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( START )

Initial guess p*, u*, v¥, ¢*

Y

Y

Perform STEPS 1-3 of SIMPLE algorithm
— Solve discretised momentum equations
— Solve pressure correction equation

— Correct pressure and velocities

p*, u*, v¥, p

Y

STEP 4: Solve second pressure correction equation

8,y 0= 81, Pla,y+ 81, s Plias+ 8y Pila+ 8 P+ b))

Y

STEP 5: Correct pressure and velocities
=P+ o+l

Py
Zan Uy — Uny)

HTJ**:U’;J +d4,1{.dt—1‘j_.dl.)+ ) +dﬂ,)(mil,f_pt})
. . sa (V**7 V*) , ,
ViT = Vi dy (P = ) + S+ d (s 1)
g
|
Set Set
¥*=p ut=u
;:* ) 5 L p= ,O***
) fu] U= yrE*
V= V***
p, u, v, ¢*
Y

STEP 6: Solve all other discretised transport equations

a0, = 8- P+ @pa Qg+ 8 Gy aa + 8 G + by

No
Convergence?
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fluentMeshToFoam SecondaryFlows.msh —scale .01
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[\ / Field |OpenFOAM: The Open Source CFD Toolbox|
| W / Onperation |Version: 2.1.1 |
| W/ And | Web:  www.OpenFOAM.org |
| \W M anipulation| |
\* ___________________________ N */
FoamFile

{

version  2.0;

format  ascii;
class  polyBoundaryMesh;
location “constant/polyMesh™;

object  boundary;

¥

//*************************************//

6
(

outlet

{

£5



type cyclic; M
nFaces 2500;
startFace  4900;
matchTolerance 0.0001;
neighbourPatch inlet;

}

inlet

{
type cyclic; M
nFaces 2500;
startFace  7400;
matchTolerance 0.0001;

neighbourPatch outlet;

}

bottom

{

type symmetryPlane; I
nFaces 50;

startFace 9900;

}

left

{

type symmetryPlane; M
nFaces 50;

startFace 9950;

}

top

{

type wall; M

nFaces 50;

startFace 10000;

}

right

Y



type wall; ¥
nFaces 50;
startFace 10050;

)

// *hhkkkhkhkhkkhkhkhkkhkkhkhkkhkhhkkhkhhkkhhhkhhhkhkkhkhkhkkhhkhkkhhhkkhhhkkhkikkhihkkhkihkkhkihkkhihkiik //
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[\ / Field | OpenFOAM: The Open Source CFD Toolbox|
| W / O peration | Version: 2.1.1 |
| W/ And | Web:  www.OpenFOAM.org |
| \WV M anipulation | |
\* ___________________________ e e e e e */
FoamFile
{

version  2.0;

format ascii;
class volVectorField;
object U,

A



//*************************************//

dimensions [01-10000];
internalField uniform (0 0 0);
boundaryField

{
outlet
{
type cyclic;
¥
inlet
{
type cyclic;
¥
bottom
{
type symmetryPlane;
}
left
{
type symmetryPlane;
}
top
{
type fixedValue;
value uniform (0 0 0);
}
right
{
type fixedValue;
value uniform (0 0 0);
}
¥

£



// Fhhhhhkhkkkhkhkhkhrhhhhhkhkhkhdhhrrrhrhhkhhdhhirrhhkhhhdhiriirhiiidxdx //
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| ========= | |
[\ / Field | OpenFOAM: The Open Source CFD Toolbox|
| W / O peration | Version: 2.1.1 |
| W/ And | Web:  www.OpenFOAM.org |
| \W M anipulation | |
A o e */
FoamFile

{

version  2.0;

format ascii;
class volScalarField:;

object p;



//*************************************/l

dimensions [02-20000];
internalField uniform O;

boundaryField

{
outlet
{
type fan;
patchType  cyclic;
f List<scalar> 1(.001 );
value uniform O;
¥
inlet
{
type fan;
patchType  cyclic;
f List<scalar> 1(.001 );
value uniform 0;
}
bottom
{
type symmetryPlane;
}
left
{
type symmetryPlane;
}
top
{
type zeroGradient;
}
right
{

A



type zeroGradient;

}
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[\ / Field | OpenFOAM Extend Project: Open Source CFD|
| W / Operation |Version: 1.6-ext |

| W/ And | Web:  www.extend-project.de |
| \V M anipulation | |
A\ e - -*/
FoamFile
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version 2.0;
format  ascii;
class  volSymmTensorField,;

object  tau;

}

//*************************************/l

dimensions [1-1-20000];
internalField uniform (00000 0);
boundaryField

{

outlet

{
type cyclic;

}

inlet

{
type  cyclic;

}

bottom

{
type symmetryPlane;

}
left

{

type symmetryPlane;

}
top
{

type zeroGradient;

right

\A¥



type zeroGradient;

}
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[\ / Field | OpenFOAM Extend Project: Open Source CFD|
| \ / Operation |Version: 1.6-ext |

| W/ And | Web:  www.extend-project.de |
| \V M anipulation | |
A\ o */
FoamFile

{

version  2.0;

format ascii;

' Gaussian integral
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class  dictionary;

object  controlDict;

}

//************************************'k//

application viscoelasticFluidFoam;
startFrom latestTime;
startTime 0.0;

stopAt endTime;

endTime le-2;

deltaT le-12;

writeControl adjustableRunTime;
writelnterval le-5;

purgeWrite 0;

writeFormat ascii;
writePrecision 6;

writeCompression uncompressed;

timeFormat general,
timePrecision 6;
graphFormat raw;,

runTimeModifiable yes;
adjustTimeStep  on;

maxCo le-6;
maxDeltaT le-8;

// *hhkkkhkhkkkhhkhkkhhkhkkhhhkkhhhkhhhkkhhhkhkhhkhhhkhkkhhkhkhhhkkihhkkhhhkkhhhkkhkhhkkhkihkkhihkkiihkkiik //
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[\ / Field | OpenFOAM: The Open Source CFD Toolbox|
| W\ / O peration | Version: 1.4 |

| W/ And | Web:  http://www.openfoam.org |
| \V M anipulation | |
K oo */
FoamFile
{

version 2.0;

format ascii;

root

case

va



instance

local
class volVectorField;
object U;

//*************************************/l

dimensions [01-10000];
internalField uniform (000 );
boundaryField

{

axissymm

type empty;
}

outlet

{

type zeroGradient;

}

inlet

{

type timeVaryingUniformFixedValue;
outOfBounds clamp;

fileName "inlet3.dat";

value uniform (000) ;

}
wall
{
type fixedValue;
value uniform (000);
}
frontAndBackPlanes
{



type empty;

}
frontAndBackPlanes_pos
{

type wedge;
}
frontAndBackPlanes_neg
{

type wedge;
}

¥

// *hhkkkhkhkkkhkhkhkkhkhkhkkhhhkkhhhkkhhhkhhhkhhhkhkkhhkhkkhhkhkkhhhkkihhkkhhikkihhkkhhihkkhkihkkhihkkhihkiiikk //

S Lempty o5, bys glyls axissymm s frontAndBackPlanes gaxio g0 LB oyl jo

Do (4D )0 g kbl e g ool Julatue oS adgl (g4l @ 3laie Slmbo (e AL oo
ol=as frontAndBackPlanes_neg ¢ frontAndBackPlanes_pos (gamaos g0 .ai,lai ks
ks (S0 by (gl el oo soliiwl Wedge (5,0 by 5l oyl sl g aiil oo 05 sl
2 8o bt ol wesd 09250 [V ] a2 5 5l osts (6,5 05lail (slace s 51 Jgaz o 539,90
Sgu oo 0d8live a5 Ao Lo 005 o Jles! timeVaryingUniformFixedValue lawgs l580e 5
@ bgye gleosls ol iles o 1) s s 4y gy o slaosls inlet3.dat L 51 o550 b i oyl
g wyd b olis] (gl gl sols 8 Lol salgs 40 9 00,5 03 BB ol ol e

Sl oals ooly joled b1 ol aalsl jo dacue pw
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( 0.01 (0.003560606060606 0 0))
(0.022500000000000 ( 0.003409090909091 0 0))
(0.035000000000000 ( 0.003409090909091 0 0))
(0.060000000000000 ( 0.004924242424242 0 0))
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(0.085000000000000
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(0.135000000000000
(0.160000000000000
(0.172500000000000
(0.185000000000000
(0.197500000000000
(0.203750000000000
(0.210000000000000
(0.216290000000000
(0.228700000000000
(0.247500000000000
(0.260000000000000
(0.278750000000000
(0.285000000000000
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[\ / Field | OpenFOAM: The Open Source CFD Toolbox|
| A\ / O peration| Version: 1.4 |
| W/ And | Web:
| \V M anipulation | |
--*/

http://www.openfoam.org |

FoamFile

{

version 2.0;
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format ascii;
root
case
instance
local
class volScalarField,;
object p;
}

//*************************************//

dimensions [02-20000];
internalField uniform O;

boundaryField

{
axissymm
{
type empty;
}
outlet
{
type fixedValue;
value uniform 0 ;
}
inlet
{
type zeroGradient;
}
wall
{
type zeroGradient;
}
frontAndBackPlanes
{
type empty;

AY



}
frontAndBackPlanes_pos

{

type wedge;
}
frontAndBackPlanes_neg
{

type wedge;
}

}
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[\ / Field | OpenFOAM: The Open Source CFD Toolbox |
| W/ Operation |Version: 1.4.1-dev |

| W/ And | Web:  http://www.openfoam.org |
| \WV M anipulation | |
\* ___________________________ - ____*/
FoamFile
{

version 2.0;

format ascii;

root "/home/jovani/jovaniFoam/foamNewSolver/cases/recentCases/upwind™;
case "Giesekus";

instance "0";

local "

class volSymmTensorField,;

object tau;
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//*************************************/l
dimensions [1-1-20000];

internalField uniform (00000 0);

boundaryField

{
axissymm
{
type empty;
¥
outlet
{
type zeroGradient;
¥
inlet
{
type fixedValue;
value uniform (0000 0 0);;
¥
wall
{
type zeroGradient;
¥
frontAndBackPlanes
{
type empty;
¥
frontAndBackPlanes_pos
{
type wedge;
¥

frontAndBackPlanes_neg

AD



type wedge;

}

//****************************************************************** //

9 Sy boyd 5l il ged saam aSS glyls atidS sla b a4 cons 35 LB

$055 5 DY¥oles ilsianS so550  bspe slo bl 050 ,5 o gy S slo ol 4l

loepdgs 555 o0 03liims] 5 iy DML 5l g aLSE Bl yeeis e |, SYolae olfiws >

alsl ,o conrolDict L .azd 5 138 cwyp 9)90 a9l slagl > idu j0 BB s cpl ael e

;»3; A.Q‘ﬁ? )‘)3 I Oy90 g Sl 00U 00l u,wLo.i

T — LT O R — *\
|::::::::: | |
[\ / Field |OpenFOAM: The Open Source CFD Toolbox |
| W/ Operation | Version: 1.4.1 |

| W/ And | Web:  http://www.openfoam.org |
| \V  Manipulation| |
\* _________________________________ — __*/
FoamFile

{

version 2.0;

format ascii;

root "/opt/OpenFOAM/jovani-1.4.1/run/tutorials/viscoelasticFluidFoam™;
case "Giesekus";

instance "system";

local "";
class dictionary;
object controlDict;

}

//*************************************//

application  viscoelasticFluidFoam;

Af



startFrom  latestTime;
startTime  0.0;

stopAt endTime;

endTime .3225;

deltaT le-11;

writeControl adjustableRunTime;
writelnterval .0005;

purgeWrite  0;

writeFormat  ascii;
writePrecision 6;
writeCompression uncompressed;
timeFormat  general;
timePrecision 6;

graphFormat  raw;
runTimeModifiable yes;
adjustTimeStep on;

maxCo 0.005;

maxDeltaT  le-7;

//*********************************************************** //
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douond — &I

o

12355 ol o sl e S5 p 5 js oad esliul (goae oS

clc
clear all
format long

3This program is based on formulation of Computational Methods For
fluid
%Dynamics - J.H.Ferziger , M.Peric

% Geometry is newtonian fluid between 2 infinite plates
% We solve flow for half od domain ( use symmetry condition )

%3Geometry concide to matrix form:

& mmm————- >y inlet (first row)

% M mmm e

% I I I

% | wall (first column) | | symmetry(last column)

CA I I

% M mmm e

% X outlet (last row)
=
g specifying parameters of problem------------
=

nt=60000, $number of itteration

desired conError=le-6; %desired error for continuty ( if there
was v=0 at outlet)

desired LSerror=le-6; %desired error for solving system of linaer
equation related to u*

dt=le-4; $time step

Re=0.5; $Reynold number

BC=1, %Velocity in inlet ( dimensionless velocity)
etap=0.1;

etas=0.9;

We=10,

beta=0.1;

lal=1,

la2=0.1;%(l1-beta) *lal,

E=We/Re;

n=40; $--->>>>> NOTE: Number of general grid nodes in X-direction (
Direction of increasing row of matrix)

m=10; 3--->>>>> NOTE: Number of general grid nodes in Y-direction

( Direction of increasing columns of matrix)
$--->>>>> NOTE: Flow direction is X-direction

y=linspace (0,1,m+1), % length of Geometry in y direction is 1
x=linspace (0,4 ,n+1) % length of Geometry in x direction is 25
dx=x(2)-x(1);
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dy=y(2)-y (1),

% size of matrix is duplicate of general nodes plus 4 (2*n+4,2%*m+4)
% it contain all nodes in staggered grid plus two node before first
node on

% boundary and one node after last node on boundary

%%%%%%% additional description

% for pressure: 4,4 & 2*n+2,4 & 4,2*m+2 & 2*n+2,2*m+2 are corners
nodes in domain

% for u: 3,4 & 3,2*m+2 on inlet boundary - 2*n+3,4 2*n+3, 2*m+2 on
outlet boundary

% for v: 4,3 & 2*n+2,4 is on symmetry boundary - 4,2*m+3 2%*n+2,2*m+3
on wall boundary

p=zeros (2*n+4,2*m+4) ; $pressure
pnew=zeros (2*n+4,2*m+4) ; %new pressure
=zeros (n*m,1) ; 3B of [A]*[X]=[B] equation which solve
poission equation
a=zeros (n*m,n*m) ; %A of [A]*[X]=[B] equation which solve

poission equation

u=zeros (2*n+4,2*m+4) ; %Velocity in x direction

us=zeros (2*n+4,2*m+4) ; Su*

usold=zeros (2*n+4,2*m+4) ; %old u* (this is using only for compute
error of results of system of equations related to u* )

uss=zeros (2*n+4,2*m+4) ; gu**

unew=zeros (2*n+4,2*m+4) ; %u(n+1)

Hun=zeros (2*n+4,2*m+4) ; %Part of u* which related to last step

(n) and doesn't change in itteration of compute u*

v=zeros (2*n+4,2*m+4) ;
vs=zeros (2*n+4,2*m+4) ;
vsold=zeros (2*n+4,2*m+4) ;
vss=zeros (2*n+4,2*m+4) ;
vnew=zeros (2*n+4,2*m+4) ;
Hvn=zeros (2*n+4,2*m+4) ;

tuxx=zeros (2*n+4,2*m+4) ;
tuyy=zeros (2*n+4,2*m+4) ;
tuxy=zeros (2*n+4,2*m+4) ;

tuxxnew=zeros (2*n+4,2*m+4) ;
tuyynew=zeros (2*n+4,2*m+4) ;
tuxynew=zeros (2*n+4,2*m+4) ;

Htuxx=zeros (2*n+4,2*m+4) ;
Htuyy=zeros (2*n+4,2*m+4) ;
Htuxy=zeros (2*n+4,2*m+4) ;
tuxx0=zeros (2*n+4,2*m+4) ;
tuyyO=zeros (2*n+4,2*m+4) ;
tuxyO=zeros (2*n+4,2*m+4) ;

tuxxw=zeros (2*n+4,1) ; $tau (xx) of wall
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tuxxwnew=zeros (2*n+4,1) ;

tuxyw=zeros (2*n+4,1) ; %tau (xy) of wall
tuxywnew=zeros (2*n+4,1) ;

UData=zeros (nt,n+1,m+2); %$matrixes which save
VData=zeros (nt,n+2,m+1) ;

conError01d=0, %old continuty error
conErrorCell=zeros (n,m); %check continuity in all cell
uend=[],;

ceoForMonitoring=0.1;

% Because in AX=B A is contant we use LU complete decomposiotion for
solving poission equation

% First we make A matrix after use a quick algorithm for this
decomposition which described in:

% "Numerical Methods in Engineering with MATLAB" JAAN KIUSALAAS (
Second Edition ) pages : 43-44

for i=l1:n
for j=1:m

s=(i-1) *m+j; %--->NOTE: computating number of realted row for
each node in AX=B matrix

a(s,s)=-2/dx*2-2/dy*2; %coeficient of central node p(i,7j)

if i~=1

a(s,s-m)=1/dx*2; %coeficient of top node p(i-1,7)

else

a(s,s)=a(s,s)+1/dx*2;

$---->NOTE: because of zero gradiant of pressure on boundary

the velue behinde the inlet bonudary is equal to first node in the
zone
end

if i~=n

a(s,s+m)=1/dx*2; $%$bottom node P (i+1,7)
else

a(s,s)=a(s,s)+1/dx*2;

end

if j~=1
a(s,s-1)=1/dy*2; %left node P (i, j-1)
else
a(s,s)=a(s,s)+1/dy*2;
end

if j~=m
a(s,s+l)=1/dy*2; $%$Right node P (i,j+1)
else
a(s,s)=a(s,s)+1/dy*2;
end
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% part of algorithm of LU decomposition which doesn't change for every

step

nl = size(a,1);
for k = 1:n1-1
for i = k+1:nl1

if a(i,k) ~= 0.0

lambda = a(i,k)/a(k,k);

a(i,k+l:nl) = a(i,k+1:nl) - lambda*a(k,k+1:nl);,
a(i,k) = lambda,

end

end

for ii=1:nt

midCounter=0, %counter of outer steps
ceo=10;
g - part of equations related to old step (n)

for i=4:2:2%*n
for j=4:2:2*m+2

Hun (i+1,j)=...
0.5%( - (1/dx) *0.25 *(u(i+3,j)+u(i+1,j))*2 ...

+ (1/dx) *0.25 *(u(i+l,j)+u(i-1,3))"*2 ...

- (1/dy) *0.25 *(u(i+1,3j)+u(i+l,j+2))
*(v(i,j+1)+v(i+2,j+1)) ...

+ (1/dy) *0.25 *(u(i+l,j)+u(i+1,3j-2)) *(v(i,j-
1)+v(i+2,3j-1)) .
(1/Re) *(la2/lal) *(1/dx"2) *( u(i-1,7) -2*u(i+l1,3)

+

+u (i+3,7) )

* .

(1/Re) *(la2/lal) *(1/dy”*2) *( u(i+l,j-2) -2*u(i+l1,7)
+u(i+l,j+2) ) ...
+ (1/Re) *(tuxx(i+2,j)-tuxx(i,j))/dx ...

+ (1/Re) *((tuxy(i,j+2)+tuxy(i+2,j+2))-(tuxy(i,j-
2)+tuxy (i+2,j-2))) /4/dy...
) ...
- (1/dx) *(p(i+2,j)-p(i,3) )~

end
end
for i=4:2:2*n+2

for j=4:2:2*m

Hvn(i,j+1)= ...
0.5%( - (1/dx) *0.25 *(u(i+l,j)+u(i+1,j+2))
*(v(i,j+1)+v(i+2,3+1)) ...
+ (1/dx) *0.25 *(u(i-1,j)+u(i-1,3+2))  *(v(i,j+1)+v(i-
2,j+1))
- (1/dy) *0.25 *(v(i,j+3)+v(i,j+1))*2 ...
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+

(1/dy) *0.25 *(v(i,j+1)+v(i, j-1))"2 ...
(1/Re) *(la2/lal) *(1/dx"2) *( v(i-2,j+1) -2*v(i,j+1)

+

+v(i+2,3+1) ) ...
(1/Re) *(la2/lal) *(1/dy*2) *( v(i,j-1) -2*v(i,j+1)

+ .

+v (i, j+3) ) ...
+ (1/Re) *((tuxy(i+2,j+2)+tuxy(i+2,7j))- (tuxy(i-
2,j+2)+tuxy(i-2,37))) /4/dx ...
+ (1/Re) *(tuyy(i,j+2)-tuyy(i,3j)) /dy ...
). ..
- (1/dy) *(p(i,j+2)-p(i,3) );
end
end

for i=4:2:2*n+2
for j=4:2:2%*m+2

Htuxx (i, j)= 0.5 *( (-dt/We) *tuxx (i, j) ...

+ (dt*2/We/dx)*(1-la2/lal)*(u(i+1,7j)-u(i-1,3))
(dt/4/dx) *(u(i-1,j)+u(i+1,3j)) *(tuxx(i+2,j)-tuxx(i-2,3))...
- (dt/4/dy) *(v(i,j-1)+v(i,j+1)) *(tuxx(i, j+2)-tuxx(i,j-2))...
+ (dt*2/dx) *tuxx(i,j) *(u(i+l,j)-u(i-1,37))...
(dt*2/dy/4) *tuxy(i,j) *( (u(i+l,j+2)+u(i-1,j3+2)) - (u(i+1,j-
2)+u(i-1,3-2)) ) );

+

Htuxy(i,j)= 0.5 *( (-dt/We) *tuxy (i,7) ...

+ (dt/We/dy/4)*(1-1la2/lal) *( (u(i+l,j+2)+u(i-1,j+2)) - (u(i+1,j-
2)+u(i-1,3-2)) )...

+ (dt/We/dx/4)*(1-1la2/lal) *( (v(i+2,j+1)+v(i+2,5-1)) - (v(i-
2,j+1)+v(i-2,3-1)) ) ...

- (dt/4/dx) *(u(i-1,3j)+u(i+1,j)) *(tuxy(i+2,j)-tuxy(i-2,37))...

- (dt/4/dy) *(v(i,j-1)+v (i, j+1)) *(tuxy(i,6j+2)-tuxy(i,j-2))...

+ (dt/dx) *tuxy(i,j) *(u(i+l,j)-u(i-1,3))...

+ (dt/4/dy) *tuyy(i,j) *( (u(i+l,j+2)+u(i-1,3+2)) - (u(itl,j-
2)+u(i-1,3-2)) )...

+ (dt/4/dx) *tuxx(i,j) *( (v(i+2,j+1)+v(i+2,j-1)) - (v(i-
2,j+1)+v(i-2,3-1)) )...

+ (dt/dy)  *tuxy(i,j) *(v(i,j+1)-v(i,j-1)) )

Htuyy (i, j)= 0.5 *( (-dt/We) *tuyy (i,3) ...
+ (dt*2/We/dy) *(1-la2/lal) *( v(i,j+1)-v(i,j-1) )...
- (dt/4/dx) *(u(i-1,3j)+u(i+l,3j)) *(tuyy(i+2,3j)-tuyy(i-2,3))...
- (dt/4/dy) *(v(i,j-1)+v(i,j+1)) *(tuxy(i,j+2)-tuxy(i,j-2))...
+ (dt*2/dx/4) *tuxy(i,j) *( (v(i+2,j+1)+v(i+2,j-1)) - (v(i-
2,j+1)+v(i-2,3-1)) )...
+ (dt*2/dy) *tuyy(i,j) *(v(i,j+1)-v(i, j-1)) )
end

G e e e — — — — — — — — — ———————— — i ————

% 8BC of analytical solution--------———————————— -
BCO=zeros (1,m);

T=(ii-1)*dt;

temp0=1,

for Y=dy/2:dy:1-dy/2

oe oo

oe oP op
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sumb=0;,
for i=1:5
npp=(2*i-1) *pi;,
alphaN=1+0.25%beta*E*npp*2;
temp=alphaN*2-E*npp*2,
lambdaN=1-0.25%* (2-beta) *E*npp*2;
if temp>=0
betaN=sqrt (temp) ;
G= cosh (betaN*T/2) + (lambdaN/betaN) *sinh (betaN*T/2)
else
betaN=sqgrt (-temp) ;
G= cos (betaN*T/2) + (lambdaN/betaN) *sin (betaN*T/2)
end

sumb = sumb + npp”(-3) * sin(npp*(1+Y)/2) * exp(-alphaN*T/2) *

N

end

BCO (temp0)= 1.5*%(1-Y*2) - 48 * sumb;,
tempO=tempO0+1;,
end

BC=zeros (1,2*m+4) ;
for i=1:m
BC(1,2*i+2)=BCO0(1,m-i+1),

o0 o0 O o0 o0 O AP oo de AP ) SO0 I P o0 O AP oo de I P oo de oP oo o

de o

BC=sum (BCO0) /m;

while ceo>desired conError
midCounter=midCounter+1;,

% calculating US

us=0.9*%u+0. 1*unew,
vs=0.9%*v+0.1*vnew,
p=0.9%*p+0. 1*pnew;

counterus=1,
counterTau=1;,
LSerror=inf; §-—-—-——=—=——=——— e
while LSerror>desired LSerror
disp('counter midcounter counterus counterTau LSerror Ceo U-
centerLine-outlet')

disp([ii,midCounter, counterus, counterTau,LSerror,ceoForMonitoring,u(2*
n+3,12)])

usold=us,

vsold=vs;

counterus=counterus+1,;

stressError=17;
counterTau=1,
while stressError > desired LSerror
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counterTau=counterTau+l;,
tuxx0=tuxxnew;
tuyyO=tuyynew,
tuxyO=tuxynew,
for i=4:2:2*n+2
for j=4:2:2*m+2

tuxxnew (i, j)= tuxx(i,j) + Htuxx(i,j) + 0.5 * ( ...

(-dt/We) *tuxxnew (i, j) ...

+ (dt*2/We/dx) *(1-la2/lal)*(us(i+1,j)-us(i-1,73))

- (dt/4/dx) *(us(i-1,j)+us(i+1,7j)) *(tuxxnew(i+2,3j)-tuxxnew (i-
2,3))...

- (dt/4/dy) *(vs(i,j-1)+vs(i,j+1)) *(tuxxnew(i,j+2)-tuxxnew (i, j-
2))...
+ (dt*2/dx) *tuxxnew(i,j) *(us(i+l,j)-us(i-1,3))...

+ (dt*2/dy/4) *tuxynew(i,j) *( (us(i+l,j+2)+us(i-1,j+2)) -
(us (i+1,j-2)+us(i-1,3j-2)) ) )7

tuxynew (i, j)= tuxy(i,j) +2*Htuxy(i,j) +0.5* (

(-dt/We) *tuxynew (i, j) ...

+ (dt/We/dy/4) *(1-la2/lal) *( (us(i+1,j+2)+us(i-1,3j+2)) -
(us (i+1,j-2)+us(i-1,3j-2)) )...

+ (dt/We/dx/4)*(1-la2/lal) *( (vs(i+2,j+1)+vs(i+2,j-1)) - (vs(i-
2,j+1)+vs(i-2,3-1)) )...

- (dt/4/dx) *(us(i-1,j)+us(i+1,7j)) *(tuxynew(i+2,3j)-tuxynew (i-
2,3))...

- (dt/4/dy) *(vs(i,j-1)+vs(i,j+1)) *(tuxynew(i,j+2)-tuxynew (i, j-
2))...
+ (dt/dx) *tuxynew (i, j) *(us(i+l,j)-us(i-1,3))...
+ (dt/4/dy) *tuyynew(i,j) *( (us(i+l,j+2)+us(i-1,j+2)) -
(us(i+1,j-2)+us(i-1,3j-2)) )...

+ (dt/4/dx) *tuxxnew(i,j) *( (vs(i+2,j+1)+vs(i+2,j-1)) - (vs(i-
2,j+1)+vs(i-2,37-1)) )...

+ (dt/dy) *tuxynew (i, j) *(vs(i,j+1)-vs(i,j-1)) )

tuyynew(i,j)= tuyy(i,j) +2*Htuyy(i,j) +0.5* (

(-dt/We) *tuyynew (i, j) ...

+ (dt*2/We/dy) *(1-la2/lal) *( vs(i,j+1)-vs(i,j-1) )...

- (dt/4/dx) *(us(i-1,j)+us(i+1,3j)) *(tuyynew(i+2,3j)-tuyynew (i-
2,9))...

- (dt/4/dy) *(vs(i,j-1)+vs(i,j+1)) *(tuxynew(i,j+2)-tuxynew (i, j-
2))...
+ (dt*2/dx/4) *tuxynew(i,j) *( (vs(i+2,j+1)+vs(i+2,j-1)) - (vs(i-
2,j+1)+vs(i-2,3-1)) )...

+ (dt*2/dy) *tuyynew(i,j) *(vs(i,j+1)-vs(i,j-1)) )/

end
end

tuxxerror=max (max (abs (tuxxnew-tuxx0)) ),
tuxyerror=max (max (abs (tuxynew-tuxyO0))) ;
tuyyerror=max (max (abs (tuyynew-tuyyO0))) ;
stressError=max ([ tuxxerror tuxyerror tuyyerror]);

tuxxnew=0.5*tuxxnew+0.5*tuxx0,;
tuxynew=0. 5*tuxynew+0. 5*%tuxy0,
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tuyynew=0. 5*tuyynew+0. 5*tuyy0,
end

% %Calculating Stress on Wall

% tuxywnew(:,1)=exp (-dt/We) *tuxyw(:,1)+(1-1la2/lal)*2*unew(:,5) /dy*(1-
exp (-dt/we) ) ; Stuxyw(:,1)-dt* (tuxyw(:,1) /We-etap/We*
(2*u(:,5)/dx) ) ;

$ tuxxwnew(:,1)=exp (-dt/We) *tuxxw(:,1)+dt* ( 2.*u(:,5)./dy. *exp (-
dt/We) . *tuxyw(:,1) + 2*unew(:,5).*tuxynew(:,1) ) ; Stuxxw(:,1)-
dt.*(tuxxw(:,1)./We+2*tuxy(:,1).* (2*u(:,5)./dx) );

e Boundary Condition of stress------------—------
tuxxnew (2, :)=tuxxnew(4,:),; %inlet

tuxxnew (2*n+4, : )=tuxxnew (2*n+2,:),; % outlet

tuxxnew (: ,2)=tuxxnew(:,4);$2*tuxxwnew(:,1) -tuxxnew(:,4),; %wall
tuxxnew (:,2*m+4)=tuxxnew(:,2*m+2); % symm

tuxynew (2, :)=tuxynew(4,:);%inlet

tuxynew (2*n+4, : ) =tuxynew (2*n+2, :) ; $outlet
tuxynew(:,2)=tuxynew(:,4);%2*tuxywnew(:,1) -tuxynew(:,4);%wall
tuxynew (: ,2*m+4)=tuxynew(:,2*m+2) ; $symm

tuyynew (2, : )=tuyynew (4, :);%inlet

tuyynew (2*n+4, : )=tuyynew (2*n+2, :) ; Soutlet
tuyynew(:,2)=tuyynew(:,4);%wall

tuyynew (: ,2*m+4)=tuyynew (:,2*m+2) ; $symm

for i=4:2:2%*n
for j=4:2:2*m+2

us(i+l,j)=u(i+l1,j)+ dt * ( Hun (i+1,3j)+. ..
0.5*%( - (1/dx) *0.25 *(us(i+3,j)+us(i+1,j))*2

+ (1/dx) *0.25 *(us(i+l,j)+us(i-1,3))*2

- (1/dy) *0.25 *(us(i+l,j)+us(i+1,j+2))
*(vs(i,j+1)+vs(i+2,5+1))

+ (1/dy) *0.25 *(us(i+1,j)+us(i+1,j-2)) *(vs(i,j-
1)+vs(i+2,j-1)) ...
+ (1/Re) *(la2/lal) *(1/dx*2) *( us(i-1,3) -
2*us (i+1,j) +us(i+3,7) ) ...

+ (1/Re) *(la2/lal) *(1/dy*2) *( us(i+l,j-2) -
2*us (i+1,3j) +us(i+l,j+2) ) ..

+ (1/Re) *(tuxxnew(i+2,j)-tuxxnew(i,j))/dx ...

+ (1/Re) *((tuxynew (i, j+2)+tuxynew (i+2,j+2))-
(tuxynew (i, j-2) +tuxynew (i+2,3j-2))) /4/dy. ..

) ) ;
end
end

for i=4:2:2*n+2
for j=4:2:2%*m
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vs(i,j+1)=v(i,j+1)+dt * ( Hvn (i, j+1)+
0.5*%( - (1/dx) *0.25 *(us(i+1,3j)+us(i+1,j+2))

*(vs(i,j+1)+vs(i+2,j+1)) .

+ (1/dx) *0.25 *(us(i-1,3j)+us(i-1,3j+2))
*(vs(i,j+1)+vs(i-2,j+1))

- (1/dy) *0.25 *(vs(i,j+3)+vs(i,j+1))"2

+ (1/dy) *0.25 *(vs(i,j+1)+vs(i,j-1))*2

+ (1/Re) *(la2/lal) *(1/dx"2) *( vs(i-2, J+1)
2*vs (i, j+1) +vs(i+2,3+1) ) ...

+ (1/Re) *(la2/lal) *(1/dy*2) *( vs(i,j-1)
2*vs (i, j+1) +vs(i,j+3) ) ...

+ (1/Re) *((tuxynew(i+2,3j+2)+tuxynew(i+2,7j))-
(tuxynew (i-2, j+2) +tuxynew(i-2,3))) /4/dx ...

+ (1/Re) *(tuyynew(i,j+2)-tuyynew(i,j)) /dy ...

) )/
end
end

userror=max (max (abs (us-usold)) ),
vserror=max (max (abs (vs-vsold)) ),
LSerror=max ([userror vserror ]);,

us=0.5*us+0. 5*%usold;,
vs=0.5%vs+0.5*%vsold;,

%Bondary condition-------

us(3,:)=us(5,:);, %top-inlet
us (2*n+3,:)=us (2*n+1,:),; $bottom - outlet
us(:,2*m+4)=-us(:,2*m+2) ; dright - symmetry
us(:,2)=2-us(:,4), %left- wall
vs(2,:)=vs(4,:), Ztop
vs(2*n+4,:)=vs(2*n+2,:); gbottom
vs(:,2*m+3)=0, %right

Vs( ,3)=0, %left

= ¢ o R e e e e
uss=us,

VSS=vVs;,

%calculating UssS-———————— === - - - - mm—mm
for i=4:2:2*%*n
for j=4:2:2*m+2

uss (i+l1,j)=us (i+1,j)+ dt * 0.5 * (1/dx)* (p(i+2,3)-p(i,F)) -

end
end

for i=4:2:2*n+2
for j=4:2:2*m

vss(i,j+1)=vs(i,j+1)+ dt * 0.5 * (1/dy) *(p(i,j+2)-p(i,3));

AR



end

enNdd—— - o

$ P(n+l) —————— e e
g————- First Solving Ax=B---—-———————-—

g------- A is calculated at first of program and is constant-------
g Now calculating B------—-—-—-—————————-—-—

%second part of the Alogorithm of that book (told befor)-----------
temp=1,
for i=4:2:2*%*n+2
for j=4:2:2%*m+2
B(temp,1)= (2/dx/dt) *(uss(i+l,j)-uss(i-1,7)) + (2/dt/dy)
*(vss (i, j+1)-vss (i, j-1)) ;
temp=temp+1,;
end
end

if size(B,2) > 1; B = B'; end

nb = length (B),;

for k = 2:nb

B(k) = B(k) - a(k,1:k-1)*B(1:k-1),

end

for k = nb:-1:1

B(k) = (B(k) - a(k,k+1:nb)*B(k+1:nb))/a(k, k),
end

$mapping X vector on p MatriX————————— ==
temp=1,
for i=4:2:2%*n+2

for j=4:2:2%*m+2

pnew(i,j)=X(temp,1);
temp=temp+1;

S UNEW & VIEW———— = — = = o e e e e e

for i=4:2:2%*n
for j=4:2:2*m+2

unew (i+1,j)=uss (i+1,3j)- (dt/dx/2) *(pnew(i+2,j)-pnew(i,j));

end
end
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for i=4:2:2%*n+2
for j=4:2:2%m

vnew (i, j+1)=vss (i, j+1)- (dt/dy/2) *(pnew(i,j+2)-pnew(i,3j)),

%Bondary condition--—--———————— - m e — -

unew (3, :)=unew(5,:), $top-inlet

unew (2*n+3, :)=unew (2*n+1, :) ,; $bottom - outlet
unew(:,2*m+4)=-unew(:,2*m+2) ; $right - symmetry
unew(:,2)=2-unew(: ,4) %left- wall

vnew (2, :)=vnew(4,:),; $top

vnew (2*n+4, :)=vnew (2*n+2,:) ; $bottom

vnew(:,2*m+3)=0, $right

vnew(:,3)=0, %left

% _____________________________________________________________________
% % compute continuty error if v=0 in outlet was satisfied

% % conError=abs (sum(unew(2*n+3,4:2:2*m+2) ) -sum(unew (3,4:2:2*m+2))),

% % conErrorOld=conError;,

%compute continuty in all cells of domain------—-————-—-———————-——-—
for i=4:2:2*%n+2

for j=4:2:2*m+2

conErrorCell ((i-2)/2, (j-2)/2)=(unew(i+1,j) -unew (i-

1,7))*dy+(vnew(i,j+1)-vnew(i,j-1)) *dx;

end
end
ceo=max (max (abs (conErrorCell))),;
ceoForMonitoring=ceo,

Q

% U & V without unused nodes for saving result
Usmall=u(3:2:2*n+3,2:2:2*m+4) ;
Vsmall=v (2:2:2*n+4,3:2:2*m+3) ;

%saving result
UData (ii,:, :)=Usmall,
VData (ii,:,:)=Vsmall,

u=unew;,
v=vnew,
p=pnew;
tuxx=tuxxnew,

AR



tuxy=tuxynew;
tuyy=tuyynew;

uend=[ uend u(2*n+3,12)];,

end

$plot contour of U -—-—-—----------- -
qg=u(3:2:2*n+3,4:2:2*m+2) ;

[m3 n3]=size(qq),
contourf(1:n3,1:m3,9q);3-—————————-----—--—-—————————————
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Abstract

In present study unsteady flows are viscoelastic fluids are studied. The focus of
study is on flows in closed channel. In first step numerical algorithms are
compared. Fractional step was used to solve simple Coette flow. This method is
suitable for shear flows like Coette flow and flow between two circulating
cylinders. But this method doesn’t work for pressure driven flows. This
algorithm has problems with problems that include flows. PISO and SIMPLEST
are best algorithms for unsteady viscoelastic flows in FVM method.

OpenFOAM is open-source software that include have codes which solve
viscoelastic fluid flows with PISO algorithm. This software was used to solve
flows equations. In order to solve n simple flows, an applied flow was selected.
This flow is blood flow in arteriole. In former study has shown than blood has
viscoelastic properties in small vessels. For this purpose a non-linear viscoelastic
model was used. There isn’t any study which simulates blood with non-linear
viscoelastic models. Giesekus model was used in this study. It’s shown that only
non-linear viscoelastic models can describe blood viscosity behavior in small
shear rates. Best magnitude for Giesekus models constant was derived by using
experimental data about changing blood viscosity with shear rate. Experimental
data about velocity in arteriole of mouse was used for inlet velocity. Results
shown that Giesekus model have good ability to simulate wall shear stress of
blood.

Secondary flow in straight pipes with non-circular cross section is a classical
problem in non-Newtonian fluid mechanics. There are many studies about this
flow. But there isn’t any study about unsteady case of this problem. Present
work is first study about unsteady flows of secondary flows in straight pipes.
Flow was simulated in straight pipe with square cross section. Flow was solved
in three dimensions. Fully developed condition was used for inlet and outlet.
This assumption reduced grid size but equations are solved in three dimensions.
Effects of elastic number and mobility factor were studied. Flow is pressure
driven. There are oscillations in starting of flows. Amplitude of oscillations has
increased by increasing elastic number and mobility factor. Frequency of

oscillations was decreased by increasing elastic number and mobility factor.
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