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OBJECTIVEOBJECTIVE

D i h h i l b d hi ldDesign a phase change material based shield 
which can sustain high-heat loads for 
aerospace applications

Absorbing the thermal energy coming from external 
stream friction
Re-usable system

Using the absorbed energy for internal spacecraft usageUsing the absorbed energy for internal spacecraft usage
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INTRODUCTIONINTRODUCTION

Ph Ch M i l (PCM )Ph Ch M i l (PCM )Phase Change Materials (PCMs)Phase Change Materials (PCMs)
Having high heats of fusion 

Absorbing energy during melting while temperature remains 
constant

Remain the temperature constant during phase changeRemain the  temperature constant during phase change

Making it is useful for keeping the subject at a steady 
temperature for a long timep g

Importance of absorbing Thermal EnergyImportance of absorbing Thermal Energy
Thermally shield vehicle’s Outer Mold Line (OML)
Converting the energy to electrical propulsion
Using the converted energy for internal Spacecraft usageUsing the converted energy for internal Spacecraft usage
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METHODOLOGYMETHODOLOGY

SINDA/ FLUINT for simulating the internal heat transferSINDA/ FLUINT for simulating the internal  heat transfer

CFD codes for the externals heat flux
Used exciting data

Ideal simulation include combination of both methodsdea s u at o c ude co b at o o bot et ods
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MODEL SETUP / BENCHMARK CASESMODEL SETUP / BENCHMARK CASES

G lG lGoalsGoals
Model validation against experimental data

Benchmark CasesBenchmark Cases
Thermal Energy Storage System (TES)Thermal Energy Storage System  (TES)
Thermal Management System (TMS)
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TES CASETES CASE

PCM b d th l t tPCM-based thermal energy storage system
Water freezing was studied 
Initial Temperature of 0 3 °CInitial Temperature of 0.3 C
Bronze finned tube – cold source
Ethyl Alcohol as a coolant is       flowing inside the tube 

At a temperature range of                       -20°C to -10°C

M d l f th l t t

8/22/2008 7

Model of thermal energy storage system 



TES CASE RESULTS 1TES CASE – RESULTS – 1

C i d A l iComparison and Analysis

Water solidification next to finned tube after 2 hour
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Water solidification next to finned tube after 2 hour



TES CASE RESULTS 2TES CASE – RESULTS – 2

C i d A l iComparison and Analysis
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DIMENSIONLESS AXIAL DIRECTION

solidification front propagation 



TMS CASE

PCM b d li t

TMS CASE

PCM-based cooling arrangement 
built of aluminum fins 
PCM AristowaxPCM - Aristowax
Considered convective cooling of 

h c = 50 W/m2-ºC on the topc 

Applied study heat load of
q in = 20 kW/m2 to the bottom

A simple schematic of  the device
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TMS CASE RESULTS 1 TMS CASE – RESULTS – 1 

C i d A l iComparison and Analysis

time(s)
1390
990
590590

Propagation of the melt-front into the PCM with time
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TMS CASE RESULTS 2TMS CASE – RESULTS – 2

C i d A l iComparison and Analysis
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CASE STUDY CONCLUSIONCASE STUDY CONCLUSION

I TES CI TES CIn TES CaseIn TES Case
PCM solidified around the finned tube
Model verified

In TMS CaseIn TMS Case
Simulation results match benchmark results
Slightly different in the beginning but converged to the end
Acceptable error, about 5-10 %
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APPLICATION BACKGROUND APPLICATION – BACKGROUND 

I f d i i h l hi ldImportance of designing thermal shield

U d b b d h lUsed to absorb and to store  thermal energy

Convert the thermal energy into electrical powerConvert the thermal energy into electrical power 

Maintain the temperature of the heat shield below 
lti i tmelting point

Used as a main component for controlling vehicle 
temperature

8/22/2008 14



MATERIAL SELECTIONMATERIAL SELECTION

f l iImportant Parameters for PCM selection:
Density, Heat of fusion, Heat Capacity, Melting Pt., 

iliBoiling Pt.

Potential materials: 
High  and Low Temperature PCM candidates: 

High Temperature PCMs Low Temperature PCMs

Material Melting point °C Material Melting point °C

LiF 848.2 AlBr3 97.5

LiBr3 552 GaI3 212

CuCl 430 TaCl5 216

CsNO3 414 BiBr3 218
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PARAMETERS OF THE MODEL PARAMETERS OF THE MODEL 
Fins

t fin(cm) t heat shield(cm) t PCM(cm) d_1 fin(cm)

Details of the initial designed model

PCM0.2 0.3 4.7 10

T outside(ºC) T initial(ºC) q in-peak(W/cm
2

) d_2 fin(cm)

-150 0 119 5

PCM

P C b C b LiF

Properties of materials used in the design

Property Carbon-Carbon LiF

Density-solid, kg/m3 1800 2640

Density-liquid, kg/m3 --- 2640

Specific heat solid J/kg K 2102 96 1548 08Specific heat-solid, J/kg-K 2102.96 1548.08

Heat of fusion, kJ/kg --- 1044.4

Melt-temperature, ºC 3500 848.4

Conductivity-solid, W/m-K 250 11 3
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Conductivity solid, W/m K 250 11.3



HEAT LOADHEAT LOAD
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MESHMESH
Applied 

Heat Load

Skin

Fin

Grids generated in Thermal Desktop for the model with fin
PCM
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TEMPERATURE DISTRIBUTIONTEMPERATURE DISTRIBUTION

No Fin With Fins
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RESULTS 1RESULTS – 1
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for model with no fin



RESULTS 2RESULTS – 2
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distance between fins 5 cm



OPTIMIZATIONOPTIMIZATION

80% reduction of PCM thickness
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Demonstration of propagation of the temperature into PCM 
distance between fins 5 cm for optimized design



CONCLUSIONCONCLUSION
The incident energy can be stored 

Lithium Fluoride (LiF) was selected as PCM 
High latent heat of fusionHigh latent heat of fusion 
Enables it to absorb a significant amount of thermal energy
The total energy absorbed by the model: 33.593 kJ gy y

Total amount of energy absorbed by the PCM shielding: 
91 3 MJ91.3 MJ 

Equivalent to 25.36 kWh. 
Specific energy density of the typical Lithium-ion battery is aboutSpecific energy density of the typical Lithium ion battery is about  
150-200 Wh/kg
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QUESTIONSQUESTIONS

8/22/2008 24



<<
  /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


