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» BEERMNAFERRINESp", LEiEFHHESD

> EXTXANEIRE, HATATULAEEMFIEY - u=0kRBEEN

» S 2, ENRFHEEZEREIHE FZ M (divergence free condition) BV E 17
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apup = H(u) — Vp (6)
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Poisson Equation (PPE)
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» XRRBRSOERENEN-ZEBEEX

» Semi-Implicit Algorithm for Pressure-Linked Equations (REFEIETLKZE,
Patankar and Spalding, 1972)
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2. FUMENE Momentum predictor: FB&ITRIEIKRBEhEHIE
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2. FUMENE Momentum predictor: FB&ITRIEIKRBEhEHIE

apUp = H(u) - Vp*
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1. it E 3y (ER E—EXKPHE)
2. FUMENE Momentum predictor: FllB{EITHEIRBESHEFIE

apUup = H(u) - Vp*

3. FE/IEIE Pressure correction: 1RIEFNIRE AT EEHIE S
V- [(ap)"'Vp] = V- [(ap)”'H(u)]
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2. FUMENE Momentum predictor: FllB{EITHEIRBESHEFIE

apUup = H(u) - Vp*

3. [E/MEIE Pressure correction: #RIEFNIRE AT EEFHIE S
V- [(ap)"'Vp] = V- [(ap)”'H(u)]
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1. it E 3y (ER E—EXKPHE)
2. FUMENE Momentum predictor: FllB{EITHEIRBESHEFIE

apUup = H(u) - Vp*

3. [E/MEIE Pressure correction: #RIEFNIRE AT EEFHIE S
V- [(ap)"'Vp] = V- [(ap)”'H(u)]
4. WHEBE
F = (ap)~'s; - H(u); — (ap)'sy - (Vp)y

5. FIRHTHEE I8 ERE
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T 5 under-relaxation

SIMPLE B AHIFRE M) :
» KREERRHESEWSANRENES

» BE, MRMIBRETTFRENHRFERT, HEBFRELE (diverge)




T #A5th under-relaxation

SIMPLE BAHIAR E 1 1a]E -
» EREZEEHAEBEWSANEEFE S
» BZ2, MRMIERETNFHENRFLGTLTF, TEBA gL (diverge)
» ARESWEM, BESFERAIEMI under-relaxation
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T 5 under-relaxation
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» SEPRR(ES, HEMTRMITERRMERN, EONINHTEEE MR
» #EOpenFOAM® Fiff{jsimpleFoam:

UEgn.relax();
X—PR M TR ESEfR LR

a 11—«
—Lup =H(u) — Vp* +
Qy ay

Uapu*P (10)

» EARHITEMIMHEITE p.relax();
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O<ap<1
O<ay <1

ap+ oy =~ lorl.l

> Patankar(1980)##: ap = 0.5, ay = 0.8

» OpenFOAM® BRik:ap = 0.3, ay = 0.7
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(" Pressure step )
Solve Poisson
equation for p

Relax pressure

(V elocity step \ Correct mass flux
Correct velocities
ounpg:ry condit{yo 5
.

ompute predicted
k mass flux /

Store old iteration
pressure and velocity

Solution converged?
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» £V A Hsimple. loop(runTime) B, [EBTEITT
storePrevIterFields();
XERATHE L —ARENEIRE, ATRKBIRMEITE

> EMIRE T2

tmp<fvVectorMatrix> tUEqn
(
fvm::div(phi, U)
+ MRF.DDt (U)
+ turbulence->divDevSigma (U)
fvOptions(U)
)
tmp TR/ NAFE R IEE



simpleFoam

EERFRRNTRIITE
UEqn.relax();
» KERNEFHE
solve(UEqn == -fvc::grad(p));
> R AR apMU
volScalarField rAU(1.0/UEqn.AQ));
volVectorField HbyA(constrainHbyA(rAU*UEqn.H(), U, p));

» WWEHTF(ap) sy - H(u) BRI HBE
surfaceScalarField phiHbyA("phiHbyA", fvc::flux(HbyA));

adjustPhi(phiHbyA, U, p);
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> EXFHKBEEDTIE
fvScalarMatrix pEqn
(

fvm: :laplacian(rAtU(), p) == fvc::div(phiHbyA)
)

PEqn.setReference (pRefCell, pRefValue);

pEqn.solve();
> BIEMEAEEERD (ap) sy - (Vp) RIZEEEE
phi = phiHbyA - pEqn.flux();
» HERETIEIRE/EEMHRE
#include "continuityErrs.H"
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> SEFFEITIARMITE, HEITEREIZIE Momentum corrector
// Explicitly relax pressure for momentum corrector
p.relax();

// Momentum corrector
U = HbyA - rAtU()*fvc::grad(p);
U.correctBoundaryConditions() ;

> RERBHEWSEY, %P BFEsinple. loop(runTime) FHT
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SIMPLEESZH U2t AER?
> RE (ZANFAE) MENEERNTAELEER
» WS R Esysten/fvSolutions XENX

SIMPLE
{

residualControl

{
P le-2;
U le-3;
"(k|epsilon|omegalf|v2)" 1le-3;
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PISO: Pressure Implicit with Splitting of Operator (Issa, 1986)
» [BlmSIMPLE
- ERMITHENIKBNESTZ
- KERE SRR AZLUR B ESHEEK
- BERIBEIMENNATNER, BEAEBRAENANTIAERGTHIRE
c XRRATALAZTEHITIER
» SIMPLERAE—RENEERBEERS:
- YIRERSY, HAVFAEEM
- EIRER ST, AT EAISHEEEMENK
> Eﬁl{hﬁ{lﬁPLEiﬁ1’€E‘]EE‘J%ﬁ%iﬁBﬁﬂE%iﬂ%)‘(%‘Bﬁ, RASEHEBEE X
» SIMPLEXA X H, shEFREFAMAFRERUKOXEE KR, UNpRESFFHIT
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PISORBIEREENERFIEEREZWE, ZHITILRENEIEIENK
- E&Mu - wiBE, FlaxRInN
. %Mu - piBE

V-u=0
ou

n + V- (uu) = —Vp +vV?u

» PISOETFIATRIL:
o LEERE (RHEIZBK) ROBT, u— piBAtLIELE MRS EmIas)

» Bkt F—XRpETN, FEEEZRENEE

» PISOA] AEMESIMPLERS—FhiA R
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> JRIAPISOREREIT2RE NZIE
» KPR ERTLUETBE 2R ENEIE, BEFHITRZR, BAMERRESE
» BTH#TT ZRENEE, EAAFTEHRITIMNG, BREENFELR
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. FUMEHE Momentum predictor: FIFEITRIES (E—BEEK) KEFHES
2

apup = H(u) — Vp*
2. JEJIMBIE Pressure correction: fRIEFMIRE AT EFHTRIE 7

V- [(ap)"'Vp] = V- [(ap) H(w)]

3. TEEBE

F = (ap)~'sy-H(u); — (ap)'sy - (Vp)y
4. MAFTEENEIERES
H(w) Vp

ap ap

up =

C»ERENMEELSE, REBHITHRIEEZK
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 ——

(C orrector step )

equation for p

Store old pressure,
velocity, fluxes

Predictor step
Solve Ux

Solve Uy

Solve Uz

ompute predicted
mass flux

Time st
loop ﬁnisﬁgd?




pisoFoam

» EMIREFIZ(AEM T BB vm: : ddt (U))
fvVectorMatrix UEqn

(
fvm::ddt(U) + fvm::div(phi, U)
+ MRF.DDt (U)
+ turbulence->divDevSigma (U)

fvOptions (U)



pisoFoam

{

}

Info<< "\nStarting time loop\n" << endl;

Info<< "End\n" << endl;

while (runTime.loop())

Info<< "Time = " << runTime.timeName() << nl << endl;

#include "CourantNo.H"
/| Pressure-velocity PISO corrector

#include "UEqn.H"

[/l --- PISO loop
while (piso.correct())

#include "pEgn.H"

¥

laminarTransport.correct();
turbulence->correct();

runTime.write();

Info<< "ExecutionTime =
<< " ClockTime = "
<< nl << endl;

<< runTime.elapsedCpuTime() <<
<< runTime.elapsedClockTime() <<

s
<"
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> PIMPLE: PISO-SIMPLE, KBfEE4K. NAJERAKERS
> FBERNMEIR: ATER inner(PISO corrector) FIFMEER outer corrector, LAFfR

WS R IFINRES
» system/fvSolutions
PIMPLE
{
nOuterCorrectors 2; //for outer corrector
nCorrectors 1; //for inner PISO corrector

nNonOrthogonalCorrectors 0;

}
» IR nOuterCorrectors=1, FIEYTFPISOELR
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Corrector step




SIMPLE vs PISO vs PIMPLE

Info<< "\nStarting time loop\n" << endl;
while (pimple.run(runTime))
{

#include "readDyMControls.H"

if (LTS)
Info<< "\nStarting time loop\n" << endl; ¢ #include "setRDeltaT.H"
while (runTime.loop()) else
Info<< "\nStarting time loop\n" << endl; Info<< "Time = " << runTime.timeName() << nl << endl; #include "CourantNo.H"
e (sinpte. oop(runtine)) #include "Courantho.H" y finclude Tsewetiara

Info<< "Time = " << runTime.timeName() << nl << endl; // Pressure-velocity PISO corrector runTime++;
/[ --- Pressure-velocity SIMPLE corrector #include "UEQn.H" Info<< "Time = " << runTime.timeName() << nl << endl;
;’mﬁﬁii ::E::::: oo IS e /] --- Pressure-velocity PIMPLE corrector loop
while (piso.correct()) while (pimple.loop())
#include "pEqn.H" #include "UEQn.H"

laminarTransport.correct();

turbulence->correct();
O 3 --- Pressure corrector loop

1/
. while (pimple.correct())
runTime.write(); laminarTransport.correct();

o o o turbulence->correct(); #include "pEqn.H"

Info<< "ExecutionTime = " << runTime.elapsedCpuTine() << " s
<< " ClockTime = " << runTime.elapsedClockTime() << " s"

<< nl << endl; runTime.write();

} if (pimple.turbCorr())
Infos< "ExecutionTime = " << runTime.elapsedCpuTime() << " s" (
; ., . << " ClockTime = " << runTime.elapsedClockTime() << " s" lantnarTransport.correct();
EnfosaEnd\niYendl; << nl << endl; turbulence->correct();
} }

}
Info<< "End\n" << endl;
runTime.write();
Info<< "ExecutionTime = " << runTime.elapsedCpuTime() << " s"
<< " ClockTime << runTine.elapsedClockTime() << " s"

<< nl << endl;

3}

Infos< "End\n" << endl;
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