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A Study on Development of Porous SiC Ceramic Heat Sink from
Solar Wafering Slurry
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Abstract In recent years, while the importance of thermal management has been emphasized due to smaller
electronic products, various materials have been used as heat sink. In this study, porous ceramic heat sink was
developed with SiC, successfully separated from the slurry of SiC occurring in solar energy materials industry
and the thermal performance of porous SiC heat sink has been compared with those of aluminum heat sink and
pure SiC heat sink through experiment. From the experimental results, it was verified that porous recycled SiC
heat sink has better thermal performance than aluminum heat sink since its micropores increase the heat transfer
area. In addition, the effect of the micropores on thermal performance has been quantified by increasing
convective heat transfer coefficient with numerical analysis.
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[Table 1] Specification of heat sink

=Ry 0]%’6?"4

Substrate Wx Lx< H(mm)

Aluminum 24%*24%2
Recycled SiC | 24%24%2
Recycled SiC 1l 40%40%2.9

Pure SiC 25%25%2.5

[E 2] 49A4% A9
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[Table 2] Experiments for thermal performance of heat sinks

power(W) Type of heat sink
singe LED
Aluminum heat sink
Case 1 0.74 Recycled SiC | heat sink
Recycled SiC Il heat sink
Pure SiC heat sink
singe LED
Aluminum heat sink
Case 2 1.80 Recycled SiC | heat sink
Recycled SiC Il heat sink
Pure SiC heat sink
singe LED
Aluminum heat sink
Case 3 2.89 Recycled SiC | heat sink
Recycled SiC Il heat sink
Pure SiC heat sink
4.4
5.6
Case 4 Recycled SiC Il heat sink
6.44
7.50
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[Table 3] Thermal conductivities and emissivities of
various heat sink materials

. Thermal conductivity k Emissivit
Material
(W/m - K) €
Aluminum 237 0.9
(A) Aluminum  (B) Recycled SiC I (C) Recycled SiC I (D) Pure SiC
4 66.368— 9]
- . i i 0.020045 7+ .
(32 1] n)i, A4 SIC 9 5= SiC 3| A2 sic 03907 100 72 08
[Fig. 1] Aluminum, recycled SiC and pure SiC heat sinks )
Porous SiC el =) 9 0.8
orous St 14 0.034kg oy, ) '
]
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[Fig. 2] MCPCB LED as a heat source (T2 4] Batade sjae 2z} AlAd
[Fig. 4] Mesh system for conjugate heat transfer analysis
Silicone _[ED
MCPCB
Thermal tape
Heat Sink

[O% 31 LED®} 3| EA4A 7=
[Fig. 3] Schematic of LED and heat sink
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[Fig. 5] Mesh system for conduction analysis
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[Table 4] Thermal properties of SiC and porous SiC heat

sinks
A . Recycled Recycled
Material Pure SiC
SiC | SiC 11
k(W/m - K) 55.1 82 8.3
p(kg/m?) 3100 1849 1847
Cd/g - K) - 0.72 0.73
porosity - 40% 40%
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Variations of MCPCB temperature with time for
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[Fig. 7] Variations of MCPCB temperature with time for
single LED, aluminum, recycled SiC 1, pure
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[Fig. 8] Varitations of MCPCB temperature with power
for single LED and recycled SiC 1 heat sink
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[Fig. 9] Temperature distribution with different heat sinks

2006



S glelns Sejel A ke Sic Alek sEqa el Bt AT

125 © A Num. for Recycled SiC |
—&6— Num. for Recycled SiC I
105 r —8B— Num. for Aluminum

o) —aA— Exp. for Recycled SiC |
> —@— Exp. for Recycled SiC I
= 85 [ —m— Exp. for Aluminum
©
265
€
©

. . = 45 -

(a) Aluminum heat sink
25
0 1 2 3 4

Power(W)

(33 13] &0, ohaA siC 1 Ak, ohgA SiC 1
SIEAAY A Mo w2 MCPCB 23}
[Fig. 13] Variations of MCPCB temperature with time for
aluminum, recycled SiC I, recycled SiC I

heat sink
(b) Recycled SiC 1 heat sink
[32 10] hFddeAds s Wm'KY o SEgE 5 z=
[Fig. 10] Temperature distribution with convective heat =
transfer coefficient 5 W/mZK
2 AFtollA= B LA A sk &l
2 AAysto] Yo SiCE olato] th2A sic Ak 8
EQEE RS ¥ 2A4 2 48e Sustel we
Hse Al oleid A7E ol 2o AEe o
&7 2

(1) £ AolA] aLejgt o34 SiC S| EAAs 22
3719 &FulE S| EAA giH] 7]F-& 40 % 7|E
oF 32 % A& ZTFo|ct SHA|TL nA7|F 2 & 2l

[22 11] HHEAEAS 12 Wm'K & o] o34 SiC

o Hwd 271 Qe WS A 94t
I 3|EAA &= BX o o 2 oyt
[Fig. 11] Temperature distribution of SiC I heat sink with = 2 T & ] ‘
convective heat transfer coefficient 12 W/mzK () 2 At g HeHollA T4 SiC 3E
CEE R oL e e g
AAGATE ofF 258 A= ST A 2
o S

() HFF AN BAsh= SRlEE AEAIA

[32 12] gRIALAS 24 Wm'K & o oh4 sic
I 3|EAT & B2

[Fig. 12] Temperature distribution of SiC I heat sink with
convective heat transfer coefficient 24 W/mzK

2007



gately|esleli=na) 4138 A5, 2012

References

[1] M. L. Hunt and C. L. Tien, "Effects of Thermal
Dispersion on Forced Convection in Fibrous Media",
Int. J. Heat Mass Transfer, Vol. 31, pp.301-309, 1988

[2] K. Ichimiya, "A New Method for Evaluation of Heat
Transfer between Solid Material and Fluid in a Porous
Medium", ASME J. Heat Transfer, Vol. 121, pp.
978-983, 1999

[3] V. V. Calmidi and R. L. Mahajan, "Forced Convection
in High Porosity Metal Foams", ASME J. Heat
Transfer, Vol. 122, pp. 557-565, 2000

[4] S. J. Park and Y. L. Lee, "A Study on Optimization of
Thermal Performance of a LED Head Light for
Passenger Cars", Journal of the Korea Academia-Industrial
cooperation Society, Vol. 13, No. 1, pp. 27-32, 2012

[5] H. K. Noh and J. H. Lee, "Cooling Performance of an
Electronic System Including Electronic Components
Mounted with Heat Sink", The Korean Sosiety
Mechanical Engineers, Vol. B, No. 22, Issue 2, pp.
253-266, 1998

[6] J. H. Lee, J. M. Kim, J. H. Chun, C. H. Bea and M.
W. Suh, "Development of Thermal Design Program for
an Electronic Telecommunication System Using Heat
Sink", The Korean Society Mechanical Engineers, Vol.
31, Issue 3, pp. 256-263, 2007

[71 K. S. Lau and R. L. Mahajan, "Convective Heat
Transfer from Longitudinal Fin Arrays in the Entry
Region of Turbulent Flow", Int. J. of Electronic
Packaging, Vol. 111, pp. 213-219, 1989

[8] G. L. Lehmann and S. J. Kosteva, "A Study of Forced
Convection Direct Air Cooling in the Downstream
Vicinity of Heat Sink", Transactions of the ASME, Vol.
112, pp. 234-240, 1990

[9] Y. L. Lee, "Study of Laser Chemical Vapor Deposition
of Silicon Carbide from Tetramethylsilane", The Korean
Society Mechanical Engineers, Vol.26, Issue 9, pp.
1226~1233, 2002

[10] V. Casalegno, P. Vavassori, M. Valle, M. Ferraris, M.
Salvo and G. Pintsuk, "Measurement of Thermal
Properties of a Ceramic/Metal Joint by Laser Flash
Method", Journal of Nuclear Materials, Vol. 407, Issue
2, pp. 83-87, 2010

2008

oF & 1 Yong An) (3|9

e 20129 2¢ : FEoiEw 7)AA
AeeAT (Fa3AD
e 2012 3Y ~ FA : TFOE
ok AAtaky

0] & Z(Young Lim Lee) [HalH]

e 199518 59 : U of Texas at Austin
Az} (ke

® 1996\ 8% ~ 20009 2¢ : 4t
AAEAH AL B8]
e 20004 39 ~ AA - 12:11@}

| @ AREAEE

<;_} N Hok>

AgAgen ofuAgeh Azt




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


