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Abstract

제습기의 역할은 태양열제습냉방시스템 요소 에서도 매우 요하다.본 논문은 이러한 특성에 맞추어 제작된 장

치를 갖고서 제습능력에 향을 미치는 유량비를 바꾸어 실험한 결과이다.실험은 크기가 40m
3
인 항온항습실을 상

으로 이루어졌으며,향류형 제습기의 수직 높이는 0.4m로 고정되었다. 한 충진층은 액체흡수제와의 면을 넓게

하기 하여 라스틱 충진재로 채워져 있으며,흡수제의 온도는 빠른 변화를 보기 하여 15oC로,농도는 40%로 고

정하 다.

액체흡수제의 유량과 습도가 높은 공기의 유량을 각각 3단계로 바꾸어 실험한 결과,풍량이 높을수록 제습기 효과

는 낮아졌으나, 체 인 제습량에서는 많아졌다.한편,제습기에서 액체흡수제 유량이 많을수록 제습되는 수분량이

많아졌으나,시간의 변화에 따라 제습되는 속도는 하게 낮아졌다.따라서,향후 실험에서는 유량의 변화 폭을 더

욱 확 해서 많은 실험 결과를 확보하고,이를 모델링화 하여 높은 정확도를 측할 필요가 있다.

Keywords:Dehumidifier(제습기),Effectiveness(효과),Lithium chloride(염화리튬),Flow rate(유량),

Packingtower(제습탑)

Nomenclature

 :Humidityratio(kg/kg')

 :Massflow rate(kg/s)

 :Saturationpressure,Pa

T :Absolutetemperature,K

ε :Dehumidifier'seffectiveness
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Subscript

in :inlet

out :outlet

des :desiccant

w :watervapour

ws :saturatedwater

1.Introduction

Tokeepthechambercomfortable,people

requireacertainamountofambienthumidity,

buthumidaircancausemoldandmildew

togrow insidehomes,whichhasvarious

healthrisks.

Whentheairiscooledbybelow dew

point,thehumidity can bereduced.An

air-vaporcondensation method could be

oneofthoseinthecoolingprocess.This

systemhasmeritssuchashigheffectiveness

ofheattransfer,compactsizeandconvenience

foroperation.Butitisinefficientsinceit

needsadditionalenergy toovercooland

reheattheairtoachievebothtemperature

andhumidityset-point.

Ingeneral,dehumidificationprocessalso

canbeachievedbyasolidorliquiddesiccant

system.Theuniquebeneficencetheyhave

isthatthesensibleandthelatentheatcan

beprocessedseparately.Desiccantsystems

arequiteefficientindealingwiththelatent

load.

Liquiddesiccanthasseveraladvantages

oversoliddesiccant.Themostoutstanding

featureisthatthepressuredropthrough

theliquiddesiccantislowerthanthatofa

soliddesiccantsystem,ithaslowtemperature

forregenerationbysolarenergyandwasted

heat.Liquiddesiccantsystemcombinedwith

vaporcompressionsystem canreducearea

ofevaporationandcondensationby34%,

andpowerconsumptionby25%,compared

withvaporcompressionsystem alone[1].

Zurigatal.[2]investigatedtheperformance

ofan airdehumidifierusing triethylene

glycol(TEG)andevaluatedintermsofthe

moistureremovalrateandthedehumidifier

effectiveness.

K.Daou etal[3]explained thatthe

desiccantcooling isasimpletechnology

whichcanbejoinedtoothertechnologies

toimprovetheirefficiency.

S.Janeetal[4]had found thatthe

properselectionoftypeofcolumnwithits

operatingparameters(ratioofsolutiontoair

flowrates,concentrationofdesiccant,packing

size)resultedinhighdehumidification.

Manyresearchershavedevelopedanalysis

ofthe coupled heatand mass transfer

dehumidifierprocessesinsteadystate.

Thispaperpresentsdehumidifierexperiment

results concerning on effectiveness and

heatbehaviorinthepackedbedofliquid

desiccantsystem workingunderunsteady

statecondition.

2.Experimentalsetup

Dehumidification activity wasexecuted

by directcontactbetween desiccantand

humidairinapackedtowerofdehumidifier.

Experimentalapparatusofthedehumidifier

this experimentconsists ofthree main

components,airblower,liquidpump,anda

chiller.Allcomponentsincludingpipingare

insulated to minimize heatloss.Fig.1

showstheexperimentalschematicdiagram

andTable1illustratesconfigurationofan

experimentalapparatus.



[논문]한국태양에 지학회 논문집

한국태양에너지학회 논문집 Vol. 31, No. 2, 2011 10

Figure1.Schematicoftheexperimentalsystem

Thepackedtowerwasfilledwithpacking

materialsthatisabletoallow contacting

areabetweendesiccantandairbeenlarged.

Acounterflowtypeofpackingtowerwas

structuredtoholdplasticpackingmaterials

andappliedforthisexperimentasshown

inFig.2.

Configuration Value

Volumeofchamber 40m
3

Dimensionofpacked

tower

0.4m(L)x0.4m(H)x

0.4m(W)

Sizeofdesiccanttank
0.7m(L)x0.5m(H)x
0.15m(W)

Airinputandoutput

crosssectionarea
R=6cm

Table1.Experimentalapparatusconfiguration

Figure2.Flowdirectioninthedehumidifier
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3.Experimentalconditionsandmethods

Actualexperimentswereconductedina

controlledchamberunderthestrictconditions

forgrasping thermalbehaviorthistime.

Table2revealed experimentsconditions

changedby differentairvolumeagainst

fixedflowrateofdesiccantandviceversa

inTable3.

Configuration Value

Airvelocity 2,3,4m/s

Desiccantflow rate 8L/min

Initialhumidityratio 15g/kg‘

Table2.Experimentalconditionsforvariationofair

velocity

Configuration Value

Airvelocity 4m/s

Desiccantflowrate 4,6,8L/min

Initialhumidityratio 18.3g/kg‘

Table3.Experimentalconditionsforvariationof

desiccantflowrate

Allexperimentswerealsoperformed

underconstantcircumstanceinsidecontrolled

chamberandresultswererecordedbya

dataacquisitionsystemafterbeingreached

thesteadystate.Afterinitialconditionfor

theexperimentbeing reached,theliquid

dehumidifierwasturnedonandoperated

foronehourofexperiment.

4.Calculationprocess

TheASHRAE Standard wascited to

calculatethehumidityratioaccurately,which

isnecessaryforestimationofthedehumidifier's

effectiveness[3].Alsothesaturationvapor

pressurewhichisafunctionoftemperature

wascalculatedfrom Eq.(1).

ln 





ln (1)

here,  
   

 
   



 
  

Afterthesaturationvaporpressurebeing

strikedthebalance,thepartialpressureof

watervapor,whichisafunctionofrelative

humidity andtemperature,canbeobtained

from therelationshipofEq.(2).




 (2)

Furthermorethehumidity ratioofthe

humidairisgivenbyEq.(3).

    


(3)

Inaddition,thedehumidifier'seffectiveness,

,istheratiooftheactualhumidityratio

varianceoftheairpassing through the

dehumidifiertoitsvariation underideal

condition,likeasEq.(4).

 min

 
(4)

Therefore,therelationshipbetweenmoisture

removalrateandhumidifiereffectiveness

canbeassumedbythefollowingequation.
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   (5)

Thedehumidifying speed can bealso

estimatedfrom theslopeofhumiditytime,




,whentheheatingandcoolingloadwas

constantunderthecontrolledchamber.

5.Experimentalresultsandreviews

Figure3.Humidityratiochangeswithdifferentair

velocitysteps

 

Figure4.Humidityratiochangeswithdifferent

desiccantflowratesteps

Thepsychometricdiagrams,Fig.3and

Fig.4,havebeenshownthathigherair

velocity and greaterdesiccantflow rate

hadlowerairhumidityratioatterminal,

eventhoughitconsumedmoreelectrical

energy.

Figure5.Humidityratiochangeswiththedifferentair

velocitysteps

Figure6.Humidityratiochangeswiththedifferent

desiccantflowratesteps

Sincetheloadchambercanberecognized

asadiabatic,largerdesiccantflowrateand

higherairvelocitycanleadtotheamount

ofaircontactedwithlithium chloridetobe

greater.
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InFig.5,thechartindicatesdecreaseof

humidityratioinputtoairvelocityvariation.

Whentheairvelocitybecamefaster,ithad

steepdifferencesforhumidityratioandit

eventuallyturnedoutbecome0.6x10
-2
kg/kg'

from 1.5x10
-2
kg/kg'.Thisconditionisalso

similarwithexperimentresultsincaseof

differentflow rateasshowninFig.6.

Figure7.Drybulbtemperaturechangeswithinputair

velocitysteps

Figure8.Drybulbtemperaturechangeswithinput

desiccantflowratesteps

From Fig.7,itwasclearthatthelower

airvelocityobtainedthebiggertemperature

difference between inletofthe packed

layerandoutlet.However,fromthesideof

affection ofliquid desiccant,the larger

liquidflowratehadmorehightemperature

difference,eventhoughitsdifferencewas

theslightestthingbetweenthecaseof4ℓ

/min.and6ℓ/min.asshowninFig.8.

Figure9.Enthalpydifferencewithdifferentairvelocity

steps

Figure10.Enthalpydifferencewithdifferentdesiccant

flowratesteps

Whenitcomestotheenthalpydifferences

inthepackedtower,theheattransferrate

alsohassametrendtobecalculated.Fig.9

andFig.10haveparticularlyshownthose

trendsashavingalmostsameslopethat

canindicatethedehumidifyingcapability.

However,theslightestenthalpydifferences

inthebothresultsturnedout,butitresulted
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inaccuratecalculationsbymultiplyingproper

factorssuchashumidityratioandairvolume.

Figure11.Effectivenesschangesaccordingto

differentairvelocity

Figure12.Effectivenesschangesaccordingto

differentdesiccantflowrate

Thedehumidifier'seffectivenessdefined

alreadyasshowninEq.(4)wasinvestigated

forcomparisonofsuperiorityoffactoraffection.

Fig.11showsthelowairvelocityhashigh

valueinthedehumidifier'seffectivenessand

Fig.12alsoshowsthehighdesiccantflow

ratehasmorehigheffectiveness.Thisresult

givesusefulinformationasareference

onblowingspeedanddesiccantflow rate

controllingforenergysavingofsolardesiccant

coolingsystem.

From theseexperimentresults,itwas

veryhardtoconcludeexclusiveresultswhich

conditionscanbebetterfordehumidifier's

effectiveness.Thus,moreconcreteresearch

willberequiredtoconfirmthroughkindof

modellingwhichcangraspeachfactor's

influencetothedehumidifier'seffectiveness.

6.Conclusions

Theexperimentalstudyregardingona

dehumidifier'scharacteristicinsolardesiccant

system hasbeen verified based on the

actualexperimentsdatafromdifferentflow

rate.In this paper,volumetric enthalpy

differencesandeffectivenessofdehumidifier

werecalculated from differentliquid-air

contacting ratio in thepacked layerof

solardesiccantsystem,underbeingkept

controlled as 2m/s,3m/s,4m/s ofair

velocity and 4l/min.6l/min,8l/min.of

desiccantflow raterespectively.

Analysis was applied as the same

fashion tofigureoutsuitableflow rate

ratiobetweenliquiddesiccantandair.The

conclusionsareasfollows;

(1)Thehigherairvelocityis,thefaster

dehumidification'sspeedis.

(2)Thedehumidifier'seffectivenessturned

outlow whenthehumidairvelocityto

theinletbecamespeedy.

(3)Inaddition,thehigherdesiccantflowrate

is,thelargerdehumidifier'seffectiveness

isatthebeginning.However,itstarts

tobedecreasedslowlyasthetimegoes.

(4)Thusmoredeepconsiderationsonsolar

desiccantsystem should be pursued
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from thepointofoptimum modelingin

thefuture.
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