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요약문

본 논문은태양열이용냉난방시스템 에서 실제로액체흡수제를재생하는재생탑내의충진층에있어서의열 물질 달의실험치와이

론 해석에 의한 결과치와의 비교를 나타내고 있다.특히 물질 달의 극 화를 하여 충진층 내에서 공기와 흡수제의 면 을 크게 할

필요가있는데,이를 해서본 실험에서는 직경이 3cm인 라스틱제 충진재를사용하 으며,흡수제로는 농도의 염화리튬수용액이 사용

되었다.

충진층내에서의최 높이를 측하기 하여해석의모델인실험장치를직 제작하여실험을수행하 고,이론해석에있어서체 열

달을고려한정상상태를모델화하여해석하 다.이결과,충진층내에서실험치와이론 인계산치가잘일치함을알수있었으며,충진층의

높이가 2m이상인 경우에는 높이에 따른 재생량의 차이가 없어서 없음을 알 수 있었다.

Keywords:Desiccantcooling(제습냉방),Solarradiation(태양열),Masstransfer(물질 달),

Packedlayer(충진층),Dehumidification(제습)

1.Introduction

Desiccantsystemscanprovideaneffect

ofadequatedehumidificationandcooling.

Liquiddesiccantcoolingsystem isuseful

particularlyforhotandhumidaircaused

whenlatentheatloadislargerthansensible

heat.

Inthisresearch,astrongdesiccantis

useddirectlyforcontactinghumidairin
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thecounterflowpackedlayertodehumidifya

streamair.Tomaketheprocesscontinuous,

theweaksolutionofliquiddesiccant,which

turnsintothediluted solution afterthe

dehumidification process, needs to be

reconcentrated.Tosetupthisprocess,the

weakdesiccantwaspumpedtotheregenerator

inwhichatotalheatexchangingpartis

alreadyinstalled.

A totalheatexchangingpartwouldbe

heatedbysolarcollectors.Theprocessair

intheregeneratorunitisinducedfrom the

bottom ofthepackinglayerwhilelithium

chloridesolutionissprayedatthetopofthe

packinglayerandflowsdownwarddirectly,

likeacountercurrentflowtype.Theregeneration

processworksfrom30℃ andabove,which

isverysuitablefortheefficientutilizationof

solarenergyforthispurpose.

AhmedSultan.,[1]carriedouttheanalysis

oftheoperationofabsorption/regeneration

systemforwaterextractionfromatmospheric

air.Theconclusionsarethefinalconcentration

fortheoperatingdesiccantstronglydepended

ontheinitialconcentration,absorptiontemperature

andregenerationtemperature.Thesystem

efficiencyhaspeakvaluesdependingonthe

cycletime,regenerationtemperature,final

concentrationandabsorptionairstreamvelocity.

Choietal.,[2]havestudiedasolaroperated

liquiddesiccantsystem.Theymadeitclear

thatregeneratingspeedcanberapidwhen

thesolutiontemperatureisabove50℃.

FumoandGoswami.,[4]alreadydeveloped

a lithium chloride desiccantsystem for

dehumidification.Theinfluenceofthedesign

variablestudiedonthewatercondensation

ratefromtheairandevaporationratefrom

thedesiccantcanbeassumedaslinear.

FurthermoreY.Yin.,etal.,[7]havealso

publishedpapersaboutsorptiondehumidification

bytheliquiddesiccant.Theaveragemass

transfercoefficientinthepackinglayerof

regeneratoris4g/㎡·s.

Inthispaper,amethodpredictingthe

suitableheightofthepackedlayerinthe

regeneratorisdescribedfrom thebaseof

volumetricheatandmasstransfercoefficient

whichwerepresentedfrom thepointof

countercurrentflow view betweenairand

liquiddesiccantpassingthroughthepacked

layerwithplasticatrandom.

2.Experimentset-upandmethods

Theexperimentalapparatuswasdesigned

forkeepingtheflow rateconstantduring

theexperiment.Theflow rateofairand

liquiddesiccantare110㎥/hand5kg/㎡s

respectively.Themainpackedlayerwas

constructedwithanacrylicandthevolume

was35cm(inheight)x35cm(inwidth)x

30cm(inlength).

Intheexperiment,theporousplasticwas

used as a packing materialbecause it

allowedtheflowofthedesiccanttobewide

anduniform alongwithdownward.Many

plasticpackingmaterialswerestuffedinside

thepackedlayeratrandom andeachone

hasaheightof3cmandadiameterof3cm.

Ontheotherhand,aregeneratorconsistsof

afan,aheatexchanger,andapump.The

liquiddesiccantisnormallyheatedbyhot

waterwhichwasgeneratedbysolarthermal

energy.Thetemperatureofairstream and

humidityenteringandleavingthepacked

layerweremeasuredjustbeforearound

entrance and exitrespectively.Lithium

chloridewithabout28(w.t.)%ofconcentration

wasusedasliquiddesiccant.Theloopof

liquid desiccantregenerating process is

showninFigure1.
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Fig1.Configurationofexperimentalsystem

Fig2.Continuouscountercurrentadiabaticgas-liquid

desiccant

3.Theoreticalanalysis

A packed layerisfilled with lotsof

packingmaterials.Desiccanttricklesdown

from thetopwettingthesurfaceofthe

packingmaterials,whileairisinducedfrom

thebottomasshowninFigure2.Thedriving

forceforregenerationsisthedifferenceat

betweenequilibrium vaporpressureofthe

desiccantandthepartialpressureofvapor

intheair.Aslongasthepartialpressure

ofthedesiccantishigherthanthatofthe

air,masstransfercantakeplacefrom the

solutiontotheair.

Thetheoreticalanalysisoftheheatand

masstransferin apacked column was

derivedfromTreybal’swork[8]onadiabatic

gasabsorption.Inaccordancewithreferences[2,

3,5],theassumptionsinthisstudyare:

1.Thesystem isadiabatic.

2.Thethermalresistanceintheliquid

phasecouldbeignoredincomparison

withthegasphase.

3.Thechangeofsensibleheat issmaller

thanthatofthelatentheatsothatit

isnegligible.

4.Theinterfacialsurfaceareaforheat

andmasstransferissameandequal

tothespecificsurfaceareaofthe

packingmaterials.

5.Thethermalresistanceintheliquid

phasecouldbeignored.

6.Thetemperaturegradienttakesplace

onlyalongwiththeflow direction.

A massbalancefortheliquidsideis

overthelowerpartofthepackedlayer.

( )YYGLL 11

=

-=- (1)

Thisrelationshipisfairlycomplexand

willbedevelopedinmannerofOlander.

ReferringtoFigure3representsasection

oflayerofdifferentialheight,dZ,andaspects

ofliquidandgas,separatedbythegas-liquid

interface.Thechangesoftemperatureand

humidityarealldifferentialoversection.

Themasstransferratepertowercross

sectionalareaandthemasstransferresistance
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intheliquidphaseisnegligible.

-=vv GdYadZMN (2)

Sensibleheatatgasside,asenergyrateper

towercrosssectionalarea,isthefollowing.

( )dZttah iGG -= 'adZqG  (3)

Fig3.Differentialcontrolvolumeofaregenerating

surfacelayer

EnthalpybalancebaseontheenvelopeI

sketchinFigure3.

( ) ( )[ ]{ }oGv ttCGdYdHHGGH l+--+- 0

adZqG  = (4)

Themasstransferratecanbewrittenas

( )dZYYakdYG iG -='
(5)

Humiditygradientinthisexpressionis

obtainedfrom equation(2).

=
dZ

dY ( ) ( )',,
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Byintegratingequation(6),anewrelationship

wouldbeasfollowing.
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A stepwiseheatbalanceacrossthetower

isnormallyperformedtoevaluatethetower

performance.Hencetheheattransfercoefficient

mustbecalculatedateverystepinsteadof

assumingthatitisconstantthroughoutthe

layer.Airtemperaturevariationacrossover

allsegments could be obtained by heat

transfergradient.

( )

p

iGGG

Gc

tt'ah

dZ

dt -
-= (8)

Byintegratingequation(8),itwasfound

asfollowing.
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Ontheotherhand,masstransfercoefficient

changesintheairsidearealsogivenby

Treybal (8)anditeventuallyturnedinto

equation(10).

G
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dsisadiameterofsphereofthesame

surfaceasasinglepackingparticle.

Intheabsenceofapplicabledata,heatand

masstransfercoefficientbyconvectionare

estimatedbyadoptingananalogyofheat

andmasstransfer.Onassuming jD=jH,

equation(8)canbetransferredasfollowing:
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Theheattransfercoefficientforgasside

canbecalculatedbyapplyingtheanalogyso

thatitcanbetransformedasnextequation.
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Table1.Liquidholdupinthepackedlayer

packing
Nominalsize

ds
Aqueousliquidorwaterat

ordinarytemperature


mm in

PlasticPallrings

25 1 0.0356

( )( )
2

'6

56.1

5

376.0

5.73710 x .322

10 x .0145

 508.1

s

Lt

s

LS

s

d

L

d

d

b

f

f

b

-

-

=

=

= 0.73

38 1.5 0.053 0.87

50 2 0.0725 0.74

ByusingtheChilton-Colburnanalogyfor

thevaporphaseandassumingapenetration

theorymechanism fortheliquidphase,we

obtainedfollowingsrelatedtoheattransfer

coefficient.
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4.Resultsanddiscussions

Experimentalratiosofheatand mass

transfercoefficientusuallyshowaconsiderable

variation,evenincaseofpureliquidinthe

packedcolumns.Avaportransfercantake

placeatthebottom andtopofthecolumn

whereairandliquidcontactsinsidethe

packedlayer.Ifdryareasareleftinthe

packingduetopoorliquiddistributionorlow

liquidflowrate,theseareasareavailablefor

heattransfer,notmasstransfer.

Toimproveheatandmasstransferinthe

packedlayer,onedeviceisadoptedfor

liquiddistributiontobemoreefficient.Inthe

regenerator,aspraysystem wasdesigned

forgoaltodistributethesolutionuniformly

overthepackinglayer.

Heatandmasstransfercoefficientwere

calculatedalongwitheachlocationsofthe

packedlayer.Basedonthesecalculatedresults,

theanalysiswasdonebythesamefashion

asthecaseofthemaximum heightofthe

packedlayer.
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Fig4.Heattransfercoefficientduringregeneration

process

Figure4showsvariationsoftheheat

transfercoefficientateachlocationheightof

thepackedlayer. Heatandmasstransfer
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coefficientstartedtoincrease,by2mofthe

heightofpackedlayer,afterthebothvalues

becameconstant.

Figure4andFigure5showtheinformation

ofmaximum heightforproperperformance

in the packed layerand its heightis

approximately2m.

Mass Transfer Air Side at Regeneration Process
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Fig5.Masstransfercoefficientduringregeneration

process

Figure6yieldstheairabsorptionrateper

volume as a function ofthe heightof

regeneratorpackedlayer,after2mofheightin

thepackedlayer,thereisnomoreabsorption

rateandthevaluekeepsitconstant.Thisis

duetothefactthattheweakdesiccanthas

highvaporpressureandthepotentialfor

beinggeneratedcouldbeincreased.
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Fig6.Masstransferrateduringregenerationprocess

5.Conclusions

Thetheoreticalmodelofaregeneratorhas

beenverifiedbasedontheactualexperiment

datafromairside.Inthispaper,itisindicated

thatamethodistocalculatevolumetricheat

andmasstransfercoefficientforliquid-air

contactinginthepackedlayer,fortheair

andliquiddesiccantflow ratesare110㎥/h

and5kg/㎡srespectively.

Thisanalysiswasadoptedasthesame

fashiontofigureoutthemostsuitableheight

forregenerationinthepackedlayerand

conclusionsareasfollows;

(1)Heattransfercoefficientwasslightlylow

atthebottomofthepackedlayer,butit

finallyshowedalmostsamecoefficientas

2,820W/㎥Kfrom around2m inheight.

(2)Masstransferhasalsoalmostsamevariation

asheattransferinperformance.Themass

transfercoefficientwasapproximately

4.8m/satmaximum afteroutletofthe

packedlayer.

(3)Invariationsofwaterevaporation,humidity

changeshadnomoredifferencebetween

airsideandliquidafter2moftheheight

inthepackedlayer.
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Nomenclature Greeksymbols

a
Specificinternalsurfaceforcontactofgaswith
liquid,(m

2
/m
3
)

am Specificinterfacialsurfacefordesorption,(m
2
/m
3
)

cG Heatcapacityofdryair,(J/kmol.K)

cp Heatcapacityofmoistair,(J/kmol.K)

cv Heatcapacityofvaporwater,(J/kmol.K)

ds
Diameterofsphereofthesamesurfaceassingle
packingparticle,m

FG Masstransfercoefficientforair,(kmol/m
2
.s)

FGa
Volumetric mass transfer coefficient for air,
(kmol/m

3
.s)

G
Massfluxorflowrateperunitcross-sectionarea,
(kg/m2s)

G’ Superficialgasmassvelocity,(kgdryair/m2.s)

H Molarenthalpyofair,(kJ/kmol)

Mv Molairside,(kg/mole)

Nv Masstransferflux,mole/m
2
.s

hG, Heattransfercoefficientforair,(W/m
2
K)

hGa Volumetricheattransfercoefficientforair,(W/m3K)

hG‘a
Heattransfercoefficientcorrectedformasstransfer,
(W/m3K)

kG, Masstransferforgas,(kg/m2.s)

L’ Superficialliquidmassvelocity,(kg/m2.s)

PrG Prandtlnumberofair

Pt Vaporpressure,(kg/m
2
)

Pv Partialpressure

PB,M Meanpressureofnondiffusinggas,(kg/m2)

qG Sensibleheattransferflux,W/m2

tG AirTemperature,0C

ti Interfacetemperature,
0
C

ScG Schmidtnumberforair

Z Towerheight,m

Subscript


