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laplacianFoam

Application laplacianFoam

Description Solves a simple Laplace equation,
e.g. for thermal diffusion in a solid.

EEFE IMEXATEIN

oT
Frie div(I’ gradT) = 0

oT
f —dV — f div(T gradT)dV
y Ot %

oT
=j —dV—j (I'gradT) -ndS =0
y Ot S

[A][T]=[b]



laplacianFoam T{E>Y—XO—k

« JILINTALIRY
OpenFOAM-2.2.2/application/solver/basic/laplacianFoam

e srcTaALIK) (JILINT LR /Make/options
THETE)
— OpenFOAM-2.2.2/src/finiteVolume

o &Y)L/VE src
— OpenFOAM-2.2.2/src/OpenFOAM
— OpenFOAM-2.2.2/src/OSspecific/POSIX




Level 0: A BB 57 DEER

/] BLDYIIN—TH BT EAYVE—T7MILD5HIAH, OpenFOAMD E {

BETHIEE BT 5. /] EREIBARXDDRIBRBAEERLT, B
#include "fvCFD.H" /] FFEBEEILAIEZimplicit(FEEY)[Z#E<, fvm

// Slmplezfa)*%ﬁ%%{ﬁ?t&)@’\ YE—=D7AINEHHRAD, solve

#include "simpleControl.H" (

fvm::ddt(T) - fvm::laplacian(DT, T)
);

}
int main(int argc, char *argv[])
t s . . /I RO A
/] BLDVILIN—TH BT HANVT —T7AILDEFRHAHAH . OpenFOAMD E #include "write.H"

BHHEEEZBDICZT S,
#include "setRootCase.H"
#include "createTime.H"
#include "createMesh.H"

{EJ/Z%_’%& %;%Eb?;i-ﬂi%%— ERET 437 transportProperties, Z{E }// end of the simple loop

#tinclude "createFields.H"

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

Info<< "End¥n" << endl;

// simpleiE D= DY AMD, simpleiEEaLbA—ILT 512 DF TPz
JbsimpleZ{E Rk return 0;

simpleControl simple(mesh); }

Info<< "¥nCalculating temperature distribution¥n" << endl;

VT IVEDA TSR EFE-ST, #2YRLEIHKEIVFO—ILT S

while (simple.loop())

{

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

/] IEEITHFEENANGIHZE DHEIT,
while (simple.correctNonOrthogonal())
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Ap1 ag1 0 0
—Qwz2  App —Qagy 0 _
0 —Qw3z dp3z  —0Ag3
0 0 —Qws4  Qpg |
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0 —oP2 0 0 | w2z —Qw2 — Qg2 ag2 0
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I e
Su1 1 [Sutdaat] [0
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FLEDVFA

ET14—ILFE

BATIZEDT —3F

J4—ILK{E
BRIZ&>TENEHD

t)LETODIE

TILIARTR (D) TOE

dimensionedScalar

surfaceScalarField

volScalarField

dimensioned<vector>

surfaceMesh>

1735— di . d<scalar> GeometricField<scalar, fvsPatchField, GeometricField<scalar, fvPatchField,
Imensionedsscalar surfaceMesh> volMesh>
. dimensionedVector surfaceVectorField volVectorField
/\7 I‘)l/ GeometricField<vector, fvsPatchField, GeometricField<vector, fvPatchField,

volMesh>

2013/11/17 A—T > CAEfA S @ F LU

EDITIE, typedef CEZEI N7 B
TDITHEREKEDESE
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H

TEDTOD

volScalarField T dimensionedScalar DT
( (
|Oobject
(
o
runTime.timeName(),

E &= : createFields.H

III

transportProperties.lookup("DT")
);

mesh,

|Oobject::MUST_READ,

|Oobject::AUTO_WRITE
),

mesh

);



laplacianFoam.C A2 )L—2

while (simple.loop())

{

Info<< "Time =" << runTime.timeName() << nl << endf;
THIHZER (BIEZ EDITS
ERLT=1&, migE) L, fE<

while (simple.correctNonOrthogonal())
{ /

solve

(
fvm::ddt(T) - fvm::laplacian(DT, T)

. \ ~ R
EFEEIT 5|44 dimensionedScalar & volScalarField
5124 : volScalarField fvmLaplacian.C

#include "write.H"

fvmDdt.C

Info<< "ExecutionTime =" << runTime.elapsedCPpyTime() << " s

<< " ClockTime =" << runTime.elapsedClockTimeth\<< " s

<< nl << endl; X _
EELLRYIE
tmp<fvMatrix<Type> >

13



src¥finiteVolume¥finiteVolume¥fvm¥

fvmDdt.C

template<class Type>
tmp<fvMatrix<Type> >\

ddt

scalar

(

SHEL VX, A HUAIZES

DAl ETD, R—DEDEIRE

FBEITIED, ChEEET BHE,
HLEDEHRDARBLEDD,

const GeometricField<Type, fvPatchField, volIMesh>& vf

)
{

return fv::ddtScheme<Type>::New

(

vf.mesh(),

/

volScalarField T

vf.mesh().ddtScheme("ddt(" + vf.name() +')')

} )().fvmDdt(vf); —

fvSchemes 774 JL TR E L 1= ddtScheme®
fvmDdtMEITEIN S,

14



ddtScheme

Euler, localEuler, CrankNicholson, backward,
steadyState 7% & (UserGuide 4.4.6)

src/finiteVolume/finiteVolume/ddtSchemes [Z

J—XO—KH D

S A, P2 T IV Euler (implicit) 3 £
2

O
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Euler implicit

oT TpVp)™eW — (TpVp)oHd
f dV=(PP) (TpVp)
%

ot At
B (Vp)new
At

(TpVp)™
At

Tp

N\

ERRIEIZB N
(FHFZITODEE LT
HRH{%R)

T, DIREIZEN
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EulerDdtScheme.C

— | line 260

template<class Type>

tmp<fvMatrix<Type> > if (mesh().moving())
EulerDdtScheme<Type>::fvmDdt {
( fvm.source() =
const GeometricField<Type, fvPatchField, rDeltaT*vf.oldTime().internalField()*mesh().VO();
volMesh>& vf }
) else
{ {
tmp<fvMatrix<Type> > tfvm fvm.source() =
( rDeltaT*vf.oldTime().internalField()*mesh().V();
new fvMatrix<Type> }
(
vf, return tfvm; (Tp Vp)‘)ld
vf.dimensions()*dimVol/dimTime } At
)
) T DOERIEIZ(IHEFZITDIE
Matrix<Tvoesg form = tfomfl. XEIVEKE A BALATYT )&
vMatrix<Type>& fvm = tfvm(); ANnD, Told*Vcell/At
scalar rDeltaT = 1.0/mesh().time().deltaTValue(); —_
fvm.diag() = rDeltaT*mesh().V(); 1751 @ﬁﬁlﬂj{,ﬁj\!: (TR
(V,p)1ew B4 LTV EAND,
——Ip Vcell/At
2013/11/17 A —F U CAEfIBR S @ E 1L At 17
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Ap1  —Ag1 0
—ay, dp, —dg _ Y—R3d—k
0 —ays aps —aps solve ( fvm::ddt(T) - fvm::laplacian(DT, T) );
0 0 —Qws4  Apy
—S5p1 0 0 0 1 [—ae g1 0 0
0 —Sp; 0 0 | |awz —awz—ag AE2 0
0 0 —Sp3 0 0 Aws —Qws —A4gz Qg3
0 0 0 —Sp4l 0 0 Gwa ~fwal
::i’éfigiiﬁﬁ \ NHDRTE
FEEFEIER HLEIE
Syt | [Sutaac] [0
Suz |_|Suz.aat | |0
Suz | | Sus_dat 0 \
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Laplacian

schemeMZEIRIX [, Gauss 7=[T (UserGuide 4.4.4) F=1=L,
TERCARBAEDEREKLH D

— Gauss <interpolationScheme> <snGradScheme>

Y8R 20D 48[ (interpolation) A& D E IR X, linear,
upwind, limitedLinear, vanLeer, MUSCL % & (UserGuide 4.4.1.2,

Table 4.6)
— TS5 EILFILTOELNS, EmTOEFHHTS

[ EE 5 R B E(snGrad) D 73 7E D ZFIREKIE, corrected,
uncorrected, limited y, bounded, fourth 7&& (UserGuide 4.4. 2

4.4.4, Table 4.9)

— BETHS5ILHRDTOEEDELL, ETHDIEZMHEIT S
sr%/f!#r;%eVolume/fln|teVqume/IapIauanSchemesl V—AOd—
~ DN\

o|(f, REVUTIVEIEEETERD, #BIOFEMIZDINT
iﬁM’L AW
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RYOMILDORNFE

f (T gradT) - ndS = z[(r gradT) - S¢| = (T gradT), - S¢ o + (I' S gradT),, * Sf 4
S
f

dr dr
Fe{ =) Sre=Tw(=2) Srw
e w

:<F_

ANT—EDTE
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Spe—|(T
e

/

S NEAZAEOT, &

HiT R Rl F5k 0D 12

T EXE
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fw — le

N

snGradScheme

interpolationScheme

n control volume R E CH B EIBBAIRNIL

RES:1, AR:-@AICEER

Y¢  control volume®D £ TADFE THH

Sf = an

control volume REE TO@EBENTRIL

RE& @S, , A HICEE
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pheE

/ mf [ZH[TATD{E(scalar) . @ZEETEILF

DDEMNSFEREIT S. interpolationScheme

L (r gradT)'ndSZZFf[(gradT)f "{\ &t DEH

= 2 T (gradT); - (Sfn) | Ef 128+ 5 (gradT) DIE(vector) & Bz
f EANIMLEORAE=MEf ICEELTRS
_ z :Ff(gradT)f 'Sf] snGradScheme
f
"""""""""""""""""""""""""""""""""""""""""""""""" Y¢  control volumeDETDFRE TAHF
dT\ Ty=To  Ty—To
<dx>f N n control volumeSRE THELSEFAV ML
RES:1, AR:HICEE

Ty temperature of neighbor cell

T, temperature of owner cell n = ﬁ

Cy position vector: center of neighbor cell Sf

Co position vector: center of owner cell Sf = an
TE#E BERNES. EEXDEAIZIL, control volume 5t El COEIRANTHIL
fIETRZ B0 RS HIES,, AR EHICEE
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laplacian(DT, T)h i5laplacianScheme&E T

line 179 RAZ1E (dimensiondScalar) DT & XA 5—15 (volScalarField) T EMV5188; A D515 gamma #ERKL T, I
TIZDTDEZAND.

tmp<fvMatrix<Type> > laplacian
( const dimensioned<GType>& gamma,
const GeometricField<Type, fvPatchField, volMesh>& vf

)

Iji;{e%()_}?éDT’éijﬁ—i%(surfaceScaIarFieId) [ZL7= gamma & AH5—15 (volScalarField) T EMVE14]; laplacian D £ Hi]

tmp<fvMatrix<Type> >

laplacian

( const GeometricField<GType, fvsPatchField, surfaceMesh>& gamma,
const GeometricField<Type, fvPatchField, volMesh>& vf

)

line 271 RHZ—15 (surfaceScalarField) gamma & XA5—15 (volScalarField) T & & il laplacian(DT,T) A35144;
laplacianSchemeZ 3179 %

tmp<fvMatrix<Type> >

laplacian

(
const GeometricField<GType, fvPatchField, voIMesh>& gamma,
const GeometricField<Type, fvPatchField, volMesh>& Vf,
const word& name

22



template<class Type =
tmp< fvMatrix< Type > > laplacian (const GeometricField< Type, fvPatchField, volMesh > &vf, const word &name)

template<class Type =
tmp< fvMatrix< Type > > laplacian (const GeometricField< Type, fvPatchField, volMesh > &vf)

template<class Type =
tmp= fvMatrix< Type > > laplacian (const zero &, const GeometricField< Type, fvPatchField, volMesh > &vf, const word &name)

template<class Type =
tmp= fvMatrix< Type > > laplacian (const zero &, const GeometricField« Type, fvPatchField, volMesh = &vf)

template<class Type >
tmp< fvMatrix< Type > > laplacian (const one &, const GeometricField< Type, fvPatchField, volMesh > &uvf, const word &name)

template<class Type >
tmp< fvMatrix< Type > > laplacian (const one &, const GeometricField« Type, fvPatchField, volMesh > &vf)

template<class Type , class GType >
tmp< fvMatrix< Type > > laplacian (const dimensioned< GType > &jamma, const GeometricField< Type, fvPatchField, volMesh > 8vf, const word &name)

template<class Type , class GType >
tmp< fvMatrix< Type = > laplacian (const dimensioned< GType = &gamma, const GeometricField< Type, fvPatchField, volMesh > &vf)

template<class Type , class GType =
tmp= fvMatrix< Type > > laplacian (const GeometricField= GType, fvPatchField, volMesh > &gamma, const GeometricField< Type, fvPatchField, volMesh = &vf, const word &name)

template<class Type , class GType =
tmp= fvMatrix< Type > > laplacian (const tmp< GeometricField< GType, fvPatchField, volMesh > > &tgamma, const GeometricField< Type, fvPatchField, volMesh > &uwf, const word &name)

template<class Type , class GType >
tmp< fvMatrix< Type > > laplacian (const GeometricField= GType, fvPatchField, volMesh > &gamma, const GeometricField< Type, fvPatchField, volMesh = &vf)

template<class Type , class GType >
tmp< fvMatrix< Type > > laplacian (const tmp< GeometricField< GType, fvPatchField, volMesh > > &tgamma, const GeometricField< Type, fvPatchField, volMesh > &uvf)

template<class Type , class GType >
tmp< fyMatrix< Tvpe > > laplacian (const GeometricField< GTvpe, fvsPatchField, surfaceMesh > &gamma, const GeometricField< Type, fvPatchField, volMash > &vf, const word &name)

2013/11/17 A—TF U CAEfIBA L @ 1 23



src¥finiteVolume¥finiteVolume¥fvm¥

fvmLaplacian.C

template<class Type, class GType> /
tmp<fvMatrix<Type> >

line 179

laplacian

(

const dimensioned<GType>& gamma,

const GeometricField<Type, fvPatchField, volMesh>& vf

)
{

const GeometricField<GType, fvsPatchField, surfaceMesh> Gamma

(
IOobject

(
gamma.name(),
vf.instance(),
vf.mesh(),
IOobject::NO_READ

),

vf.mesh(),

gamma

);

return fvm::laplacian(Gamma, vf);

} \

8|%4% ( GeometricField, GeometricField )
&9 BlaplacianZE1T,

24



src¥finiteVolume¥finiteVolume¥fvm¥

fvmLaplacian.C

template<class Type, class GType> — | line 303
tmp<fvMatrix<Type> >
laplacian
(
const GeometricField<GType, fvsPatchField, surfaceMesh>& gamma,
const GeometricField<Type, fvPatchField, volIMesh>& vf

)
{

return fvm::laplacian

(

gamma,
vf,
"laplacian(" + gamma.name() +',' + vf.name() + ')’

);
} \

word ) &9 BlaplacianzB =17,

5|44 % (GeometricField , GeometricField,

25



src¥finiteVolume¥finiteVolume¥fvm ¥

fvmLaplacian.C

template<class Type, class GType> — | line271
tmp<fvMatrix<Type> >
laplacian
(
const GeometricField<GType, fvsPatchField, surfaceMesh>& gamma,
const GeometricField<Type, fvPatchField, volIMesh>& vf,
const word& name

return fv::laplacianScheme<Type, GType>::New

(

vf.mesh(),
vf.mesh().laplacianScheme(name)
)().fvmLaplacian(gamma, vf);

fvSchemes 774 )L CeXE LT-
laplacianScheme®fvmLaplacianhETEN 5,
laplacian(Dt,T) Gauss linear corrected;

26



src¥finiteVolume¥finiteVolume¥laplacianSchemes¥gaussLaplacianScheme

gaussLaplacianScheme.C
template<class Type, cIassG‘I‘ype>/ line 154 );

tmp<fvMatrix<Type> > fvMatrix<Type>& fvm = tfvm();
gaussLaplacianScheme<Type, GType>::fvmLaplacian
( tmp<GeometricField<Type, fvsPatchField, surfaceMesh> >
const GeometricField<GType, fvsPatchField, surfaceMesh>& tfaceFluxCorrection
gamma, = gammaSnGradCorr(SfGammacCorr, vf);
const GeometricField<Type, fvPatchField, volMesh>& vf
) if (this->tsnGradScheme_().corrected())
{ {
const fvMesh& mesh = this->mesh(); tfaceFluxCorrection() +=

SfGammaSn*this->tspfT¥clherfie (HoorraMon(vf);

3IE|E*§'I‘£E0)

const surfaceVectorField Sn(mesh.Sf()/mesh.magSf()); }

const surfaceVectorField SfGamma(mesh.Sf() & gamma); fvm.source() -= V
const GeometricField<scalar, fvsPatchField, surfaceMesh> mesh.V()*fvc::div(tfaceFs=Cc
SfGammaSn

( SfGamma D MEIZFE | if (mesh.fluxRequired(vT:
SfGamma & Sn / BN (KRES) {

); fvm.faceFluxCorrectionPtr() = tfaceFluxCorrection.ptr();
const surfaceVectorField SfGammaCorr(SfGamma - }
SfGammaSn*Sn);
return tfvm;
tmp<fvMatrix<Type> > tfvm = fvmLaplacianUncorrected }
( \
SfGammaShn, ] Eu‘ '/\J -
this->tsnGradScheme_().deltaCoeffs(vf), fmeapIauanUncorrected ? T

of tivm Z4ERK, CCTITHIZEIR1E,

27



src¥finiteVolume¥finiteVolume¥laplacianSchemes¥gaussLaplacianScheme

gaussLaplacianScheme.C

template<class Type, claﬁyp@ line 44 fvm.upper() =
tmp<fvMatrix<Type> > deltaCoeffs.internalField()*gammaMagSf.internalField
gaussLaplacianScheme<Type, (); _
GType>::fvmlLaplacianUncorrected fvm.negSumbDiag();
(
const surfaceScalarField& gammaMagSf, BRTONE: LI
const surfaceScalarField& deltaCoeffs,
const GeometricField<Type, fvPatchField, returp tfvm;
volMesh>& vf }
) /4= _ —_ B
{ THOLE=AIC(E/ILEERED
tmp<fvMatrix<Type> > tfvm W XA MIXI)LEOEE)
( Mt EAND, [S/8
?ew vMatrix<Type> ﬁ%"i?ﬁ‘% upperO)H(Z‘f‘k’:]\o
of B &1 ZlowerlZH A S,
deltaCoeffs.dimensions()*gammaMagSf.dimensions()*
vf.dimensions()
) _ e i s "
y A5 DR BDOHSK
fvMatrix<Type>& fvm = tfvm(); z A8 (3520)?(34#)
LduMatrix::negSumDiag

28
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lduMatrixOperations.C

void Foam::lduMatrix::negSumbDiag() — | lines0
{
const scalarField& Lower = const_cast<const l[duMatrix&>(*this).lower();
const scalarField& Upper = const_cast<const lduMatrix&>(*this).upper();
scalarField& Diag = diag();

const labelUList& | = lduAddr().lowerAddr();
const labelUList& u = [duAddr().upperAddr();

Diag XA »

for (register label face=0; face<l.size(); face++) Lower TZ=fAKH
{ Upper_J:EﬁJﬂ?.ﬁJ_\
Diag[l[face]] -= Lower[face]; | 'F:_ﬁ’@@%ﬁ_?"&?’é?’
Diag[u[face]] -= Upper[face]; \ u E=ATOEMEIET
i _
} ap = —(—ag) + —(—aw)

AN ET=A, L=ALTIE &
ENHICHEEIEITER,

29



src¥finiteVolume¥interpolation¥surfacelnterpolation¥surfacelnterpolation¥

surfacelnterpolation.C

void Foam::surfacelnterpolation::makeDeltaCoeffs() const mesh_,
{ dimless/dimLength
if (debug) );
{ surfaceScalarField& DeltaCoeffs = *deltaCoeffs_;

}

// Force the construction of the weighting factors

Pout<< "surfacelnterpolation::makeDeltaCoeffs() : "

<< "Constructing differencing factors array for face
gradient"

<< endl;

// Set local references to mesh data

const volVectorField& C = mesh_.C();

const labelUList& owner = mesh_.owner();

const labelUList& neighbour = mesh_.neighbour();

// needed to make sure deltaCoeffs are calculated for forAll(owner, facei)
parallel runs. {
weights();

deltaCoeffs_ = new surfaceScalarField

(

IOobject

(

"deltaCoeffs",
mesh_.pointsinstance(),
mesh_,
IOobject::NO_READ,
IOobject::NO_WRITE,
false // Do not register

DeltaCoeffs[facei] = 1.0/mag(C[neighbour[facei]] -
Clowner[facei]]);

}

forAll(DeltaCoeffs.boundaryField(), patchi)

{
DeltaCoeffs.boundaryField()[patchi] =

1.0/mag(mesh_.boundary()[patchi].delta());

OEHMEE DM
TIILRIDEDEEREE 6 £T7 5
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apl —Aag1 0 0
—Aw2  QApz —Ap 0 [
0 —Aws  Ap3  —0Qg3
0 0 —aws apg
0 —Sp2 0 O [ |awz —awz—ag Ag? 0
0 0 —=Sp3 O 0 aws —Qy3 —Agz  Ag3
0 0 0 —Sp4_ | 0 0 Ay 4 —Ay4.
\ — —mREL e \ = .
“iﬁfﬂfﬁ%ﬁ CCETTRERH
otk HLERIE
Sy1 1 [Sutaat ] [0
Suz | | Suz.aac| |0
Su3 ) Su3_ddt 0
_S 4 _S ddt | _O_
Ak ™~ & (FE R
\ _ * EREMDE Lsolve()DFTEMSN S,
EX TE i 7 * LR EDEE R MM ETHENAS
EERIE
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L TERBAL 7=,

» ERICIE, SNoMNEXRLLZWVEELH D,
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v —Ad— P’En)b&ﬁ#(f’&)‘v
s ZHDRAAT (VSR EEH

— volScalarField, dimensionedScalar ? 7 &

* Slow and steady wins the race

— L9 D, HEEEXEDHS

— INSEER D DIEAER

— #2Y)RT, #2YRT, #RYRT
« HiEZFFEH
HiGEY—ADOMAZTES

'I'I'
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SEEM
e OpenFOAM Programmers Guide, User Guide
¢ Y—RO—F
* Imperial College T 3FX7/GE

— Hrvoje Jasak, Henrik Rusche, Franjo Juretic 7L E7EE
— http://powerlab.fsb.hr/ped/kturbo/OpenFOAM/docs/

- FAKYAF

— http://www.geocities.jp/penguinitis2002/index.html

* http://openfoamwiki.net/

e http://www.cfd-online.com
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