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Abstract A numerical analysis of solid-liquid phase change was performed on a heat transfer module which consisted of
circulating water path (BRINE), heat transfer plate (HTP) and phase change material (PCM) layers, such as high temperature
PCM (HPCM, 78~79°C) and low temperature PCM (LPCM, 28~29°C). There were five arrangements, consisting of BRINE,
HTP, LPCM and HPCM layers in the heat transfer module. The time and heat transfer rate for melting/solidification was
compared to their arrangements, against each other. As results, the numerical time without convection was longer than the
experimental one for melting/solidification. Moreover, the melting/solidification with the BRINE I -LPCM-BRINEII - HPCM
arrangement was faster(10 hours) than the others; HPCM-BRINE-LPCM, BRINE I -HPCM-LPCM-BRINEII one.
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BRINE-HPCM-LPCM Module (b) Heat transfer plate (c) Heat transfer plate with fin (d) Thermocouple points
Fig. 1 Schematic of heat exchange module with fin, or without fin.
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(a) H-B-L (b) BI-H-L-BII (¢) BI-L-BII-H
Fig. 2 Schematic of heat exchange module with the change of PCMs charge.

478 (© SAREK



Table 1> AlAko] ALg-¥ PCM 2 7]E} SAEH B
Aol dEHS Jehd Aoz ojd A1 Agx
#e Stk dAERe] oFHe st dEA
T Albell aE skt ALkl A= ©]F PCMo] BHA)
B dAg BEA LPCMe] §38ll/&arzhgol dlalA
o] Y 548 BAs] Hste] dAER o
Fe) 2 X E ZEsklth. LPCMe] §-3ll/8-arel vt
AT olfzA ojd A7E Bd 1 PCM
(HPCM)©] LPCME.T} §3f/-8-31 A o] Zar wist
Tkl ¥laLA WEelA yERd A, LPCMS 35 €
Aol &7t Fropa] =92 9] dE2lo] st A
el F3Fe W HA o] F FHFLE| Eddh= ARt
Aoix = A3 A A F53817] o2 fl7] wEe|t)
Fig. 1 9 dollA o] A {FF5, Fig. 2+ <%
=29} o]F PCMe] FHATAE G 3 ALt el
24z} JERNI QAT Fig. 1614 QA S AHTP)S 43
F&=S HPCM Abo], HPCM3} LPCM Z %5 A}o]
o] 7} AA ol JiL(Fig. 1(b)), LT fino]
52kl 7 $<(FHTP) Fig. 1(c)9} #°] fine HPCM
LPCM T3 dle] wiXA|A drdo] o]FoAAES
aF3lTh. Fig. 1 2 2004 Z}2zte] pPCM 5ol yFo] &
s Ao E ah= WHoll F 974 = gk(Fig. 1(d)
< ] AxRAIZEeE 3SRl AL LPCME] &%
A RB(Fig. 1(c))7} 35°Coll =23lS u T533ich

dAGEE ddgd 9 fin BF 994 5=
50x200x1(mm)©] 32, ¢]F5(NC Nylon) A7} F7 20
mmz TAEY T e s A g Vel A

r to >

Table 1 Thermo-physical properties of PCM and
others”

E3

HTP NC .
SUS304| Nylon

Melting point(°C) 27.8 78 - -
Latent heat(J/g) 187 301 - -

Property LPCM | HPCM

i Liquid | 22 -
Spec1ﬁcO heat q 05 167
(J/g-°C) | Solid | 1.4 225
i Liquid | 1,530 -
Density au 8,030 | 1,150
(kg/m’) Solid | 1,710 | 2,180
Thermal | 1jquid | 0.53 -
conductivity 16.27 | 0.29
(W/m - K) Solid 1.09 1.3
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Fig. 3 Geometry of mesh generated PCM layer in analysis.
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Fig. 4 Time history of temperature on element numbers
in BRINE-HPCM-LPCM during melting of LPCM
in CFD.
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Table 2 Conditions for analysis

Hoat | Flow s | (0l |t g
Temp. (°C) | (cooling)(°C)
B-H-L(HTP)
B-H-L(FHTP)
H-B-L 4 35(15) 15(35)
BI-H-L-BII 2/2
BI-L-BII-H 2/2
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Fig. 5 Temperature history of PCM layers with B-H-L
(HTP) arrangement during LPCM melting by
experiment and calculation.
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Fig. 6 Temperature history of PCM layers for each B-H-L
arrangement with FHTP and HTP during LPCM
melting.
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Fig. 7 Temperature history of PCM layers for each B-H-L
arrangement with HTP and FHTP during LPCM
solidification.
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FEE WAFTOEA B-H-LHTP) Mxe 49 &3l YT 4 gEdel® 5738l B-H-LTA = o] 3l
Al oF 80AZFe]l 22 E AW o] of 10/\]7“)% =0 = FAMXA(FHTP)7F Aol gl AR 953 =
E9o1, o] HY x| PCMS F4 Al A3 9% < GFES Uehdh 3 s8Rl d4gs
e B3 F 4E 288 =9 F US ﬁzi & Fejol A 8ok PCM ] H 5 S ST A,
et 53] LPCME] %kthfﬂ T35 e 9B 1-L-B

Fig. 9% BHMFHTP) s20] tiEk sjAo A LPCM O-HelA 2352 F HAd 94555 B =35 9
g3 A PCMZAZ9] $ ‘{iﬂr SHoA e &= AXF = Y =gs }” Azl Fe AL it
HE o s PAPAIZ L5 ~HEHS Yephd Zloldk A-frEgkel AA debds Flsksith
Fig. 90141 g2 15°C, 242 35°CE yehdith 27|
T 15°ColA 4 LPMO.2 35°Ce] ZEo| =3kre 32 4. 4 B2
HA 1A Ao Wsta 43 = HPCMP LPCM
= Ao A Ao Lt Salvle PAS els) o] PCMO| wjA|e]l whE gWst 545 CFD A4t
Stk Fig. 9914 YERd A} o] SUSAIA = ¥ AL o= motete] thg e AES AT
AAF ez Fow yehdth do] Fabe FE (1) CFD a4l o3t §3ll, &a1 Al &xWsl &
8 §al/eart AA dojubiA Ao o3k A X AE B i A9TF oF 10A17H20%)
As et & ATk AA vrebstT

2) ii PCM®] &3l A, dF ol =t AT

3.4 Heat flux {4 e AR 2w BI-L-BI-H(10A%}), B -H-

L-BII(25A1%h), H-B-L(35417h), ¥ o] 91+ B-H-L
(50717h), 2g]ar o] {1 B-H-L(80AIZH 2] Hj
o2 FA vebea Sarabgel A e g8l 3t
B3 e IR e T

(3) Mol HHE mEo| o @ AAAZE WMo H2

Fig. 102 #o] §l+= B-H-L, ¥ o] = B-H-L, H-B-L,
BI-H-L-BOI¥ BI-L-BO-HZZ wix]o] tjste] Ht
At FYE %S vlagk agisoln. A

500 : . ; . ; . : . : 800

a0l [— LPCM Latent Heat \ TR e A vl 3] /\] 25%, <31 A 30%
g 400 1 A YelgeH, mixE 3t F84) T
E 600 PCMA}o]o] =3t %’io] ol e Batstar
2 awl ] o) R Azl 25A3F o A Ve
= 250 | 400 = skt
< g @ diAle] dAgwe] & QAL Quotal), B
=7 o = AL @I AT FAE AL A4
¢ > 05 92 ol Aol EEHHE Algko] FE 21
<l I = Pt AL HE@kel 2A ekt

’ B-H-L  BHL®FIN) L-B-H BLH-L-BI BI-L-BI-H 0 o]/g¢] @%Q‘E_E}—E]‘O]% PCMES dgow o] &g

HTP FHTP 3¢ PCMO] H gk wiA] 9 =3kgre] Bl E FEl

Fig. 10 Average heat flux and thermal input in each case 23 dAGE A 5 9o, HEx Wl pCMo T
during melting of LPCM. AA A oF & @AUS FFols)

482 (© SAREK



!

il

1.

©

2

Az

Esen, M., 2000, Thermal performance of a solar-aided
latent heat store used for space heating by heat pump,
Solar Energy, Vol. 69, pp. 15-25.

. Tan, F. L., Hosseinizadeh, S. F., Khodadadi, J. M., and

Fan, L., 2009, Experimental and computational study of
constrained melting of phase change materials (PCM)
inside a spherical capsule, International Journal of Heat
and Mass Transfer, Vol. 52, pp. 3464-3472.

. Ye, W. B, Zhu, D. S., and Wang, N., 2011, Numerical

simulation on phase-change thermal storage/release in a
plate-fin unit, Applied Thermal Engineering, Vol. 31, pp.
3871-3884.

. Tay, N. H. S., Bruno, F., and Belusko, M., 2012, Ex-

perimental validation of a CFD model for tubes in a phase
change thermal energy storage system, International
Journal of Heat and Mass Transfer, Vol. 55, pp. 574-585.

SAREK

o]% PCMe| Auj# Awsh Ao 4w o4

. Jung, U. H., Choi, Y. S., Peck, J. H., Lee, K. Y., and

Jung, D. Y., 2011, Investigation of solidification and
melting of PCM in a vertical cylinder using CFD,
Proceedings of the SAREK, pp. 1231-1234.

. Kim, K. H., Kim, H. K., Park, C. W., Peck, J. H., and

Kang, C., 2011, Experimental study on melting/solidification
of adjoining two different PCMs in a concentric vertical
cylinder, Proceedings of the KSME, PP. 130-135.

. Kim, H. K., Park, C. W., Lee, D. G., Peck, J. H., Choi,

Y. S., and Kang, C., 2011, Experimental study on
melting/solidification of adjoining two different PCMs
with alternate arrangement, Proceedings of the SAREK,
pp. 393-397.

. Kim, K. H., Kim, H. K., Park, C. W., Peck, J. H., and

Kang, C., 2012, Melting/ Solidification of adjoining two
different PCM layers with one-directional heating/cooling,
Proceedings of the 8th KSME-JSME TFEC.

483




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


