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Abstract

Waterbalancehasasignificantimpactontheoverallfuelcellsystem performance.Properwatermanagementshouldprovidean

adequatemembranehydrationandavoidanceofwaterfloodinginthecatalystlayerandgasdiffusionlayer.Consideringtheimportantof

advancedwatermanagementinPEMfuelcell,thisstudyproposesasimpleonedimensionalwatertransportationmodelofPEMfuelcell

foruseinadynamiccondition.Themodelhasbeencreatedbyassumptionthattheoutputisthewaterliquidsaturationdifference.The

liquidsaturationchangeisthetotaldifferencebetweentheadditionalwaterandtheremovalwateronthesystem.Thewateradditionis

obtainedfromfuelcellreactionandtheelectroosmoticdrag.Thewaterremovalisobtainedfromcapillarytransportandevaporation

process.Theresultshowsthatthecapillarywatertransportoflowtemperaturefuelcellishighbecausetheevaporationrateislow.
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λ :Latentheat,[kJ·kg
-1
]

 :Heattransfercoefficient,

[W·m
-2
·K
-1
]

 :Currentdensity,[A·m-2]

 :Crosssectionarea,[m2]

 :Faradayconstant,[C·mol
-1
]

 :Humidityratio,[g·kg
-1
]

 :Mass,[kg]

 :Specificvolume,[m3·kg-1]

 :Volume,[m
3
]

 :Flow rate,[m
3
·s
-1
]

Nomenclature

 :Electroosmoticdragcoefficient

ρ :Density,[kg·cm-3]

 :Relativemolecularmass,

[kg·mol-1]

 :Permeability,[m
2
]

s :Liquidsaturationlevel,[-]

ε :Porosity

μ :Dynamicviscosity,[m
2
·s
-1
]

T :Temperature,[℃]

δ :Thickness,[m]
1.Introduction

Inthiswork,thegoverningphysicsofwater

transportinbothhydrophilicandhydrophobic

diffusionmediaaredescribedalong withan
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Figure1.Onedimensionalcontrolvolume

Figure2.Waterconcentrationvariationatvariousimportantlocations

one-dimensionalanalyticalsolutionsofrelated

transportprocesses.Itisfoundthatliquidwater

transportacrossthegasdiffusionlayer(GDL)is

controlledbycapillaryforcesresultingfromthe

gradientin phasesaturation [1].Thewater

transportation of the membrane electrode

assembly(MEA)isdependedonthefuelcell

current.Inahybridfuelcellsystemforvehicle,

thecurrentiscontrolledconstantly.Butifthe

powerdemandofvehicleislowerthanthe

powergeneratedfrom thefuelcell,thenthe

energyistakenfrom thebattery.Hence,the

dynamicwatermanagementsystemisimportant

in this case. The good dynamic water

management system requires the water

transportationmodeltopredicthowmuchwater

thatwouldbeaddedandremovedfromthefuel

cell system. Therefore an one-dimensional

analyticalsolutionforwatertransportisneeded

tokeepupwiththewaterbehaviorinthe

balancecondition.

2.Modellingmethod

AwatertransportationequationinPEM fuel

cellisgovernedbythefollowingphenomena:

generationofwateratthecathodeduetothe

oxygen reduction reaction (ORR),molecular

diffusion(MD)ofwateracrossthemembrane,

electro-osmoticdrag(EOD)ofwaterfromanode

tocathode,andconvectiveremovalofwaterto

thegaschannelassketchedinFig.1.
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Theconvectivemass-transfercoefficientat

thechannel-GDLinterfaceiscalculatedbyusing

theanalogybetweentheheattransferandmass

transfer. The Sherwood number and the

mass-transfercoefficientareindependentofair

velocityinthechannelandcanbecalculatedas:

 Pr


(1)




 

(2)

Thewaterconcentrationsatthethreshold

currentdensityatvariousinterfacesacrossthe

membrane electrode assembly for different

humiditylevelsisshowninFig.2.Inthisfigure,

themaximum waterconcentrationislocatedin

thecathodecatalystlayer(CCL).Thewater

transportedbymoleculardiffusionisrelatively

smallcomparedtoEOD andORR.hence,the

watergeneration rate in the CCL can be

simplified and expressed asthetotalwater

productionratefromORRandthewaterthatis

draggedfromtheanodesideasshowninEq.(3)

[2-4].

   


(3)

Based on ASHRAE standard formula

calculating theairproperties[5],thewater

additionfromtheinputhumidaircanbederived

fromtherelationshipbetweenthehumidityand

thevolumetricflowrateasgiveninEq.(4).

   

 
(4)

Pasaogullarietal.[1]havestudiedthesteady

statewatertransportationinGDLofPEM fuel

cell.Intheirworks,thegoverningphysicsof

water transport in both hydrophilic and

hydrophobicdiffusionmediaisdescribedalong

withtheone-dimensionalanalyticalsolutionsof

relatedtransportprocesses.Also,itwasfound

thatthecapillary transportisthedominant

transportprocess forremoving waterfrom

floodedGDLs.

  
     

 (5)

Where,sistheliquidsaturationlevel.Onthe

otherhand,thecapillarypressurebetweentwo

phasesisexpressedas

 cos
 



  (6)

Above equation  is the Leverette

functionandisgivenbythefollowingrelation:

 




















(7)

Themassflowrateofwatertransportedby

capillaritypressuredrivengivenby:

   

 
 ∇     (8)

Duetoverysmalldimensionalgeometryof

PEM fuelcell,the gravity effectcan be

neglected.BysubstitutingEq.(6)andEq.(8)

andthenitresultsEq.(9).
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   


 cos 

 


∇ (9)

The Laverette function for hydrophobic

mediaisgivenbyEq.(10).

     (10)

BycombiningEq.(9)andEq.(10)ityieldsEq.

(11).

   

cos


×

     ∇

(11)

Consideringtheone-dimensionaltransportof

liquidwateronlythroughplanedirection,theEq.

(11)reducestoanordinarydifferentialequation,

whichcansolveanalyticallyasgivenbyEq.

(12).

     




 
 cos





(12)

Fig.2showsthelineargradientoftheliquid

saturationratioalongtheGDL thereforethe

gradientofthesaturationlevelalongGDLis

givenbyEq.(13).







    (13)

Massflow rateofthewatertransportedby

capillarityprocessisgivenbyEq.(14).

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



 cos


(14)

Ingeneral,theevaporationratecanbecalculated

byEq.(15).

  

  
 

(15)

Thewaterliquidsaturationlevel(s)isthe

floodingordryingindicatoranditcanbedefined

asthevolumefractionofthetotalvoidspaceof

porousmediumoccupiedbytheliquidphaseas

showninEq.(16).Andthentheliquidsaturation

changeiscalculatedusingEq.(17).

 

 
(16)

 


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

(17)

3.Simulationresultsanddiscussions

Theliquidtransportofthewaterinsidethe

GDL isaffected by temperature.When the

temperatureishigh,thebalancebetweenwater

additionandwaterremovalisnotreached.Fig.3

andFig.4respectivelyshowthecapillaryliquid

watertransportandtheevaporationrateinthe

differenttemperatureconditionofthehighPEM

fuelcellpowerdemandof10kW.Thecapillary

watertransportoflow temperaturefuelcellis

higherbecausetheevaporationratebecamelow.

Hence,fuelcellwith 40°Cairtemperatureand
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23.5g/kghumidityhasstoppedafter300seconds

operationbecausetheporeoftheGDLblocked

withtheliquidphaseofwater.

Figure3.CapillarytransportinGDL

Figure4.EvaporationrateinGDL

In PEM fuelcellwith humid inputair

operation,thetemperatureisimportant.Fig.5

showsthatthefloodingishappenedatthelow

temperatureofPEM fuelcellunderstationary

powerdemand10kW.Theunbalancedwater

betweenwateradditionandthewaterremovalis

happenedatlowtemperatures.Inthiscase,the

waterproduction is high as much as the

electricalpowerproductionproportionally,but

thewaterliquidremovalbyevaporationrateis

low.

Figure5.Liquidsaturationlevel

4.Conclusions

The modelhas created with the liquid

saturationdifferencebecomestheoutput.The

liquidsaturationchangeisthetotaldifference

betweentheadditionalwaterandtheremoval

wateronthesystem.Thewateradditionis

obtainedfrom fuelcellreactionandtheEOD.

Thewaterremovalisobtainedfromthecapillary

transportandtheevaporationprocess.

TheliquidwaterintheCCLproducedwhen

thewatervaporisbeyondthesaturatedand

condensed.Whentheliquidwaterremovalis

lowerthantheliquidwateraddition,watercan

beaccumulatedintotheporeofCCLandalsoat

cathodeGDL.Thus,therateofliquidwater

accumulationisavectorthathasaplusvalue

whentheadditionrateofliquidwaterishigher

thantheremovalrateofliquidwater.Asa

result,whenthewateraccumulationratehasa

plusvalueandremainedforlongtime,thiswill

produceaflooding.
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