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Thermoplastics
Paper pulp
Clay, Tar
Sludge Grease

Soap, Paint

Water

Gasoline
/ Motor oils

‘T (shear stress)

Beach sand
Starch in water

'Y (shear rate)
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dimensions [0 2 -2 00 0 0],

internalField uniform 0;

boundaryField
{
top
{
type zeroGradient;,
}
outlet
{
type fixedValue;
value uniform 0;
}
plat
{
type zeroGradient;,
}
pre-plate
{
type symmetryPlane;
}
inlet
{
type zeroGradient;,
}
frontAndBackPlanes
{
type empty;
}
}
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b Cewgwn

s CoeS solod yo 085 byi Jleel xe & Symmetryplane b s as col S5 a4 o3

S &S Glamas gl bbb plol S8 L8 ceond 0 a5 jghailen il oo dorin SO (g9,

ool ool Jloel o)lo |18 Co aan

iy gl 5 50 Ll pd Jloel -V

MJ JLo.C‘ ol 0l M; )Ja; 39 ).n,a ).a‘).’ @L..wbm deld GALM PR Ruet-gow d"‘"‘?‘ )L)_M

Spdy e el Syge U LB jo (6550 Ll il

dimensions [01 -1 00 0 0],

internalField uniform (0 0 0);

boundaryField
{
top
{
type
value
}
outlet
{
type
}
plat
{
type
value
}
pre-plate
{
type
}
inlet
{
type
value
}
frontAndBackPlanes
{
type
}
}

fixedValue,;
uniform (0.045 0 0);,

zeroGradient;

fixedValue,
uniform (0 0 0);,

symmetryPlane;,

fixedValue,
uniform (0.045 0 0);

empty;

IS adsl s e bl ph Jloel Y
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b Cewgwn

plod )2 58 QA8 plaee adgl Jlade 05l o0 plol 15 IS 4 5 lde Oj50 42 50 o Dleplass

dimensions [1 -1 -2 00 0 0],

e 0y Ll i il Slesle asels

internalField uniform (0 0 0 0 0 0);,

boundaryField
{
top
{
type
}
outlet
{
type
}
plat
{
type
}
pre-plate
{
type
}
inlet
{
type
value
}
frontAndBackPlanes
{
type
}

zeroGradient;

zeroGradient;

zeroGradient;

symmetryPlane;

fixedValue,

uniform (0 0 0 0 0 0);,

empty;
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b Cawgn

OpenFOAM ;1381 o 59 Jluw (plgs Jlos! (KigSr @ Cowsgn

elaS uss Pl anjefey Jold SetVleSans Jlw (Sojelss, olss oS ol o
Sndy S cays Grizes g damda s ) ey Gloy B1AP gyely (509531 4555

rheology
{

type multiMode,

models

(
first
{
type Giesekus,
rho rho [1 -3 0 0 0 0 0] 1000,
etas etasS [1 -1 -1 0 0 0 0] 0.001,
etaP etaP [1 -1 -1 0 0 0 0] 0.03;,
lambda lambda [0 01 0 0 0 0] 0.5,
alpha alpha [0 0 0 0 0 0 0] 0.8,
}

):

OpenFOAM 1581 p 5 yo aSuls plgs Jlos! Kok — 7 Cowuy
Lyb ol ol cl ouds oslinad Wall (5550 byt 5 Slgh amio 5 c56 amio sy
Sl 20,5 503 T b o)ls Sl @ ghe o1 5l a5 ceslins )l OpenFOAM s (55 5
b,i g9 ¢ ol onls Sl symmetryPlane b b e axans o8 a3 )3 13 casans
9.899,9 Olsie 4 aS (65,0 Slxio gl patch b s ail oo patch Clxas ai 1y g5

Dgd oo &y ,25 OPENFOAM o wigd o bl >g 5
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top
{
type
nFaces
startFace
}
outlet
{
type
nFaces
startFace
}
plat
{
type
nFaces
startFace
}
pre-plate
{
type
nFaces
startFace
}
inlet
{
type
nFaces
startFace
}
frontAndBackPlanes
{
type
nFaces
startFace
}

wall,;
165,
65635,

patch;
200,
65800,

wall,;
105,
66000/,

symmetryPlane;
60,
66105,

patch;
200,
66165,

empty;
66000,
66365,
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Abstract

Boundary layer flow is considered as one of the fundamentals in fluid mechanic
Engineering, so it has been attended by researchers for a long period. Up to this day a
great number of investigations have been done focusing on this subject that most of
them have been about Newtonian Fluids and just a few numbers of them have been
out of this circle and about viscoelastic fluids. Main purpose of this research is to
better understanding of viscoelastic effect on boundary layer characteristics.

In this research, we investigated boundary layer made by viscoelastic flow on a flat
plate using both numerical and analytical approaches. In numerical approach, we used
OpenFOAM software which is a Calculation Fluid Dynamics tool box (CFD) to
simulate this flow. this software uses finite volume method (FVM) to solve equations

using Partial derivatives. we also applied Giesekus model in our numerical solution
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as constitutive equation. Then to be able to trust on numerical method outcomes,
result independencies have been investigated. Also, results in Newtonian fluid have
been compared with Blasius solution. We used "Von-Karman" integral based method
basics which is a Approximate method in Newtonian boundary layer studings in
analytical approach,. We tried to generalize this method to viscoelastic fluids. Results
obtained by both methods illustrated making a limited thickness at the leading edge
(x=0) because of elastic effects in viscoelastic fluids. Numerical approach illustrated
that increases in elastic number decreases shear stress and normal stress differences

and also drag coefficient was reported in different elastic numbers.

Keywords: Boundary layer, Flat plate, Giesekus, Von-Karman, Numerical solution,

viscoelastic
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