurified air hav-
ing a higher molefraction of oxygengasis utilized. To this end,
we have variedthe mixture compsition by taking the channel
valuesof O, concentationX; = 0.31,0.41and0.71, while keep-
ing the saturatiorconstantX, = 0.10. Thereactanflux prdfiles
areplottedtogetherin Fig. 5, from which we canseethatthein-
crease®; levelsinitially enhanceerformane, with X; = 0.41
giving the largest averag reactantflux at the upper boundary
However, whenthe channelO, con@ntrationis increasedur-
ther, the reactan flux decrases. The reasonfor this behaior
canbe seenin the plots of temperatte andsaturationin Fig. 6,
wherethewatersaturatiorhasrisento suchanextent(upto 40%
in somelocatiors) thatliquid waterhasled to significantblodk-
ing of poresandhencehasbegunto hinder diffusive transpat of
oxygenacrosshe GDL. In particular thereis a large portion of
the catalystlayerthatis bordeed by porescontaning more than
20% water by volume, which impactsdirectly on the reaction
rate.

Reactant flux
' N

1.5+ = 1
—— X,,=0.21
i X,,=0.31 |
X,=0.41
0.5 X,,=0.71 |
0 L L L
0 0.1 0.2 0.3 0.4
X (cm)

Figure 5. COMPARISON OF REACTANT FLUXES AS Oz MOLE
FRACTION IS INCREASED.

(b) Saturation

(a) Temperature

005 01 015 02 025 03 035
X

Figure 6. RESULTS WITH CHANNEL O2 MOLE FRACTION OF 0.71.

5 CONCLUSIONS

We have developeda modelfor motion of multiphase flow
and concensationwithin the porous catho@é of a protan ex-
charmge membranefuel cell, which is one of the first attempts
to mockl norisothermaflow including condesation.Themodel
hasproven very usefulin determirng the effect of chargesin
opeating condtions on perfamancein termsof the transpot
of oxygento the reactve catalystlayer In particula, we have
beenableto identify regions wherecondensationis mostlikely
to occur andalsoparaneterregimes wherethepreseceof liquid
waterbeagins to impad on perfamance.

Theseresultsaresomeavhatlimited in their application due
thefactthatcouging with otherfuel cell compmentsis ignared,
and so more work is required in the directin of including the
physicsof the membrane,catalystlayer, andflow chamels. Be-
causevatermanag@ments soessentiain undestandinguel cell
performarce, this modelhasgreatpotentialfor accuratestudies
of transrt phenanenain fuel cells.
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