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Abstract

PEM 연료전지에 있어서 수분의 균형이 연료전지의 시스템 성능에 현저한 영향을 미친다.그래서 수분 균형은 가장

중요한 요소 중의 일부가 되었으며,이에 관한 연구가 광범위하게 이루어지고 있다.적절한 수분 균형을 유지하기 위해

서는 적당한 멤브레인 수화작용(membranehydration)이 필요하며,반대로 촉매층(catalystlayer)에서의 익수(water

flooding)현상이 없어져야 한다.따라서 이와 같은 동적 상태에서 PEM 연료전지 내의 수분 균형을 유지하기 위해서는,

고도의 동적 수분 조정 기술이 확보되어야 한다.현재의 연구는 이러한 특성을 고려하여 PEM 연료전지에서 동적부하

상태에서의 수분 이동에 관한 일차원 해석 모델에 관한 것이다.금번 모델링의 결과,양극촉매층(CCL,cathode

catalystlayer)에서의 수분 상태는 거의 포화 단계에 이르고 있음을 보여주고 있으며,이 모델링은 연료전지가 작동되

는 동안의 CCL에 나타나는 수분의 양상을 예측하는데 활용될 수 있다.본 논문에서는 수분 이동 모델이 국제규격에

따라 다양한 수송기관이 가동될 때,동적부하 상태에서 서로 다른 차이점을 발견하기 위한 시뮬레이션 결과에 초점이

맞추어져 있다.이 모델링을 적용한 결과,수분 포화도가 상태에 따라 상이하게 나타남을 알 수 있었고,또한 정적 수분

조절 요소에 따라 최적 상태가 모든 동적 분포에 따라 달라짐을 알 수 있었다.
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Nomenclature

 :molarrate(mol.s
-1
)

 :electroosmoticdragcoefficient

ρ :density(kg.cm
-3
)

 :relativemolecularmass(kg/mol)

 :permeability(m
2
)

s :liquidsaturationlevel

ε :porosity

μ :dynamicViscosity(m
2
.s
-1
)

T :temperature(℃)

δ :thickness(m)

λ :latentheat(kJ.kg
-1
)


:heattransfercoefficient

(W.m
-2
K
-1
)

 :airresistanceconstant

 :acceleration(m.s
-2
)

 :vehiclevelocity(m.s
-1
)

CRF:rollingresistancecoefficient

 :currentdensity(A.m-2)

 :crosssectionarea,(m2)

 :Faradayconstant (C.mol
-1
)

 :humidityratio(g/kg)

 :mass(kg)

 :specificvolume(m
3
/kg)

 :volume(m3)

 :flow rate(m3/s)

W :power(Watt)

Subscript

 :capillarity

 :evaporation

rct :reaction

sat :saturated

liq :liquid

vap :vapor

ve :vehicle

1.Introduction

Generally,floodingofacathodecatalyst

layer(CCL)inFuelcellislinkedtohigh

currentdensityoperation,whichresultsin

theincreaseofwaterproductionratehigher

thantheremovalrate.However,flooding

can alsooccuratlow currentdensities

undercertainoperatingconditions,suchas

lowtemperaturesandlowgasflowratesin

whichfastersaturationofthegasphaseby

watervapor[1]canoccur.Therefore,water

managementisacriticaldesignconsideration

forPEM fuelcellsystems.Theamountand

dispositionofwaterwithinthefuelcell

stronglyaffectefficiencyandreliability[2].

Thepurposeofthispaperistopropose

thewatertransportationmodeltogetthe

advancedwatermanagementinPEM fuel

cell.Thisstudyalsosimulatesthemodel

usingdynamicloadfrom severalstandard

drivingcyclestotesttheperformances.

2.Model

Waterbalanceincathodecatalystlayer

(CCL)isbasedonthedifferentamount

between therateofwateradditionand

removalasshowninFig1.

Fig1.WaterbalanceinCCL.

The water addition in CCL can be

simplifyexpressedasthetotalofthewater

productionfrom oxygenreductionreaction

(ORR)andelectroosmotictransportationas

formulatedinEq.1[3].
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  


(1)

Theinputairalsocontainswaterthatis

carriedfrom thehumidity.Therefore,the

wateradditionfrom humidairisgivenby

Eq.2[4].

  

 
(2)

Thewaterremovalcanbeoccurredin

twophases,liquidandvaporasshownin

Fig.2.Themolarflowrateofsaturatedair

isgivenbyEq.3.Otherwiseremovedwater

trough vapor phase is limited by the

saturation pressure of air stream.The

availablemolarflowrateofairstream  

isdeterminedbyEq.4.

   


(3)

Fig2.Wateroutputphase

Aslongasthewaterinputisnotsaturated,

theremovalofwaterinvaporphaseis

determinedbyEq.5.Butthemagnitudeof

 islimitedbythe  thereforethe

excesswaterwillturnintoliquid.

     (4)

   (5)

Thewaterliquidsaturationlevel(s)is

definedasthevolumefractionofthetotal

voidspaceofporousmediaoccupiedbythe

liquidphase.Hence,sisdefinedinEq.6.

 

 
(6)

Afterreceiving amountofwaterfrom

fuelcellreactionandmembraneside,liquid

saturationlevelinCCLnowischangedby

Eq.7andEq.8.Ifthereisnoliquidwater

addition,thechangeofsiszero.

∆ 

 
(7)

 ∆ (8)

Pasaogullarietal.[5]havestudiedabout

steadystatewatertransportationinGDLof

PEM fuelcell.Intheirwork,itisseenthat

capillarytransportisthedominanttransport

process to remove water from flooded

GDLs.

Molarflowrateofthewatertransported

bycapillarityprocessisgivenbyEq.9.

Theliquidsaturationchangebycapillarity

processisgivenbyEq.10.
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  
    ×



 cos


(9)

∆  

  
(10)

 ∆∆  (11)

Thewaterevaporationrateofsystem is

definedbyEq.12andtheliquidsaturation

changebyevaporationprocessisgivenby

Eq13.

 



  

(12)

∆  

 
(13)

Thefinalliquidsaturationbecomes

 ∆ ∆ ∆  (14)

Thevehiclepowermodelusedonthis

simulationisgivenbyEq.15untilEq.18.

,  , , and 

respectively arethepowerabsorbed by

rolling resistance,airresistance,kinetic

power usedandtotalpowerabsorbed.

    (15)

   
  (16)

    (17)

    (18)

3.Simulation

Drivingcyclesusedinthissimulationare

based on light duty vehicles driving

schedulebyseveralstandards.Thereare

threedrivingcyclesusedinthissimulation

[6].New Yorkcitycycle(NYCC),extra

urbandrivingcycle(EUDC)andtheJapan

10-15modecycles.Fig.4showsthespeed

profilesfrom alluseddrivingcycleinthis

study.Table1showstheparameterused

forthissimulation

Parameter Value

Q 0.08m3/s

R 8.314

A 0.02m2

 1.10-5m

 3.10
-4
m

N 448

 18.0153.10
-3
kg/mol

ρ 971.8Kg/m
3

 0.5

κ 1.810
-18
m
2

μ 8.5510-4N.s/m2

ε 0.6

σ 0.0625N/m

 120

h 105.28W/m2K

λ 2417.44kJ/kg

Table1.Simulationparameters
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Fig3.Speedprofileforalldrivingcycles

4.Resultsanddiscussions

Duringtheacceleration,theforcewas

turnedouttobepositive.Sincethespeedis

alwayspositive,thepowerdemandispositive

aswellandthispowerdemandshouldbemet

bythepowergenerationsystem.Ontheother

hand,duringthedeceleration,theforceand

thepowerrequestedwerenegative.

Fig4.PowerprofilesforJP10-15Mode

Becausethiswashandledbythebraking

systemandthenthepowerrequestedfrom

thepowergenerationsubsystemwasalmostzero

asshowninFig4.Also,thecurrentdensities

ofalldrivingcycleswereshowninFig5.

Fig5.Currentdensityprofilesofalldrivingcycles

The simulation has started with low

temperatureandhumidityratiooftheinput

air.Thetemperatureunderthisconditionis

40°Candtherelativehumidityis50%.With

this condition,the humidity ratio after

beingtransferredisequalto23.5g/kg'.At

low temperaturethecapabilityoftheair

stream to hold waterisrelatively low.

Hence,theover-saturatedstream tendsto

occurafterreceivingwaterfrom thefuel

cellreactionasshowninFig.6.Aslongasthe

amountofwaterreceivedbyCCLisnotlarger

thanitsmaximumcapabilitytoholdwater,the

over-saturatedstreamwillnotoccur.

Flooding phenomena is occurred in

almostallprofiles atlow temperature,

otherwiseEUDC hasthehighestpower

loadthanothercycles.Therefore,thewater
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additionishigherthanitsremoval,which

causesEUDC tohavethehighestliquid

saturationlevelprofile.

Fig6.Currentdensityprofileswhenflooding

Increasing the temperature ofthe air

inputfrom 40°Cto60°Cwilldecreasethe

relativehumidityfrom 50% to18.5% with

same humidity ratio 23.5 g/kg.In this

condition,thecapabilityoftheairstreamto

holdmorewaterishigherthantheprevious

condition.Thiscondition,however,makes

thelow loadprofilegetdried.Underthis

condition,thecapabilityoftheairstreamto

carryoutwaterishigherthanbefore,but

theevaporationrateisalsohigh.Asa

result,thedryingphenomenonhashappened

likeasshowninFig.7.

Consequently,increasing the humidity

ratiobecomesthecommonmethodtoavoid

thedryingphenomenon.Thenextsimulation

condition was done by increasing the

humidityratiooftheinputairasshownin

Fig.8.This figure shows the liquid

saturationlevelwhenfuelcellwasoperated

at60°Cofairwith67.9g/kghumidityratio

(50% RH).Inthiscondition,floodinginlow

loadprofilessuchasNYCCandJP10-15

canbeavoidedandoverfloodinginhigh

loadprofiles(EUDC)canalsobereduced.

Fig7.Currentdensityprofileswhendrying

Fig8.Currentdensityprofileswhenbalancedand

flooding

Conclusions

This study has made the water

transportationmodelofthePEM fuelcell

and also the simulation using driving

cycles.Duetotheobtainedwaterbalance,a

fuelcellwithdifferentdynamicloadprofile

alsorequiresdifferentconditionoftemperature

andhumidityofairinput.Thismeansthe

propercondition forwatermanagement



ModelingofWaterTransportationinDynamicLoadProtonExchangeMembrane(PEM)FuelCellPowerGenerator/Agung Bakhtiar 외

Journal of the Korean Solar Energy Society Vol. 31, No. 2, 2011 7

parameters will be different in every

dynamicprofiles.Therefore,thedynamic

watermanagementsystem isnecessary.

Theresultsarethefollowing;

(1)Aslongastheamountofwaterreceived

byCCLisnotlargerthanitsmaximum

capability,the over-saturated stream

willnotoccur.

(2)Adynamicpowerprofilewhichhasmuch

accelerationsneedsmorepower.Inthis

case,thewaterproductionisincreased

thereforethewaterremovalrateshould

beincreasedtoavoidflooding.Inthis

paper,thewaterbalanceisobtainedin

inputair condition 60°C temperature

with67.9g/kghumidityratio(50% RH).
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