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Abstract

과냉 촉진을 위한 새로운 열교환기(HESC)가 생활공간의 냉난방을 위한 공기-물 열펌프의 성능계수 향상을

위해 본 연구에서 개발되었으며 그 효과를 실험적으로 분석하였다.이 열교환기(HESC)는 여러 단계의 셀과 튜

브로 구성되어 있으며,열펌프 시스템의 응축기와 증발기 사이에 장착되었다.실험 조건으로,외기온은 7°C에서

-17°C,입구 물 온도는 7∼10°C그리고 제 2열전달매체로서 물의 질량 유동율은 시간당 100에서 300ℓ로 변화

를 주었다.본 실험에서 이 열교환기가 장착된 열펌프의 압축기에서의 냉매 입⋅출구 사이의 온도 차이는 열교환

기가 장착되지 않은 열펌프보다 15°C높았다.이에 따라 이 열교환기가 장착된 열펌프 시스템은 외기온 -10°C

에서 COP가 0.8증가하였다.따라서 이 공기-물 열펌프 시스템은 최근 한국에서 실용화되고 있는 고비용이 요구

되는 지열 열펌프 시스템을 대체하여 생활공간을 위한 냉난방 시스템으로서 중요한 역할을 할 수 있을 것으로

사료된다.
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Nomenclature

Q̇gain :heatgainofthenew system

circuitwithHESC(㎉/hr)

Q̇EVA,gc :heatabsorbedfrom

evaporatorinthegeneral

circuitwithoutHESC(㎉/hr)

Q̇comp :powerconsumptionof

compressor(㎉/hr)

ΔQ̇HESC :heatgainincreasedbythe

HESC(㎉/hr)

Q̇Loss :theotherheatlossfrom the

heatpumpsystem (㎉/hr)

qLoss :heatlossperunitmassof

refrigerant(㎉/㎏)

Ġ0 :massflow rateofrefrigerant

(㎏/hr)

Δh :enthalpydifferencebetween

twoconditions(㎉/㎏)

COPgain :COPofnew circuitwith

HESC

COPgc :COPofthegeneralcircuit

withoutHESC

ΔCOPHESC :COPincreasedbyHESC

Ev.i :Inletofevaporator

Ev.o :Outletofevaporator

S.i :InletofshellinHESCor

By-pass

S.o :OutletofshellinHESCor

By-pass

Cm.i :Inletofcompressor

Cm.o :Outletofcompressor

Cd.i :Inletofcondenser

Cd.o :Outletofcondenser

T.i :InletoftubeinHESCor

By-pass

T.o :OutletoftubeinHESCor

By-pass

Ex.i :Inletofexpansionvalve

Ex.o :Outletofexpansionvalve

1.Introduction

Thehumanbeingshavebeenfacedwith

thedoubledifficultiesofthehighoilprices

andenvironmentalpollutioncausedbythe

fossilfuel.

Inordertosolvetheseproblems,allover

theworldrenewableenergyprojectsarein

progresstodevelopthesystem usingthe

alternativeenergyresources.

InU.S.A.andBrazil,ethanoldeveloped

asatransportfuelfrom cornandsugar

caneisoneofthefactorstoraisetheprices

ofsugarandanimalfeed.

In Europe,Japan,and South Korea,

scientistsareimmersedinrealizationofthe

windpower,solarcell(photovoltaicsystem)

systems,andgeothermalheatpumpsystem,

and especially the Korean Government

proposedthenationalprogramsof"thelow

carbon and high green growth"forthe

developmentofrenewableenergy.

Even ifthewindpowerandsolarcell

systemscouldberelativelygoodcomplements

forthenaturalenergyutilization,thereare

somedifficultiesinconvertingthesunraysinto

thecleanandreliableenergy.Forexample,the

efficiencyofsolarcellislimitedto13%andthe

installationcostofthesystemistoohighas

compared with air-to-water heat pump

system.

Ingeneral,theenergystoragesystem is

inevitable for the solar energy utilization.

Fortunately,solarenergyisstoredabundantlyin

theair,theearthandthewater.Unfortunately,

however,thetemperaturevariationofthesolar

energystoredintheairaccordingtotheregions

andseasonsisoneofthetroubledfactorsforthe

realizationofsolarenergysystems.

Incaseoftheair-to-waterheatpumpsystem

usingtheenergystoredintheambientairas

theheatsource,thecoefficientofperformance

wouldrapidlydecreasebelow -10°Cofthe
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Figure1.Air-to-waterheatpumpcircuitinstalledwithHESCandexperimentalapparatus

ambientairtemperature.

Inthereview oftheliterature,tosolve

theseproblemssolarassistedheatpumpon

aircollectorshasbeendevelopedaimingat

maximizingtheefficiencyofthesolarair

collector,aswellasminimizingdecreaseof

air-to-waterheatpumpperformanceduetothe

rapiddecreaseoftheambientairtemperature

(Karagiorgasetal.,2008).

Inaddition,anew photovoltaic/thermal

heat pump system having a modified

collector/evaporatorhasbeen developed

andnumericallystudiedtoprovethatthe

heatoutputofthesystemcouldbeusedto

providedomestichotwaterheatingand/or

spaceheating(Itoetal.,1997,Xuetal.,

2009).Therearemanycausesforseasonal

performance degradation.In the heating

season,performancereductionsarecaused

by reduced system efficiency at low

outdoortemperature,andfrosting ofthe

outdoorcoil.(N.B.M.stefanuketal,1990)

Inthisstudy,inordertosolvethese

problems,theHESC(HeatExchangerfor

Super-Cooling)wasdevelopedandadapted

totheair-to-waterheatpumpsystem and

thecharacteristicsofperformanceofthis

system wereanalyzed.

2.Thecompositionoftheair-to-water

heatpump and analysis ofthe

thermalenergybalance

2.1.Air-to-waterheatpumpcircuit.

Theair-to-waterheatpump circuitis

composedasshowninFig.1.Itconsistedof

compressor,evaporator,HESC,condenser,

twoexpansionvalvesandfour-wayvalveto

changethedirectionoftherefrigerantflow

inthecircuitforheatingandcooling.

Itisdifferentfrom thealreadyexistent

heatpumpcircuitin thattheHESC was
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Figure2(a).ConfigurationdetailsoftheHESC

insertedbetweenthecondenserandevaporator

fortheextensionofthesuperheatingandcooling

process.HESCiscomposedofmultistageshell

andtubesandsolenoidvalves.

2.2.DescriptionoftheHESC

InordertopreventtheCOPdecreaseof

airsourceheatpumpsystemattheambient

temperaturebelow -10°C,theHESCasa

new heatexchangerwasdevelopedinthis

study.

AsshowninFig.3,theCOPcouldbe

increasedwiththepartofsupercoolingand

heatingextendedbytheHESCincondensing

process.Inaddition,thetemperaturedecrease

ofthesecondworkingfluidaswaterheated

throughthecondensercouldbecontrolled.

TheconfigurationdetailsofHESCandTIC

auto-controlflow chartfortheoperationof

HESCcouldbedescribedasfollows:

(1)ConfigurationdetailsoftheHESC

AsshowninFig.2(a),inordertochange

theheatexchangeareaautomaticallythe

HESC wascomposedof3stagesofthe

shellandtubestypeheatexchanger.

Inordertocontroltheflow directionof

therefrigerantasworkingfluid,two3-way

valves,one2-wayvalve,andby-passwere

installedontheHESC.

AndtooperatetheHESCautomatically,

theTICauto-controlcircuitwasattached

totheHESC.

(2)AutomaticoperationoftheHESC

AsshowninFig.2(a),HESCisakindof

shell-and-tubeheatexchangerwiththree

shellpassandmulti-tubepassoperating

automaticallyascounterflow mode.

AsshowninFig.2(b),therefrigerant

flowscontinuouslyfrom thecondenserto

theevaporatorthroughthemulti-tubepass.

Ontheotherhand,itflowsfrom the

evaporatortothecompressorthroughthe

shellpassandby-pass,andthenthedirection

ofshellpasscould bechanged by the

control(openandclose)ofV1,V2andV3.

ThevalvesV1,V2andV3couldbe

controlledby theTIC auto-controlflow

charttoincreasetheheatexchangeareaof

the HESC composed of3 stages heat

exchanger.
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Figure2(b).TICauto-controlflowchartfortheHESC

operation.

TheautomaticoperationoftheHESC

accordingtotheambienttemperaturecan

bedescribedasfollows:

Incaseoftheambienttemperatureof

Tamb.≥0°C,therefrigerantinflowsdirectly

tothecompressornotpassingtheHESC.

Incaseoftheambienttemperatureof

-5°C<Tamb.≤0°C,thevalveV1isopened

totheby-passandclosedtotheshellpass

ofH II,sotherefrigerantflowsfrom the

evaporatortothecompressorthroughthe

shellpassofHI.Consequently,theHESC

operatesasonlyOne-stageshell-and-tube

heatexchanger.

Incaseoftheambienttemperatureof

-10°C<Tamb.≤-5°C,thevalveV1isopened

totheshellpassofHIIandthevalveV2

isopenedtotheby-pass,sotherefrigerant

flows from the evaporator to the

compressorthroughtwo-stageshellpasses

ofHIandHII.

Incaseoftheambienttemperatureof

-15°C<Tamb.≤-10°C,thevalveV1is

openedtotheshellpassofHII,thevalve

V2openedtotheshellpassofHIIIand

valveV3openedtothecompressor,sothe

Figure3.Theair-to-waterheatpumpcycleinstalledwith

andwithouttheHESContheR22p-hchart

refrigerantflowsfromtheevaporatortothe

compressor through the 3-stage shell

passesofHI,HII,andHIII.

Consequently,theHESC operatesasa

3-stageshell-and-tubeheatexchanger.

Alloftheoperationsmentionedabove

couldbecontrolledbytheTICauto-control

flow chartasshowninFig.2(b).

(3)Theair-to-waterheatpumpcycleon

theR22p-hchart

Theheatpumpcycleinstalledwithand

withouttheHESContheR22p-hchartisas

showninFig.3wherethedottedline①-②-

③-④ istheexistentheatpumpcyclewithout

theHESCandthesolidline①'-②'-③'-④'

isnewair-to-waterheatpumpcycleinstalled

withtheHESC.Inthecondensingprocessof

②-③,③-③'isapartofsupercoolingand②

-②'apartofsuperheatingextendedbythe

HESC.

2.3.Heatbalanceandcoefficientof

performance(COP)

TheheatbalanceandCOPgainedbythe

HESConthep-hdiagram ofheatpump
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cyclecouldbeequatedasfollows.(Fig.3)

(1)Heatbalanceofheatpumpinstalled

withHESC

  


 ∆
 


  

∆  ∆  ∆  ′∆′   



(2)Coefficientofperformance(COP).

-COPofthenew theheatpumpcycle

installedwithHESC.

 ∆ 

 ∆ 

∆  


 ∆′ ′

∆′ ′


∆′ ′≅∆ 

∆ ∆ 

∆′ ′∆ 


In the equation (1)∼(5),ΔQHESC and

ΔCOPHESC aretheheatgainedandCOP

increasedbyHESC,respectively.

(3)TheeffectoftheHESContheCOP

Asshownintheequations(1)∼(5),it

waspossibletoanalyzethattheheatgain

andCOPoftheheatpumpsystemcouldbe

increasedbytheHESC installedbetween

theevaporatorandthecondenser(Fig.1).

3.Experimentalequipmentandmethod

Inordertoanalyzeexperimentallythe

coefficientofperformance(COP)oftheheat

pumpsystem installedwiththeHESC,the

experimentalequipmentandvariablefactors

areprovidedasshowninFig.4andTable1.

3.1.Experimentalequipment

Figure4.Experimentalequipmentofheatpumpsystem

(3PS).

Thecircuitoftheair-to-waterheatpump

system and the experimentalequipment

werecomposedasshown inFig.1.15

thermocouples(TM-B type)werefixedto

measurethetemperaturesattheinletand

outletofrefrigerantandwatercircuitas

showninFig.1.Allofthetemperatures

sensedbythermocouplescouldberecorded

automaticallyonthehybridrecorder(Type

8H12,madebyNEC san-eiinst.Ltdin

JAPAN).(Fig.4)A waterflow meterwas

setupinthewatercircuittomeasurethe

watermassflow rate.Thesuction and

dischargepressureofthescrollcompressor

wasobservedbyinstallinghighandlow

pressuregaugesincircuit.Toobservethe

phasechangestateofrefrigerant,5sight

glasseswereequippedintherefrigerant

circuitandtomeasurethepowerconsumption

ofthescrolltypecompressorof3PSemployed
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Variables

Items

Ambientair

temp.(℃)

Waterinlet

temp.(℃)

Waterflow

rate(l/h)

Refrigerant

low,high

pressure

(㎏/㎠)

Measuringitems Testinterval

HESC
-14∼4 7∼10 100∼300 3,18 Temperatureof15

pointsinthewater

andrefrigerant

circuit

Electricpower

consumption

30min.
-17∼7 7∼10 100∼300 3,18

By-pass
-14∼4 7∼10 100∼300 3,20

-17∼7 7∼10 100∼300 3,20

Table1.Combinationofvariablesandmeasuringitems

inthissystem,thewattmeter(VIP,V3type

madeinItaly)astheenergyanalyzerwas

employed.

3.2.Experimentalmethod

Toanalyzethecoefficientofperformance

(COP) of the air-to-water heat pump

system,thevariablesandmeasuringitems

couldbecombinedasshowninTable1.

4.Resultsanddiscussion

4.1.TheHESCeffectontheinletand

outlettemperatureofrefrigerant

circulatinginthemainoftheheat

pumpcircuit.

Figure5.Inletandoutletrefrigeranttemperatureofmainof

theheatpumpcircuit.

AsshowninFig.5,thetemperaturedifference

betweenthesuctionanddischargeofcompressor

was135°Cwhentherefrigerantpassedthrough

theHESC attheambienttemperatureof

-6°C,andincaseofby-pass(notpassing

throughHESC)thetemperaturedifference

betweenthesuctiondischargeofcompressor

was120°Catambienttemperatureof-6°C.

Therefore,theeffectoftheHESConthe

increaseofcompressordischargetemperature

was15°C.

Attheambienttemperatureof-6°C,the

temperaturedifferencebetweentheinletand

outletofcondenserwas92°Cintherefrigerant

circuitpassingthroughtheHESC.Under

thesamecondition,however,thatwas72°C

intherefrigerantcircuitpassingthrough

by-pass.

Therefore,theeffectoftheHESConthe

temperatureincreaseofwas20°C.

TheseresultsshowedthattheCOPof

theairtowaterheatpumpsystemcouldbe

increasedbytheHESC.

4.2.Watertemperaturevariationwith

thewatermassflow rate

Fig.6showsthetemperaturevariationof

thewaterheatedbycondenseroftheheat

pumpsystem accordingtothewatermass
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flow rate.

AsshowninFig.6,incaseoftheinlet

watertemperatureof15°C,thetemperature

ofthe waterheated by the condenser

decreasedcurvedlywiththeincreaseofthe

watermassflow rate.

Thewatertemperaturedecreasedfrom

58°C to27°C whenthewatermassflow

rateincreasedfrom 100ℓ/hrto400ℓ/hr.

Consequently,thetemperaturevariation

ofthewaterheatedbythecondensercould

becontrolledbythewatermassflowrate.

Figure6.Watertemperaturevariationwiththewatermass

flowrate

4.3.HESCeffectontheCOPofheat

pumpsystem

Figure7.HESCeffectontheCOPoftheheatpump

systemwiththeambienttemperaturevariation.

AsshowninFig.7,whentheHESCwas

installedbetweenthecondenserandthe

evaporatoroftheheatpumpcircuit,the

COPofthesystem was3.2attheambient

temperatureof-10°C,buttheCOPofthe

system notpassing theHESC was2.4

underthesameambientconditions.

Consequently,theCOPincreasedbythe

HESCwas0.8,butattheambienttemperature

above4°C,theCOP ofthesystem not

passingtheHESC (by-passcircuit)was

higherthanthatofthesystem withthe

HESC.Inotherwords,theCOPofthesystem

withtheHESCwashigherthanthatofthe

systemnotpassingHESC(by-passcircuit),at

theambienttemperaturebelow4°C.Therefore,

itisdesirabletoemploytheHESCinthe

circuitoftheheatpumpsystem atthe

ambienttemperaturebelow4°C.Inorderto

operatetheheatpump system with or

withouttheHESC,itwascomposedof

two-waypassesoftheHESCandby-pass

(Fig.1).Consequently,heatpumpsystem

couldbeoperatedintwowaysaccordingto

theambienttemperatureaboveandbelow4°C.

5.Conclusion

Ingeneral,theenergystoragesystem is

inevitableforthesolarenergy utilization.

Fortunatelyenough,thesolarenergyisstored

abundantlyintheair,theearthandthewater.

Unfortunately,however,thetemperature

variationofthesolarenergystoredinthe

ambientairaccordingtotheregionsand

seasonsisoneofthetroubledfactorsfor

therealizationofsolarenergysystems.

Incaseoftheheatpumpsystem using

theenergystoredintheambientairasthe
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heatsource,theperformancewouldrapidly

decreasebelow -10°C oftheambientair

temperature.

Inthisstudy,inordertosolvethese

problems,theHESC wasdevelopedand

adapted to the air-to-waterheatpump

systemandtheHESCeffectonthissystem

wasanalyzedandsummarizedasfollows.

(1)Compressordischargetemperatureofthe

heatpumpsystem installedwiththe

HESCwas20°Chigherthanthatofthe

system withoutHESC(by-pass).

(2)Attheambienttemperatureof-10°C,the

air-to-waterheatpumpsystemwiththe

HESCcouldbeoperatedattheCOPof

thatwas0.8higherthanthatofthe

system withoutit.

(3)Attheambienttemperaturebelow4°C,

theCOPofthesystemwiththeHESCwas

higherthanthatofthesystemwithoutit,

butattheambienttemperatureabove4°C

theCOPofthesystemwiththeHESCwas

lowerthanthatofthesystemwithoutit.

Therefore,itisdesirabletooperatethe

system with theHESC attheambient

temperaturebelow 4°C.
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