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s.t. R(v,p,a)=0
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KNHBESE, BEEQR
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V-u=0
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4. OpenFOAM HRRJSCIR

B HERREE:

[ Main-loop

Solve the
primal system

(v,p)

*Frozen tubulence”

Update the Solve the
i porosity adjoint system

Steepest descent (u,9)

l Convergence
assessment Converged

End time or

convergence condition
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4.1 [FIG RS IERIRAER

BE5, (EASIMPLEEIEKBIRIATE

// Momentum predictor
// @turbulence->divDevSigma: JHFVEI, NAFZRIKE#HE
fvvectorMatrix UEQgn
(
fvm: :div(phi, U)

+ turbulence->divDevSigma(u)

+ fvm::sp(alpha, U)
);
UEgn.relax();
solve(UEgn == -fvc::grad(p));

/ /R J1AR i 2
volscalarField rAu(l1.0/UEgn.AQ));
volvectorField HbyA(constrainHbyA(rAu*UEgQn.H(), U, p));
surfaceScalarField phiHbyA("phiHbyA", fvc::flux(HbyA));
fvscalarMatrix pEgn
(
fvm::laplacian(rAu, p) == fvc::div(phiHbyA)
);

pEgn.setReference(prRefcell, pRefvalue);
pEgn.solve();

// Explicitly relax pressure for momentum corrector
p.relax();

// Momentum corrector
U = HbyA - rAu*fvc::grad(p);

BREKRE

V-(vv)+Vp—-V-2uD(v))+av=0
V-v=0

RIEKBHIELTE (SRBEESEIFHEEM)

// Adjoint Momentum predictor
volvectorField adjointTransposeConvection((fvc::grad(Ua) & U));
zeroCells(adjointTransposeConvection, inletCells);
fvvectorMatrix UaEgn
(
fvm::div(-phi, ua)

- adjointTransposeConvection

+ turbulence->divDevSigma(ua)

+ fvm::sp(alpha, ua)
)3
UaEgn.relax()
solve(UaEqn == -fvc::grad(pa));

—V(vu) —Vu-v=-Vg+ V. (2vD(u)) — au
V-u=0
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4.2 INRFHRILIE

MFNLIARLANEER, #HE FEBFRSEM

’I_Lt:O
Up = Uy
n-Vg=20

BT ERE, BEmERLERRE, NOEREEEHSREZRERF I EAAMERLEIHED
TREFM.

PFHOBSR, NELRER. RIEESHDHRENG

L,

n(u-v)+u(v-n)+v(n-V)u—qn—pn—(v-n)-v—Ev n=20

IRREEERATES, TRESRE, SEERERIITRSHE, 52

1
q:u-v—&-unvn—&-l/(n-V)un—Evz—v%

0=uv,(ux —v¢) +v(n-V)u

PRIERHMEDMHEREREIORF. EEEABER, EREI

Up, — Un,neighbor

A

Ut — Ug,neighbor

A

v(n-V)u, =v

vin-Viu, =v
EIEH A ESB SRR

const fvsPatchField<scalar>& phip =

patch() .TookupPatchField<surfaceScalarField, scalar>("phi");
const fvsPatchField<scalar>& phiap =

patch() .lookupPatchField<surfaceScalarField, scalar>("phia");
const fvPatchField<vector>& Up =

patch() . TookupPatchField<volvectorField, vector>("U");
const fvPatchField<vector>& Uap =

patch() .lookupPatchField<volvectorField, vector>("ua");

const incompressible::RASModel& rasModel =

db() . TookupObject<incompressible: :RASModel>("momentumTransport™);
scalarField nueff = rasModel.nueff() () .boundaryField() [patch().index()];
const scalarField& deltainv = patch().deltacCoeffs(); // mA-1
operator==(phip*phiap/sqr(patch() .magsf()) +

(Uap&uUp) +

nueff*deltainv*(phiap/patch() .magsf() -

(Uap.patchinternalField()&patch().nf())) -

0.5*sqr(mag(up)) -

magsqr(Up&patch() .sf()/patch() .magsf());

fixedvalueFvPatchScalarField: :updateCoeffs();

EREIARERRS
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const fvsPatchField<scalar>& phiap =

patch() .TookupPatchField<surfaceScalarField, scalar>("phia");
const fvsPatchField<scalar>& phip =

patch() .TookupPatchField<surfaceScalarField, scalar>("phi");
const fvPatchField<vector>& Up =

patch() .TookupPatchField<volvectorField, vector>("U");
const fvPatchField<vector>& Uap =

patch() .lookupPatchField<volvectorField, vector>("ua");

const incompressible::RASModel& rasModel =
db() . TookupObject<incompressible: :RASModel>("momentumTransport");
const scalarField deltainv = patch().deltaCoeffs();
scalarField nueff = rasmodel.nuEff() () .boundaryField() [patch().index()];
scalarField un(mag(patch().nf() & Up));
vectorField Ut(Up - phip*patch().nf()/patch() .magsf());
vectorField Uaneigh(Uap.patchInternalField());
vectorField Uaneigh_n((Uaneigh&patch() .nf())*patch().nfQ);
vectorField Uaneigh_t(Uaneigh - Uaneigh_n);
// Ut = (V-vn)/vn
vectorField Uap_t((Un*Ut + nueff*deltainv*Uaneigh_t)/(Un + deltainv*nueff));
vectorField Uap_n(phiap*patch().nf()/patch().magsf());
// U =Un + Ut
// uUn = phi*\vec{A}/(AA2)
vectorField: :operator=(Uap_t + Uap_n);

fixedvalueFvPatchvectorField: :updateCoeffs();

4.3 BETFEiLX (Deepest descent method)

STRHRESTE RS, FEEMIER, MRNGES:

0L

= uj - ViVi
0041-

RERRE NIERYS RS BRRERE, EXLKAA. N

Apt1 = Qp — U4 - viniA
£ OpenFOAM RISEIRH, FAIREERLS o MEIBRE] o < apge , FHEIIASEEFRIERREY, Elt
HHIATRS

// @mesh.fielfRelaxationFactor : fvSolutioniE X HIFAGhET
alpha +=
mesh.fieldRelaxationFactor("alpha")
*(min(max(alpha - lambda*(ua & U), zeroAlpha), alphamax) - alpha);

4.4 5l

WXE G/ OpenFOAM B EM pitzpaily , EERRANE, (£ k — e mtRE, RAMES
. imERSHLUNEBE NEEEASEIT:

HE ALimanEe AQRiTHFERER BETESK Qmaz
v=1x10"°m?/s k = 0.375 m?/s* € = 14.855 m?/s3 A=1x10° s/m? 200 57!

RS FNERNMESIN B, EEATEBE M.
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T= Inlet Outlet

v EEE 10 m/s THE

u EEE 10 m/s HERE R

p THE EIREME 0 pa

q THE R ED S
Ubber Wall

Inlet
Outlet

Lower Wall

N-STTFEAMHRES FZRIRAERAASIMPLEES . | o FASBEFiIRI90.1. B EWSS M IERTRENT
0. 15083 ENT1e-8, AIRIERREM, N-SHEXRIMER_MENIER, HEHhERRMEEEX
BER—IMBXEIN. REEE o BIDmER:

alpha
00e+00 20 40 60 80 100 120 140 160 180 2.0e+02

HJLIER, o [EXASEHMERETNIIXE, KXo EREERMSEMER, aMthuiRiER.
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HLATEHIRKERE J BIZIER, SR THIEICAIRERILE, LI T RahsEEFERERAIR.

Power Dissipation Rate

0.807 T T T T T T

no porolsity updateI +
| with porosity update *
5.0065

0.006
0.6855
0.805
0.60845

0.004

0.0035

0.003

0.0825 1 1 1 ] 1 1 1 1 1 1

time step
5 . le\gﬁ
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B MIAILGHTRAAE, AL REIEMMEZ 24, BRIESRHESRIN A,
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