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Abstract: The article gives analysis of covering of rotated cylindrical surface by 

viscous rapid-curing polyurethane composition freely pouring from the jet. The found value 
of flow rate field on surface of rotated cylinder will allow to determine flow rate of 
composition through the jet of mixing head and obtain the coating of predetermined height. 
 

Nomenclature 
 

r
G , G�, Gr – mass forces vector and its co-
ordinate components; 
g – intensity of gravity; 
h – height of coating layer; 
p – liquid pressure; 
R – cylinder radius; 
r, θ – co-ordinate axes; 
t – time; 
v
r , v�  – velocity vector and its component 

on θ-coordinate; 
v� r  – linear velocity of roll rotation; 
φ – incidence angle of composition jet; 
 

μ – viscosity coefficient; 
ρ – density of liquid; 
ω – peripheral velocity of roll rotation; 
 

1

r

R
ξ = − ; 

 

cosg
a

ρ ϕ
= −

μ
. 

 

Abbreviations 
 

DETDA – diethyl toluene diamine; 
MDI – methylene diphenylene diisocyanate. 

 
 
Rolls with polyurethane elastomeric coverings are widely applied in paper, printing, 

steel, wood and textile industries. Process of coating of polyurethane composition on roll’s 
surface is one of the main processes in production technology of rolls. 

It is necessary to consider flow of viscous liquid on the surface of cylinder under the 
gravity force to calculate volumetric flow rate through the jet. 

Equation of motion of viscous incompressible liquid with mass forces taking into 
account in vector form [1] is: 

 1

( ) grad .

v
v v G p v

t
∂ μ

+ ∇ = − + Δ
∂ ρ ρ

r rr r r  (1) 

Equation of indissolubility: 
 div 0.v =

r  (2) 
Stationary flow of layer of viscous liquid on cylindrical surface under influence of 

gravity field  0

v
t

⎛ ⎞∂
=⎜ ⎟⎜ ⎟∂⎝ ⎠

r

 was considered in [2]. As a result of the problem-solving relations 

on determining field rate of flow on cylindrical surface and flow rate of composition through 
the jet was obtained: 

ISSN 0136-5835. Вестник ТГТУ. 2002. Том 8. № 3. Transactions TSTU. 



 480 

3

2
2

( ) 2 2 1 .

6 1

h
v aR

R

⎛ ⎞ξ + ξ⎛ ⎞⎜ ⎟ξ = + ξ − + ⋅⎜ ⎟⎜ ⎟+ ξ⎝ ⎠⎝ ⎠
 

 

These relations were received for constant values of viscosity and density. But the real 
polyurethane system on the base of prepolymer Laprol-5003 + MDI and hardener DETDA is 
rapid-curing, and viscosity highly changes in time. We had carried out experimental research 
of curing rheokinetics of these systems. Processing of experimental data has allowed us to 
get relations of viscosity and density from time in form: 

 

μ(t) = 1,27e0,30t Pa ·s, 
 

ρ( t)= 1074+23,6 t  kg/m3. 
 

We consider stable motion of layer of viscous liquid on cylindrical surface under the 
influence of gravity field. In this case solution v = v� (r, t)  depends on only r and equation 
(1) of flow of viscous rapid-curing liquid in case of cylindrical co-ordinate system takes a 
form: 

 

2

2 2

2

( ) 1

,
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1

;r

v t v v v
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t t r rr r

v p
G

r r

θ θ θ θ
θ

⎫⎛ ⎞∂ μ ∂ ∂
= + + − ⎪⎜ ⎟⎜ ⎟∂ ρ ∂∂ ⎪⎝ ⎠ ⎬

⎪∂
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ρ ∂ ⎭

 (3) 

 

where G� = gcosφ 
Initial condition: 

 v� = 0, t = 0. (4) 
Boundary conditions: 

 v� = 0, r = R (5) 
– condition of adhering of viscous liquid on the surface of cylinder, 

 hRr
r

v
r

v
+==−

∂
∂ θθ     ,0  (6) 

– condition at the free surface. 
The system (3) – (6) was solved numerically by running method [3] for 

 

0 ≤ t ≤ 10 sec,   36 ≤ r ≤ 36+4,1 mm. 
 

As a result of solution the next field rate of flow was obtained: 
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Fig. 1   Field rate of flow 
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Analyses of this field rate of flow shows that flowing on cylinder surface practically 
stops at curing time t = 10 sec. 

In the real process of polyurethane coating roll rotates with some peripheral speed ω 
(fig. 2). In this case the boundary condition for the problem of flow of viscous liquid layer 
on the cylindrical surface under the influence of gravity field and shearing flow on account 
of peripheral speed of roll rotation on the cylinder surface is 

 v� = -v�r ,   r = R (7) 
– condition of adhering of viscous liquid on the surface of cylinder.  

 
Fig. 2   Co-ordinate system 

 
After solving system (3) with initial (4) and boundary conditions (6) and (7) by running 

method for  
0 ≤ t ≤ 10 sec,   36 ≤ r ≤ 36+4,1 mm,   v�r = 162 mm/sec 

we have obtained the next field rate of rapid-curing liquid flow: 
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Fig. 3   Field rate of flow 
 

The found value of flow rate field on surface of rotated cylinder allows to determine 
flow rate of composition through the jet of mixing head for obtaining the coating of 
predetermined height. 
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Нестационарное течение вязкой быстроотвердевающей жидкости 
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Аннотация: Рассматривается процесс покрытия цилиндрической вращающейся 

поверхности вязкой быстроотверждающейся полиуретановой композицией, свободно 
текущей из сопла. Найденное значение поля скоростей потока по поверхности вра-
щающегося цилиндра позволяет определить расход композиции через сопло смеси-
тельной головки для получения слоя покрытия заданной толщины. 

 
 

Unstationäres Fließen der zähen schnellverhärtenden Flüssigkeit durch  
die Oberfläche des drehenden Zylinders im Gravitationsfeld 

 
Zusammenfassung: Es wird den Prozeß der Beschichtung eines drehenden 

Zylinderoberfläche mit der zähen Polyurethankomposition, die frei aus einer Düse fließt, 
betrachtet. Die gewonnene Bedeutung des Geschwindigkeitsfeldes des Stromes durch die 
Oberfläche eines drehenden Zylinders gestattet den Kompositionsverbrauch durch eine Düse 
des Mischkopfes für die Gewinnung der Beschichtung der angegebenen Dichte zu 
bestimmen. 

 
 

Ecoulement non stationnaire du liquide visqueux à durcissement rapide  
sur la surface du cylindre tournant dans le champs de gravitation 

 
Résumé: On examine le processus du revêtement de la surface cylindrique tournante 

par la composition visqueuse à durcissement rapide qui écoule de la tuyère. La grandeur 
trouvée du champ des viteses de l’écoulement sur la surface du cylindre tournant permet de 
définir le débit de la composition à partir de la tuyère de la tête à mélanger pour avoir une 
couche du revêtement de l’épaisseur donnée. 

ISSN 0136-5835. Вестник ТГТУ. 2002. Том 8. № 3. Transactions TSTU. 



<<
  /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 1.50000
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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


