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Thermoplastics

Paper pul

Clay, Tar Gr!a:,aséJ P
Sludge Soap, Paint
\Water

Gasoline
/ Motor oils

T (shear stress)

Beach sand
Starch in water

'Y (shear rate)

. Pseudoplastic

. Dilatant

. Generalized Newtonian fluids
. Power-Law

. Cross

. Carreau-Yasuda

. Reiner-Philippoff
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1. Thixotropic
2. Rheopectic
3. Antithixotropic
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OPeNFOAM 1381 o 43 Jo i yo5d1 -0-F
i c¥olee ol (JUI 318 Jlows 0lyz 2 oSl c¥olas qopo,S o)Ll ¥ Lad 13 a5 shailan

ou.
i _
ox. -9
au. 5 0 0
1+ = Ww.u.)|=—=— P v_f
p[at 8xi(J')J axiTIJ ox. (-1

3l o JLes S 55D 5 sk ol 5 (5538 Pl 5l Eyame Sl 7y; oTF) alolen 3

Ded oo By 53 Do Lnd (Lol g0 OPeNFOAM Sl 15 sgiioge aloles

Tmp <fvVectorMatrix> UEQn

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

)

i g MY (il 000 (gl VM LIS 5l 06 co colive dolee iy jxi o oS jshiles
DS oo bl s Sygo 4 b Slee ol aile K8 Ojle a ol oad ooliial Sl
@ b a5 (sl oad oslaiwl fvVectorMatrix S 5l aolee IS (o 0Kl [ puizen

fvTensorMatrix 4 fvScalarMatrix gla S 5l a5 el S5 a4 o3¥ il o0 5)lopn b lae

5D poles Lad LalS 58 L .0gd o solitwl (6,9l g JIKl slaclone i yad (gl o 5 @
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Sy 5 O y90 4 OPENFOAM l58l 6 55 5 Ol S a5 w8 & J> patage aolas (L3 e
D950
solve (UEgn() == -fvc::grad(p))-
235 g0 ol pj ably blaJolu 5550 50 Cag s dlxe
volScalarField rUA = 1.0/UEgn( ).A( ),
U = rUA*UEqQn( ) .H( ),
) akly g Jsho og2g (59, » 0ad (ol (59)0 Cu e Sl esliinl b (g5 bz LS rizres
285 (oo b2
phi = fvc::interpolate (U) & mesh.Sf( )
adjustPhi (phi, U, p);
29 (oo o3liinl iy jetws 5l lad 025 6l
P.storePrevIter()
Dol oo ooliiul il 5l LeS memal ol
For (int nonOrth=0; nonOrth<=nNonOrthCorr, nonOrth++)

{

fvScalarMatrix pEgn
(
fvm: :laplacian(rUA, p) == fvc::div(phi)
)
pPEgn. setReference (pRefCell, pRefValue),
pEgn.solve( );

if (nonOrth == nNonOrthCorr)
{

\ig
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Phi -= pEqgn.flux();

p.relax( );

30,5 oo ol wonls rorar JLid flae b ) jeiws hawgl pglinge dolre 1o Ce s lase

U -= rUA*fvec : : grad (p)-

9 99,5 (o0 kol 5 A jsSny 5 0ads (Sl 5y d dar Sy b g0 Iyl ) j5tes basgs
Wgd (oo 2l b ol o

U.correctBoundaryCondition( );

visco.correct( ),

runtime.write( ),

53,5 1 Zan o b wigds oo ,,S5 il oo oyl

OpenFOAM 138l o 48 Jo A5 aoul 8 -#-¥
g (oo plal al> o a5 alles A deanld lale s cnl e

Vooa -
3l G #

Nl >

Yo o..
SR s P

Bgd oo 18 5 ol pl 1SSy musgl 4 Glaisl 4 aslsl o

1.pre-processing
2.run
3. post-processing
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ads) jolie “07 aigy o a5l e “system” g “constant” 07 clapli 4y adgy dw holis ol
ahgy (al 39 5w S5 polie (izmed 33,5 (oo Gmend SVolae ;0 olitul 3550 slaite sl
Sod ol slp a3y Glewdais “constant” adg j0 0gb o 08,51 (650 Dlxio I S ,e gl
90 Jhws b sy (So5ed (olym Gret Geizme g ool ol 00l GRELLI L g ansaia
dwdid y,5 a5 Sl S3 w p3Y 08 e alxl adgy (pl lawg j0 dwais opl 0 eolanll
;3 a5 “polyMesh” sl ay (sladioy 115 ;8 S0 by £95 et 5 S50 Dlxio g s calliss
J> Sy p8 Ul aliis Jo sl p3Y Sledbl 0,5 o plol ol I3 “constant” alg,
0978 (el ped g oiwd > by, DLl (Ll e 2l ol g gart Ol

Syl 18 18l e 5 ol “system” adigy jo Lewil s slo Slee 51 G o o jluainns

ov3loy -v-5-¥
Slasle o 0,080 5 G510 i al o 50 0l Sbml Ll @y azgi b > po cpl o
U aigd o0 51,80 Sloj a8y j0 lawle (pl 09l oo plonil oS> SV olae j0 39250 sl i
ool y> sl OPENFOAM JI33l o35 5 05 Juolo 383 Clsz 5 ol |, Kep alis Culgs 3
5 dxwg CoblB Gl a4 o ls vg2g Falaie sla K> o lsliv] 5 (2,8 i Oyee 4 i
Gslw e ekaie 4 viscoelasticFluidFoam 3 > ;| g o) o0l oo il sladi;

sl 0 ool JBIS 31 5o StaoVlsSans s Jlows b
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o0y gy -Y-5-¥
Ol Gl il e DLl ales 5l gous o 5l 36 @l g sl o pe l o
5 5 e oolituol sl Lls 1 Sledbl sl Ulys a8 81,5 Sla 18l o5 5l jshate
paraview 138l s 5 5l oolaiwl b puiive & yg0 4 Wilgs o o2 OPENFOAM 1581 6 5y Sleds|
dgad gl il pla &0 4 SAMPIE” dligy 5l oolawl L1y Wools lal (jlgs o o 5 0 pdy plexl
Ol 0 0, wew s |, ) Sigmaplot 4 Tecplot Matlab o Koo sla,l38l o 5 5l eolaiwl b

Lol 00l &85 050 N9 9 52 5 B

OpenFOAM 1381 o 55 4o colaswl 0550 )5 Jo 20 -V-F
Je Bz ilwdoe jodaie an Godod ol )0 il o)Ldl b Cod 13 45 jehailen
BB S ol j6500 5 > .l oais oslawl viscoelasticFluidFoam 5 > 5l Sl g
50 4 a_ib oo CreateField.H oL & 7,8 L S 4 viscoelasticFluidFoam.C b 4 ' Lol
SVlySngy Sl 25305, Joo 5 S sloglase (b (ol 53 S5 o0 oyl Lol oS

] 00 oo)ﬂ (\—f)Ji.u 3 )95.\.@ ;J} )L\_’>L~.: 09.»,.:‘54, o..&.ab}

1. Main source file
2. Header file
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Ve

viscoelasticFluidFoam

viscoelasticFluidFoam.C

createField.H

—

Make (compilation directory)

| files (Compilation file)

L options (Compilation file)

viscoelasticFluidFoam 5 J> ,tsL. (\-F) S

SeaYeSny Jhw o b o515 5 o1 oby> J> sl viscoelasticFluidFoam 5 |>

sl a8 5 15 5 eyel jo l58le 5 8 g 8 ls 0 )18

SFOAM ApPP/solvers/viscoelastic/viscoelasticFluidFoam

Hl Sl O)le bl ndl o515 0l lp (s 9B
V.U =0 ¢
& OpenFOAM  l38le 5 jo  Swgm dolee iy ol oo sy Jlop Biae U ] o a5
Bl e 2 O yge

fvec::div(phi)
el 00 00,591 55 50 BB cpl ol a5 w)ls 1,8 "continuityErrs.H" LG o oS oyl

SFOAM SRC/finiteVolume/cfdTools/incompressible

doboe gy Oyge 4 SwVlgSiny Jbw by e poiiege dolae i ya



515 (om0l S 53 (55 b Il Ol ke oy | (308 S B3)) poler b

0

% +V.(pUU) = -Vp+ V.1 + V1, ©-%)
O e T lad BpaaP e s S p Ul S8 pocad gl B3 Jad 0 a5 pshailen
OpenFOAM |f58ls i 1o &8 o5l dolas iy ya5 0l o (5ol o0le 25T, 5 (Sed P>

bl oo 2y Oyge @

Tmp<fvVectorMatrix> Ueqn

(
fvm: :ddt (U)
+ fvm: :div(phi,U)
- Visco.divTau (U)
);

Uegn () .relax()

solve (UEqn == -fvc::grad(p))
Lol @85 18 L5 sl s g ail e "ViscoelasticFluidFoam.C" L o oS oyl

$FOAM APP/solvers/viscoelastic/viscoelasticFluidFoam

Db oo EPTT Si5elg5, Joo Budos (] jo ool a8 )5 Loy o (g )lislu aloles
f(trep Jrp+4 rp(1)+§(rpD+Drp))=271pD ¢-¥)
Np o= 5! YL;%“’] Oley A s peuly 15 55l \@3)"-"" B398 Feo To@) (F-Y) abal, 5o
&b g Swlosle slaculi 5 & & 5 S8 2sS £5 D o (Bp 550 reeh osle 4ijeSny

Al oo Sled Dygo f(trrp)

1. Upper convected derivative
2. Relaxation Time

AN
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A
f(tre p) = exp(;—ptn p) V-¥)

IV] ail oo 2 Oyg0 a6 pondy (35 H9mdls (6l (800 398 i

D
To() " DrP -[VuT 'Tp]— [‘L’p -Vu] A-%)

255 o (A1) a5 a0 45 Sl sy 5 6l 0be o Dot ol o 85

D 0
ﬁ‘[p &Ter[“'VTp] a-¥)

oS F-F) alal, 1o (A=F) 5 (A-F) (Y-F) Luls, (¢ iS,1> L

Tp ~exp(%tnp)+/1(f(r pD +D‘L'p)>
(-
+i[§rp +[u -Vrp]- [VuT -rp} [rp ~Vu]j: 2npD

S8 as conl ouds oolaiwl Slus 3 5l OpenFOAM 153l oy jo (Vo =) alayl) oy o5 jalaio o
wdbiss )
D5 on i L Sle b e ps Lal5 gl iy 8

volTensorField L = fvc::grad(U()),

Sgd (oo 5 C ol b e pu LIS o 25 o palol>
volTensorField C = tau_ & L;
Sile b JS& i £5 oyl jeadl plp 90 ol ()line 5 el a5 ol ) o
Do oo &y a5 tWOD
volSymmTensorField twoD = twoSymm (L),
055 et 25 Do & EPTT (gl aloleo Vb Uiy 5 4y i b

tmp<fvSymmTensorMatrix> tauEqn

1. Material derivative

AY
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fvm: :ddt (tau_)
+ fvm::div(phi(), tau )

etaP_ / lambda * twoD
+ twoSymm( C )
- zeta_ /2* ( (tau_ & twoD) + (twoD & tau ))
- fvm::Sp( (1/lambda ) *Foam::exp( epsilon_ * lambda /
etaP_ *
tr(tau_)
)
tauEqgn () .relax () ;

solve (tauEgn) ;

ViscoelasticFluidFoam Xl> .OpenFOAM ,l5él o 5 o g 5l IS EPTT.C LG ;o oS .y

R P vty I N N N E RN

$FOAM SRC/transportModels/viscoelastic/viscoelasticLaws/EPTT

> Jao g 5l lo gy 1 -A-Y

ges 5l (2,5 18Ty JUI s 5o Seia¥lsSias Jlow ol 5l Joo sl Bfizd cnl )0
25 ooyl 0 diges ol OPENFOAM 33le 5 1o ol sus soliwl PTT_Exponential _sllas
R PUE I gt

SFOAM TUTORIALS/viscoelasticFluidFoam/PTT Exponential

AY
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"system" , "constant", "0" slasl L aig »; 4w "PTT_Exponential” asg 5o o

wih 5 55 5o alis (sl o8 loeests Gillae (> g5, 5 53l Jao plosl 3l any 45 5 352
el ool el sbul (Gloj o5 @ axg L) J> gl slapl b (pladds ) wsd o
oley ol 5o oae o 5l Jol> sla el )l polie (gol> wloas (6,1356L slacl L a5 laaig 5

Sd> cesl san 00,91 "PTT_Exponential” ang (Y-F) UKo 5,0 Jboges ,o il oo

l, J> g oilys |, "PTT_Exponential" aig o sg>40 sla bl "viscoelasticFluidFoam"

IS, sy p s lais] asaalsl jo aiS o el ccwnl 8 )T g0 ] o a5 Slapadal Billas

5 gn 318 o 3 55 sla il 5 laasiyy

o iolyly 6500 9 adgl bl Jlosl 1 -A-F
S lailan 3l e (550 Slrio oaled 51yt 550 bl mesd 4 Sl S Sslen o 514
"0" aig ,0 OPeNFOAM 133l o 5 1o (g5 Lol pi Jlasl ccanlaws (Y-F) UKo o550 Jloges 5o
Lo 5l Sopo 30 65m 9 adsl polie ( LB o o aS cuol LA Jols aligy pl 090 oo ploxil

e sladge jo i g (L) Al (e ) U (GLid) P 3l ad)le o L1 oyl g o0 CyantS
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PTT_Exponential  sldlas aiges

y4am
0 S0 9 gl bl
p JLaS (5 0 byl b i
U s (5 y0 b i pudals
tau G (530 Las i ki
taufirst Jal 590 30 i (65 p0 ot s et
tausecond 099 g0 30 (i (50 sl s i
tauthird Pguw 390 33 i (5 po dayl il o
taufourth ol g0 30 L (630 ayl i el
Z
constant ol poldo g aSlll iy i
]
polyMesh Sipo ©lxiio (8 yxo g a4l b
viscoelasticProperties S g8 g Jlow (pl9>
yau
system Jo sbpadass
controlDict Jo Wiy pudiss
fvScheme PP DOV JY-FICRA P9 { ) DS | PTIWOWE JPON -
fvSolution b Y oleo oowws Jo 092 i

laaig 5l o, 40 3990 sla 18 GIESEKUS agy jLislu (Y-F) S

Wl () ) 9o oend JL2d sl Slxio 5| Sy 18 (5550 wolie 5 adsl uolia p Ll )
oo jLid (JUB (29,5 )0 (g0 bbb gl sl sl ais )5 (ks o jho ply jlid adgl by
») ,ad (Lol 5 by b sl JUK sle o)ls00 sl Guizmen 5 JUIS (69959 50 5 cunl jao il

5 (oo 03liil jao b Soluwe (a2 gee sLil,

bt 05 b o 0alin oS ;0 a5 jshilen .l ool 0oyl jLid slaeuass 4 bgsye oS aslsl yo

AD
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dimensions [0 2 -2 0 0 0 0],

internalField uniform O0;

boundaryField
{
wall
{
type zeroGradient;,
}
outlet
{
type fixedValue;,
value uniform 0;
}
inlet
{
type zeroGradient;,
}
frontAndBack
{
type empty;
}
}

dazgi b Gl (nl 50 0d ge et By ye 5l Suse Gl S (5550 5 adsl polaa U LB o
o et jlsh ) 30 (59 5l (6395 Lty el ol JUB anaie g Jlow sla yel )by ass]
2 ey Lol S by (SBL drwg bbb 4 azg bl cull g Sl (60959 a9
s ply i pas bpd a4y azgi b JUB sloo,lgs jgle jo Sy g yho pln JUS (o295

Ll 00 03591 Guizs dall ;o e s (gl oolitul 3590 OS.0gh o 485 a0

dimensions [0 1 -1 00 0 0],

Af
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internalField uniform (0 0 0);,

boundaryField
{
wall
{
type fixedValue;,
value uniform (0 0 0);,
}
outlet
{
type zeroGradient;,
}
inlet
{
type fixedValue;,
value uniform (1.9918 0 0);,
}
frontAndBack
{
type empty;,
}
}

Sl ol 090 Lz 5 G 50 9 adsl olie canl (i 4y Lgiye a5 S0 550 J iy 50
O Oldas g go camlive 53 50 0al Sl AS j0 aS jshilen 005 o s )50 51 S

so plp G5 Ll (JUB ool g (29,5 50 )0 el ond a8 5 L3 )8 jho plp adsl

Sl i g adgl bl cesl 0ol jolate jao oy (A5 55uili (53959 50 (12 g 000 5 Ll

sl e taU wliw taufourth 4 tauthird tausecond taufirst

dimensions [1 -1 -2 00 0 0],
internalField uniform (0 0 0 0 0 0);
boundaryField
{
wall
{

AY
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type zeroGradient;,
}
outlet
{
type zeroGradient;,
}
inlet
{
type fixedValue;,
value uniform (0 0 0 0 0 0);,
}
frontAndBack
{
type empty;,
}

aluw ol olio g Al iy a5 -Y-A-F

o g ady SO ol "constant aig el oo sdalive (Y-F) JSs 550 Jloges j0 a5 jshilea

Seielss, Leles sl e "viscoelasticProperties” s oL 4 "polyMesh"aig, ob .ol Lilé
S «(etaP) (s youds 00le g (B1AS) Gs P> ol 4l jaSin s Jolds SowVlsSiun g Jlow
b6 o (zeta 4 epsilon) EPTT Jae colgd uien o (lambda) 55 51 Sogwl oyl (ho)

el o 035 dslol 40 0S5l diged S Jle lgie 4 040 o (ras "VisCOelasticProperties”

rheology
{
type multiMode;,
models
(
first

{
type PTT-Exponential;

AN
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rho
etas
etabP
lambda
epsilon
zeta

second

{

rho [1 -3 0 0 0 0 0] 1226,
etas [1 -1 -1 0 0 0 0] 0.27;,
etaP [1 -1 -1 0 0 0 0] 2.5,
lambda [0 0 1 0 O 0 0]0.00502;,
epsilon [0 0 0 0 0 0 0] 0.02;
zeta [0 O O O 0 O 0] 0.04;,

type PTT-Exponential;

rho
etas
etaP
lambda
epsilon
zeta

}

third
{

rho [1 -3 0 0 0 0 0] 1226,
etas [1 -1 -1 0 0 0 0] 0.27;
etaP [1 -1 -1 0 0 0 0] 0.9,
lambda [0 0 1 0 0 0 0]0.00502;,
epsilon [0 0 0 O O0 O 0] 0.02;
zeta [0 0 0 0 0 0 0] 0.04;,

type PTT-Exponential;,

rho
etas
etaP
lambda
epsilon
zeta

}

fourth
{

rho [1 -3 0 0 0 0 0] 1226,
etas [1 -1 -1 0 0 0 0] 0.27;,
etaP [1 -1 -1 0 0 0 0] 0.3,
lambda [0 0 1 0 O0 0 0]0.00502;,
epsilon [0 0 0 O O O 0] 0.02;
zeta [0 0 0 0 0 0 0] 0.04;

type PTT-Exponential;

rho
etas
etabP
lambda
epsilon
zeta

}

rho [1 -3 0 0 0 0 0] 1226,
etas [1 -1 -1 0 0 0 0] 0.27;
etaP [1 -1 -1 0 0 0 0] 0.1,
lambda [0 0 1 0 O0 0 0]0.00502;
epsilon [0 0 0 O O0 0 0] 0.02;
zeta [0 O O O 0 0 0] 0.04,

A4
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)0 g a0l d K> oS o LB pl ()] 5l o g 0ais 5,y createFields.H Ll o oS
Ged Biye 5l Sep e e b gg 5 oad o)ly aSs Mkl "polyMesh™ as,
JUI J3ls asis olu! sl "Gambit" 1531 a5 5l gt cpl o aS cell S a3y 005 e
SISl g (g0 boph dwain gon aSls "Gambit" sl e 5 e ol el sad olatul
OpenFOAM jl58l o 5 1o ool adei aSil Jled )8 51 o 9 905 o s (§jp0 Slxao
aby J3ls M oboundary” LB o g5 Olxio 50Kl 5 4l sl Joke Slasuie

23,5 o ol "polyMesh"

(

wall

{
type wall,;
nFaces 1280,
startFace 50520,

}

outlet

{
type patch;,
nFaces 40;
startFace 51800,

}

inlet

{
type patch;
nFaces 40;
startFace 51840,

}

frontAndBackPlanes

{
type empty;,
nFaces 51200,
startFace 51880,

}
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$oue Jo w8 o8 —voA-f
sk oo "fvSolution" 4 "fvSchemes" ,"controlDict" slasl 4 Ll aw Joli "system" aiq,
g oo ad)S S & Jo Sy gl oS
Wges Glgie a0 .5 o pll > san by slp Lo 9,50 slaeulass "controlDict" L o
2 o3n weS b6 ) j5 Gloj ol 5 U 55 sl Slej abold (> bl 5 €555 ol

el 00 00,91 b1 1l 10 soliiwl 0,50 0S 51 laiges anlol

application viscoelasticFluidFoam;,
startFrom latestTime,

startTime 0.0;

stopAt endTime;

endTime 300;

deltaT le-5;

writeControl adjustableRunTime;

writeInterval 0.5,

purgeWrite 0o,

writeFormat ascii;

writePrecision 6;

writeCompression uncompressed;

timeFormat general;
timePrecision 6,
graphFormat raw,

)
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runTimeModifiable yes;
adjustTimeStep on;
maxCo 0.8;

maxDeltaT 0.001;

O asB Yoo les 53 5 993 n £95 o 5| lej wagb e saline YU oS 3 a5 skilon
(30 bolS el 5l sl sle See 5 G o (g5l 4w "fuSchemes” LB o
S5 e 53 sgmse il slasShos Sl Sy cinys 95d oo et 5 5 oedlY

s 00 0»5)91 (a—f) sz—&—f B OpenFOAM

LY0] OpenFOAM l38ls 5 jo Lewilyass glo Slae oy s (0-F) Jgox

2l sl Sles o3ly s
interpolationShemes a4y abais lig)d polie
snGradSchemes Jsbo 2wl » 3ges (LT adse
gradSchemes obsl,s
divSchemes olse
laplacianShemes Y
timeSchemes £95 3 Jol 4y Sloj B
fluxRequired Oz s sl ks 0590 Glans

ay
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A5 5 0ul 00ls usgl dslol jo (gudod (pl o b Slae (pl 51 G 2 (g5l aiiS 5 ool ogou

ddtSchemes
{

default CrankNicholson 1,
}

oo oolil Gligh ¥ as enssS i, 5l HLid 5 Sty BbolT ol SBlez (5l aeS o

gradSchemes

{

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

lodds i T sVl CyassS 9, 3 oolitil by il yap0 sShae Lol cMlax

divSchemes

{
default
div(phi,U)

div (phi, taufirst)
div (phi, tausecond)
div (phi, tauthird)
div (phi, taufourth)

div(tau)

1. Crank Nicholson
2. Gauss linear
3. Gauss upwind

none;

Gauss upwind;

Gauss
Gauss
Gauss
Gauss

upwind;
upwind;
upwind;
upwind;

Gauss linear,

qy

(ééwJ}jjj)rJng-M
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oals oolatul Yoo Zusral ad fawsS (g, 5l et Slee Jols OV (g5le e o

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

390 e 9 Jolw 1o o p ogec (Lol S adlge alati 4 alals Llig 0 4 by e 0 uicren

O P W | TR C ot VU VI UR

interpolationSchemes

{
default linear;
interpolate (HbyA) linear;,
}
snGradSchemes
{
default corrected;,
}
fluxRequired
{
default no;
P/
}

Sloy e, 10 1SS slaws g s sl jlade «Yolre oKiws > o9 "fVSolution™ LG o
5 0,00 0g2g alisee sla g, (g5l S 3l fol> S¥olas olKiws > gl 09l oo e
Il a0 cdes job 4 a5 s Vol oK Jo sl g, glgl o5lgadS(P-F) Jgu

SYolee olfws J> 0956 calol o el ool 03,91 0,5 0 1,8 soliiul 5,50 OpenFOAM

1. Gauss linear corrected

af
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) Preconditioned Bi-Conjugate Gradient solver for asymmetric IduMatrices
PBICG using a run-time selectable preconditiioner.
Diagonal incomplete LU preconditioned BiCG solver derived from the general
preconditioned BiCG solver PBICG but with the choice of preconditioner pre-
BICCG 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
preconditioned CG solver PCG but with the choice of preconditioner pre-
1cCe selected. This solver is present for backward-compatibility and the PCG solver
should be used for preference.
Preconditioned Conjugate Gradient solver for symmetric lduMatrices using a
Pee run-time selectable preconditiioner
GAMG | Geometric Agglomerated algebraic MultiGrid solver

PCG bbb i Z 905 obol,S hgy 3l Jlad lawe jo SYolre oKiws J> slp e opl o

//

sl 00 00)91 Ry UT aQ ‘1094]& QS a5 w0l salaswl

preconditioner

{
type Cholesky;,
type AMG/,
cycle W-cycle;
policy AAMG;,
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nPreSweeps 0,
nPostSweeps 2;
groupSize 4;
minCoarseEqgns 20;
nMaxLevels 100,
scale off;
smoother ILU,
}
tolerance le-07;
relTol 0.0,
minIter 0,
maxIter 800,

};

oxs oolazwl BICGStab i, 3l ceypw lowe slp Jols S¥olee oKiws J> jolate a

U BiCGStab

{
preconditioner
{

type Cholesky;,

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

};

oo oolaxwl BICGStah g, 3l 5 (iid slalawse plod ;o S¥olas ows o slp yuizon

taufirst BiCGStab
{

preconditioner

{
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type

minIter
maxIter
tolerance
relTol

}s

tausecond BiCGStab
{
preconditioner
{
type

minIter
maxIter
tolerance
relTol

};

}s

tauthird BiCGStab
{

preconditioner

{
type

minIter
maxIter
tolerance
relTol

taufourth BiCGStab
{

preconditioner
{

type
}

Cholesky;,

0,
1000,
le-6;
0.0,

Cholesky;,

1000,
le-6;,
0.0;

Cholesky;,

0,
1000,
le-6;
0.0,

Cholesky,

ay
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minIter o,
maxIter 1000,
tolerance le-6;
relTol 0.0,

};
oo ooliiul s glps 5l PISO 1S5 oSl 0 s pos qupmd 5 S, Rom ialsil 6l

ol 4 bgre oS aalsl 0 0,5 o &0 "TVSolution” LB o st Colps poad 45 g

] 00 oa)gT w‘).@

PISO

{
momentumPredictor yes;
nCorrectors 2;
nNonOrthogonalCorrectors 1;
PRefCell 0,
PRefValue 0;

}

relaxationFactors

{
P 0.3;
U 0.5,
taufirst 0.3,
tausecond 0.3;
tauthird 0.3;
taufourth 0.3,

}
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Abstract

Subsonic flows are the major problems in expansion channels of fluid
mechanics. They have many applications in diffuser, conversion of piping,
heat exchangers, casting, forming and etc. Therefore, in recent decades,
many researchers have examined the analytical, experimental and
numerical flows. Unlike the previous studies which have been focused on
the planar flow in sudden expansions, the flow instability in gradual
expansions with different expansion angles is investigated which is the
main innovation of current study.

In the present study, the ratio expansion 1:3 and extension angles of 30, 45,
60 and 90 degrees is considered. The main goal of this research is to better
understand the effects of angles, Reynolds number and Weissenberg
number on the structure and flow pattern at different angles. In order to
modeling this process in open source software OpenFoam that is toolkit
CFD software has used. First of all, the continuity and momentum
equations are expressed in Cartesian coordinates and then the general form
of fluid viscoelastic structural equation (MPTT model) and viscosity
viscometric functions are used.

In this study, for explicit discretization of governing equations finite
volume method is used. For marching in time, the PISO algorithm is used
in the transient state so that the flow parameters in step time have been
constant and steady. Furthermore, the time step is increased until
convergence of the parameters to be reasonably accurate answers. The
accuracy of numerical results is checked based on the results of sudden
expansion (at 90 degree).

Finally, for a Newtonian fluid flow, all characterized are presented by
transverse and longitudinal vortices in the vicinity of the upper and lower
walls of the channel on a regular basis. Then the results classified in tables.
Also results of numerical investigation for Newtonian fluid and viscoelastic
fluid presented like streamline, velocity contour, velocity on the center line.
At the final chapter, the results of the survey are presented in detail.

Keywords: Numerical investigation; Non-Newtonian fluid; Fluid flow;
Gradual expansions
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