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Abstract:Anumericalandexperimentalinvestigationofathermalenergystorageunitwhichinvolvesphasechangeprocessdominated

byheatconductionispresented.Thethermalenergystorageunitinvolvesatriplexconcentrictubewithphasechangematerial(PCM)

fillinginthemiddlechannel.Thehotheattransferfluid(HHTF) flowsinouterchannelduringchargingprocessandthecoldheat

transferfluid(CHTF) flowsininnerchannelduringdischargingprocess.Asimplenumericalmethodhasbeendevelopedfortheanaly-

sisofPCMsolidificationinthetriplexconcentrictube.Anexperimentalapparatushasbeenbuiltbywhichtheeffectoftheinlettem-

peratureandtheflowrateofCHTFonthethermalenergyreleasehasbeenstudied.
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　　Althoughsomanyresearchersfocusontheprob-
lemofphasechangeofPCM, theirmodelsarestilltoo
complexandneedhugeworkloadofcalculation

[ 1-3]
.In

thispaper, asimplenumericalmethod, calledtemper-
ature＆ thermalresistanceiterationmethod, hasbeen
developedfortheanalysisofPCMsolidificationinthe
triplexconcentrictube.Anexperimentalapparatushas
beendesignedtotestthephysicalvalidityofthenumer-
icalresults.

1　Experimentequipment

1.1　 Experimentalsetup
A schematicdiagram ofexperimentalsetupis

showninFig.1.

Fig.1　Schematicdiagramofexperimentalsetup

Theexperimentalsystemconsistsofatriplexcon-
centrictubewithPCMfillinginthemiddlechannel, a
constanttemperaturecirculatingbath, aflowmeter, a
variablespeedpump, andareturnpipingfortheHTF.
ThePCMselectedforthepresentstudyisn-Hexaco-
saneanditissuitableforthedomestichotwatersys-
tem.Table1summarizesthethermophysicalproperties
ofthen-HexacosanegivenbyY.P.Zhang

[ 1]
.

Tab.1　Thermophysicalpropertiesof

then-Hexacosane

Melting/solidificationtemperature 56.3℃

Latentheatcapacity 61 kCal· kg-1

Density 0.77 g· mL-1

1.2　ExperimentalResults
Severaln-Hexacosanesolidificationexperiments

wereperformedfordifferentmassflowratesandinlet
temperaturesofthecoldwater.Comparisonbetween
thenumericalpredictionsandtheexperimentaldataof
inletandoutlettemperatureofCHTFandsolidification
frontdistributionshowsgoodagreement, asshownin
Fig.2.andFig.3.

Itcanbeseenfromthefiguresthatthenumerical
predictionscoincidequitewellwiththeexperimental
results.
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　　Theminordiscrepanciesbetweenthenumeration

andmeasurementscanbeascribedtothemeasurements
uncertaintiesandmodelsimplifications.Theobtained
resultsshowthatthepresentednumericalprocedure
couldbeaccuratelyusedfortransientheattransfersim-
ulationinatriplexconcentrictubelatentthermalener-
gystorageunit.

2　Modelingandnumericalsolution

Iterationmethod (calledtemperature＆ thermal

resistanceiterationmethodbyY.B.Kang
[ 2]

) could
beusedtoobtainthedistributionsoftemperatureof

HTFandsolidificationfrontofPCM.
2.1　FrontdistributionofPCM

Withtheinletfluidtemperatureat23 ℃, theso-
lidificationfrontradiusofPCMatdifferentaxialposi-

tionincreaseswithtimeincreasing, asshowninFig.4.
Timeforcompletesolidificationattheentrance, middle
andendofthetubeisabout40, 50 and100 minutes
respectively, andthevelocityofsolidificationfrontgo-
ingforwarddecreaseswithtimeincreasingforthecase
ofconductivethermalresistanceofPCMgraduallyin-

creasing.
2.2　Temperaturedistribution

Withtheinletfluidtemperatureat23℃, thetem-
peratureofCHFTatdifferentaxialpositionsharplyfist,
thenslowlydecreaseswithtimeincreasingduetothe

enhancementofsolidificationfrontradiusandconduc-

tivethermalresistanceofPCM, asshowninFig.5.

2.3　Heattransferrate(Q)

AsshowninFig.6, heattransferrateduringso-
lidificationdecreasesfirstlyrapidly, thenslowlyin-
creasingwithtime.Andevery2℃ enhancementofin-
lettemperatureofCHTFresultsinanaverageheatre-
coveryrateincreaseof0.042kW.

Fig.6　Heattransferrateduringsolidification

2.4　Timeforcompletesolidification
AsshowninFig.7, theinlettemperatureofCHTF

evidentlyaffectsthetimeforcompletesolidification.
Thelowerinlettemperatureforsolidificationcorre-
spondstotheshortertimeforcompletesolidification.
Ascanbeexpected, timeforcompletesolidificationde-
pendsonmassflowrateofCHTF.Largermassflow
ratecorrespondstoshortertimeforcompletesolidifica-
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tion, asshowninFig.8.

3　Conclusion

Asimplenumericalmethod, calledtemperature＆
thermalresistanceiterationmethod, hasbeendevel-
opedfortheanalysisofPCMsolidificationandmelting
inthetriplexconcentrictubewithPCMfillinginthe
middlechannel, withhotheattransferfluidHHTF
flowingouterchannelandcoldheattransferfluidCHTF
flowinginnerchannel.Thismethodcouldbeefficiently

usedforsimulationoftransientthermalbehaviorofa
latentthermalenergystorageunitduringdischarging.

Totestthephysicalvalidityofthenumerical
results, anexperimentalapparatushasbeendesigned
andbuiltbywhichtheeffectoftheinlettemperature
andtheflowrateofCHTFonthethermalenergyrelease
hasbeenstudied.Numericalpredictionsforsolidifica-
tionagreequitewellwithexperimentaldata.
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三重同心套管相变传热的数值模拟与实验研究

龙建佑, 朱冬生
(华南理工大学传热强化与过程节能教育部重点实验室, 广东 广州 510640)

摘　要:通过数值模拟与实验, 研究了三重同心套管内的相变传热过程。相变材料填充在三重同心套管的夹层内, 热流

体和冷流体分别在套管外层和内层中流动。根据能量守衡, 运用了一种简化数值模拟方法 (称为温度热阻叠代法 ) 计算分

析了三重同心套管内凝固过程。搭建了实验台, 实验验证了数值模拟结果, 并得出冷流体的入口温度及流量对释热量的影

响规律。
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