u

) <

The University of Osaka
Institutional Knowledge Archive

. Development of Numerical Simulation of Micro
Title
Scale Polymer Flows

Author(s) |Sunarso

Citation |KFRKZ, 2007, EHIHwX

Version Type

URL https://hdl. handle.net/11094/48422

rights
ZENSA VI —3v NMAHDHFEIESATWAW
2, HXDEEDHE AL TVWEYT, 2XDTF
Note | ECEZDBAR, <a

href="https://www. Library. osaka-
u.ac. jp/thesis/#closed”> KR KFEDIEBLEHHRTICD W
K/ TSREI W,

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



[61]
2AFILY
5’ % SUNARSO
ORI 8 D4 FR s L+ (L %)
=S VA= R = 3 21172 ¥=3
AL B £ AR TRk 194 3 A 23 H

FohL G oo E A DR 4 55 1 %

TR FERH A B TR

i
Br
EN
W
Ny

Development of Numerical Simulation of Micro Scale Polymer Flows
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Flows of polymeric fluids in complex micro channels can be found in many industrial processes such as
production of components of micro electro mechanical systems (MEMS) and fabrication of polymer composite
materials. The study of flow behaviors in such channels should contribute in the improvement of production
processes, which in turn, improve the quality of end products. In the analysis of flow behaviors, it should be
noted that the flow behavior in micro channels usually deviates from that in macro channels.

In this research, a numerical simulation for analysis of polymeric flows in complex micro channels was
developed. The simulation was developed based on a decoupled method, in which kinematics (velocity and
pressure) fields are computed using a finite element method (FEM), while polymeric stress is computed using
backward tracking Lagrangian particle method (BLPM). This method has a relatively good stability and
relatively low memory requirement. In addition, the method can be implemented easily for various constitutive
models, and thus provides a framework for the future development, in which a new or a more sophisticated
constitutive model can be implemented in the numerical simulation. To account for wall effect, which has been
demonstrated experimentally to be significant as the channel size decreases, a slip boundary condition was
introduced. Using the developed simulation, polymeric flow in macro and micro contraction channels was
analyzed. The results show that the wall slip introduces channel size dependent phenomena such as the
different vortex growths for the flows in macro and micro channels and the dependence of wall shear stress on
the size of channel, which are qualitatively in agreement with those observed in the experiments.

To improve the performance of the simulation, a constitutive model based on network theory was developed.
Using the network theory, a more sophisticated model for wall effect is potentially included in the constitutive
model. The development of the constitutive model was started by developing a Brownian Dynamics (BD)
simulation based on a reversible network model. Using the BD simulation, the capability of the reversible
network model in predicting the rheological properties of polymeric fluids was investigated. It has been shown

that by controlling the association/dissociation rates, the model was able to predict rheological properties of both
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associative and non associative polymer. For realistic prediction of elongational properties, FENE connection
force should be used instead of Hookean connection force. Based on the BD model, a constitutive model was
derived. A new approach in the derivation of constitutive model has been proposed, that is by superimposing
the effect of velocity field and association/dissociation processes on the evolution of configuration tensor. This
results in a general form of constitutive model that can be used with various forms of association and dissociation
functions. Therefore, the constitutive model is potentially be used for various polymeric fluids. It has been
shown that predictions of the constitutive model are qualitatively in agreement with predictions of BD

simulation.

WXBEORRNDEER

KT, B FHREO~A 7 0 OBEY I 2L —a D FEAZBEELTEBY ., ZUHIC, By FiftiEo~
A 7 aFEEENTRAUC 1T D BEF TR0 BIR O 2170 S HIT, BEm 0 B4 L0 @S ITMRITICE D ALd
edlz, B L ES TOMHEEREAZBET L LDOTEDLNTETNAVERELTCND, LT, FOGTETLVEH
Wiev A7y Ial—varE2To 05, o, EHERRNGICE T 3 RICEAE e L T572Dic, 204
TETNEFEMEE LR EAZEH L TD, TOERRBIILTOLS TH D,

(1) BEmETRVEEET NVE AN @S TIRIEDO~ A 7 2 i NIRRT 2170 RIROREN RT3 2 B 3
D DOFENR~ 7 B iEICE_R T~ A 7 Bt W TBEFICEND Z & 2R L TWD, E/o, BERT 0 Fete 4
FACSVIRITICL D . BT~ A 7 vafiiiulBid 28Em <0 & OB OBREZMFH LT\ 5,

2) BEHTROBEETNLO LD RRBRZAOTIC, IOVBETRER Y I 2 b— a3 Y EITH DI, BEmick
EFELIZESTENVT O TOREEREZTD ANDZ ENARERSTETVEEANT A 2B X, AlHix
v NI =7 BT NMICESERDO S TETNVOERET>TND, TLT, WRETAD LA B U—FFEIZON
T.7 IV BNF I 2 b—a VTR MR 21T 00 Xy N U — 27 QAR o BERE RS a BT L
BEOEDFIREOZEEZ L0 LSBT 2ET VORI L TND,

() HMERRAVGI KT DM AATR ) Z LA BE LT, LRROETANOHEAREREZEH LTS, ZL T, £
OB T20 | FROEHBRAEREL. TOMR. DFE7 AV EELSEEGE I b#EM R TR R B0
AR EZEHHE TS Z LIRS LTWD,

@) SrETADPLEM U ABRAOREICONT, 770 riinFErIal—va VORREDHIERIZEY
TOZEMEHARL TN D,

LLED X 21T, RiSUT@E D TR O~ A 7 il B D5 A 7 = X BT DB 0 R ORISR
LERBARERDEEBIC, LVEEREST~A 70Ny Ialb—a DD OREME L2 DET VI LU
AR ERE L THY, N 2MEHE L &<, ZORBIELESTFICEWTHRTH D,

Eo TR R E LClifEH 5 b0 LB 5,

— 609 —




<<
  /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
  /CreateJDFFile false
  /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 1.50000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


