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Abstract

생활공간 냉난방용 열펌 의 성능향상을 해 R22의 체 냉매로서 새로운 혼합냉매R22/R23/R152a(RM-1)을 개

발하고 U.S.A.의 NIST사의 REFPROPprogram을 이용해 이 혼합냉매의 P-hdiagram을 구성하여 실용화에 이용할

수 있도록 하 다.본 연구는 실험을 통해 R22와 RM-1의 열펌 성능효과를 분석하 다.입·출구 물의 온도와 제

2의 열매체로서 물의 질량유량,압축기의 소요 에 지 그리고 열펌 의 기타 열 특성을 다양한 조건하에서 측정하

다.이 실험 데이터를 통해 공기-물 열펌 시스템에서의 RM-1과 R22의 성능계수(COP)를 비교하 다.이를 통해,

혼합냉매 RM-1을 사용하는 열펌 시스템은 외기온 -17℃에서도 2.2의 성능계수로 작동하는 결과를 본 연구에서

보여주었다.
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Nomenclature

mr :massflow rateof

refrigerant(kg/hr)

mw :massflow rateofwater

(kg/hr)

mair :massflow rateofair

(kg/hr)

hRM-1,hR22 :enthalpy(kcal/kg)

Cpw :specificheatofwater

(kcal/kg.°C)

Cpair :specificheatofair

(kcal/kg.°C)

Tw,out :outletwatertemperatureof

condenser(°C)

Tw,in :inletwatertemperature

ofcondenser(°C)

Tair,out :outletairtemperatureof

evaporator(°C)

Tair,in :inletairtemperatureof

evaporator(°C)

Tamb :ambientairtemperature(°C)

Q̇Ele :powerconsumptionof

compressor(kW)

Q̇EAV :absorptionheatof

evaporator(kW)

Q̇Loss :heatlossofthesystem

(kW)

Q̇gain :heatgainofthe

condenser(kW)

Tw,outR22 :outlettemperatureof

waterheatedbythe

condenserusingR22as

refrigerant(°C)

Tw,outRM-1 :outlettemperatureof

waterheatedbythe

condenserusingRM-1

asrefrigerant(°C)

1.Introduction

Theozonedepletionandtheglobalwarming

problemshavebeenacceleratedandseriously

concernedwithCFCsandHCFCs.

Nowadaysthedevelopmentofalternative

refrigerantshasbecomeanurgentresearch

topicallovertheworld.

According to thissituation,ASHRAE

(1993)reports(MontrealProtocol)thatthe

consumptionofHCFC shouldhavebeen

reduceddownto65% ofthe1989levelby

2004,35% by2010,10% by2015,0.5% by

the2020andcompletelyphasedoutbythe

yearof2030.

Inliteratures,severalresearchershave

proceededtoachievethenew alternative

refrigerants,Sung-TackRoetal.(1995)

havetestedtheR134a,R152a andR22/R142b

mixture(50/50bymass)asthealternatives

toR12,andR134atoR22.

Heetal.(2009)haveundertakentoexaminethe

characteristicsofR22+DMF(dimethylformamide),

R134a+DMF,andR32+DMFasworkingfluids,

respectively,forasinglestageintermitted

absorptionrefrigerator.

SamiandTulei(1995)havereportedthat

theblendusedinCFIA(CombinedCycle

Fully Integrated Air/AirHeatPump)is

composedofHFC-23/HCFC-22/HFC-152a

andithasanozonedepletionpotential

(ODP)of50% lessthanHCFC-22.

Inthisstudy,notonlytomeettheglobal

warming potential(GWP),but also to

decreasetheozonedepletionpotential(ODP),

anewrefrigerantmixture,R22/R23/R152a(RM-1)

was developed and the thermodynamics

propertiesofternarymixturewereanalyzed

by the software REFOROP proposed by

NISTofU.S.A.

Andinordertoanalyzethecoefficientof

performance(COP)oftheair-to-waterheat



DevelopmentofaNewRefrigerantMixture(RM-1)toimprovetheperformanceofHeatPumpSystemforHeatingandCoolingoftheLivingSpace/Song, Heon 외

Journal of the Korean Solar Energy Society Vol. 31, No. 5, 2011 69

Fig1.Theair-to-waterheatpumpcircuitandexperimentalapparatusinthisstudy.

pumpusingthenewRM-1,theexperiment

wasperformedtoobtainthedataeffected

totheheatpump,andtheCOPwascalculated

byusingtheexperimentaldata.

2.Compositionofheatpumpcircuit

andthethermalcharacteristics

2.1Compositionoftheair-to-water

heatpumpcircuit

Thecompositionoftheair-to-waterheat

pumpcircuitisshowninFig.1.Itconsisted

ofcompressor,evaporatorandcondenser

forheatingthewater,heatexchangerfor

supercoolingextension,expansionvalves

andsomekindsofconnectingpipes.

2.2Theheatpumpcycleonthebasic

pressure−enthalpy(P−h)diagram

ofarefrigerant.

Figure2.TheheatpumpcycleonthebasicP-hdiagram

ofarefrigerant.

Thesolid line①-②-②'-③'-③-④ in

Fig.2istheair-to-waterheatpumpcycle

composedonthebasicpressure-enthalpy

(p-h)diagram.

AsshowninFig.2.solidline①-② isthe

compressionprocessofthecompressor,②-

③ condensingprocessofcondenserforthe
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waterheating,③-④ expansionprocessand

④-① evaporatingprocessofevaporator,and

also③'-③ issupercoolingportionand②'-

② superheatingportion.

Andthenthesuperheatingandcooling

portioncouldbeconsideredastheimportant

factortoimprovethecoefficientofperformance

(COP)oftheheatpumpsystem.

2.3Thermalenergybalanceofheatpump

Thethermalenergybalanceoftheheat

pumpcycleontheP-hdiagram shownin

Fig.2.couldbeanalyzedasfollows;

-Thermalenergybalance

Q̇gain=Q̇EAV +Q̇Ele– Q̇Loss………… (1)

-Powerconsumptionofcompressor

Q̇Ele=P(kW)×860(kcal/kWh)=mr(h2-

h1) …………… (2)

-Heatgainofcondenser

Q̇gain=mr(h2-h3)

=mw Cpw(Tw,out–Tw,in) ………… (3)

-Absorptionheatofevaporatorfromthe

airheatsource

Q̇EAV =mr(h1–h4)=mairCpair(Tair,out–

Tair,in)

………… (4)

-COP:Coefficientofperformance

COP=



·………… (5)

3.ThermalCharacteristicsofRM-1

andR22

Thethermalcharacteristicsoftherefrigerant

mixture(RM-1)developedinthisstudy

andtherefrigerantR22areasfollows.Fig.3

istheheatpumpcycleonP-hdiagram of

therefrigerantR22 andFig.4istheheat

pumpcycleontheP-hdiagram ofthe

refrigerantmixture,RM-1.

3.1Performancecharacteristicsofthe

heatpumpwiththerefrigerantR22

The actualcycle ofthe heatpump

system differsfrom theidealcycledueto

theheatlosses,pipefrictionandirreversible

process,butin generalto simplify the

analysisoftheenergybalance,theideal

cycletheorycouldbeusedfortheanalysis

ofthethermalcharacteristicsoftheheat

pumpsystem.

According totheexperiment,theheat

pumpcycleusingR22(Fig.3)ontheP-h

chartofR22couldconsistofconstantdischarge

pressureprocessof20bar,constantsuction

pressureprocessof3bar,theconstantenthalpy

processof110kcal/kg andcompression

processoftheenthalpyfrom148kcal/kgto

161kcal/kg.

IntheheatpumpcycleasshowninFig.3,

theenergyusedbythecompressorwasΔ

hcomp.=12kcal/kg,thethermalenergyabsorbed

from theevaporator,Δheva.=38kcal/kgand

thethermalenergydischargedfromcondenser,

Δhcond.=51kcal/kg,andthentheheat(Δ

hcond.=51kcal/kg)rejectedfromthecondenser

couldbetheavailableenergyforthespace

heating.

Figure3.Heatpumpcycleonthep-hdiagramofR22
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3.2Performancecharacteristicsofthe

heatpump with the refrigerant

mixtureRM-1

TheP-hdiagramoftherefrigerantmixture

RM-1developedinthisstudyisshowninFig.4.

Thesaturatedliquid-gaslineandtemperature

variationofRM-1wereanalyzedbythe

softwareREFPROP(NISTofU.S.A.)program

andtheseresultscouldbepresentedonthe

P-hdiagram ofRM-1.

Ingeneral,duringthevaporizationprocess,

therefrigerantexistsasaliquid-gasmixture

phaseonthesaturatedliquid-gasline,but

theproportionoftheliquidandgasphases

intheP-hdiagram ofRM-1couldnotbe

analyzedbytheREFPROPprogram.

AsshowninFig.4,theair-to-waterheat

pumpcyclecouldbepresentedontheP-h

diagramofRM-1throughthefourprocesses

oftheair-to-waterheatpumpusingtheRM-1.

Andthen,forthepresentation ofthe

RM-1thermalpropertiesoftheheatpump

cycle,itisconvenienttodescribethechange

of pressure,enthalpy,temperature and

energyconsumptionperunitmassduring

fourprocessesofonecycleofheatpump.

Here,theheatpumpcycleontheP-h

diagram ofRM-1wasperformedwiththe

constantdischargepressureof20bar,the

constantsuctionpressureof3bar,theconstant

enthalpy of54kcal/kg and compression

processoftheenthalpyvariationfrom 100

kcal/kgat-13°Cto115kcal/kgat90°C.

Then,thethermalenergyof46kcal/kg

(ΔhEva)absorbedbytheevaporatorandthe

energyof61kcal/kg(Δhcond)discharged

from thecondensercouldbeusedasthe

availableenergyforthespacecoolingand

heating.

Figure4.Heatpumpcycleonthep-hdiagram of

RM-1.

3.3Comparisonofperformancecharacteristics

betweenR22andRM-1

Inordertocomparetheusefulenergy

gainedfrom theheatpumpsystem using

R22andthatfrom thesystem usingRM-1,

theavailableenergythatcouldbegained

from theidealcycleoftheheatpumpon

theP-hdiagram ofR22 andRM-1was

obtained theoretically underthe general

operationconditionsoftheheatpumpcycle,

theconditionsbeingthecompressorsuction

anddischargetemperatureof-15°C and

90°Candthesuctionanddischargepressure

of3barand20bar,respectively.

TheusefulenergyobtainedfromtheP-h

diagram ofR22andRM-1was51kcal/kg

and61kcal/kg,respectively.

Thisresultshowsthattheusefulenergy

obtainedfromRM-1was10kcal/kglarger

thanthatfrom R22.

Andthen,incaseofwaterheatingwith

the useful energy difference (enthalpy

difference)of10kcal/kgbetweenRM-1

andR22,thetemperatureincreaseofwater

couldbederivedasfollows;

Enthalpy in thewaterheated by the

condenserusingR22asarefrigerantcould

becalculatedasfollows;
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hR22=mwcpw (TwoutR22–Twin)…………(6)

Andtheenthalpyinthewaterheatedby

thecondenserusingRM-1asarefrigerant

mixturecouldbecalculatedasfollows;

hRM-1=mwcpw (TwoutRM-1– Twin)……(7)

Equation(7)minusequation(6);

Δh=hRM-1– hR22

=mwcpw (TwoutRM-1– TwinR22)

ΔT= (TwoutRM-1– TwinR22)= Δh/mwcpw

………………………………………… (8)

Substitutingthenumericalvalues

(Δh=10 kcal/kg,Cp=1 kcal/kg℃)into

Eq.(8);

ΔT=10℃/mw ……………………………(9)

AsshownintheEq.(8)andEq.(9),the

temperatureincreaseofwaterheatedby

theenthalpydifferenceof10kcal/kgwasin

inverseproportiontowatermassflowrate,

andinproportiontotheenthalpydifference.

4.Experimentalwork

In orderto verify thatthe thermal

characteristicsanalyzedtheoreticallyonthe

p-hdiagramofRM-1(Fig.4)arefarbetter

thantheusualrefrigerantR22,theexperiments

werecarriedoutasfollows;

4.1.Experimentalequipment

Figure5.Experimentalequipmentcomposedofthe

PC-basedautomaticdataacquisitionunit

andtheheatpumpsystem(2.2kW).

AsshowninFig.1,theair-to-waterheat

pumpcircuitwascomposedofacompressor

of2.2kW,acondenserofflat-plateframe

heatexchangerandanevaporatoroffinand

tubeheatexchangerandninemeasuring

pointsofT-typethermocouplesonthecircuit

wereconnectedtoaPC-basedautomaticdata

acquisitionunit.

AsthephotoshowsinFig.5,theheat

pumpcircuitandtheexperimentalequipment

(Fig.1)weremanufactured.

Thedataacquisitionunitmonitoredthe

inletandoutlettemperatureofthewater

andrefrigerantasworkingfluidscirculating

intheheatpumpsystem andambientair

temperature,andthenthewaterflow rate

wasmeasuredwiththewaterflow meter,

andtheelectricalpowerconsumptionofthe

system was monitored with the energy

analyzer(VIPwattmeter,model;VIPsystem

3EnergyAnalyzer,ELCONTROLCo.,Italy).

Theunitalsoscannedallchannelsat

30-minuteintervals,andbeforethestartof

thetest,thesystemwaspreconditionedsoas

tomakeitstartunderthesamecondition.

4.2.Experimentalmethod

Inordertoevaluatethethermaleffectiveness

ofRM-1ontheperformanceoftheair-to-water

heatpumpsysteminthewinterseasoninKorea

(below-10℃oftheambientairtemperature),the

variables,monitoringscopeandscanninginterval

werecombinedasTable1.

Theseexperimentswerecarriedoutfrom

JanuarytoApril,2009inCheongju,Korea.

Severalexperimentalmeasurementswere

madebyTable1,andthecollecteddata

wereusedtoanalyzetheusefulthermal

energy,powerconsumptionincludingsome
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kindsoflossesofthesystemandtheCOP

ofthesystemwiththeambientairtemperature

variation.

Variable
Monitoring
scope

Scanning
interval
(min.)

RM-1

Tamb.(℃) -17∼7 30

Tw(℃) 7∼50 "

mw(l/h) 100∼300 "

Q̇Ele.(kW) 1.47∼2.2 "

Ph& PL
(kg/cm

2
)

3& 20 "

R22

Tamb.(℃) -17∼7 "

Tw (℃) 7∼50 "

mw (l/h) 100∼300 "

Q̇Ele.(kW) 1.47∼2.2 "

Ph& PL
(kg/cm

2
)

3& 20 "

Table1.Combinationofvariablesandmonitoringscope

Ph=Highpressureofrefrigerantcircuit

PL=Lowpressureofrefrigerantcircuit

5.ResultsandDiscussion

Inordertoverifytherelativesuperiority

ofthenewlydevelopedrefrigerantmixture

RM-1toR22,theP-hdiagramoftheRM-1

wascomposedasshowninFig.4,andthe

heatgainandpowerconsumptionofthesystem

usingRM-1wereestimatedbytheenthalpy

differencemethodontheP-hdiagram,and

thentoconfirm thattheestimatedvalues

mentioned above could be available,the

temperaturevariationofthewaterheatedin

accordancewiththewatermassflow rate

(mw)wasanalyzedexperimentally,andthe

heatgain(Q̇gain)ofthesystem couldbe

calculatedbysubstitutingtheseexperimental

dataintotheEq.(3)derivedatthesection

2.3.Alsothepowerconsumption(Q̇Ele)of

thesystem wasmeasuredwiththeenergy

analyzer.

ThereforetheCOPofthesystem could

beevaluatedbysubstitutingtheheatgain

(Q̇gain)andpowerconsumption(Q̇Ele)into

Eq.(5).Finally,itwaspossibletocompare

theCOPofthesystem usingRM-1with

thatofthesystem usingR22.

5.1EffectofRM-1ontheheatedwater

temperature.

Figure6.Heatedwatertemperaturevariationwith

watermassflowrateoftheheatpump

system usingRM-1orR22

(waterinlettemperature=15°C)

Fig.6showstheheatedwatertemperature

variationwithwatermassflowrateofthe

heatpumpsystem usingRM-1orR22.

Ingeneral,theoutlettemperatureofthe

heatedwaterdecreasedasaconcavecurve

withtheincreaseinwatermassflow rate.

Inthiscasethewaterinlettemperature

was15℃.

AsshowninFig.6,thetemperatureof

the waterheated by the system using

RM-1wasabout10℃ higherthanthatof

thesystem usingR22.

5.2EffectofRM-1onthepowerconsumption

Fig.7 shows the variation of power

consumptionoftheheatpumpsystemusing
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RM-1 and R22 in accordance with the

ambientairtemperaturevariation.

AsshowninFig.7,thepowerconsumption

ofthe heatpump system using RM-1

increasedfrom1.8to2.6kWinaccordancewith

theincreaseintheambientairtemperature

from -5to4℃.

Figure7.Variationofthepowerconsumptionofthe

heatpumpsystem usingRM-1orR22with

theambientairtemperature

Ontheotherhand,incaseofthesystem

usingR22,thepowerconsumptionincreased

from1.9to2.79kW withtheincreaseofthe

ambientairtemperaturefrom -5to4℃.

Therefore,theheatpumpsystem using

RM-1couldsavethepowerof0.19kW

(7.4%)comparedwiththesystemusingR22.

5.3EffectofRM-1ontheCOP.

InordertoevaluatetheCOPofthesystem,

thetermsoftheheatgain and power

consumptionincludingheatlossesofthe

system couldbecalculatedasfollows;

First,substituting theinletand outlet

temperaturevariationandwatermassflow

ratederivedfromFig.6intoEq.(3),theheat

gaincouldbeprovided.

Second,thepowerconsumptionofthe

compressorwasestimatedbytheenthalpy

differencemethodderivedfrom Eq.(2),and

thepowerconsumptionincludingsomekind

oflossesofthesystemwasabletoprovide

withtheexperimentaldataasshownin

Fig.6.

Figure8.COPvariationwiththeambientair

temperatureoftheheatpumpsystemusing

RM-1orR22asrefrigerant

Fig.8istheCOPcurvesincaseofRM-1

andR22derivedfromtheprocessmentioned

above.AsshowninFig.8,COPincaseof

RM-1increasedfrom 2.2to3.5withthe

increasein theambientairtemperature

from-17to7℃,whereasthatincaseofR22

wasincreasedfrom 2.0to3.2withthe

increasefrom-14to4℃.Consequently,the

COPofthesystemusingRM-1asrefrigerant

mixturewas0.4∼0.5largerthanthatofthe

system usingR22.

Therefore,thepowerconsumptionofthe

system couldbereducedbyusingRM-1in

theheatpumpsystem insteadofusingR22.

Sofar,ithasbeenoneofthemostdifficult

problemstooperatetheheatpumpwithhigh

efficiency attheambientairtemperature

below -10℃.Now,theproblem couldbe

solved by realizing theuseofRM-1as

refrigerantmixturefortheheatpumpsystem.

AsshowninFig.8,thesystemusingRM-1



DevelopmentofaNewRefrigerantMixture(RM-1)toimprovetheperformanceofHeatPumpSystemforHeatingandCoolingoftheLivingSpace/Song, Heon 외

Journal of the Korean Solar Energy Society Vol. 31, No. 5, 2011 75

wasabletooperatewithCOPof2.2even

attheambientairtemperatureof-17℃.

TheresultsshowedthattheCOPofthe

heatpump system using RM-1 as a

workingfluidwas0.5∼0.6largerthanthat

incaseofR22undertheambienttemperature

of-17∼-14℃.

6.Conclusion

Notonlytomeettheglobalwarming

potential(GWP)butalsotodecreasethe

ozonedepletion potential(ODP),thenew

refrigerantmixtureR22/R23/R152a(RM-1)was

developedasanalternativetoR22inthis

study,andinordertopresentthethermal

characteristicsofRM-1,itsp-hdiagram

wascomposedbythesoftwareREFPROP

proposedbyNISTofU.S.A.

TopresenttheeffectoftheRM-1as

refrigerantmixturefortheheatpumpsystem,

theexperimentswerecarriedoutandthe

resultsweresummarizedasfollows;

–Thetemperatureofwaterheatedbythe

air-to-waterheatpump system (2.2

kW)usingRM-1wasabout10℃ higher

thanthatofthesystem usingR22.

–Thepowerconsumptionofthesystem

usingRM-1increasedfrom 1.8to2.6

kW,whereasthatofthesystem using

R22from 1.9to2.79kW withtheincrease

intheambientairtemperaturefrom -5

to4℃.

–TheCOPofthesystemusingRM-1as

refrigerantmixturewere0.4∼0.5larger

than thatofthesystem using R22.

Therefore,thepowerconsumptionof

7.4% couldbesavedbyusingRM-1

insteadofR22.

–Inordertosolvethedifficultproblem

withtheoperationoftheheatpump

system attheambientairtemperature

below -10℃,therefrigerantmixture

RM-1hasbeendevelopedandusedfor

thesystem.
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