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Abstract

연료전지 차랑용에 있어서 공기 가습 및 감습의 중요성은 매우 크다.특히 PEM(ProtonExchangeMembrane)연료

전지에서 수분평형은 총괄시스템성능에 큰 영향을 미치는 요소인데,이에 관한 중요한 연구가 지금까지 광범위하게

수행되고 있다.또한 차량과 같이 동적부하 연료전지를 활용하는 분야에 있어서,전류의 흐름은 차량용 파워 부하에

크게 영향을 받는다.따라서 전기적 흐름이 발생하면,이에 따라 수분이 발생하게 되는데,이러한 응축 수분은 예측이

되며,수관리 시스템에서 이를 중요한 제어 기준으로 활용한다.그러므로 적절한 제어방법을 선택하면 유입공기의 온

도와 습도의 최적값을 얻을 수 있다.따라서,본 논문에서는 PEM 연료전지의 수관리를 위하여 수분전달 모델과 유전

알고리즘(geneticalgorithm)을 사용하는 제어방법에 초점을 두고 있다.
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Nomenclature

 :Massflow rate,[kg·s
-1
]

 :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]

λ :Latentheat,[kJ·kg-1]

 :Heattransfercoeff,[W·m
-2
·K
-1
]
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 :Airresistanceconstant,[-]

 :Vehiclevelocity,[m·s
-1
]

 :Rollingresistancecoefficient,[-]

 :Currentdensity,[A·m
-2
]

 :Crosssectionarea,[m2]

 :Faradayconstant,[C·mol-1]

 :Humidityratio,[g·kg
-1
]

 :Specificvolume,[m
3
·kg

-1
]

 :Volume,[m
3
]

 :Flow rate,[m
3
·s
-1
]

W :Power,[Watt]

Subscript

 :capillary

 :evaporation

rct :reaction

sat :saturated

liq :liquid

vap :vapor

1.Introduction

Automobileisoneofconsiderablepollution

sourceagainstthegloballevel,includinga

significantfractionofthetotalgreenhouse

gasemissions[1].Usingfuelcellinautomobiles

replaceitsenergysourcefrom fossilfuel

intorenewableandcleanenergy,furthermore

itreducesthepollutionfrom thepointof

globalprotection.Amongseveraltypesof

fuelcells,ProtonExchangeMembrane(PEM)

fuelcellisoneofthemostpromisingcandidate,

especiallyforautomobileapplications.Itis

becausethereareitshigh-energydensity

atlowoperatingtemperature,quickstart-up

andzeroemission[2-4].

Theelectriccurrentofavehiclefuelcell

isdependedonthevehicle'spowerdemand.

Sincetheelectricalcurrentwasconsumed,

thefuelcellwaterproduction wasalso

generated.Therefore,theliquidwatercan

bepredictedandusedforanimportantcontrol

referenceinwatermanagementsystem.

A floodinglevelcanbeseenfrom the

accumulatedliquidwaterinaporousmedium

anditcanindicatestheleveloftheliquid

watersaturation.Hencethispresentstudy

proposesaninletairhumidificationcontrol

systemoffuelcellforavehicletoreachthe

waterbalance.

2.Modelling

Thevehiclepowerismodeledasthetotal

powersforrollingresistance,airresistance

andkineticgivenbyEq.(1)[5].

  








   

(1)

Thewaterliquidsaturationlevel(s)is

thefloodingordryingindicatoranditcan

bedefinedasthevolumefractionofthe

totalvoidspaceofporousmediumoccupied

by theliquid phase.Itmeansthatthe

higherthe value ofs,the greaterthe

floodinglevelis,andviceversa..

 

 
(2)

Thepresentliquidwaterinacathode

catalystlayer(CCL)isafunctionofthe

differencebetweenthewateradditionand

theremoval.Thewateradditionisobtained

fromthefuelcellreactionandthehumidity

oftheinputair.Thewaterremovalsmeans

actually theamountofevaporation and
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convection.Thewateradditioncanbeexpressed

asthetotalwaterproduction from the

oxygenreductionreaction(ORR)andthe

electroosmoticinsidethemembraneas

giveninEq.(3)[6-8].BasedonASHRAE

standard formula calculating the air

properties[9],thewateradditionfrom the

humidinputaircanbederivedfrom the

relationshipbeweenthehumidityandthe

volumetricflow rateasgiveninEq.(4).

   


(3)

   

 
(4)

          (5)

ThepresentliquidwaterisgivenbyEq.

(5)and also the change ofthe liquid

saturationlevelwillbegivenbyEq.(6).

inFig.6isthevolumeofporousmedium

occupiedbythegasphasethatdependson

thedegreeof itsporosity.Itmeansthat

whenthereisnoliquidwateraddition,the

changeofsiszero.

∆ 

 
(6)

Manystudieswerealreadyinvestigated

aboutthecharacteristicsofthesteadystate

watertransportationingasdiffusionlayer

(GDL)ofPEM fuelcell[10,11].Inthose

researches,itwasseenthatthecapillary

transportisthedominantfactorin the

processtoremovethewaterfromtheflooded

GDLs.Themassflow ratetransportedby

capillaryprocessisgivenbyEq.(7).The

liquidsaturationchangeaffectedbythis

capillaryprocessisalsogivenbyEq.(8).

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



cos


(7)

∆

 
(8)

Ingeneral,theevaporationratecanbe

calculatedbyEq.(9)andtheliquidsaturation

changeaffectedbythisevaporationprocess

canbegivenbyEq.(10).Furthermorethe

finalliquidsaturationisdefinedasEq.(11).

  

   
 

(9)

∆

 
(10)

 ∆∆∆ (11)

3.Controlsystem

Theintermittentcontrolsystem isused

to handletheinputairproperties.The

settingoftheinputairbecomesflexibleby

everydesignedcontrolinterval.Thecontrol

intervalinthisstudywassetalreadyon

50s.Therefore,thecontrolsystem started

bymeasuringthecurrentdensityofthe

fuelcellwithinfirst50s.Thismeasured

datawasthenusedasthecontrolreference

ontheoptimizationprocessusinggenetics
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algorithm(GAs).Thefitnessfunctionused

inthisGAswasthewatertransportation

modelgivenbyEq.(11).Theoutcomeof

this fitness function also means the

difference between the predicted liquid

watersaturationlevelandthecontrolled

levelasgiveninEq.(12).

    (12)

This isthecontrolledliquidsaturation

leveland istheliquidsaturationlevel

obtainedfrom themodel.Thefitnessvalue

is the absolute difference between the

modelresultandthetarget.Thesmallest

valueisabletobetargetoftheGAs.

4.Simulationmethods

Inordertoevaluatetheperformanceof

the alternative controlalgorithms,itis

usefultotakeastandardusagepattern

againstwhichtotestthem.Sincefuelcells

areoften associatedwith automotive

applications,thisstudyusestheNewEuropean

Driving Cycle(NEDC)andthestandard

velocity-to-timemapusedintheEuropean

Union to testcarenginesforpollutant

emissions.TheNEDCisrepresentativeof

boththeurbanandtheextra-urbandriving

inEurope,butmanyothercountriesand

authoritieshavedefinedtheirownsetof

drivingcycles,suchastheUnitedStates’

FTP-75andJapan’sJP10-15.Forthose

reasons,ninedrivingcycleswereusedin

thissimulation[12]asshowninTable1

andtheparametersusedinthissimulation

areshownonTable2.

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

Parameter Value

Q 0.08m3/s

A 0.02m2

 3.10-4m

N 448

 0.5

κ 1.810-18m2

μ 8.5510-4N.s/m2

ε 0.6

σ 0.0625N/m

h 105.28W/m2K

λ 2417.44kJ/kg

Table2.Simulationparameters

5.Resultsanddiscussions

The driving cycles are shown as

graphicallyinFig.1.Theforcehaspositive

whilebeing accelerated.Sincethespeed

hasalwayspositive,thepowerdemand

becomespositiveandthispowerdemand

shouldbemetby thepowergeneration

system.Byapplyingthedrivingcycledata,

thevehiclepowercanbecalculatedusing

Eq.1andthenpresentedinFig.2.The

EUDC,FTP75andUS06cyclesshownin

bothfigureshadthehighestaveragepower

demand.
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Fig.1.Differentdrivingcyclesinninestandards

Fig.2.Powerprofilesinninestandards



[논문]한국태양에너지학회 논문집

한국태양에너지학회 논문집 Vol. 31, No. 5, 2011 96

Fig.3.Simulationresultforalldrivingcyclesinvaryingairconditionwithoutcontrolsystem

Fig.4.Simulationresultsofcontrolsystem forNYCC

(incaseof10°C,90%)

Thesimulationresultsrevealedthatthe

different ambient air condition reaches

differentfuelcell’sliquidsaturationlevel

profilesasshowninFig.3.Whenthefuel

cellisoperatedunderthelow temperature

and humidity (10°C and 10% RH),the

dryingtendstohappeninalmostdriving

cycles.However,ifthehumidityincreases,

someofdrivingcyclesstarttogetflooding.

This is the reason why the inletair

propertiesshouldbecontrolleddynamically

toavoidfloodingordryingintheprocess.

Fig.5.Simulationresultofcontrolsystem forFTP75

andUS06

Theairpropertieswerechangedevery50s

inordertomaintaintheliquidsaturation

levelat0.1.Howevertheresultscouldnot

beexact0.1atthetarget.Thiswascaused
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Fig.6.Simulationresultofcontrolsystem foralldrivingcyclesinvaryingaircondition

bytheprevious50spowerpatternwhich

couldnotbeperfectlysamewiththenext

50sunknownpowerpattern.

Fig.5showsthecontrolresultforthe

highaveragepowerdemandsuchasFTP

75andUS06profiles.Thecontrolresultsof

FTP75 haveshownalittlehighdeviation

fromthetarget.Thismeansthatcontrolling

inletairpropertieswasnotenoughforthis

condition.Thereforemoreoperatingparameter

shouldbealsocontrolled.

Thecontrolresultsforalldrivingcycles

wereshowninFig.6againsteveryambient

airconditionasshowninFig.3.Itwasclear

thattheliquidsaturationlevelofevery

drivingcycleswerecontrolledtothetarget

level0.1.Butforhighaveragepowerdemands,

theresultshaveshownthegreaterdeviations.

6.Conclusions

Indynamicsystem,differentinletaircondition

incathodesidehavegivendifferentliquid

saturationlevelatcathode.Thereforethe

dynamicinletaircontrolsystemisnecessary

tobeappliedtoadynamicfuelcellsystem.

Theinletairconditioncannotbechanged

rapidlyduetotheairconditioningsystem

limitation.Hence,theintermittentcontrolis

preferredforsimpleuse.Thisstudypresents

aboutsimulationsofthecontrolsystem

withninedrivingcyclestoinvestigatethe

floodinganddrying.Thesimulationwas

donewithandwithoutairhumidification

controlsystem underthedifferentambient

aircondition.Thesimulationoftheintermittent

airhumidificationcontrolsysteminseveral

drivingcycleshasshownarelativelygood

result.Theliquidsaturationlevelwaskept

asseenconstantat0.1althoughthereare

stillsmalldeviationsathighaveragepower

demands.
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