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Numerica] and ExpPerinenta] [nvesti€ation {or
Heat Transfer n TrPlex Concentrc Tuphe
w 1th Phase C hange V] aterja]
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South China University of Technology Guangzhousjogdq Chi y

Abstrac:t A numerica] and experimenta] jnvestgation of a fyema] energy sorage unitwhich nvolves Phase change process dam nated
bY heat conduction s Presente] The thema] ener®y sorage unjt invojves a triplex concentric tupe with Phase changematerial( P(I\/[)
fillin€ n hemiddle channe] The hot heat tansfer ﬂu'd( H[—]TF) flows i outer channe| dJuring charging process and the cold heat
transfer flugd ( CHTF) flows in nner channe| during d ischarging process A sinp Je numericalmethod has been developed for the analy-
sis of POM sold ification in the triPlex concentric the An exPerinent] apparaus has heen huilt by which the effect of he injet tan-
perature and the flov rate of CHIF on the hema] energy release has heen stud ied
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A lhough so many researchers focus on the Proh

lem of phase change of PV theirmade]s are stj]| 0 The exPerinenta] systan consists of a triPlex con.
canplex and need hugeworkload of calculaton' 3 In centric tube with POV filling in them iddle channe] a
this pape’r a sinple numerjca|m ethod called temper cons@ant emperature circulating baﬁ’l a flow mete,r a
ature tema] resistance jeration me1ho(’1 has heen varahle Peed me}? and a return pPing for the HTE

developed for the analysis of UM sold ffication n he The PQM selected for te Present sudy s nH exaca
rplex concentric whe An experinenta] apparaus has sane and it § suj@ple for the danestic hot water sys
been designed to test the Physica] validi¥ of the numer tem Table | summarizes the temophysica] pProperties
ica] resuls of he nHexacosane gven hY' Y P Zhang !l

1 EXperm ent equm ent Tay 1 ThemobhYsica] Properties of

the nH exacosane

1.1 Experimenta] se up

A schematc diagran of experinenta] setup is Melting, solidification tanperature 56 3°C
she in Fig 1 Jatent heat capacity 61 kCa} kg!
s Density 0.77 & ml.!

Pointless probe

1.2 ExpPerinenta|R esults
] CHTFout Severa] nHexacosane solidification experinents
- were perfomed {or diffrent mass flow rates and mnlet
H,van tanperatres of the col water (Campargon heween
T the numerjca] Predictions and the experinenta] data of
Constant temperature bath- mnletand outet tanperature of CHTF and solidificaton
an\llw Thermometer front distrbutpon shows good agreament as shown in
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Jtcan he seen fran the figures hat the numerical
pred ctions cojncide quite wel]l with the experinenta]
results

Recirculation valw

F& 1 Scheanatic diagram of exPerin enta] setup
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Fig. 2 Comparison of cxperiment and
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Fig. 3 Comparison of experiment and numeration
during solidification

The mmor discrePancies heween the numeratpn
and measuranents can he ascriped t0 the measuren ents
uncertajnties and mode] snplificatons The obtajned
results §ov that the Presented numerjca] pProcedure
coul be accuratey used {for transient heat transfer sin.
ulatpn n a triPlex concentrc tupe latent thema] ener
gY storage un jt

7 Modeling and numer ca] sofution

leration metod ( called tanperature
resistance jteratonmethod bY Y B Kang!? ) could
be used t© optain the distriputons of Emperature of
HTF and sold ification front of PQV]
2.1 Fmontdistrbution of PCM

W ih the inlet fluid tmperawre aty3 °C,  the so
lidifcation font rmdjus of PCM at different axja] posi
tion picreasesw ith tine increasing as shovn inFig 4
Tine prcamplete olidification at the entrance mdk
and end of the upe is about40 50 and 100 m nutes
respectively and the velocity of solidificatpn front 8o
ng f)lwar(i decreases with tine ijncreasing pr te case
of conductive thema] resjstance of PV 8radually in
creasing
2.2 Tempermture d stributpn

W ith the ikt fluid ten Perature atp3 °C, the em
perature of CHET atdifferent axja] position sharply fist
then slow [y decreases with tine jncreasng due to he

thema]

enhancement of solq fication front rajjus and condJuc

tive themal] resistance ofP(M as hovn n Fig 5
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Fig. 4 Solidification front
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Fig. 5 CHTF temperature distribution

2.3 Heattransfer rate(Q)

As shovn n Fig 6 heat transfer rate Juring sa
lidifcaton decreases fistly mpidly then slovly in
creasing with tine And everyo °C enhancenent of jn.
let temperaure of CHTF results ;n an average heat re
covery rate increase of() 42 kW
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FB e Heat transfer rate during so]dificaton

2.4 Tine {forcamnplete soldificaton

As shovn inFigZ the inlet emperature of CHTF
evidently affects the tme for campPlete solidification
The lover nlkt tanperature {or solidifcaton corre
sponds 10 e shorter tine {or canplete solidification
As can he expected tine for canplete sold ification de
pends on mass flow rate of CHIEF [.arger mass flow
rate corresponds to shorter tine pr canpPlete O]idifica
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tion as shovn nFigg

140
130
120
110

Time/min.

23 25 27 29 31,
CHTFin/C

Fig. 7 Time for complete solidification
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Fig. 8 Time for complete solidification

3 (Conclusion

A sinple numericalmetho(’j calked tenperature
thema] resjsaance jteration method has been devel
oped for he analyss of ROM solidifcaton and me]thg
in the triPlex concentrc tube with RCM filling n he
mgdle chame] wih hot heat tansfr fud HHTF
flov ng outer channe] and cold heat transfer fluid CHTF
flov ing inner channe] Thismethod could be efficiently

ued for smuption of transjent thema] hehavior of a
latent thema] enegY storage unit during dischamging

To test the Physica] validiy of the numerica]
resu1t§ an experinenta] apparatus has heen designed
and built bY which the effect of the nlt tanperature
and he flow rate of CHTF on the thema] ene1gy release
has been studied Numerijca] Predictpns for ©lidifica
tion agree qujte wel]w ith exPperinenta] data

A cknow Jedg8em ent

The authors would lke © acknow led8e the f{inan
cia] assistance provided by the Scholar Fund of the Key
].aporatoy of Enhanced H eatTransfer and Energy C o
se Ivatiog Ministy of Educatiogl China

R eferences

[ 1] STTERWALL E  Phase change materials and chan jca]
reaction fr thema] ener®y sorage state of he artjgoq
Proceed ings of the 7 h Ihtematina] Con ference on Ther
ma] Energy Sorage Sapporo  JaPan  199¢ 1021 —
1025

[ 2] BANASYEK ] DOMANKI R REBOW M
Nunerjca] analysis of the nHexacosane wax ajr sp jra]

ApPlied Thema] En.

et a]

thema] energy storage unit [ ).
gneering 2000 20 323— 354

[ 3] ZHANGY P HUH P KONG X D Phase
Change Energy Storage theory and APP licaton [ M]_
Shijiazhuang HefeiChinese Science and Technopgy U-
niversity Press 199q 347351,

[ 4 KANGYB ZHANGY PR ZHUY Q, etal A sinPle
mode] for heat transfer analysis of she|lLand- uhe with
Phase dhange materja] and its Performance sinujaton

[ J. SORrEnemy 2004 6 (8). 21 42-48

et al

RIS, REAE

(o IRFHAZAEIRFRKFAREEL FRE, J& S N 510640)

TK124



