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=4 3EF2 S A AT [E Navier-Stokes F 18 :

V-u=0 (1)
WLV () = Yy T (2)
HApS5AIERBBRAE, EREE)
» ANKREE: u 3NAED Fp
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=4 3EF2 S A AT [E Navier-Stokes F 18 :

V-u=0 (1) . . ‘
5u - BERE NIRRT T2
— +V-(uu) = -Vp+vViu (2)
ot - NSHR2HIEL MR B T X575

Hepp STERKARTRE, CHREE V- (uu)
P ATRME: u TR Ay - ERRIERN, —RAERKEL
L anpie & F—ERIE T, Bl

V- (uu) ~ V- (u* tu")




EAOGENHES

NSH IR —MEIT 75 7%:

u” — n—1

+ V- (0" = -Vp" +vVi" (3)

» BEERMNAFERRINESp", LEiEFHHESD

> EXTXANEIRE, HATATULAEEMFIEY - u=0kRBEEN

- B2, EHEHEEER T IEUE 55 (divergence free condition)BYiR E 1%
» HEHREXR ERIFRSHNTFERIAXRYT A2, IS

apup + Z ayuy =1 — Vp (4)
N



EAOGENHES

HEEMR

apup:r—ZaNuN—Vp (5)

N up =

apUp = H(ll) — Vp (6)

——p (7)
FAVE LR E i E T RS &1
V-ou=0, HAFE

> H(u)7EOpenFOAM® HIEE X

V. “lypl =V -1H 8
- H(w) 25 RSB IR A 5 [ar) V] = V- [(ar) " HW] (8)
AR Xk B R HE SIEH IS Pressure

. Poisson Equation (PPE)
> apetE BRMIERE R AR



BETE-THEREY
- AR R B FRAE R AT 0 T B

» IBATEBRIAFIE S oL (divergence free) B R BT ALPRENX ?
- EEMHERERA, HPF =s; - u,RHIBE face flux

/VV-udV/ -ndS = Zsf uf_ZF_o




> ﬁ%F =S8y ufm%gﬁtﬁfﬁuf

» uy PREEZBBAMIEHEESE,
[E 93X A] BE A~ i B divergence free

> AMRRETIE, BEFFENRR
FEFE




B R AR kB E
» BN EMERRAREHITERR S
/ V- [(ap) 'Vp] dV = / V- [(ap) "H(u)] dV
|4 |4
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» BN EMEARGIZHITERRS
/ V- [(ap)~'Vp]dV = / V- [(ap)"'H(u)] dV
\% \%

. BHEIEREEERS
/S [(ar)" (V)] - ndS = / [(ar)~"H(u);] - ndS

S




B HRGIE KB E

» BN EMEARGIZHITERRS
/ V- [(ap)~'Vp]dV = / V- [(ap)"'H(u)] dV
\% \%

. BHEIEREEERS
/S [(ar)" (V)] - ndS = / [(ar)~"H(u);] - ndS

. wmsE)
[ Ltar) B0, ~ (ar) (%)) mis =0

S\ /
TV
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» BN EMEARGIZHITERRS
/ V- [(ap)~'Vp]dV = / V- [(ap)"'H(u)] dV
\% \%

. BHEIEREEERS
/S [(ar)" (V)] - ndS = / [(ar)~"H(u);] - ndS

. wmsE)
[ Ltar) B0, ~ (ar) (%)) mis =0

S\ /
TV

us

» BT EEE face flux
F =ss-up=(ap) 'sp- H(u)y — (ap)”'s;- (Vp)y
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HEARARE, BOTATASIANNSHR2hE RIS KRRE -

» SIMPLE

» PISO



SIMPLE &%

» XRRBRSOERENEN-ZEBEEX

» Semi-Implicit Algorithm for Pressure-Linked Equations (REFEIETLKZE,
Patankar and Spalding, 1972)




SIMPLE &%
1 EEAY (HER L —ERSHE)




SIMPLE &%

1. fhitE gy (3FA E—EKPHIE)
2. ¥ zhE Momentum predictor: FIFEITHIE k= H1E

apup = H(u) — Vp*




SIMPLE &%

1. fhitE gy (3FA E—EKPHIE)
2. ¥ zhE Momentum predictor: FIFEITHIE k= H1E

apUp = H(u) - Vp*

3. JEJIMEIE Pressure correction: tRIBFUNIRE AT EEHRIIE S
V- [(ap)'Vp] = V- [(ap) 'H(u)]



SIMPLE &%

1. fhitE gy (3FA E—EKPHIE)
2. ¥ zhE Momentum predictor: FIFEITHIE k= H1E

apUup = H(u) - Vp*

3. JEJIMEIE Pressure correction: tRIBFUNIRE AT EEHRIIE S
V- [(ap)'Vp] = V- [(ap) 'H(u)]
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F = (ap)~'sy-H(u); — (ap)~'s; - (Vp);



SIMPLE &%

1. fhitE gy (3FA E—EKPHIE)
2. ¥ zhE Momentum predictor: FIFEITHIE k= H1E

apUup = H(u) - Vp*

3. JEJIMEIE Pressure correction: tRIBFUNIRE AT EEHRIIE S
V- [(ap)"'Vp] = V- [(ap)”'H(u)]
4 THEBE
F = (ap)~'s; - H(u); — (ap)'sy - (Vp)y

5. IR HE NS ERE
_Vp



SIMPLE &%

1. fhitE gy (3FA E—EKPHIE)
2. ¥ zhE Momentum predictor: FIFEITHIE k= H1E

apUup = H(u) - Vp*

3. JEJIMEIE Pressure correction: tRIBFUNIRE AT EEHRIIE S
V- [(ap)"'Vp] = V- [(ap)”'H(u)]
4 THEBE
F = (ap)~'s; - H(u); — (ap)'sy - (Vp)y

5. FIRHTHEE I8 ERE
Hlw) _Vp

6 ER IR EZEI



T 5t under-relaxation

gMHE%EMﬁE&ﬂﬁ
» KREERRHESEWSANRENES




T 5t under-relaxation

SIMPLE B ARNERE M IE]RE -
> BREZD RHEREWSRIEEMEN

» BR, RMIEREFFREVRZFHALT, HEBFRELE (diverge)




T #A5th under-relaxation

SIMPLE BEARIFRE M o) :
» EREZEEHAEBEWSANEEFE S
» BE2, MRMIERENFHEVBFHALT, HEBE A (diverge)
» ARESWEM, BESFERAILMI under-relaxation

7

pt=p""" +ap(p
upredicted o un—l)

predicted n—1
—p")
u" =u""" + ay(

Hepap Moy 2iRieEF, @ENT1



T #A5th under-relaxation

SIMPLE B ARIARE 14 8] -
» SEPRR(ES, HEMTRMITERRMERN, EONINHTEEE MR
» #EOpenFOAM® Fiff{simpleFoam:

UEqn.relax();
X—PR M TR ESEfR LR

a 1l -«
—Lup =H(u) — Vp* +
Qy ay

» EARHITEMIMEITE p.relax();

Uapu*P (10)




it AT HEFE

—ARIEER R

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

» B EFEOR T EAMIERE, Hin)@ms

> MRTERH L, BF—MEEESH/LENETF



OpenFOAM® FfSIMPLER A

(" 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?




simpleFoam

» £V A Hsinple. loop (runTime) BF, [EBFEITT
storePrevIterFields();
RERATHEE L —ARPHENRE, AT KBIERMITE

> EXIREF1E

tmp<fvVectorMatrix> tUEqn
(
fvm: :div(phi, U)
+ MRF.DDt (U)
+ turbulence->divDevSigma (U)

fvOptions (U)
)
tmp TR N E A E



simpleFoam

REFRENTERHITE
UEqn.relax();
- KIREhE 572
solve(UEqn == -fvc::grad(p));
> WEEHapFU
volScalarField rAU(1.0/UEgn.AQ));
volVectorField HbyA(constrainHbyA(rAU*UEqn.H(), U, p));

» WEHBT(ap) sy - H(u) E&RBER S HIE S
surfaceScalarField phiHbyA("phiHbyA", fvc::flux(HbyA));

adjustPhi (phiHbyA, U, p);



simpleFoam

> EXFRBENTIZ
fvScalarMatrix pEqn
(

fvm::laplacian(rAtU(Q), p) == fvc::div(phiHbyA)
)3

pEgn.setReference (pRefCell, pRefValue);

pEqn.solve() ;
> BIEEMENHERD (ap) sy - (Vo) RIEEHBEE
phi = phiHbyA - pEqn.flux();
> HERETERE/EEMIRE
#include "continuityErrs.H"




simpleFoam

» MEDFITEMRMHE, HHEITEREIZIE Momentum corrector
// Explicitly relax pressure for momentum corrector
p.relax();

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

» MEEERHEWHEMY, ZPBEsinple. loop(runTime) AFHIT




KWt convergence

SIMPLEESZH 2t AER?
» RE (=ZMAED MENEERHTABLZETL
» WSI SRR Esysten/fvSolutions FENX

SIMPLE
{
residualControl
{
p le-2;
U le-3;
"(k|epsilon|omegalf|v2)" le-3;
}
}
paE R X BRI FIL E B AR KRR RS L AR




PISO &k

PISO: Pressure Implicit with Splitting of Operator (Issa, 1986)
» [EIESIMPLE
- ERETTRENISKRBHERTE
- KIEE IR G R EEE M EK
- BEBENENNANER, FEREDANGRENANDIBERGTREE
c XMBATLFZHITIENR
> SIMPLEEASE—RIENIEIERHAMERS:
- YIEBERSY, FAIETEER
- EIEERSY, AT EHBIEHEESMEXK
- ﬁﬁl{l\éﬁPLEiﬁﬁE"JEE‘J%ﬁ%iﬁBﬁﬂE%ﬂ%)‘(%ﬁﬁ, R AFE R BYIEE AR
> SIMPLEIA X, HEFEFRMAGIERAORLE KR, UMpFES T
TS E o




PISO &k

PISORBIEREESNERIEEREZWS, ZHITILRENEIEIENK
o E&Mu - wiBE, FlaXRIN
. %Mu - piBE

V-u=0
ou

n + V- (uu) = —Vp +vV?u

» PISOETFIATRIL:
o HEBRRH (BFEEK) R, u— pfBStLIFL MBS E MRS

» Bkt F—XRpETN, FEEEZRENEE

» PISOA] IAEMESIMPLERS —FhiA R



PISO &k

> JRIAPISOREREIT2RE NZIE
» KPR ERTLURTBE 2R ENEIE, BEFHITRZR, BAMERREFE
» BTH#TT ZRENEE, EAAFTEHRITIMNG, BREENFELR




OpenFOAM® FJPISOHE X

. FMzNE Momentum predictor: FIRfEITRIES (E—BIEHK) KEZHES
12

apup = H(u) — Vp*
2. JEJIMBIE Pressure correction: FRIBFUNIRE A EHFHHIE S

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

3. TEEBE

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

ap ap

up =

CEREEMEELER, REHHITHNEEZK



OpenFOAM® FJPISOHE X

 ——

(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

» EXIREFIZ(IGI T AHE)Ifvm: :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;

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 = " << runTime.elapsedCpuTime() << s
<< " ClockTime = " << runTime.elapsedClockTime() << " s"
<< nl << endl;

}

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




OpenFOAM® dfJPIMPLER A

» PIMPLE: PISO-SIMPLE, XBtEZ4c. FAIJERAK iR
> BERNEIR: ATER inner(PISO corrector) FIFMEER outer corrector, LARAR

WS A E ST RRR S
» system/fvSolutions
PIMPLE
{
nOuterCorrectors 2; //for outer corrector
nCorrectors 1; //for inner PISO corrector

nNonOrthogonalCorrectors 0;

}
» WNRn0uterCorrectors=1, FIEYTFPISOER




OpenFOAM® dfJPIMPLER A

Corrector step

Predictor step

Solve Uy
Solve Uz

‘ompute predicted




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;  fnfoce *Tine = * < runTime. timeName() << nl << endl; #include "CourantNo.H"
uhile (stnple.Loop(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();

. . 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;

R A% RENMESRAETIER 2024 £ 4 /A




Thank you.
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