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Hrvoje Jasak, PhD 1996, Error analysis and estimation
in the Finite Volume method with applications to fluid
flows.

e http://powerlab.fsb.hr/ped/kturbo/OpenFOAM/doc
s/HrvojelasakPhD.pdf

Henrik Rusche, PhD 2002, Computational fluid
dynamics of dispersed two-phase flows at high phase
fractions.

e http://powerlab.fsb.hr/ped/kturbo/OpenFOAM/doc
s/HenrikRuschePhD2002.pdf
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Methods for Fluid Dynamics 3rd ed. Springer
2002.




OpenFOAM®MY)—X 31—k

» C++ 558

. FISTHMERTOG T3




Ao OMERTAT I3V

11

—AREIICLA T DB EE R BEFERAL-70T S
TEGEDIEF LD,

e H7IL{t IRAEBEL\DERET —2E2%R)
e AIINRUR (%L7 R) - DTARN—RAMDEEL
,j|-\')-—74;<A( B, ZHM%) - BEEDE

=)




C++ VTR &lE

D25 R
e B (AT THM) DEFETX
o FRRTME CIKRE, B1E), #8E (function, AV Y,
BEEZ=C
¢ VSRE MEEAIVEDEFTYTHDS
. _0) SER (SR IZEDNT, AT S LE
BRI, BRERA (A REFVR)DMELNS




JA55 .4

o BFRRIZERGED, IHBFALLEHA L, BEMWER-T,
o BREREHOLIL, BRI EFFFH>TLVA,




AIxHOMERITOT I3,
C++ DR RE




Hh7t)Lit

e MMM AEBEZEEMICHSELTEH, FR S
o] ful: 3
o BREEDFEINATZITEBRIEIZLTHLS

s CHOEMITT, [MELGELF-TULSEE,
OpenFOAM®MD Y LAWY EBIETES

Xt

(MDIRFET,




« BIFUVSADWEEE. HEZHEF I OM=LI5
X’&/)R*_’d'%mtb\f% (T95R1k)

e DAV TAMAING MDD UTX(Z5[H#C (F4
RKIET5H)

o //base VT RZTHEET H sub VTR

e class sub : public base
* {

o [/ AUNITAERE

il




o A—/N\—DSADEEEHBEN YT HSRIZE
DEE5|I=HEAND-OH. YT IUSATR—
IN—OSADNA—FZBFHETES,




HE 2 DI -
bacicKi CollidineCloud

icoUncoupledKinematicParcelFoam[Z& LV T,
basicKinematicCollidingCloud|&, XD LIIZEERINTLVS,

typedef CollidingCloud<
KinematicCloud <
Cloud <
basicKinematicCollidingParcel
>

basicKinematicCollidingCloud
Definition at line 53 of file basicKinematicCollidingCloud.H.

typedef CollidingParcel < KinematicParcel < particle > >
basicKinematicCollidingParcel

Definition at line 48 of file basicKinematicCollidingParcel.H.




%&%@1@'—“': |

particle : IDLList<particle>::link

objectRegistry KinematicParcel<particle>

cloud IDLList<CollidingParcel<KinematicParcel>>

\/

Cloud<CollidingParcel> kinematicCloud

—_

KinematicCloud<Cloud>

I
CollidingCloud<KinematicCloud>
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template<class Type >

tmp=< fvMatrix< Type > =

template<class Type >

tmp< fvMatrix< Type = =

template<class Type >

tmp< fvMatrix< Type = =

template<class Type =

tmp=< fvMatrix< Type = =

template<class Type =

tmp=< fuMatrix< Type = =

template<class Type =

tmp=< fuMatrix< Type = =

template<class Type ,

laplacian (const GeometricField< Type, fvPatchField, velMesh = 8vf, const word &name)

laplacian (const GeometricField< Type, fvPatchField, volMesh = &vf)

laplacian (const zero &, const GeometricField< Type, fvPatchField, volMesh = &vf, const word &name)

laplacian (const zero &, const GeometricField< Type, fwPatchField, volMesh = &vf)

laplacian (const one &, const GeometricField< Type, fvPatchField, volMesh = &wf, const word &name)

laplacian (const one &, const GeometricField< Type, fvPatchField, volMesh = &vf)

class GType =

tmp< fvMatrix< Type > =

template<class Type ,

laplacian (const dimensioned< GType > &gamma, const GeometricField< Type, fvPatchField, volMesh > &uvf, const word &name)

class GType =

tmp< fvMatrix< Type > =

template<class Type ,

laplacian (const dimensioned< GType > &gamma, const GeometricField< Type, fwPatchField, volMesh > &uvf)

class GType =

tmp=< fvMatrix< Type > >

template<class Type ,

laplacian (const GeometricField< GType, fvPatchField, volMesh > &gamma, const GeometricField< Type, fvPatchField, volMesh > &uvf, const word &name)

class GType =

tmp=< fvMatrix< Type > >

template<class Type ,

laplacian (const tmp< GeometricField< GType, fvPatchField, volMesh > > &tgamma, const GeometricField< Type, fvPatchField, volMesh = 2wf, const word
Zname)

class GType =

tmp=< fvMatrix< Type > =

template<class Type ,

laplacian (const GeemetricField< GType, fvPatchField, velMesh > Bgamma, const GeometricField< Type, fvPatchField, volMesh = &vf)

class GType >

tmp=< fvMatrix< Type > =

template<class Type ,

laplacian (const tmp< GeemetricField< GType, fvPatchField, volMesh > = &tgamma, const GeometricField< Type, fvPatchField, volMesh = &vf)

class GType >

tmp< fvMatrix< Type = =

template<class Type ,

laplacian (const GeometricField< GType, fvsPatchField, surfaceMesh = &gamma, const GeometricField< Type, fvPatchField, volMesh = &vf, const word &name

class GType >

tmp< fvMatrix< Type = =

template<class Type ,

laplacian (const tmp< GeometricField< GType, fvsPatchField, surfaceMesh = » &tgamma, const GeometricField< Type, fvPatchField, volMesh = &vf, const
word &name)

class GType =

tmp=< fuMatrix< Type = =

template<class Type ,

laplacian (const GeometricField< GType, fvsPatchField, surfaceMesh = &gamma, const GeometricField< Type, fvPatchField, volMesh = &vf)

class GType =

tmp< fvMatrix< Type > =

laplacian (const tmp< GeometricField< GType, fvsPatchField, surfaceMesh > > &tGamma, const GeometricField< Type, fvPatchField, volMeash = &)
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template<class CloudType>
class KinematicCloud
{
public:
CloudType kinematicClouds;

}

template<class CloudType>l&, T TL—rAYR LM [END, O /315
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CollidingCloud.HD60{T{aIZ, V5 ADEEMNEER
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ELERDEIFLDTH S

00060 template<class CloudType>
00061 class CollidingCloud : public CloudType

Ml CollidingCloud 72 A MY, CloudType 5 A&k

RITBHIEERT,

CloudTypeld T T L —rI5R%D T,

PN

CollidingCloud %
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KinematicCloud.HD92~961TIZ, 95 ADEE
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00092 template<class CloudType>

00093 class KinematicCloud : public CloudType,
public kinematicCloud

Zh (X, KinematicCloudZ5AHY, CloudTyped
kinematicCloudM2 D DI T A% #E &K (2 Bk 7K )
JHETERT .

CloudTypeld T T L—hISREGEDT, AV RA
VAL THEZITHEAT HITAREGS,




typedef

« BFOEIZ HLWLWARI(AIRA)ZTITH
¢ —|*75‘J|_.‘V3'3_<7"d~%)

« TUTL—MGEZEALZRVAFIOR-U5X
H, ECHEBLOTVWERIZHFITEIENTES




A AT OS

o« JSRERULARID, FERIEAYYER,
o JIAMBHIT-THAVAIVAEVERRT HEZ(C,
hd EITEINS
o JHMEEEXRZTITO

e JSRTZHEMTHEZTDEIHIZILLT, EH D=
DANSORERETAHENTES >

OpenFOAM’C:B ERITFERASINEL- TS




A ARSI O2D A

laplacianScheme< Type, GType > Class Template Reference
http://foam.sourceforge.net/docs/cpp/a01091.html#details

Public Member Functions

virtual const word & type () const =0
Runtime type information.
declareRunTimeSelectionTable (tmp, laplacianScheme, Istream,(const fvMesh &mesh,
Istream &schemeData),(mesh, schemeData))

laplacianScheme (const fvMesh &mesh)
Construct from mesh.

laplacianScheme (const fvMesh &mesh, Istream &is)
Construct from mesh and Istream.

laplacianScheme (const fwMesh &mesh, const tmp< surfacelnterpolationScheme< GType
= > RBigs, const tmp< snGradScheme< Type > > &sngs)
Construct from mesh, interpolation and snGradScheme schemes.

virtual ~laplacianScheme ()
Destructor.

const fuMesh & mesh () const
Return mesh reference,
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‘JJL/\ icoFoam

V) —XAO—RDIEFT
e icoFoam A{K

— /opt/openfoam220/applications/solvers/incompressi
ble/icoFoam

e i[coFoam.C
e createFields.H

« TOMWIZKHELZSAT )
— /opt/openfoam220/src




IcoFoam.C

#tinclude "fvCFD.H"

//********************************//

int main(int argc, char *argv[])
{

#include "setRootCase.H"

#include "createTime.H"
#include "createMesh.H"
#include "createFields.H"
#include "initContinuityErrs.H"

//******************************//

Info<< "¥nStarting time loop¥n" << end|;

while (runTime.loop())

{

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

#include "readPISOControls.H"
#include "CourantNo.H"

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

);
solve(UEgn == -fvc::grad(p));

// --- PISO loop

for (int corr=0; corr<nCorr; corr++)

{
volScalarField rAU(1.0/UEqgn.A());

volVectorField HbyA("HbyA", U);
HbyA = rAU*UEqn.H();
surfaceScalarField phiHbyA
(

"phiHbyA",

(fvc::interpolate(HbyA) & mesh.Sf())
+ fvc::ddtPhiCorr(rAU, U, phi)
);

adjustPhi(phiHbyA, U, p);

for (int nonOrth=0; nonOrth<=nNonOrthCorr; nonOrth++)
{
fvScalarMatrix pEqn
(
fvm::laplacian(rAU, p) == fvc::div(phiHbyA)
);

pEgn.setReference(pRefCell, pRefValue);
pEgn.solve();

if (nonOrth == nNonOrthCorr)
{
phi = phiHbyA - pEqn.flux();
}
}

#include "continuityErrs.H"
U = HbyA - rAU*fvc::grad(p);

U.correctBoundaryConditions();

runTime.write();

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

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

Info<< "End¥n" << endl;

return 0;

// 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k ok 3k 3k 3k 3k 3k ok ok 3k ok 3k 5k ok 3k 3k ok ok 5k ok ok 3k ok ok 3k ok ok 3k ok %k ok k %k //
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createFields.H

Info<< "Reading transportProperties¥n" << endl;

I0dictionary transportProperties
(
I00bject
(
"transportProperties",
runTime.constant(),
mesh,
I0object::MUST_READ_IF_MODIFIED,
|0object::NO_WRITE

dimensionedScalar nu
(
transportProperties.lookup("nu")

);

Info<< "Reading field p¥n" << end|;
volScalarField p
(
100bject
(
"p",
runTime.timeName(),
mesh,
100bject::MUST_READ,
I00bject::AUTO_WRITE
),

mesh

);

Info<< "Reading field U¥n" << endl;

volVectorField U
(
100bject
(
g
runTime.timeName(),
mesh,
100bject::MUST_READ,
100bject::AUTO_WRITE
),
mesh

);
# include "createPhi.H"
label pRefCell = 0;

scalar pRefValue = 0.0;
setRefCell(p, mesh.solutionDict().subDict("PISO"), pRefCell, pRefValue);

2013/6/8
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fvCFD.H

— src/finiteVolume/cfdTools/general/include/fvCFD.H
setRootCase.H

— src/OpenFOAM/include/setRootCase.H
createTime.H

— src/OpenFOAM/include/createTime.H
createMesh.H

— src/OpenFOAM/include/createMesh.H
createFields.H

— VILINDTALIRIIZHS
initContinuityErrs.H

— src/finiteVolume/cfdTools/general/include/initContinuityErrs.
H




fvCFD.H

00001 #ifndef fvCFD_H

00002 #define fvCFD_H

00003

00004 #include "parRun.H"

00005

00006 #include "Time.H"

00007 #include "fvMesh.H"

00008 #include "fvc.H"

00009 #include "fvMatrices.H"

00010 #include "fvm.H"

00011 #include "linear.H"

00012 #include "uniformDimensionedFields.H"
00013 #include "calculatedFvPatchFields.H"
00014 #include "fixedValueFvPatchFields.H"
00015 #include "adjustPhi.H"

00016 #include "findRefCell.H"

00017 #include "constants.H"

00018

00019 #include "OSspecific.H"

00020 #include "arglList.H"

00021 #include "timeSelector.H"

00022

00023 #ifndef namespaceFoam

00024 #define namespaceFoam

00025 using namespace Foam;

00026 #endif

00027

00028 #endif

2013/6/8 OpenCAEfIE= @ F LI



setRootCase.H

00001 //
00002 // setRootCase.H

00005 Foam::arglList args(argc, argv);
00006 if (!args.checkRootCase())
00007 {

00008 Foam::FatalError.exit();




createlTime.H

00001 //
00002 // createTime.H

00005 Foam::Info<< "Create time¥n" <<
Foam::endl;

00006

00007 Foam::Time
runTime(Foam::Time::controlDictName, args);




createMesh.H

00001 //

00002 // createMesh.H

00003 [/ e

00004

00005 Foam::Info

00006 << "Create mesh for time ="
00007 << runTime.timeName() << Foam::nl << Foam::end|;
00008

00009 Foam::fvMesh mesh

00010

00011 Foam::IOobject

00012 (

00013 Foam::fvMesh::defaultRegion,
00014 runTime.timeName(),

00015 runTime,

00016 Foam::IOobject::MUST_READ
00017 )

00018 );




initContinuityErrs.H

00001 /* *¥
00002 ========= |

00003 ¥¥ / Field | OpenFOAM: The Open Source CFD Toolbox
00004 ¥¥ / Operation |

00005 ¥¥/ And | Copyright (C) 2011 OpenFOAM Foundation
00006 ¥¥/ M anipulation |

00007

00008 License

00009 This file is part of OpenFOAM.

00010

00011 OpenFOAM is free software: you can redistribute it and/or modify it
00012 under the terms of the GNU General Public License as published by
00013 the Free Software Foundation, either version 3 of the License, or
00014 (at your option) any later version.

00015

00016 OpenFOAM is distributed in the hope that it will be useful, but WITHOUT
00017 ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or
00018 FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License
00019 for more details.

00020

00021 You should have received a copy of the GNU General Public License
00022 along with OpenFOAM. If not, see <http://www.gnu.org/licenses/>.
00023

00024 Global

00025 cumulativeContErr

00026

00027 Description

00028 Declare and initialise the cumulative continuity error.

00029

00030 ¥* */

00031

00032 #ifndef initContinuityErrs_H

00033 #define initContinuityErrs_H

00034
00035//*************************************//
00036

00037 scalar cumulativeContErr = 0;

00038
00039//*************************************//
00040

00041 #endif

00042

00043 // 3k 3k 3k 3k ok %k ok 5k ok ok 5k k ok 5k sk ok ok sk ok ok 5k 3k ok 5k 3k ok >k 5k ok 3k 5k ok ok 5k %k ok 5k %k ok 5k %k ok 5k 3k ok ok sk ok ok 3k ok ok 5k ok ok >k 3k ok >k 3k ok >k 5k %k >k >k %k %k >k %k %k k k //
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e src/finiteVolume/cfdTools/incompressible/create
Phi.H [code]




createPhi.H

00001 /* *¥ 00034

00002 _————===== | 00035//*************************************//
00003 ¥¥ / Field | OpenFOAM: The Open Source CFD Toolbox 00036

00004 ¥¥ / Operation | 00037 Info<< "Reading/calculating face flux field phi¥n" << endl;
00005 ¥¥/ And | Copyright (C) 2011 OpenFOAM Foundation 00038

00006 ¥¥/ M anipulation | 00039 surfaceScalarField phi

00007 00040 (

00008 License 00041 I0object

00009 This file is part of OpenFOAM. 00042 (

00010 00043 "phi",

00011 OpenFOAM is free software: you can redistribute it and/or modify it 00044 runTime.timeName(),

00012 under the terms of the GNU General Public License as published by 00045 mesh,

00013 the Free Software Foundation, either version 3 of the License, or 00046 I0object::READ_IF_PRESENT,

00014 (at your option) any later version. 00047 I0object::AUTO_WRITE

00015 00048 ),

00016 OpenFOAM is distributed in the hope that it will be useful, but WITHOUT00049 linearinterpolate(U) & mesh.Sf()

00017 ANY WARRANTY; without even the implied warranty of 00050 );

MERCHANTABILITY or 00051

00018
License

00019
00020
00021
00022
00023
00024 Global

00025 createPhi

00026

00027 Description

00028 Creates and initialises the relative face-flux field phi.
00029

00030 ¥* */
00031

00032 #ifndef createPhi_H

00033 #define createPhi_H

FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public

for more details.

You should have received a copy of the GNU General Public License
along with OpenFOAM. If not, see <http://www.gnu.org/licenses/>.

00053

00054 #endif
00055

00056 //

3k ok ok ok ok ok ok sk ok ok ok ok sk ok ok ok ok sk ok ok sk ok 5k 2k ok sk ok ok sk ok ok ok ok sk ok ok ok sk sk sk ok sk ok ok ok ok sk ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok %k %k k k-
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e readPISOControls.H

— src/finiteVolume/cfdTools/general/include/readPISO
Controls.H

e CourantNo.H

— src/finiteVolume/cfdTools/incompressible/CourantN
o.H

e continuityErrs.H

— src/finiteVolume/cfdTools/incompressible/continuity
Errs.H




readPISOControls.H

00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017

const dictionary& pisoDict = mesh.solutionDict().subDict("PISO");

const int nOuterCorr =
pisoDict.lookupOrDefault<int>("nOuterCorrectors", 1);

const int nCorr =
pisoDict.lookupOrDefault<int>("nCorrectors", 1);

const int nNonOrthCorr =
pisoDict.lookupOrDefault<int>("nNonOrthogonalCorrectors", 0);

const bool momentumPredictor =
pisoDict.lookupOrDefault("momentumPredictor”, true);

const bool transonic =
pisoDict.lookupOrDefault("transonic", false);




CourantNo.H

00001 /* *¥

00024 Global

00025 CourantNo

00026

00027 Description

00028 Calculates and outputs the mean and maximum Courant Numbers.
00029

00030 ¥* */

00031

00032 scalar CoNum = 0.0;

00033 scalar meanCoNum = 0.0;

00034

00035 if (mesh.nInternalFaces())

00036 {

00037 scalarField sumPhi

00038 (

00039 fvc::surfaceSum(mag(phi))().internalField()

00040 );

00041

00042 CoNum = 0.5*gMax(sumPhi/mesh.V().field())*runTime.deltaTValue();
00043

00044 meanCoNum =

00045 0.5*(gSum(sumPhi)/gSum(mesh.V().field()))*runTime.deltaTValue();
00046 }

00047

00048 Info<< "Courant Number mean: " << meanCoNum

00049 << " max:" << CoNum << endl;

00050

2013/6/8 OpenCAEfIE= @ F LI



continuityErrs.H

00001 /* *¥
00024 Global

00025 continuityErrs

00026

00027 Description

00028 Calculates and prints the continuity errors.

00029

00030 ¥* */
00031

00032 {

00033 volScalarField contErr(fvc::div(phi));

00034

00035 scalar sumLocalContErr = runTime.deltaTValue()*

00036 mag(contErr)().weightedAverage(mesh.V()).value();
00037

00038 scalar globalContErr = runTime.deltaTValue()*

00039 contErr.weightedAverage(mesh.V()).value();

00040 cumulativeContErr += globalContErr;

00041

00042 Info<< "time step continuity errors : sum local =" << sumLocalContErr
00043 << ", global =" << globalContErr

00044 << ", cumulative =" << cumulativeContErr
00045 << endl;

00046 }

00047

2013/6/8 OpenCAEfIE= @ F LI
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* A ﬁﬁ-‘_s :_l:t 8(pqﬁ) + div(pgpu) = div(I" grad ¢) + Sy

W@-:Fm | WEERDOWMTS _ UL ERIER
o DHMEIE ¢ DEROES T polmEE | ¢ OWINEE

U
— + div(UU) = -V <B> + V2 (vU)
dt P

« J—RIO—Fk
fvm::ddt(U) + fvm::div(phi, U) - fvm::laplacian(nu, U) ==
-fvc::grad(p)
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U&lfalHr 2

createFields.H TELN S,

volVectorField 75 AN, U A2 RA2 X%, I100bject, mesh

5|18 ELT, FRk9 5, (AVARSVAIE, GeometrlcFleId
( const 10object & io, const Mesh & mesh ) &%)

volVectorField U
(

|Oobject ( “U”, runTime.timeName(), mesh,
|Oobject::MUST_READ,
|Oobject::AUTO_WRITE

),

mesh




volVectorField &l(& ?

GeometricField<vector, fvPatchField, volMesh> M Bl &

volFieldsFwd.H

00048 template<class Type>

00049 class fvPatchField;

00050

00051 template<class Type, template<class> class PatchField, class GeoMesh>
00052 class GeometricField;

00053

00054 typedef GeometricField<scalar, fvPatchField, volIMesh> volScalarField;
00055 typedef GeometricField<vector, fvPatchField, volMesh> volVectorField;
00056 typedef GeometricField<sphericalTensor, fvPatchField, volMesh>
00057 volSphericalTensorField;

00058 typedef GeometricField<symmTensor, fvPatchField, volMesh>
volSymmTensorField;

00059 typedef GeometricField<tensor, fvPatchField, volMesh> volTensorField;




U&lfalHr 2

createFields.H TELN S,

volVectorField 75 AN, U A2 RRA X%, I00bject, mesh

5|8 ELT, BT 5, AV ARSVAIE, GeometrlcFleId
( const I0object & io, const Mesh & mesh ) &% %)

volVectorField U
(

|Oobject ( “U”, runTime.timeName(), mesh,
|Oobject::MUST_READ,
|Oobject::AUTO_WRITE

),

mesh

);

2013/6/8 OpenCAEfIE= @ F LI
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O ART9%3 GeometricField ( const

|OQobject & io, const Mesh &

esh )

GeometricField ( const IOobject & io, const Mesh & mesh )

Construct and read given |0object.
Definition at line 332 of file GeometricField.C.

00330 template<class Type, template<class> class PatchField, 00349

class GeoMesh>

00331 Foam::GeometricField<Type, PatchField,
GeoMesh>::GeometricField

00332 (
00333 const I0object& io,
00334 const Mesh& mesh
00335)
00336 :

00337 DimensionedField<Type, GeoMesh>(io, mesh,
dimless, false),

00338 timelndex_(this->time().timelndex()),

00339 fieldOPtr (NULL),

00340 fieldPreviterPtr_(NULL),

00341 boundaryField_(mesh.boundary())

00342 {

00343 readFields();

00344

00345 // Check compatibility between field and mesh
00346

00347 if (this->size() != GeoMesh::size(this->mesh()))
00348 {

FatallOErrorin

00350 (

00351 "GeometricField<Type, PatchField,
GeoMesh>::GeometricField"

00352 "(const I00bject&, const Mesh&)",

00353 this->readStream(typeName)

00354 ) <<" number of field elements =" << this->size()
00355 << " number of mesh elements =" <<
GeoMesh::size(this->mesh())

00356 << exit(FatallOError);

00357 }

00358

00359 readOldTimelfPresent();

00360

00361 if (debug)

00362 {

00363 Info<< "Finishing read-construct of "

00364 "GeometricField<Type, PatchField, GeoMesh>"
00365 << endl << this->info() << endl;

00366 }

00367 }
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fvVectorMatrix UEqg

N

fvVectorMatrix UEgn

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

);

fvWectorMatrix7 7 XM 5 UEgn A ARRZARATE

Ao

tmp<fvMatrix<Type> > & 5| &9 5=

VARSI Z




fvVectorMatrix

fvMatricesFwd.H
Description  Forward declarations of fvMatrix specializations.

00041 template<class Type>

00042 class fvMatrix;

00043

00044 typedef fvMatrix<scalar> fvScalarMatrix;
00045 typedef fvMatrix<vector> fvVectorMatrix;

00046 typedef fvMatrix<sphericalTensor>
fvSphericalTensorMatrix;

00047 typedef fvMatrixxsymmTensor> fvSymmTensorMatrix;
00048 typedef fvMatrix<tensor> fvTensorMatrix;
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2 BIZEfE] namespace

. _gﬁ%’j‘%L\@—%rW&, DL EERITTT IL—F I+

. BEITETY L — T En i AL A—(, RETZERIA:
A NETHRAEN B,

namespace Foam

{

namespace fvm

{

template<class Type>
tmp<fvMatrix<Type> >
d2dt2 ( const GeometricField<Type, fvPatchField, volIMesh>& vf )

{
return fv::d2dt2Scheme<Type>::New ( vf.mesh(), vf.mesh().d2dt2Scheme(“d2dt2(” + vf.name() + )’) )().fvmD2dt2(vf);
}

}// End namespace fvm

}// End namespace Foam




fvm::

Foam::fvm Namespace Reference

* Namespace of functions to calculate implicit
derivatives returning a matrix.

 Temporal derivatives are calculated using Euler-
implicit, backward differencing or Crank-Nicolson.
Spatial derivatives are calculated using Gauss'

Theorem.

http://foam.sourceforge.net/docs/cpp/a09373.ht
m|
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Foam::fv
Namespace for finite-volume
Foam::fvc

Namespace of functions to calculate explicit
derivatives

Foam::fvm

Namespace of functions to calculate implicit
derivatives returning a matrix
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HIERANZFE[FE2hR], H.KVersteeg, W.Malalasekera

a(qu) + div(pgu) = div(I" grad ¢) + Sy
REERD  AEERSGMMHT S | HHICED | EWRICLA

E BE M:*i :f s osmis " ¢ OEHOME T poMmEE | ¢ oMMEE
By

0(p9) dV + div(pgu)dV = / div(I" grad ¢) dV + S dV
cv 8t CVv CcV Cv

/ div(a)dV=fn-adA
cv A

0
= V : A= . r +
(/ ppd ) +f n- (ppu)d /J;n (I'grad ¢) dA SedV

ot

}  aryibo—uKYya  arho—uKya

tary ba—aR . . Oy ba—)uR) o
; — LR EBT S — LR HEBT S

[l)l—AWO)¢ + ) = ’_ + —L\W@qbg)IE"ﬂEU)
E@ﬁMﬂA XL & B ¢ DIEKK LB & B ¢ DIERE e A

| i DB DREAEE w
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HUERARDF[FE2hk], H.KVersteeg, W.Malalasekera

FEERRNICHT HBRFIRE

{;5:' (po) + div(pug) = div(l' grad ¢b) + Sa (8.1)
;mﬂmﬁlmm#ﬁﬁmﬁﬁL.%Hﬁnﬁuﬁu?%f JETE R I & RT3 %
fodZiE, MEHLOBETIOEHZIY kbRiThiIZolwn. 2oz, K (8.1) %

Iy b= :EY) 2—24 (control volume, CV) IZBWTHBROAKR TR 52 &
{'Ijlli 2512, HROBEZA At IZBVTHA LTI a5 2w, ZhETol

 AHATE E L FoEO Ao G  REOmMBOR I E S L (2.5 HiZEM), JE
mmmmmﬁmmmfkﬂmx ZETRAER/S

[H [1/-=+af ﬂ{ﬁm] ]Lw fr“"'f-‘” Ultn. {pugﬂ{:m} dt

:'+,:-.: t4 At
[/ ' grad ¢) {1A] dt + / / S,dVdi (8.2)
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HIERANZFE[FE2hR], H.KVersteeg, W.Malalasekera

t4it aT |
/ (/ pe— dt)d'v" = pc(Tp — Tp)AV
cv \Jt ot

t+ a0t
I = f Tp dt = [0Tp + (1 — 0)TZ]At (8.8)
t

9 |0 1/2 1

I+ | Tp At | %(TP-I-TE-]ﬂt Te At

o Iy DEIZLUTOLHZhE, Thbb, 6=00H4, (BF0) Bt TOR
xR, 6=1058, LV t+ At TOREZAY, TLT0=1/2D548,
H‘r'}ﬁ']t L+ A miBRFARIIFF L ~HL L
apTr=aw[fTw + (1 — )Tyw] + ae0Te + (1 — 0)TE]
+[a% — (1 —8)aw — (1 — 0)ag]|T8 +b

(8.11)

RAA 2 EERL R ORIL 0 OEICERFET 5. 0¥ Oosea, 3t LWEZIOIRE T
*EET 572012, X (8.11) OGAOBEOREL t OIRE Tp, Ty, Tg DAEHHW,
ZDAF¥—LIxREMRE (explict method) & XiFha. 0<<1 DA, X (8.11)
DFAOH L VBRI DIRE # Hv:, ZOAF—L413BEEE (implicit method) & X
s, L2, 6=10%E135%2BERE (fully implicit method) , §=1/2®
W&i3v 727 - 230 ik (Crank-Nicolson method) & KiffLs (Crank

2013/6/8

& Nicolson, 1947). OpenCAEfIA 2 @2 L]

57



HIERANZFE[FE2hR], H.KVersteeg, W.Malalasekera

RS u TO—H L L 7= ¢ (23T 2IEER 3 RITHHi - Lo I, ®kRX

THz b5,
3(,0‘1’} d(pug) , Opve) . I(pwe)
ot oz T By + =5 OogeéFJ;)’z?g
196 ¢ 06
=2 ( 0 ) = (Fa_) -2 (FE) +8 (8.3

Tz, welEREORERtrENRE, KDL )b,

app = awdw + apde + asps + andn +asdp + ardr f apdp + 5'1;_‘
83T

ZIT, FNEFTIhOREIL RIIRTEBNTHS.

| ‘-'IP=ﬂ-W+ﬂ-E+ES+ﬂN+ﬂE+ﬂT+ﬂop+&F—SPH

ap = 225V \
‘ P AL
5, | ARORBRS LS

'SAV =5, +Spr

280 HBE FEFMNIINT L AMRERE
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HIERANZFE[FE2hR], H.KVersteeg, W.Malalasekera

B 8.2.3 TZEEHE
OfER 1 EL-BE SelE@iErnsd Z2T, EWE =S, + SpTr £
Ab+ 4. ZoEEibAERNIE, KRXDEH125k 5.

\arTp =awTw +asTs + a2 T§ + S| (8.16)

ZIT, HREERDIHIIIES.

ap=ap +aw +ag — Sp

ap = po——
P P&t

aw ag

Kk ke
dxwp | 0TpE
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HUERARDF[FE2hk], H.KVersteeg, W.Malalasekera

;L'ﬁ"r"‘“ﬁ?fiﬁ% JW TP 8.1 OREE b ) —FERFE, FFHZIAT 8s & LIHED
o e & B D EE I & e L

apTp =awTw + agTe + apTp + S,

1‘%_]’,'5’ a4 (e 0 Sp -E'Trl
1 1] * | 0
Ax
k K
2,3, 4 —— 0 0
A FAY:
k 2k 2k
5 s, 0 Nl kel
: M D M B

Te=0THoHIEIZHEETLE, TNTNORKRERATHE NS EV HRERIL, K

AROEIHILD
‘2;35 —25 0 0 01 [Tx] [20077
—25 250 =25 0 [ 15 20077
0 —25 250 —25 0| |75 | = | 20072 (8.26)
0 0 —25 250 —25| | Ty 20077
0 0 0 -25 275] [Ts] [2007% |
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ddt(U)Zf#ak L7 =0

fvm::ddt(U)

00043 template<class Type>

00044 tmp<fvMatrix<Type> >

00045 ddt

00046 (

00047 const GeometricField<Type, fvPatchField, volIMesh>& vf
00048)

00049 {

00050 return fv::ddtScheme<Type>::New

00051 (

00052 vf.mesh(),

00053 vf.mesh().ddtScheme("ddt(" + vf.name() +')')
00054 )().fvmDdt(vf);

00055 }
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fv::ddtScheme<Type>().fvmDdt(vf)

template<class Type>

class Foam::fv::ddtScheme< Type >

Abstract base class for ddt schemes.

Source files

ddtScheme.H

ddtScheme.C —
Definition at line 65 of file ddtScheme.H. ]
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virtual tmp<fvMatrix<Type> > fvmDdt ( const
GeometricField< Type, fvPatchField, volIMesh > & )
pure virtual]

mplemented in backwardDdtScheme< Type >,
ooundedDdtSchemex< Type >, CoEulerDdtScheme<
Type >, CrankNicolsonDdtScheme< Type >,
EulerDdtScheme< Type >, localEulerDdtScheme<
Type >, SLTSDdtScheme< Type >, and
steadyStateDdtScheme< Type >.




EulerDdtScheme< Type >

template<class Type>
class Foam::fv::EulerDdtScheme< Type >

Basic first-order Euler implicit/explicit ddt using
only the current and previous time-step values.

Source files

EulerDdtScheme.H

EulerDdtScheme.C

Definition at line 56 of file EulerDdtScheme.H.




Definition at line 56 of file
EulerDdtScheme.H

00055 template<class Type>

00056 class EulerDdtScheme

00057 :

00058 public ddtScheme<Type>

00059 {

00060 // Private Member Functions

00061

00062 //- Disallow default bitwise copy construct
00063 EulerDdtScheme(const EulerDdtScheme&);
00064

00065 //- Disallow default bitwise assignment
00066 void operator=(const EulerDdtScheme&);
00067




EulerDdtScheme<Type>::fvmDdt

00260 template<class Type>

00261 tmp<fvMatrix<Type> >

00262 EulerDdtScheme<Type>::fvmDdt
00263 (

00264 const GeometricField<Type, fvPatchField,

volMesh>& vf

00265 )

00266 {

00267 tmp<fvMatrix<Type> > tfvm
00268 (

00269 new fvMatrix<Type>

00270 (

00271 v,

00272 vf.dimensions()*dimVol/dimTime
00273 )

00274 );

00275

00276 fvMatrix<Type>& fvm = tfvm();
00277

00278 scalar rDeltaT =
1.0/mesh().time().deltaTValue();

00279
00280 fvm.diag() = rDeltaT*mesh().V();

00281
00282 if (mesh().moving())
00283 {

00284 fvm.source() =
rDeltaT*vf.oldTime().internalField()*mesh().VO();

00285 }
00286 else
00287 {

00288 fvm.source() =
rDeltaT*vf.oldTime().internalField()*mesh().V();

00289 }

00290

00291 return tfvm;
00292}
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backwardDdtScheme<Type>::fvmDdt

00359 template<class Type>
00360 tmp<fvMatrix<Type> >
00361 backwardDdtScheme<Type>::fvmDdt

00362 |

00363
vf

00364 )
00365 {
00366
00367
00368
00369
00370
00371
00372
00373
00374
00375
00376
00377
00378
00379
00380
00381
00382
00383

00384
00385
00386
00387

const GeometricField<Type, fvPatchField, volMesh>& 00388

tmp<fvMatrix<Type> > tfvm

(

new fvMatrix<Type>

(
vf,
vf.dimensions()*dimVol/dimTime

)
);

fvMatrix<Type>& fvm = tfvm();
scalar rDeltaT = 1.0/deltaT_();

scalar deltaT = deltaT ();
scalar deltaTO = deltaTO_(vf);

scalar coefft =1 + deltaT/(deltaT + deltaTO);
scalar coefft00 = deltaT*deltaT/(deltaTO*(deltaT +

deltaTO0));

00389
00390
00391
00392
00393
00394
00395
00396
00397
00398
00399
00400
00401
00402
00403
00404
00405
00406
00407 }
00408

scalar coefft0 = coefft + coefft00;
fvm.diag() = (coefft*rDeltaT)*mesh().V();

if (mesh().moving())

{

fvm.source() = rDeltaT*
(
coefftO*vf.oldTime().internalField()*mesh().VO()
- coefft00*vf.oldTime().oldTime().internalField()
*mesh().vV0O()
);
}

else

{

fvm.source() = rDeltaT*mesh().V()*

(
coefftO*vf.oldTime().internalField()

- coefft00*vf.oldTime().oldTime().internalField()
);
}

return tfvm;
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P-29

Class Description Symbol | Access function
volScalarField Cell volumes V 'AQ)
surfaceVectorField | Face area vectors S ¢ St ()
surfaceScalarField | Face area magnitudes 1S¢| | magSE()
volVectorField Cell centres C cO
surfaceVectorField | Face centres Cry CtQO
surfaceScalarField | Face motion fluxes ** bq phi ()

Table 2.1: fvMesh stored data.
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P-29

2.4 Equation discretisation

Equation discretisation converts the PDEs into a set of algebraic equations that are
commonly expressed in matrix form as:

[A] [z] = [0] (2.12)

where [A] is a square matrix, [z] is the column vector of dependent variable and [b] is
the source vector. The description of [z] and [b] as ‘vectors’ comes from matrix termi-
nology rather than being a precise description of what they truly are: a list of values
defined at locations in the geometry, i.e. a geometricField<Type>, or more specifically a
volField<Type> when using F'V discretisation.

[A] is a list of coefficients of a set of algebraic equations, and cannot be described as a
geometrickield<Type>. It is therefore given a class of its own: fvMatrix. fvMatrix<Type>
is created through discretisation of a geometric<Type>Field and therefore inherits the
<Type>. It supports many of the standard algebraic matrix operations of addition +,
subtraction - and multiplication *.
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P-29, P-30

volField<Type> A field defined at cell centres;
surfaceField<Type> A field defined on cell faces;

pointField<Type> A field defined on cell vertices.

e Internal field

Boundary field

® Patch 1
o Patch 2

(a) A volField<Type>
—— Patch I-———— -3

e Internal field

Boundary field

® Patch 1
o Patch 2

Patch 2
J

(b) A surfaceField<Type>

e

I Pat‘lch 1 —-‘\I

e [nternal field

Boundary field

® Patch 1
o Patch 2

(c) A pointField<Type>

Figure 2.4: Types of geometricField<Type> defined on a mesh with 2 boundary patches
(in 2 dimensions for simplicity)
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fvm & fve P-32

e functions of fvm that calculate implicit derivatives of and return an fvMatrix<Type>

e some functions of fvc that calculate explicit derivatives and other explicit calcula-
tions, returning a geometricField<Type>.

Figure 2.6 shows a geometricField<Type> defined on a mesh with 2 boundary patches and
illustrates the explicit operations merely transform one field to another and drawn in 2D

for simplicity.

geometricField<Type>

volField< Type>
surfaceField<Type>
pointField<Type>

finiteVolumeMethod (fvm)

(Implicit)

fvMatrix<Type>

finiteVolumeCalculus (fvc)
Other explicit operations
(Explict)

geometricField<Type>

volField<Type>
surfaceField< Type>
pointField<Type>

Figure 2.6: A geometricField<Type> and its operators
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tmplZDULVYT

tmplZDULNT
HAR—=2aL 03 aRKTT5=HDHLD
http://www.geocities.jp/penguinitis2002/study/

OpenFOAM/tankentai/19-
autoPtr and tmp.html

tmp<fvVectorMatrix> UEgn &EZE>TULyL I,
UEgniEfvVectorMatrixi=&EZZNIX KLY, T
12, SBELGEDAR—a0 0 a3 Beed M
MEN TS,
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