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Abstract

Watermanagementisimportantinprotonexchangemembranefuelcellbecausethewaterbalancehasasignificantimpactonthe

overallfuelcellsystem performance.Infuelcellvehicle,thevehicle'spowerdemandisdynamic;therefore,thedynamicwater

managementsystemisrequired.Thispresentstudyproposesamethodtocontrolthehumidityoftheinputairincathodesideofthefuel

cellvehicle.Thesimulationusingseveraldrivingcyclesshowstheproposedairhumidificationcontrolobtainsarelativelygoodresult.

Theliquidsaturationlevelisseenconstantatthetargetlevelalthoughstilltherearesmalldeviationsatdrivingcycleswhichhaving

averagelyhighpowerdemands.
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1.Introduction

Usingfuelcellinautomobiles,replaceits

energysourcefrom fossilfuelintorenewable

andcleanenergy,furthermoreitreducesthe

pollutionfrom thepointofglobalprotection.

Among severaltypes offuelcells,Proton

ExchangeMembrane(PEM)fuelcellisoneof

themostpromising candidate,especially for

automobileapplications.Itisbecausethereareits

high-energydensityatlowoperatingtemperature,

quickstart-upandzeroemission[1-2].

WatermanagementisimportantinPEMfuel

cellbecausethewaterbalancehasasignificant

impactontheoverallfuelcellsystemperformance.

AfloodinglevelinPEMfuelcellcanbeseenfrom

theaccumulatedliquidwaterinaporousmedium

anditcanindicatestheleveloftheliquidwater

saturation.Hencethispresentstudyproposesan

inletairhumidificationcontrolsystemoffuelcell

foravehicletoreachthewaterbalance.

2.Modelling

Thevehiclepowerismodeledasthetotal

powersforrollingresistance,airresistanceand

kineticgivenbyEq.(1)[3].
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(1)

Thewaterliquidsaturationlevel(s)isthe

floodingordryingindicatoranditcanbedefined

asthevolumefractionofthetotalvoidspaceof

porousmediumoccupiedbytheliquidphase.It

meansthatthehigherthevalueofs,thegreater

thefloodinglevelis,andviceversa..

 

 
(2)

The presentliquid water in a cathode

catalystlayer(CCL)is a function ofthe

differencebetweenthewateradditionandthe

removal[4]asgiveninEq.(5).
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Thechangeoftheliquidsaturationlevelis

givenbyEq.6. isthevolumeofporous

mediumoccupiedbythegasphasethatdepends

onthedegreeofitsporosity.

∆ 

 
(6)

Many studies were already investigated

aboutthecharacteristicsofthesteadystate

watertransportationingasdiffusionlayer(GDL)

ofPEMfuelcell[5,6].Inthoseresearches,itwas

seenthatthecapillarytransportisthedominant

factorintheprocesstoremovethewaterfrom

the flooded GDLs. The mass flow rate

transportedbycapillaryprocessisgivenbyEq.

7.Theliquidsaturationchangeaffectedbythis

capillaryprocessisalsogivenbyEq.8.
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In general,the evaporation rate can be

calculatedbyEq.9andtheliquidsaturation

changeaffectedbythisevaporationprocesscan

begivenbyEq.10.Furthermorethefinalliquid

saturationisdefinedasEq.11.
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3.Controlsystem

Theintermittentcontrolsystem isusedto

handletheinputairproperties.Thesettingofthe

inputairbecomesflexiblebyeverydesigned

controlinterval.Thecontrolintervalinthis

studywassetalreadyon50s.Therefore,the

controlsystemstartedbymeasuringthecurrent

densityofthefuelcellwithinfirst50s. This

measureddatawasthenusedasthecontrol

reference on the optimization process using

geneticsalgorithm (GAs).Thefitnessfunction

usedinthisGAswasthewatertransportation

modelgivenbyEq.11.Theoutcomeofthis

fitness function also means the difference

betweenthepredictedliquidwatersaturation

levelandthecontrolledlevelasgiveninEq.12.

   (12)
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This  is the controlled liquid

saturationleveland istheliquidsaturation

levelobtainedfromthemodel.Thefitnessvalue

istheabsolutedifferencebetweenthemodel

resultandthetarget.Thesmallestvalueis

abletobetargetoftheGAs.

4.Simulation

Inordertoevaluatetheperformanceofthe

alternativecontrolalgorithms,itisusefultotake

astandardusagepatternagainstwhichtotest

them.Ninedrivingcycleswereusedinthis

simulation[7]asshowninTable1.

Drivingcycle
MaxVelocity

(m·s-1)

Time

(s)

NYCC 12.3 599

EUDC 33.3 400

JP10-15MODE 19.4 660

ECE 13.8 195

FTP72 25.3 1369

FTP75 25.3 1874

NEDC 33.3 1180

SC03 24.4 596

US06 35.8 596

Table1.Drivingcycles

5.Resultsanddiscussions

By applying thedriving cycledata,the

vehiclepowercanbecalculatedusingEq.1.The

simulation resultsrevealedthatthedifferent

ambientairconditionreachesdifferentfuelcell’s

liquidsaturationlevelprofilesasshowninFig.

2.Whenthefuelcellisoperatedunderthelow

temperatureandhumidity(10°Cand10% RH),

thedryingtendstohappeninalmostdriving

cycles.However,ifthehumidityincreases,some

ofdrivingcyclesstarttogetflooding.Thisis

thereasonwhytheinletairpropertiesshouldbe

controlled dynamically to avoid flooding or

dryingintheprocess.

Fig.2.Simulationresultforalldrivingcyclesinvarying

airconditionwithoutcontrolsystem

Fig.3Intermittenthumidification

Theproposedintermittentcontrolsystemfor

theairhumidificationincathodesideisthen

usedtomaintaintheliquidsaturationatconstant

level.Thegivensetpointoftheliquidsaturation

levelinthisstudyis0.1andthegivenintervalis

50s.Therefore,thehumidificationischanged

every50swiththetargetofthefinalliquid

saturationlevelis0.1.Thefirst50spower

patternisusedbyGAasthereferencetogetthe

optimumairproperties.Andthen,thisoptimum

settingisusedforthenext50sunknownpower
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pattern.Fig.3showsthecontrolresultfor

EUDCdrivingcycleatambientairconditionat

25°CandRH60%.

Fig.4Simulationresultofcontrolsystem foralldriving

cyclesinvaryingaircondition

Thecontrolresultsforalldrivingcycles

wereshowninFig.4againsteveryambientair

conditionasshowninFig.2.Itwasclearthat

theliquidsaturationlevelofeverydrivingcycles

werecontrolledtothetargetlevel0.1.Butfor

highaveragepowerdemands,theresultshave

shownthegreaterdeviations.

6.Conclusions

In dynamic system,different inlet air

conditionincathodesidehavegivendifferent

liquidsaturationlevelatcathode.Thereforethe

dynamicinletaircontrolsystemisnecessaryto

beappliedtoadynamicfuelcellsystem.The

inletairconditioncannotbechangedrapidlydue

totheairconditioningsystemlimitation.Hence,

theintermittentcontrolispreferredforsimple

use.Thisstudypresentsaboutsimulationsofthe

controlsystem with nine driving cycles to

investigate the flooding and drying. The

simulation was done with and withoutair

humidificationcontrolsystemunderthedifferent

ambientaircondition.Thesimulationofthe

intermittentairhumidificationcontrolsystemin

severaldrivingcycleshasshownarelatively

goodresult.Theliquidsaturationlevelwaskept

asseenconstantat0.1althoughtherearestill

smalldeviationsathighaveragepowerdemands.
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