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Abstract

Waterbalancehasasignificantimpactontheoverallfuelcellperformance.Maintenanceofproperwater

managementshouldprovideanadequatemembranehydrationandavoidanceofwaterfloodinginthecatalystlayer

andgasdiffusionlayer.ConsideringtheimportantofadvancedwatermanagementinPEM fuelcell,thisstudy

proposesasimpleonedimensionalwatertransportationmodelofPEM fuelcellforuseinadynamiccondition.

Themodelhasbeencreatedbyassumptionthattheoutputisthewaterliquidsaturationdifference.Theliquid

saturationchangeisthetotaldifferencebetweentheadditionalwaterandtheremovalwateronthesystem.The

wateradditionisobtainedfromfuelcellreactionandtheelectroosmoticdrag.Thewaterremovalisobtainedfrom

capillarytransportandevaporationprocess.Theresultshowsthatthecapillarywatertransportoflowtemperature

fuelcellishighbecausetheevaporationrateislow.
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δ :Thickness,[m]

λ :Latentheat,[kJ·kg
-1
]

 :Heattransfercoefficient,

[W·m-2·K-1]

 :Currentdensity,[A·m-2]

 :Crosssectionarea,[m
2
]

 :Faradayconstant,[C·mol
-1
]

 :Humidityratio,[g·kg
-1
]

 :Mass,[kg]

 :Specificvolume,[m3·kg-1]

 :Volume,[m3]

 :Flow rate,[m
3
·s
-1
]

Nomenclature

 :Electroosmoticdragcoefficient

ρ :Density,[kg·cm
-3
]


:Relativemolecularmass,

[kg·mol-1]

 :Permeability,[m2]

ρ :Density,[kg·cm
-3
]

ε :Porosity

μ :Dynamicviscosity,[m
2
·s
-1
]

T :Temperature,[℃]

1.Introduction

Inthiswork,thegoverningphysicsof

watertransportin both hydrophilicand

hydrophobicdiffusionmediaaredescribed

alongwithanone-dimensionalanalytical

solutionsofrelatedtransportprocesses.It

isfoundthatliquidwatertransportacross

thegasdiffusionlayer(GDL)iscontrolled

by capillary forces resulting from the

gradientinphasesaturation[1].Thewater

transportationofthemembraneelectrode

assembly(MEA)isdependedonthefuel

cellcurrent.Inahybridfuelcellsystemfor

vehicle,thecurrentiscontrolledconstantly.

Butifthepowerdemandofvehicleislower

thanthepowergeneratedfromthefuelcell,

thentheenergyistakenfrom thebattery.

Hence,the dynamic watermanagement

systemisimportantinthiscase.Thegood

dynamicwatermanagementsystemrequires

thewatertransportationmodeltopredict

how muchwaterthatwouldbeaddedand

removedfromthefuelcellsystem.Therefore

anone-dimensionalanalyticalsolutionfor

watertransportisneededtokeepupwith

thewaterbehaviorinthebalancecondition.

2.Modellingmethod

AwatertransportationequationinPEM

fuelcellis governed by the following

process:generationofwateratthecathode

duetotheoxygenreductionreaction(ORR),

moleculardiffusion(MD)ofwateracross

themembrane,electro-osmoticdrag(EOD)

ofwaterfromanodetocathode,andconvective

removalofwatertothegaschannelas

sketchedinFig.1.

Figure1.Onedimensionalcontrolvolumetransfer

TheSherwoodnumberandthemass-transfer

coefficientareindependentofairvelocityin

thechannelandcanbecalculatedas:

 Pr


(1)
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Figure2.Waterconcentrationvariationatvariousimportantlocations




 

(2)

Thewaterconcentrationsatthethreshold

currentdensityatvariousinterfacesacross

themembraneelectrodeassemblyfordifferent

humiditylevelsisshowninFig.2.Inthis

figure,themaximumwaterconcentrationis

locatedinthecathodecatalystlayer(CCL).

Thewatertransportedbymoleculardiffusion

isrelativelysmallcomparedtoEODandORR.

Hence,thewatergenerationrateinCCL

canbesimplifiedandexpressedasthetotal

waterproductionratefrom ORR andthe

waterthatisdraggedfrom theanodeside

asshowninEq.(3)[2-4].

   


(3)

Based on ASHRAE standard formula

calculatingtheairproperties[5],thewater

additionfrom theinputhumidaircanbe

derivedfrom therelationshipbetweenthe

humidityandthevolumetricflow rateas

giveninEq.(4).

   

 
(4)

Pasaogullarietal.[1]havestudiedthe

steadystatewatertransportationinGDLof

PEM fuelcell.Intheirworks,thegoverning

physicsofwatertransportinbothhydrophilic

andhydrophobicdiffusionmediaisdescribed

alongwiththeone-dimensionalanalytical

solutionsofrelatedtransportprocesses.It

wasalsofoundthatthecapillarytransport

isthedominanttransportprocessforremoving

waterfrom floodedGDLs.

  
     

 (5)

Where,sistheliquidsaturationlevel.On

theotherhand,thecapillarypressurebetween

twophasesisexpressedas
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 cos
 



  (6)

Aboveequation  istheLeverette

function and isgiven by thefollowing

relation:

 










 




 




(7)

Themassflowrateofwatertransported

bycapillaritypressuredrivengivenby:

   


 ∇    (8)

Duetoverysmalldimensionalgeometry

ofPEM fuelcell,thegravityeffectcanbe

neglected.BysubstitutingEq.(6)andEq.

(8)andthenitresultsEq.(9).

   


 cos 

 


∇ (9)

TheLaverettefunctionforhydrophobic

mediaisgivenbyEq.(10).

     (10)

BycombiningEq.(9)andEq.(10)it

yieldsEq.(11).

   

cos


×

     ∇

(11)

Consideringtheone-dimensionaltransport

ofliquidwateronlythroughplanedirection,

theEq.(11)reducestoanordinarydifferential

equation,whichcansolveanalyticallyas

givenbyEq.(12).

    




 
cos





(12)

Fig.2showsthelineargradientofthe

liquidsaturationratioalongGDLtherefore

thegradientofthesaturationlevelalong

GDLisgivenbyEq.(13).







(13)

Massflow rateofthewatertransported

bycapillarityprocessisgivenbyEq.(14).

  
    ×



 cos


(14)

Ingeneral,theevaporationratecanbe

calculatedbyEq.(15).

  

   
 

(15)

Thewaterliquidsaturationlevel(s)is

thefloodingordryingindicatoranditcan

bedefinedasthevolumefractionofthe

totalvoidspaceofporousmediumoccupied

bytheliquidphaseasshowninEq.(16).
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Furthermoretheliquidsaturationchangeis

calculatedbyusingEq.(17).

 

 
(16)

 


        
  

(17)

3.Simulationresultsanddiscussions

Theliquidtransportofthewaterinside

GDLisaffectedbytemperature.Whenthe

temperatureishigh,thebalancebetween

wateradditionandwaterremovalisnot

reached.Fig.3andFig.4respectivelyshow

thecapillaryliquidwatertransportandthe

evaporationrateinthedifferenttemperature

conditionofthehighPEM fuelcellpower

demandof10kW.Thecapillarywatertransport

oflow temperature fuelcellis higher

becausetheevaporationratebecamelow.

Hence,afuelcellwith 40°Cairtemperature

and23.5g/kghumidityhasstoppedafter

300secondsoperationbecausetheporeofGDL

blockedwiththeliquidphaseofwater.

Figure3.CapillarytransportinGDL

Figure4.EvaporationrateinGDL

InPEM fuelcellwithhumidinputair

operation,thetemperatureisimportant.Fig.

5showsthatthefloodingishappenedat

thelowtemperatureofPEM fuelcellunder

stationary power demand 10kW. The

unbalancedwaterbetweenwateraddition

andthewaterremovalishappenedatlow

temperatures.In this case,the water

productionishighasmuchastheelectrical

powerproduction proportionally,butthe

waterliquidremovalbyevaporationrateis

low.

Figure5.Liquidsaturationlevel
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4.Conclusions

Themodelhasbeencreatedbytheliquid

saturation difference becametheoutput.

Theliquidsaturationchangeisthetotal

differencebetweentheadditionalwaterand

the removalwaterin the system.The

wateradditionisobtainedfromthefuelcell

reactionandEOD.Thewaterremovalis

obtainedfrom thecapillarytransportand

theevaporationprocess.

Asthewatervaporisbeyondthesaturated

andcondensed,thewaterproducedinCCL.

And when the liquid waterremovalis

lowerthantheliquidwateraddition,the

watercanbeaccumulatedintotheporeof

CCLandalsoatcathodeGDL.Thusthe

rateofwateraccumulationisavectorthat

hasaplusvaluewhentheadditionrateof

liquidishigherthantheremovalrateof

liquidwater.

Asaresult,whenthewateraccumulation

ratehasaplusvalueandremainedforlong

time,thisinvitesaflooding.
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