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Abstract: Natural convective heat transfer from a heated horizontal and vertical surfaces directly exposed 
into air which vertical fins, attached to a surface, project vertically downwards has been numerically studied. 
It has been assumed that the fins are everywhere at the temperature of the surface. The governing equations, 
written in dimensionless form, have been solved using the finite element procedure. The results show that 
vertical plate with vertical fins gives the best performance for natural cooling. 
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1. Introduction 

The vertical and horizontal plate configurations are the 
most common geometry for a naturally cooled heat sink. 
The configuration has been studied by number of re-
searchers. The most commonly used predictive equation 
for convection was derived by Barcohen, S. & Rohsenow 
W [1] and Kruaus, A. D & Bar-Dohen [2]. This situation 
has been considered for free convective heat transfer 
from a heated horizontal and vertical surface directly 
exposed to air with a free surface to vertical fins attached 
to surface that project vertically downward into the air 
has been studied by Smith, H. [3] and Magyaro, L and 
pep, H [4]. Unlike the well-study vertical/vertical con-
figuration very few research papers have been written on 
the horizontal/up configuration. The most comprehensive 
experimental interrogation was performed by Fuji, V. & 
Magata, B, [5] but they did not derive an accurate equa- 

 

tion which matched the full range of their experimental 
data. This work compares horizontal plate heat sinks 
with vertical plate heat sink for natural cooling applica-
tion. As shown in Figure 1, three different configurations 
will be discussed: 1) vertical plate with vertical fins 2) 
horizontal plate with fins facing up 3) vertical pate with 
horizontal fins. Figure 1 gives some quick guideline on 
the merits of the different configurations. 

2 Governing Equations and Solution    
Procedures 

It has been assumed that flow is steady, laminar and 
two-dimensional and that the air properties are constant 
except for the density change with temperature which 
gives rise to the buoyancy forces, this being treated using 
the goussinesq approach. The following dimensionless 
variables have then been defined: 
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where T is the temperature. HT  is the temperature of 

the hot wall and  is the temperature of the fin. The 

prime ( ' ) denotes a dimensional quality . 
CT

In terms of these dimensionless variables, the govern-
ing equations are: 
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Here Ra is the Rayleigh number based on the height, 
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The above dimensionless equations, subject to the 
boundary conditions, have been solved using the fin 
element procedure. The mean heat transfer rate across 
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the enclosure has here been expressed in terms of a mean 
Nusselt number, Nu, based on the height, H 

mq

( )

, the mean 
heat transfer rate from the lower surface,  and on and 

the overall temperature difference, HighT LowT  . 

3. Results and Discussion 

The computer program shows that h convection for horizon-
tal backplane fin channel is lower than h convection for ver-
tical/vertical fin channels. For a given heat sink volume, 
there exits an optimal fin spacing. The optimum value 
occurs when two trends are balanced. 

If the fins are closely spaced, the heat transfer coeffi-
cient (h) is lower because mixing of the boundary layer 
occurs (the fills up with warm air). The graph if Figure 3 
clearly shows that the heat transfer coefficient decreases 
as the gap between fins decreases. However, if the fins 

are closely spaced, there is also more dissipating surface 
area (more fins for a given volume). The additional sur-
face area can counteract the reduced heat transfer coeffi-
cient. This can be seen by examining the graph of total 
wattage dissipated in Figure 4. For the 150 mm X 150 
mm vertical/vertical heat sink shown in the graph, the 
spacing of 7.5 mm provided the optimal combination of 
heat transfer coefficient and dissipating surface area. 

Figure 4, presented above, shows the wattage dissi-
pated for an entire 150 mm X 150 mm heat sink, includ-
ing end fins and radiation (emissivity = 0.1, typical of a 
bare extruded surface). When a horizontal baseplate heat 
sink is sinks in not square, there will be two possible 
orientations for the fin channel. As shown in Figure 5, 
the fins should be oriented to provide the shortest chan-
nel depth. For a baseplate which 100 mm X 50 mm, the 
proper channel orientation will provide 15% better per-
formance. 

 

 

Figure 1. Fin configurations for natural (Free) cooling 

 

 

Figure 2. Primary air flow pattern for the vertical/vertical configuration 
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Figure 3. h channel for vertical and horizontal 150 mm * 150mm heat sinks 

 

 

Figure 4. q channel for vertical and horizontal 150 mm X 150mm heat sinks 

 

4. Conclusions 

The primary airflow pattern for the vertical/vertical con-
figuration is shown in Figure 6. Air enters nears the bot-
tom of the fin channels and there will be some air flow 
from the fin tips. Air is heated within the fin channels 
and exit at the top. With this air flow path, the vertical/ 
configuration delivers the best performance for free or 
natural cooling. The final heat sink configuration to be 
discussed is the vertical baseplate/horizontal fin channel 
geometry shown in Figure 6. 

Figure 7 shows a comparison between vertical/vertical 
heat sink and a vertical/horizontal heat sink. 

As the Figure 7 illustrates, vertical fin channels are 
better. However it should be mentioned that the vertical/ 
horizontal sink is certainly better than a flat wall. With a 
fin length of 25 mm the vertical/horizontal heat sink pro-
vides roughly twice the wattage dissipated, an apprecia-
ble improvement. Also, the fins allow for an additional 
conduction where it is logical to use vertical/horizontal 
heat sinks. Figures 8 to 10 show the fins configuration by 
Fluent. 
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Figure 5. Proper fin channel orientation for horizontal 
heat sink        

Figure 6. Vertical plate/horizontal fin configuration
 

 

Figure 7. Comparing vertical/vertical and vertical/horizontal heat sinks 
 
The results of the present study indicate that: 
 Vertical plate with vertical fins gives the best per-

formance for natural cooling. 
 The fin spacing at which the maximum mean heat 

transfer rate occurs decreases with increasing Ray- 

leigh number varying approximately as 0.251 Ra . 

 As the fin spacing is decreased, the mean heat 
transfer rate, provided that the Rayleigh number is 
high enough for convective motion to occur, ini-
tially rises before passing through a maximum and 
then falling to the pure conduction value. 

5. Nomenclature 

G= distance between bottom of fin and the bottom 
wall. 

WGG  /  

H  = depth of liquid . 
WHH  /  

Nu = Nusselt number based on H   
Ra= Rayleigh number based on H   
T = temperature 

CT  = temperature of top surface 

HT  = temperature of bottom surface 

T = dimensionless temperature 
W  = half-gap between fins 

HWW  /  
x = horizontal coordinate 
x= dimensionless horizontal coordinate 
y = vertical coordinate 

y = dimensionless vertical coordinate 

 stream function 
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Figure 8: Fin configurations for vertical pate with horizontal fins by Fluent    

 

 

Figure 9: Fin configurations for horizontal plate with fins facing up by Fluent 

 

 

Figure 10: Fin configurations for vertical pate with horizontal fins by Fluent 
 

 = dimensionless stream function 

 or u= Velocity 
 = dimensionless velocity 

REFERENCES 

[1] S. Barcohen and W. Rohsenow, “Thermal optimum spa- 
cing of vertical natural convection cooled parallel plates,” 
Journal of Heat Treansfer, Vol. 106, pp. 116–123, 1984. 

[
 
2] A. D. Kruaus and Bar-Dohen, “A design and analysis of heat 

sink,” John Wiley and Sons, New York, pp. 305–320, 1995. 

[3] H. Smith, “Combined heat and mass transfer effect in free 
convection,” Electricity Research Laboratories, Leather- 
head, Surrey, February 2006. 

[4] L. Magyaro and H. Pep, “Free convection flow pass an 
infinte vertical plate,” ASME Modelling B, Vol. 72, No. 
3, 2007 

[5] V. Fuji and B. Magata, “MHD unsteady free convection 
flow through a prous media, Energy Research, Vol. 7, pp. 
89–109, 2004. 

Copyright © 2009 SciRes                                                                                  EPE 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 1.66667
  /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 1.66667
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


