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Solution 1o (Pas) Neo (Pas) A(s) a n y(™H Average error (%)
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Vol e gRe= e+ o SlatS )l s b Jols s (F2Y) Jsds

It 8t T St ACL Cp,., Cp,,
100 0.05 6.0816 0.1644 0.2901 1.3806 1.3659
200 0.05 6.1150 0.1633 0.2790 1.3838 13721
300 0.05 6.1334 0.1630 0.2746 1.3903 1.3771
600 0.025 6.1643 0.1622 0.2673 1.4025 1.3897
900 0.025 6.1810 0.1618 0.2663 1.4133 1.4005

1200 0.025 6.1961 0.1614 0.2662 14221 1.4092
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I | viscod asticFluidFoam

viscoel asti cFluidFoam.C

createField.H

—I_C Make (compilation directory)

| files(Compilation file)

——— options (Compilation file)

viscoelasticFluidFoam |5 > ,ti>Lw 0-F S

1 Main sourcefile
2 Header file
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Jiw o LLL (Laminar) of,1 oL,> J> ,slaie 4 viscoelasticFluidFoam 5 |~

Sl a8,5 18 5 ool 50 l58le 5 j0 g 85l 8 18 S YgSn
$FOAM APP/solvers/viscoelastic/viscoelasticFluidFoam
g (pogo L) QS):;-o)'L\.S‘ alayl, ‘Gi...ua.u O3l 5l o le oS3k dlus o r‘,SL>- SYoleo

1 sl e LU b 0515 ol sl (Shosey o588 5,5 aloles

r.U=0 (Ya-%)

4 OpenFOAM  l38ls 5 1o Swgm dloles g o5 0l oo ey S pae U ol o a5

DSl e gy Oyge

fvec::div (phi)

Dgd oo olgSl B Lol oSy LB cpl g o,ls 13 "continuityErrsH" LG o oS oyl
ol oa 0851 5y 50 bl pl eliws oyl

$FOAM SRC/finiteVolume/cfdTools/incompressible

Dbl e aaly O jge 4 SYIESus g Jew by sl S 5o ojlasl aolre oy pas
9(pV) _ .
T+V.(pUU) =-Vp+V.1,+ V.1, (Fe-£)
ot Ts 8 Bymo Py o U Jlow NS P ol S8 S 0 o5 slailan
2 <Syeojlail dolae cay i alli oo Gpendy ool 31 AL ST, 5 e P i

Al e p) Oye0 4 OpeNFOAM |53l

Tmp<fvVectorMatrix> Ueqn
(
( fvm: :ddt (U
( + fvm::div (phi, U
- Visco.divTau (U)

);
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Ueqgn () .relax () ;

solve (UEgqn == -fvc::grad(p)):
) Sl a8 3 1,8 5 eyol jo 9wl e ViscoelasticFluidFoam.C" LG jo oS !

03,51 @ Cewgey 50 i 4 hendis sl ) Jos reizman 5 2k, Slides iy g

$FOAM APP/solvers/viscoelastic/viscoelasticFluidFoam

pY lanl bl co SO (S50, Joe dllae (pl jo ool aid I Jlas o o LS Ls dolas

30,5 zlhzwl ol ey0 5l sole Briw b el
A
T + Aty + e - (o) Toeny) = 20D (*1-¢)
A
T = (20,0 = T = o (75 7))/ (rv-¢)
Dl Ol 25 Doge & Syl G5 5l Sl (S800 (358 Fie

Tpa) = %Tp —[vuT.z,] = [z, Vu] (rv-¢)

D d
=5t Ve, (F6-¢)

A dolez dsec g abal, (YY-F) dolee o (YF-F) o(YV-Y) Ly, 6,550 L
9 anD_Tp_“k%(Tp-Tp)(ro_i)

T, +U.Vt, — [‘L’p. VU + (7. VU)T] =1 =

at Ak

A
2n,D-1p —ak%(Tp.rp)

A

2ty +U.VT, = t[e U+ (g )] )
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volTensorField L fvc::grad(U());

C ole b ey Lol 5 15 i o palols o

volTensorField C

Il
o+
1)
c
[°s]
=

twoD & )le b JSo psd 75 j9mals pl g0 %

volSymmTensorField twoD = twoSymm (L) ;
3wy Duge 4 WSS oSl dole YUy cas Lo slasilwosls a4 4 L

B9 o OpenFOAM l5dls 3

// Stress transport equation
tmp<fvSymmTensorMatrix> tauEqgn
(

( fvm::ddt (tau_

( + fvm::div (phi(), tau

etaP_ / lambda * twoD

( + twoSymm ( C
( - (alpha / etaP ) * ( tau_ & tau_
( - fvm::Sp(l/lambda , tau_

) ;
tauEgn () .relax();
solve (tauEqn) ;

P aS ol 18 8l e s s pg wyol o BB cpl g il o GiesekusC Ll o oS oy

o9 g sl b Lol oS

SFOAM SRC/transportModels/viscoelastic/viscoelasticLaws/Giesekus
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$FOAM TUTORIALS/viscoelasticFluidFoam/Giesekus

3,18 g9 "system” , "constant”, "0" slapl a4 adg ;4w " Giesekus' abg Jls o

@ledda n) 9l oo 43,5 Hlai )3 Al sl o5 lapelass Bllas «silaJoe plonil 5l any o5
Aloads (g )I38pL olacl b aS sladadg nj 5l plaS ;o 0l wales obwl J> gley slapl b
SF S G50 oged po abbise ey ol jo soue U 5l Jeols sla il polie 5Ll
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a3l byl 10 09390 slo bl g laasg pl 5l Sy cwyp 4 lais] 4 walsl o .08

D9 50

o (5530 9 gl bl ol Jlosl " 07 alogy —1-F-F

Ot Sl o (65 0 Do (oled sl (5550 Ll et 4 LS Wl > 6l

IS0 95 5l 5 byt 5l eolitul (S adlyoo mand g0 4 Loy e 51 o e sl 50 Ll
E95 Sy 33,5 (o0 et 50 89y 2 Ay o l0ne (sl (6 olie 0550 (pl jo 4 ol
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p JLid e ol oudass
U ey 0 dal s i
tau O Sy lpd eedais

taufirst Jol 050 ,0 i (650 dayl s eudiis

. | [ constant ol yolie 5 4Kl Gy
— |f polyMesh 77 3 5= 2

viscoelasticProperties  .u¥lgSuys Jlow ols>

_ I_C system > slapolass
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dimensions [0 2 -2 000 O0];
internalField uniform 0;
boundaryField
{
CYLINDER
{
type zeroGradient;
}
DOWN
{
type symmetryPlane;
}
OUTLET
{
type fixedValue;
value uniform 0O;
}
UP
{
type symmetryPlane;
}
INLET
{
type zeroGradient;

YA
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! 00 °°)9—‘ Cas pw LgLasta’;.’J 4 -109-3)»0 N\J 2y e Sl 00 w)f )-"" ) o )'.")'3
dimensions [0O1 -1 000 0],

internalField uniform (0 0 0);

boundaryField
{
CYLINDER
{
type fixedValue;
value uniform (0 0 0);
}
DOWN
{
type symmetryPlane;
}
OUTLET
{
type zeroGradient;
}
UP
{
type symmetryPlane;
}
INLET
{
type fixedValue;
value uniform (0.017 0 0);

oS S5 adsl s ol daufirst tau LG O
Loj o 5 Sy (6l G Jgl 09 uize g G5 (6550 5 adsl nolie )5S0 Llé 50 o
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internalField uniform (0 0 0 0 0 0);

boundaryField
{
CYLINDER
{
type zeroGradient;
}
DOWN
{
type symmetryPlane;
}
OUTLET
{
type zeroGradient;
}
Up
{
type symmetryPlane;
}
INLET
{
type fixedValue;
value uniform (0 0 0 0 O 0);
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b a ady ol wgdise canlie pF-F S S50 Jloges 0 45 jgliles adg ol
BB o el san LSas “viscoelasticProperties’ o 4 bl s 4 "polyMesh”

Saoliys 4358 ol SemsWlsSs Sl Sa3sls5, Lols> "ViscoelasticProperties”

Joe S 25 o eizmen g (i 5 (Sogml 0loj (JB speely (Fo53 5 (s D>
Cewl o0l o0l

rheology
{

type multiMode;

models

(
first
{
type Giesekus;
rho rho [1 -3 0 0 0 O O] 803.87097;
etaSs etaS [1 -1 -1 0 0 0 0] 0.002;
etaP etaP [1 -1 -1 0 0 0 0] 0.00487;
lambda lambda [0 O 1 0 0 O O] 235.3;
alpha alpha [0 0 0 0 O O 0] 0.5;
}

}

Slade woal aid)F la o il Sllllae diged S laie 4 05l o0 canlin aF jghiles

Cip @ Gk (59538 5 (e P> Sals anjsSuny AYAY kg/mP Ll JB
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oilg3 1,8 0S50 BB pl ooyl 5l ey g 00l o)1y createFieldsH LG o polie ol ail oo
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)

CYLINDER

{
type wall;
nFaces 196;
startFace 52269;

}

DOWN

{
type symmetryPlane;
nFaces 195;
startFace 52465;

}

UP

{
type symmetryPlane;
nFaces 195;
startFace 52660;

}

OUTLET

{
type patch;
nFaces 124;
startFace 52855;

}

INLET

{
type patch;
nFaces 96;
startFace 52979;

}

frontAndBackPlanes

{
type empty;
nFaces 52672;
startFace 53075;

}

Ll 00 oa)gT ).’) o JJL%

Sy byl L eg cpl bl .l oals solawl Wall gg5 51 (6550 b i oo mlaw <l
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J= ‘51.@”5.33 System asgy -Y-7-¥

a5 ok oo "fvSolution” 4 "fvSchemes” ,"controlDict” slasl 4 bl aw Jolis g oy
39790 Skl 5l Sepe e 4 alsl o g oo a8 S IS 4 Jo anlp slaplas ol

J= %y, ‘.Ja., «controlDict i O
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application viscoelasticFluidFoam;
startFrom latestTime;

startTime 0.0;

StopAt endTime;

endTime 1500;

deltaT 0.028;

writeControl runTime;

writeInterval 2;
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OpenFOAM ,l33ls 5 o il ins sla 5 Jae iy yas (V-F) Jsi

2y s S Jos o3ls wlS
interpolationShemes ot 4y alais oldgye polis
snGradSchemes Jsbo 2 glaw 2 Sges (LolS adlge
gradSchemes kel
divSchemes otz
laplacianShemes Y
timeSchemes p9o 9 Jsl 4o Sloj Grie
fluxRequired oLz s sl 5l 950 e

Sl ol 00 00,91 abg e oS ol el 4 1S Joe pl 5l ST e (gile S 0gu anldl o

oas oolatwl (Crank Nicholson) sl SIS g, 5l Sloy Biiwe dlez (gle dns

ddtSchemes

{
default CrankNicholson 1;

}
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solatul (Glgh) (ot wgS bg, 5l HLed g cepw (Lol S Jold O (g3l atannS jo

R PR

gradSchemes

{
default Gauss linear;
grad (p) Gauss linear;
grad (U) Gauss linear;

Aloas awns Gauss upwind g, 5l eolaiw! b uilsje00 5 Jee Jolds S ox

divSchemes

{
default none;
div (phi, U) Gauss upwind;
div (phi, taufirst) Gauss upwind;
div (tau) Gauss linear;

}

Gauss linear corrected g, 5l cwdY Slee Jols Mo gilo @ o g

el 00l solau

laplacianSchemes

{
default none;
laplacian (etaPEff,U) Gauss linear corrected;
laplacian (etaPEff+etaS, U) Gauss linear corrected;
laplacian((1]A(U)),p) Gauss linear corrected;

b Vsl oSaws Jo ool fvSolution U O
J> 0978 (eizmed 5 (oo sl ke g a3 i odle 40 S > 4 bgyje laplass s
2 0gb oo sl MfvSolution” LB o > slaglae 5l s glp Jas S¥olae olKiws
Sty (il a3l Jols aYolre oKiws > sl OpenFOAM 5L acse 1581 655
5305 o)l g LU a5 pusS (oo gy 4 plsiss ol ol 5 45 000 092y alisee
3 odes yeb a4y a5 e OVole s > sla iy, glel oilgads (V-F) Jgo
U pslite 4 oS wile 553 LLE el 0nd 00,51 5,65 o 41,3 eolizul 3,50 OPENFOAM

39 oo o3l Zaoie (LSS b 5l (s SYslae oliws (6,18
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o3lg wuls Olxpd g
: Preconditioned Bi-Conjugate Gradient solver for asymmetric |duMatrices
PBICG . . .
using a run-time selectabl e preconditiioner.
Diagonal incomplete LU preconditioned BiCG solver derived from the general
BICCG preconditioned BiCG solver PBiCG but with the choice of preconditioner pre-
selected. This solver is present for backward-compatibility and the PBiCG
solver should be used for preference.
Incomplete Cholesky preconditioned CG solver derived from the general
1CCG preconditioned CG solver PCG but with the choice of preconditioner pre-
selected. This solver is present for backward-compatibility and the PCG solver
should be used for preference.
Preconditioned Conjugate Gradient solver for symmetric IduMatrices using a
PCG . -
run-time sel ectable preconditiioner
GAMG | Geometric Agglomerated algebraic M ultiGrid solver

03,9] abgypo oS ol et 4 > sla s 51 SO n 4 by pe Yolas olBws o g caalol o

R KW

9o obol,S (g, 3l eslaunl b jiegh ol o JLad lawe sl OYolee oSiws >

p CG
{

preconditioner

{
type AMG;
cycle W-cycle;
policy AAMG;
nPreSweeps 0;
nPostSweeps 2;
groupSize 4;
minCoarseEqns 20;
nMaxLevels 100;
scale off;
smoother ILU;

}

tolerance le-07;

relTol 0.0;

minIter 0;

maxIter 800;

A
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U BiCGStab
{

preconditioner
{

type Cholesky;
}
minIter 0;
maxIter 1000;
tolerance le-6;
relTol 0.0;

}i
‘eL?LS‘ BiCGStab ooy )] oolawl b G i slaylans Lglﬁ Yol oKiws > e

el oo oolawl OYolre oKiws Jo slp g, e 5l 3 (i lawe gl aS

taufirst BiCGStab

{
preconditioner
{

type Cholesky;

}
minIter 0;
maxIter 1000;
tolerance le-6;
relTol 0.0;

}i
M w‘)..a u.a.&bo&b Ll 00l °‘>)5—‘ )J) ).b PISO )‘)S.u M)Bﬂ‘ a .]og.c).o ul.o*'a.u
el oo 0351 A5 ol aalol Jo > slaylane 51 G e sl p
PISO

momentumPredictor yes;

nCorrectors 2;
nNonOrthogonalCorrectors 1;
pRefCell 0;
pRefValue 0;

}

relaxationFactors

{
P 0.3;
U 0.5;
taufirst 0.3;

}
6‘).1 9 0.3 - o po )‘ U g )Lwﬁ LSLQQLL.Q 6‘).1 é}wgso odlin 45 )5Ja.~Lo.d>

el 0uls 00lawl 0.5 sy o w3l Ce s lous
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solve

fvm::ddt (rho, U)
+fvm: :div (phi, U)

-fvm::laplacian (mu, U)
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Prof. Hrvoje Jasak
Born: 2" March 1970 in Zagreb, Croatia
Full professor, Faculty of Mechanical
Engineering, University of Zagreb, Croatia
Private E-mail Adress:
h.jasak@dial. pipex.com

Dr. Hakan Nilsson
Associate professor, Chalmers University
of Technology in Sweden.
Private E-mail Adress:
hani @chalmers.se

Dr. Bernhard Gschaider

I CE Stromungsforschung GmbH,
Hauptplatz Leoben, Austria

Dr. Henrik Rusche
Born: 4nd October 1970
Associate professor,University of
Hannover, Ger many.
Private E-mail Adress:
henrik.[deleteThis] rusche@web.de

Dr. Hoger Marschall
Associate professor, Technische
Universitit Miinchen.
Private E-mail Adress:
marschall @csi.tu-darmstadt.de

\ov


mailto:h.jasak@dial.pipex.com
mailto:hani@chalmers.se
mailto:rusche@web.de
mailto:darmstadt.de-@csi.tumarschall

15T L 3L auo sloyl380 0 V-

g 990 odd Ll lizl op ol e a4 1581 o g 1581 6 5 dadil]) Arwgy ez gla Jlw o
agi b o il o0ged Com 9550 1381 i 5l o b s (250 (lgie 4 ba)ldl o
A0S Iy Gl 08 2l 5 £95 Sl 5l s a8l e 5 el S5 Cdew 0 1S 00,
Lao 31 St 1 sl 5 53 pyrghe s &0 31515 0l 5,5 I3 3 s Ll s
o9 gl Ol b 3T b e 1531 05 51 il slaplo g bk poi s 5 )l (o las
6 |y alagolyl a8 el (61530 5 1 ol3T l3le 5 olsiice Jlaz] yobo 4 Lol ol o0t ]|
w239 «sS Ll 6l Ol olT 050 50 o518 655 slai e sloml 095 )8
Ol sl 6ol e55 ez ol3T Sl8le 5 5aBs yobo ar ol se Jl38le 5 (pols Sgae g s
) A lee 45 0l o L3l 3l 5
S ge el pyho sl Pl 4y 45 (g kate o (sl sl gzl ez ol Y
il a5 093 5 sl F e g aslig 0,8ee (KigSz gy g anlllas Sz 051V
le Joe @olil ol (gl b rd iy S gt oS 4 g s 0 03sl sl
Dgds oo 0dilg3 mgs gol3T aS ] 5l Sledses b oS dazme a5 Sy ol Y
po—w &3] PMllaol 4y 4 S ey ae slp Ol ss cpl il g aalp ogape g ol v
63T ol sl by iy S aie A5 &) (e yid 35 3590 Ol 5 g 00l 0duels
VI
YU Lyl 5525 b5 5 il i), el Siao o1 138 o5 S, 4 il dzgs il
3o ® ;508 gl dn S e G ST L L e plyie 4 1) 11 e S a8
Aol asls 1y lagalsT ol den o] ol )l5 a5 Wl o jlais s ol5T 15810 5 SO (slasls

s Gk e ysbo a0l 5925 Sl5T 13810 5 555 0955 0oy ilB I (5 4l

Y OA



3 0 sl adsl lasslil b o5 Lol ST 331 63 &) olacusgime olsi s (ilsd
Lo S5y olon b ol axwg g )13 1 py G golil Baao s @8ly 10 i (nl 09 o
il S8 eili (sl " el " g Sl S w55 35 s o3 ol 1,
3529 g ot o5 e o1 slali8le 5 aim e 00,5 e soliiul ol 3l cales (sl Lo sols]
aitee lo Ll aalsl jo aS ol (gl b aie b ol3T Jele st 5l diges S a5l

g o ol

oS e [95 sy j98 -V

(GNUIGPL) 555 555 L jpmme o oS ol b oo 5 05T ole s o (oS5

gty bagt oL Sds oSl 53 148Y o 5o Jale wians cpl ol 00l i
il obml Dl jolipw 5o ook o3l (o) Sen b S gl 555 0l andigs jlls 5 s ol
aiwd b ol jor of5T (slo 1531 o 5 51 aS 5 s g5 WS g 51 Slol3 slaas ;5 .l A8l arwss
S e o3l Sy ol 4wy d S g ol e e LSS Sy
AR eyl e g I3 o (ne bl a5 adly JSis oS sl ) pSed @Bly o
ko B e ook sl g adgl laaS I s cpl Jol (S9id @8 o g WS (s
o) awg Glez il 5l Slolyd cae U ool celi (WS eid/oiS e oe 5L ail o
Vb ol sl IR, 5 ated 08 ole ps (] 4 45 0S5 sle s 00l 53,2
oS5 slmiy Guydeme I allise bele i (nl e 09 5L e Sl SR
5,5 o Lal (UbuNtu) si5gssl 4 (SUSE) 0)9 « (debian) .Luo « (Redhat) cws, 4 e o
Ol Sl s oS el GuSsnd b oS Glagis np o 3l sEgl Jele g

.o)b ‘nl.: 9.‘.:9455

yo4



Gl S 5 a5 b Jole p SRS V-V
) 45l 4 05l sszg cilize sla s, OPENFOAM 38l o 5l eslizusl (o1,
5 ool 4y D90z 4S) S9atng Jsle picns (59, 2 138l o5 5l peiine oozl ()
(el 53l o 5 SBBGl 5 (2 0 s 5 )Pl o5 5l (sogaze slagial g
by a8 pleasly sl osliul L jeang Jolo pinsms 59, 2 1381 5 5l oolitul (¥
P lacusgazme Suul 0¥ 45) S oo (sile dnd jeding Lane y5 1) S 9
(2565 8 azgi oy50 ol ales 5 Slo
S35 2 Silme Dygo Bl e 5 So SeS 4 oS WS lasome o 1380 0 0l eslaul (T
el 00l el jodng Jele o
oS 9 Jele pian 59, p )Pl p 5 5l eslinul (¥
58 e LS (sl 09 g soliial BT an 8 50 5l it ¢ Jslaie OMSLte & 4255 L
©)g—o A ol g jedug Laome ;5 (Gl Djge 4 odd cudd olg) S i lanse )
Ol S el p0 00,8 Sl S eid 5l (enlie @38 B Sl 0¥ (pediinns
oS @9 lm LSl 90 Jree o Ll 3 I8 a0 1) (S 9 Sl cilise slaasens
G2 i ek 4 595 e I8l e a8 S Sl plagses 5l aSl ol ol 392 cenlie
oS oid 5l olags e 5l eolitwl pge Gl g 08,5 solitwl Wil sods cuas lay] o LB 5l g
S id a3l o Jol ol ogas 5o .l sais caas oyl (g9, 138l p 5 aS Col
s aaz o L Vsl ol o3 pgo Sl 43 aSayl o )5 052y (corkis disS gt ) 5L
5 ple Olimebl G Ly ST 1 5550 0555 (6,55l 51 OPENFOAM 531 o 5 ol
S0k amles Ll 50550 uSgid aseas j3 1) 1381 0 5 slapsdass 5 coal Jope LG

PRI L SGIUW) [V DUWEIP N VI S o P "LIVE" b oasy &9 a8 cublB s el

ARy



SLoylidl oy b oS sid el (9 Olsise O ST a5 0,0 97y S5 sleas

2,58 QT 40 S92 g0

Sl 61381 05 9 3L oS Gl 1381 0 5 s dow o — Y-

slo 8y 5l ol 5o o8l slasd az oS vged Gl 335 job @ Ol e (S &
ey 3heoly, 8l 51 s slass az g auS o ool Slawlee OVl Swoliyo b alayly (o (65w
2 &g aalllas g gl (GlioS wiejls ) ()08 (o0 000 alall) (nl 5o 5L e sl 133
5o Sledbl 1 oolatw!  JSiw cpl 0,5 By gl o dlpain S ML!LSQ LS)L{l daol>
[F7] S Gk 5l col ol aisl o cfd-online cols ;o Loy

http://www.cfd-online.com

D Gy Al B0 4y 45 3,10 S92y Al sl pg 2 Cul (nl jo Bl oo s LB
Slwlrs YL SCwlus sl 13381 65 alas L alaly jo calides Slegdge (cwyp 4
aS ol 8l olosws a5 I35 e pges STl A ]y 093 la gl g SYlgas o131 T 0 g 05l0 s o
Slaes 3 yb 3l les o |y il oo Slowlee OV Sl @ g po Pl 4y aie addle
as p3Y 0ges la ad o 00,155 STail a4y ol (pl jo adrine gloj sl 0 a8 olo Cany
5O g g0 Dgmme ol (pl glp 3350 sl Sl 1 (SO (oMo Yoo A Jlo a5 wil o SO
oS 0 ol (o 6l bl o ol g ol 4 b e Dl (Bailys olaas Jlo ()l
Ol 58 eal dlom !l g6l Olas olawd V-0 S (0 .cblas sl s 095 5l (gaua 9465

el 00 03551 Jlo 1o lole G jo g w3l Jlo VY o col g

Al



1,000,000
900,000
800,000 -
700,000 -

gémmmmmwwmwwmwwww

Dec Dec Dec Dec Dec Dec Dec Dec Dec Dec
1998 1899 2000 2001 2002 20-03 2004 2005 2006 2007 2008

2538 Jlo 1) o ele a3 o ol iyl Slomio slaws Yoo JS3 58 S5
b&"é.u 6\.& J_’«:S &LSJL.:A MJ) —\—‘ﬂ—h.:.)
ools i gl o pls Jlogad .aiil co Lis alizee slo jeuS 5l cfd-online el Fasayssl

Ao o lid |y B glo joiS jo ol 81 S jLise slass Y- IS5 o

14%

@ Numencal Addresses
@ US Commercial

B Network Operators
OUS Academia

B Germany

8 United Kingdom
Olindia

0O Canada

B [taly

OFrance

8 Other

Slowlors OVl Solins col g 50 Gz sla, 985 oS )l duoyo Y- G V-7 S

Y



Cow .QJbe‘%byQMw)ﬁ—*—r—%
Y Solins alizes slo 1581 0 5 L adasly )0 00l 7 yhae Slegoge slaws (Y-00) Jgaz o
59 oad plowil slo codlad slaws Llod 51 (6l auslie (o) jslaie 4y el o 08 5] Slowlone

Lo Gy g 00 ot sl b Sl ¢ Slosboes Sl Sooliys il glo 1531 L abay

Y.-9 ).u.ﬂ R @)U)d IR C]]as 6&%9CFDOI’]”I’]E WLMJ B OM&M LSLQ’ l"ﬁ)'é (Y—u) Jj..\.?

Software User Forums Type Threads Posts
ANSYS (CFX and Fluent) Commercial 35.102 103,988
CD-adapco Comimercial 5.000 16.694
FIoEFD, FloWorks & FloTHERM Comuinercial 118 434
FLOW-3D Commercial 240 1,093
NUMECA Commercial 223 586
OpenFOAM OpenSource 7,039 39913
Phoenics Shareware 1,288 3,778

Total 49,010 166,486
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Opersting system

OpenFOAM ANSYS Fluent
Thux Thux
Linux Linux
MS Windows (tuilt with MS Windows
MinGW C++ as a zet of MacOS

native windows

compatability applications. which
improves performance and
eliminates the need for Unix
emulations).
MacOSX

Installation Not Easy Easy
License Free under GNU license Expensive
Software upgradin Mo Cost Meed cost
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oges Slaxde 5 cuws Oledas (F-0) Jgoo

OpenFOAM ANSYS Flucnt
Parallclisation Yes Yes
Supling Yes (C+) Yes (but not good)
Solution monitoring Yes Tes
Cn-the-fly post-processing Yes (PyFoam) Yes

Adjustment of parameters

during solving

Yes (easy) Yes (could be better)

Discretization

FVM VM & FEM (CFX)
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Fluent 3 OpenFOAM ;5 35290 S5 5d sl Juw (0-) Jgo

OpenFOAN ANSYS Fluent
Change i Density
Incompressible flow Yes Yes
compressible flow Yes Yes
Chemustry
Transient
global/elementary Yes Yes
reactions
Steady
global/elementary Mo Yes
reactions
Thermodynamics
Conduction Yes Yes
Convection Yes Yes
Radiation Yes Yes
Particle Flow
Particle tracking Yes Yes
Evaporation Yes Yes
Particle Combustion Yes Yes
Multiphase Flow
VOF Yes Yes
Euler - euler Yes Yes
Euler - lagrange Yes Yes
Phase Change
Due to cavitation Yes Yes
(pressure)
Pue to heat transfer No Yes
(temperature)
Movement by Torque Mo Yes
Direct stmulation Monte-Carlo _—_ i
{DSMC) ' =
Sire bulph glgl 5 4o (P-o) oo
OpenFOAM ANSYS Fluent
Mesh
Polvhedral (tets, hex etc.) Yes Yes
; . Yes (manipulated by
¥ AX1-5V ! 5
2D and axi-symmetric 3D with 1 cell thick) Yes
Dynamic Mesh Yes Yes
Yes (has a new
MRF (multi reference frame) approach General Yes
Grid Interface (GGI))
Exterior/mterior wall Yes Yes
Intertor face No Yes
Porous jump No Yes
Porous zone Yes Yes
Pressure outlet,
: o Yes Yes
pressure nlet, velocity mlet
Mass flow inlet Yes Yes
Exhaust fan, inlet vent, =
fmay No Yes
outlet vent, mtake fan
Outflow, pressure far field No Yes

A
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OpenFOAM ANSYS Fluent

Not yet
(It makes OpenFOAM

Graphical user interface (GUI) 5 nie st Yes
ordinary user)
Laminar flow, transient. and steady state Yes Yes
Turbulence models
k-e, k-w, (wall functions) Yes Yes
Large Eddy Simulation Yes Yes
Detachad eddy
simulation Spalart- Yes Yes
Allmaras
Direct Numerical Simulation Yes Yes
Numerical Interpolation scheme
Spatial 1. order upwind (upwind) Yes Yes
Spatial 2. order upwind (Quick) Yes Yes
Time 1. order (Euler) Yes Yes
Time 2. order (CrankNicholson) Yes Yes
Pressure velocity coupling
Simple Yes Yes
PISO Yes Yes
Coupled (Pimple) Yes Yes
RILT RN
Fluent 3 OpenFOAM ;o (yi5ls s (A-0) Jgu
OpenFOAM ANSYS Fluent
foamDataToFluent
Data Conversion foamToEnsight Hucnt i CEX
foam 'oEnsightParts
foamToFieldview9
foamToGMV
foamToVTK
smapToFoam
Loop Calculation Yes Yes
Patch (average and integration) Yes Yes
Sample & Probe Yes Yes
Stress Component Yes Yes
W elc_:c_lry Field (Mach. Co. enstrophy, Yes Yes
vorticity)
Wall Function (Grad, Heat Flux, Shear
Yes Yes

stress, yPlusLES, yPlusRAS)

and 50 on
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Conferences Places and Dates
First OpenFOAM International UK, 26th/27th November 2007 London
Conference
Second OpenFOAM International Berlin,4th/5th December 2008
Conference
Third OpenFOAM I nter national Barcelona,12th/13th November 2009
Conference
Fourth OpenFOAM International ,4th/5th November 2010 Munich
Conference
Fifth OpenFOAM Inter national Paris, 3trd/4th November 2011
Conference
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Jlw 5l as olo LS cnd (Vo-0) Jguz ;000,85 0 )55 0 alides slo ,9i8 1o 154l

ol 0dn 00)9] &l oa; ‘5),L"° olf)l.fo#;g- 6)‘}§ﬁ a ﬁ‘..\.é"Y“f’

Lo s bl jo ool 1555 b o5, (Vo -0) Jou

Workshops Places and Dates
First OpenFOAM Workshop Zagreb, January 26-28, 2006.
Second OpenFOAM Workshop _ Zagreb, June 7-9, 2007
Third OpenFOAM Workshop Milano, July 9-11, 2008
Fourth OpenFOAM Workshop Montreal, June 1-4, 2009
Fifth OpenFOAM Workshop Gothenburg, Ime 21-24 2010
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Semi-) "SIMPLE" 0,63l wgame oz by, 4 (g0ds > 50 &=l e, 5l (SO
s OYolre J> jelaie 4y a5 ail oo (IMplicit Method for Pressure-Linked Equation
CV¥olie wuild oo a5 jshailen 0,05 oo 8 eoliin] 3)50 (Sgiul pol oad JisS 5
Aolas a3l o (Kiwgm 5 <S> ojlal doles o IS Cdlo 45 500 o515 Jbw oLz 5 oS>

V] ) e e (g
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VU, =0= V(L vp)= v (=)
(04 (04

p P

el 005 08,51 15 50 LU il oST5 bz el "SIMPLE" o255l (g5l o0l

g';S):;- o)".).i‘ ) GL:"’ FIKYPY Lg)‘L..q dwS (N

Ueq:%—lfw.((;s.U)—v.(va) (=)

fvVectorMatrix UEqQn
(
fvm: :ddt (U)
+ fvm::div (phi, U)
- fvm::laplacian (nu, U)

) ;

) sh oo oamlin YL oS o a5 jshilan wiat o (6105 e (5le dnS g 1SS
fvScalarMatrix sla WS 3l a5 cusl ;S8 45 p3Y sl ouls solawl f¥VectorMatrix IS

Do o 00wl (6,5uill g YISl slaylane iy 25 5l woud 5 4 fVTensorMatrix

Syl 0 o B b 5l sdel Cawas polae jLad HLolS (58 L oods aenS dolae > (Y
Sed o plxl gl Ce O3] Cawds Cg dolae pgo

%—LtJ+V.(¢.U)—V.(vVU):—Vp (AV-2)

Dgd g0 iy xS ) D0 4 OPeNFOAM o ol oS

solve (UEgn == -fvc::grad(p)):

VY
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25 4y By90 4 8 oS 50,8 s B b o sk 3550 10 S b (F
il o
U=@1/AHU)-Vp)=U =1 AHU) 0¥

Dgd g0 iy xSy O ye0 4 OpeNFOAM o ol oS

volScalarField rUA = 1.0/UEgn( ).A( );
U = rUA*UEgn( ) .H( ),

Cah.u &9y 03 ‘SEL:.;B)O e QLL..A &lo uralwb Sy :\.»)l.w QLL\.A d..u.ul?u (f

Wilbos 2 Oyge @ mhaw slajloy 5 Jobw

¢=interpolation*S=U, *S

phi = (fvc::interpolate(U) & mesh.Sf( ))
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Abstract

Abstract

The study of flow around a circular cylinder is an interesting and practical
topic in fluid dynamics that nominated as a benchmark problem of the
computational flow communities. This problem has no singularity, either in
the geometry or in the boundary condition. Also, cylinder flow is rich in
physical effects such as shear layers, recirculation regions, boundary layer and
vortex dynamics. The present work represents the numerical investigation for
time-dependent inertial viscoelastic flows around a bluff body. The simulation
is performed by a paralelized finite volume method (FVM) using second
order in both the spatial and the temporal discretization. Here, The Giesekus
rheological model is used as a constitutive equation of viscoelastic flow. Since
the viscoelastic functions of the Giesekus rheological model are perfect and is
found to have the ability for describing the normal stress differences, it is used
as a constitutive equation. The results for the viscoelastic flow are compared
with those for a Newtonian flow. Frequency of the vortex shedding is shown
to be attenuated by elasticity of the fluid, while the recirculation region behind
the cylinder is elongated before reaching the critical Reynolds number. These
results are in agreement with recent experimental and numerical observations.
Our particular interest is the effect of mobility parameter on the stability of
two dimension viscoelastic flows past a confined cylinder. In particular, our
results reveal that the greater the maximum mobility parameters, the larger the
value of the vortex shedding frequency. Thus, the stabilization brought to bear
by the presence of the Giesekus would appear to depend strongly upon the

mobility parameters of the polymer solution.

Keywords. Time-dependent, Viscoelastic flow, Giesekus, Vortex shedding,
Frequency.
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