Thermal analysis, heat sink design and performance verification

Case Study: Thermal Analysis, Heat Sink Design and Performance Verification for GE Fanuc
Intelligent Platform’s WANic 3860 Packet Processor PCI Card
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Challenge

When GE Fanuc Intelligent Platforms, a leading provider of embedded computing solutions for a
wide range of industries and applications, needed to determine the thermal characteristics of their
new WANic™ 3860 Packet Processor, they turned to the experts at Advanced Thermal Solutions,
Inc. (ATS).

The WAN:Ic 3860 Packet Processor is a high-performance 4-port Gigabit Ethernet PCI-X card which
provides secure, high-speed connectivity and complex security processing with wire speed
performance. It features the Cavium OCTEON® 16 core 500 MHz CN3860-NSP (Network Services
Processor), which needs to be kept at a junction temperature below 110°C to maintain reliable
operation.

A previous model, the WANic 3850, utilized an active heat sink for cooling the Cavium component.
However, GE Intelligent Platforms’ design team wanted a complete and thorough thermal
examination of the WANIc 3860, so that a passive cooling solution could be used, offering much
greater reliability, reductions in cost and implementation time. In response, ATS provided several
thermal management analysis and design services for GE Fanuc Intelligent Platforms, including:

1. Thermal analysis of the PCI board design
2. CAD and Computational Fluid Dynamics (CFD) modelling, simulation and analysis
3. Rapid design and development of the prototype heat-sink
4. Wind tunnel and chassis testing and verification
1. Thermal Analysis

ATS’ thermal management experts studied several key factors including volumetric flow rate,
pressure drop and component temperature. The company’s engineers started by researching and
simulating the thermal characteristics of the Cavium OCTEON CN3860, DDR2 memory DIMM, and
other critical components. By using this approach, analytical junction temperatures were produced
for each device as well as an estimate of the airflow necessary to ensure proper cooling of the
WANIc card. It also reduced the number of CFD (computational fluid dynamics) iterations that
needed to be performed, and validated those CFD findings.
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2. CAD and CFD Modelling, Simulation and Analysis

Based on the results of the thermal analysis, ATS engineers used SolidWorks® 3D CAD software to
produce a detailed model of the board assembly. Then they ran multiple airflow simulations, at
various flow rates, using CFD software from CFDesign®. The result was a detailed set of CFD
images showing the airflow patterns and providing a temperature profile of the card.

Figure 1. SolidWorks model of the GE Fanuc WANIc 3860 PCI card.

3. Rapid Prototype Design and Manufacture

Using the data from the initial analytical and CFD studies, ATS designed a high-performance heat
sink (ATS-725), based on the company’s patented maxiFLOW ™ flared fin architecture that, when
installed, would adequately cool the Cavium CN3860 package and ensure proper performance of the
WANIc PCI card. ATS maxiFLOW heat sinks feature a low profile, spread fin array to maximize
their surface area for more effective convection (air) cooling.

Figure 2. SolidWorks images of the ATS-725 maxiFLOW™ heat sink
along with its CFD simulation and prototype

In the case of the WANIc PCI card, the ATS-725 heat sink was found to keep the junction
temperature of Cavium CN3860 at or below acceptable levels with an airflow of 1.39 m/s (275 LFM)
or greater within a PCI card slot, at an ambient air temperature of 55°C.

The design team then had heat sink samples fabricated at ATS’ manufacturing facility in Norwood,
MA, USA.
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4. Wind Tunnel Testing and Verification

As part of the design process, ATS tests all heat sinks in its thermal fluids laboratory, using
sophisticated equipment such as its CWT-100™ series open-loop wind tunnel, to verify any
analytical or computational simulation results. When the ATS-725 was tested, elements in the open-
loop wind tunnel were arranged to simulate the PCI slot conditions, thus validating CFD testing. Test
findings also produced the heat sink’s thermal resistance and pressure drop characteristics.

The analytical design of the ATS-725 passive heat sink for cooling the Cavium CN3860 was the
initial phase of the WANIc card thermal characterization. Because of the complexity of the heat
transfer from the Cavium component to the ambient, ATS performed further testing of the
maxiFLOW™ heat sink installed on the WAN:ic card, and inside an Intel SR2400 server chassis,
under several test conditions.

Thermocouples and ATS” ATVS-2020™, Automatic Temperature and Velocity Scanner, multi-
channel, hot-wire anemometer system were used to measure case temperature as well as approach air
velocity. Sample chassis and instruments are shown in Figure 3.

Figure 3. An Intel SR2400 server chassis (Left)
and an ATS ATVS-2020 automatic temperature and velocity scanner (Right)
were used to test the ATS-725 heat sink performance on a WANic 3860 card

For one validation test, a sample WANIc card was installed in the chassis and variable airflow.
Component temperatures were recorded over a range of airflow levels to produce a thermal
resistance graph.

In a separate test, the WAN:Ic card was modelled in CAD and simulated with CFD. The PCB was
modelled as a standard 12 layer board with bulk thermal properties as follows: a thermal conductivity
of 85.66 W/m-K in the X and Y directions, thermal conductivity of 0.33 W/m-K in the Z direction,
432.54 kg/m3 density, and 837.00 J/kg-K specific heat.

The results of these two testing methods showed close agreement, with an error of 2-13% from 0.5-3
m/s (100-600 LFM) air velocity. A final stage of testing included CFD simulation of the complete
WANIc card, including the ATS-725 heat sink. This simulation also showed close agreement with
the chassis testing. CFD results showed a consistently higher thermal resistance of 2-13%, and this
was mainly due to a lack of radiation heat transfer in the simulation. Once the base simulation was
correlated with experimental results, future scenarios could be investigated within CFD to predict
processor upgrade thermal performance. Figure 4 shows the CFD simulation and the final heat sink
designed.
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Figure 4. CFD simulation of the GE Fanuc Intelligent Platform’s WANic Packet Processor PCI
Card with the ATS-725 maxiFLOW™ heat sink installed, alongside a sample card

Solution

ATS’ Thermal Management Analysis & Design Services produced valuable analytical,
computational and experimental data that allowed for a high-performance, optimized passive heat
sink solution to be designed for the card’s ideal operating conditions.
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Figure 5. The results of CFD simulations and chassis testing of the ATS-725 maxiFLOW™
heat sink. GE Fanuc recommends an airflow of at least 275 LFM if a passive heat sink is used.

p.4 of 5 from the web site of the
©2008 Advanced Thermal Solutions, Inc. the EKTN Thermal Awareness project



Thermal analysis, heat sink design and performance verification

900,000
800,000
700,000 1 _
600,000
500,000
400,000
300,000

200,000

100,000
0

Mean Time Between Failure (Hours)

B Active HS with 12V Fan 0 ATS-725 Passive maxiFLOW HS

Figure 6. Comparison of cooling solutions for the GE Intelligent Platform’s WANic 3860 card
in terms of Mean Time Between Failures.

Not only did the ATS-725 maxiFLOW™ heat sink solution offer significant cost savings but it also
provided 27 times the reliability of the active solution. As a result of the collaboration between GE
Fanuc Intelligent Platforms’ design team and ATS thermal management experts, the company was
able to quickly introduce the new card to the market with cost savings and increased reliability.

Visit www.qats-europe.com or call +31 (0) 35 6984715 to learn more about ATS’ Thermal
Management Analysis & Design Services, Thermal Test Instruments, Cooling Solutions (air and
liquid systems), and Training Programs.

p.50f5 from the web site of the
©2008 Advanced Thermal Solutions, Inc. the EKTN Thermal Awareness project




<<
  /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


