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요약문

태양열 제습냉방은 액체흡수제를 이용한 냉각효과로 기존의 전기에너지를 가능케 하는 해결책 중 하나이다.따라서

태양열을 거의 활용하지 않는 여름에 가열온수를 열원으로 활용하여 쾌적조건을 구현하는 본 연구의 대상인 태양열냉

방시스템은 제습기와 재생기로 크게 이루어져 있다.본 논문은 제습기의 유량 변화에 따른 열전달 및 물질전달의 변

화를 실험과 이론적 해석으로 규명하고 있는데,흐름의 양상은 병렬형과 대향류형을 대상으로 하고 있다.

실험결과와 이론해석이 비교적 잘 일치하였으며,대향류형이 병렬형보다도 물질전달 면에서 유리하게 나타났으며,

입·출구의 엔탈피 차이에서도 크서 열전달에서도 우수한 것으로 나타났다.또한 그 차이를 본 논문에서는 나타내었으

며,일정한 높이나 길이 이상에서는 항상 일정함을 알 수 있었다.따라서 본 논문의 결과들은 제습기의 유동흐름을 통

한 태양열냉방시스템 중 제습기의 설계 및 성능 향상에 도움을 줄 것이다.

Keywords:Dehumidifier(제습기),Heattransfer(열전달),Masstransfer(믈질전달),Lithium chloride(염화리튬),

Packedtower(충진층)

Nomenclature

Ts =saturatedtemperatureofmoist

air,
o
F(
o
C)

 =relativehumidity (%)

 =Humidityratioofsaturatedmoist

air

 =molefractionofwatervapor

 =watervaporinasaturatedmoistair

sample

 =specificenthalpyofdryair

 =specificenthalpyofwatervapor
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1.Introduction

Oneofthecriticalissuesinthisworldis

aenergycrisis.Savingenergy,especially

electricalenergy,istheoneofsolutionsto

solve the energy crisis. In summer,

electricalenergytendstobeconsumedat

very high rate.Electricity is used for

operating conventional air conditioning

system inordertocreatehumancomfort

zone.Thedampair(hottemperatureand

highhumidity)canbringupuncomfortable

conditiontotheoccupants.

Manyresearchershadtestedexperimentally

theperformanceofpackedbeddehumidifier

andregenerator[1-3].Liquiddesiccantair

conditioning system [2 - 5]has been

proposed as an alternative to replace

conventionalvapor compression cooling

system inthehotandhumidarea.The

packed tower is the most significant

component to advance heat and mass

transferinthedehumidifier.Moistureis

transferredfrom unconditionedairtothe

desiccant.

Figure1.Flowingtypescounterflowtype(a)and

parallelflowtype(b)inthepackedtower

Theoutletairtemperatureorhumidity

ratiomayexceedtherangeoftheinletair

whenthereisaninversesituationbetween

both side parameters.Because of the

interaction in heat and mass transfer

process,theinletairandinletdesiccant

conditioncangeneratethisinverse.Hence

knowing reachable outletcondition will

greatly contribute to the design and

optimization ofa solarliquid desiccant

system.

Previousexperimentshadbeenfocused

onthecounterflow[2–5]orthecrossflow

patterns[6].Almostnoreportedexperiment

hasbeenperformedonparallelflowtype.In

asensibleheatexchange,thecounterflow

configurationoutperformed,andtheparallel

flowconfigurationperformslowerthanthat

ofthe counterflow type atthe same

conditions.

Severalsignificanteffectstotheheatand

masstransferaredecidedbycontrolling

variables.Theyareinletairtemperature,

airhumidity,airflowratefromtheairside

and desiccanttemperature,concentration

andliquidflow rate.Thispaperdescribes

combined conditions which should be

considered togetoptimalmasstransfer

withworkingregion.Workingregionisa

rangeoftemperatureandhumidityofinlet

aircondition,where mass transferstill

existsbetweenhumidairandthickliquid

desiccant.Byusingworkingregiondiagram,

designfortheoptimalpackedtowercapacity

canbeperformedtogetgreaterheatand

masstransfereffectconsuminglowelectrical

energy.Itwillalsocontributetodesignof

thepackedtowerandoptimization ofa

solarliquiddesiccantcoolingsystem.
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2.Experimentset-upandapparatus

Asolarliquiddesiccantair‐conditioning

systemhasbeenproposedasanalternative

toreplaceconventionalvaporcompression

coolingsystemforcontrollingairhumidity.

Inthisexperiment,lithium chlorideisused

asthedesiccant.Fig.2showsaschematic

diagram ofthe solar desiccantcooling

system,with a threedimensionalview,

suggestedbyChoi,etal[6].

Figure2.Threedimensionalviewofasolardesiccant

coolingsystem

Whereis,

a.Airinletofaparallelflowtypeorairoutlet

ofacounterflowtypeindehumidifier

b.Transferringstoragetank

c.Packedtowerindehumidifier

d.airoutletofaparallelflowtypeorairinlet

ofacounterflow typeindehumidifier

e.Outletofdesiccantsolution

f.Solutionstoragetankindehumidifier

g.Airinletofaparallelflowtypeorairoutlet

ofacounterflow typeinregenerator

h.Packedtowerinregenerator

i.Airoutletofaparallelflowtypeorairinlet

ofacounterflow typeinregenerator

j.Chiller

k.Inletofsolution

l.Thermalstoragetank

m.Solarcollector

n.Solutiondistributingtank

The experiment procedures of the

dehumidifierin both types are as the

following:

Lithium chloride(Licl)asastrongliquid

desiccanttankiscooledbyachillerinthe

storage.Licltemperaturewaskeptat18
o
C

uniformly by a chiller.A smallpump

locatedinbetweenchillerandstoragetank

wassupportedtocirculate4l/minofLicl

solution.15litersofLiclsolutioninthe

storage tank only circulated during the

experiment.This volume was relatively

small,becauseofmonitoringthechanges

withinworkingrangeofLiclsolutionin

short time.Also because of the acid

property of Licl liquid desiccant, the

experimentalapparatusneedstobemadeof

the non‐metallic to avoid corrosive

problems.

Sothepackedlayerwasmadeofacrylic

materialand dimension holds400mm in

width,400mm in length,and400mm in

height.Thestructureofpackingmaterial

imbeddedinsidethepackedlayerkeepsa

uniformshape.ALiclsprayerwasinstalled

atthepackedlayerandLicldistribution

from thestoragetanktothesprayerwas

supportedbyasmallpump.Withgravity

force,Liclsolution dropped through the

packed layerwithoutdepending on any

additionalenergyandbacktothestorage

tank.

Tomakethehumidaircontactwitha

liquiddesiccant,ablowerwasadoptedat

outletofthe duct.The airspeed was
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suppliedwith10m/scirculatinginsidethe

room withnoinducingtheoutsideair.

Inpatternoftheparallelflow type,inlet

positionofthehumidairislocatedatupper

partofthepackedlayerandlowerpartof

thepackedlayerwiththecounterflow.

Behavior of heat and mass transfer

betweenhumidairandLicldesiccantwas

monitoredinsideofthepackedlayerduring

theexperiment.

Inaddition,thecarryoverofthedesiccant

attheterminalofthedehumidifiercaused

bymuchofairvolumehasbeenreducedby

puttingdemisterintotheoutletofair.

3.Experimentinstrumentsandmethod

Theapparatuswassetupasdescribedat

theaboveandappropriateinstrumentswere

provided to measurethevariousvalues

from theexperiment.

Liquiddesiccantflowratewasmeasured

byDewierplacedbeforethesprayer,after

pumpedtothepackedtower.Airflowrate

wasmeasuredbyaTescoanemometer,a

digitalvanetype,acquisitioningthevelocity

directlyinmeterpersecond.

Air temperature and humidity were

recorded by TandD, digital thermo―

recorder,respectivelywhichhasaccuracy

by0.1oCand0.1% difference.

Specific gravity was measured by a

hydrometer.Thereadinghasbeentakenat

severalpointsasindicatedinFig.3.Allof

theexperimentdatawereacquiredthrough

FlukeNetDataAcquisitionSystem (DAQ)

with accuracy by 0.1oC difference after

measuredatinletandoutletofthepacked

layer.

Figure3.Instrumentlocationinthedehumidifier

experiment

4.Experimentanalysis

Whenitcomestothecalculationofheat

andmasstransferinthepackedtower,the

airsidegivesmoresimplebutaccurate

analysisthanthatoftheliquidside.The

humidityratio,enthalpy,andmoistvolume

ofaircanbecalculatedasfollows.

Humidityratioofthesaturatedmoistair,

,onthepsychometricchart,canalsobe

foundedbythefollowingsimplerpolynomial.

Thehumidityratioofthesaturatedairat

thedry‐bulbtemperatureisobtainedby

thefollowingequation:

Ws=a1+a2Ts+a3Ts
2
+a4Ts

3
+a5Ts

4
(1)

Where

a1=0.00080264 a3=2.542e-06

a2=0.014299 a4=2.5855e-08

a5=4.038e-10

Thesaturatedwatervaporpressureofthe

airisdeterminedbythefollowingfraction:

 = 


(2)
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Therelativehumidityofmoistair,,is

definedastheratioofthemolefractionof

thewatervapor,,inamoistairtothe

molefractionofthewatervapor,,ina

saturatedmoistairatthesametemperature

andpressure.Thewatervaporpressureof

the air is calculated by the following

equation.

 = (3)

Thenthehumidityratioofairwouldbe

asfollowing:

    


(4)

Thefollowingassumptionsaresuggested

fortheenthalpycalculationofmoistair:

1.TheidealgasequationandGibbs‐

Daltonlaw arevalid.

2.Theenthalpyofdryairisequaltozero

at0
o
F(17.8

o
C).

3.Allwatervaporcontainedinthemoist

airisvaporizedat0
o
F(17.8

o
C).

4.Theenthalpyofsaturatedwatervaporat

0
o
F(17.8

o
C)is1061Btu/lb(2468kJ/kg).

5.Forconvenienceincalculation,theenthalpy

ofmoistairistakentobeequaltothe

enthalpyofmixtureofdryairandwater

vaporinwhichtheamountofdryairis

exactlyequalto1lb(0.454kg).

Basedontheprecedingassumptions,the

enthalpyhofmoistaircanbecalculatedas

follows:

   (5)

Here,specificenthalpyofthedryair,,

isgivenbyfollowingequation:

     (6)

Ontheotherhand,specificenthalpyofthe

watervapor,,atconstantpressurecan

beapproximatedbythefollowing:

    (7)

Thenenthalpyofthemoistaircanbe

evaluatedasthefollowing:

    (8)

Here,byreplacingmeasuredvaluesdirectly

withsymbolsintheaboveequation,the

equationcanbetransformedasequation(9):

    (9)

Inmoistair,thedryair,watervaporand

moistairissupposedtooccupythesame

volume.Iftheidealgasequationcanbe

applied,themoistvolumeoftheairis

transformedasfollows:

 


  


(10)

Density ofthemoistaircan bealso

obtained:

 


 


(11)

Inaddition,masstransferbetweenmoist
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airandliquiddesiccantisgivenasfollows:

              (12)

5.Resultsanddiscussion

Contactingeffectbetweenairandliquid

inthepackedlayerwithtwodifferentflow

patterns,counterflow patternandparallel

flow pattern,was evaluated from the

measuringdata.Performanceonthesolar

desiccantcooling system was analyzed

from theview ofheatandmasstransfer.

5.1Counterflowtype

Inthecounterflow typeexperiment,air

wascirculatedinsidetheroombyablower

andthedirectionofliquidflowwasreverse

totheair.Thevariationonthehumidity

andtemperatureofairwasshowninFig.4.

Thisresulthasshownthatthehumidity

andtemperaturedecreaseintheroom took

placewhenthissystemwasadoptedpractically.

Ingeneral,thecomfortablerelativehumidity

at27℃ isabout60%.Theresultalsoshows

thattheairintheroomreachedthehuman

comfortboundaryat270secondsafterstrating

theexperimentwith15litersofliquiddesiccant.

Itissignificantlyquickwhenconsideringthe

humancomfortstandard..

Inthecounterflowtype,inletandoutlet

solutiontemperaturedidn'tshow alarge

differenceandalsobothairtemperatureshad

sametrendinFig.4.However,ithadshowed

thathumiditychangesbecameconstantinthe

reignofcomfort60%(R.H)afterdehumidification.

Enthalpydifferencebetweeninletandoutlet

hadbecamelessafterlosingtheabsorbing

potentialastimepaseedbyasshownin

Fig.5,Inaddition,masstransferratealso

becamesmallerthanthatofthestartingtime.

Figure4.Changesonairtemperature(above)and

humidity(below)inthecounterflowtype

Figure5.Enthalpy(above)andmasstransfer(below)

inthecounterflowtype
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5.2Parallelflowtype

In theparallelflow type,the blower

suction direction was changed while it

stayedthesameinthecounterflow type.

Fig.6 shows the experimentresultof

temperatureandhumidityvariation.

Figure6.Changesonairtemperature(above)and

humidity(below)intheparallelflowtype

Intheparallelflow type,bothinletand

outlettemperatureofairandsolutiondidn't

show anychanges.Also,humidityshowed

veryslightdifferencestarting,butdidn't

show anydifferenceafterwards.Enthalpy

differencebetween inletand outletalso

showedthesametrendashumidity.

Theseresultsindicated thatheatand

masstransferrateinthecounterflowtype

aresuperiortotheparallelflowtype.Asa

result,comparedtothecounterflow type,

enthalpyandmasstransferchangingrates

intheparallelflowtypearelowerthanthe

onesinthecounterflow type.

Figure7.Enthalpyandmasstransferintheparallel

flowtype

6.Conclusions

Theexperimentswereperformedbased

ontheperformanceofdehumidifyingability

with two differentflowing types in a

dehumidifier. This analysis was also

performedfrom apointofdehumidifying

capability and the conclusions are as

follows;

(1)Inthecounterflowtype,inletandoutlet

solution temperature didn't show a

largedifference,but humiditychanges

becameconstantkeeping stayinthe

reignofcomfortzonewithinshorttime

afterdehumidification.

(2)Enthalpydifferenceinbetweeninletand

outlethadbecamelessafterlosingthe

absorbingpotentialandmasstransfer
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ratealsobecamesmallerthanthatof

thestartingtimeinthecounterflow

type.

(3)Intheparallelflow type,humidity,

temperature,enthalpyandmasstransfer

ratefrom bothsides,inletandoutlet,

hadnosignificantdifferencecompared

totheonesinthecounterflow type.

(4)Theseresultsindicatedthattheperformance

ofheatandmasstransferinthecounter

flowtypeissuperiortotheparallelflow

typebyshowingsignificantdifference.
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