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cd heatTransfer/<J
cd buoyantBoussinesqgSimpleFoam/<J

1s <J

:Make :wmakef7« L7 KU

EbuoyantBoussinesqSimp1eFoam.C KK —R (=7 TV%.0)
EbuoyantBoussi nesqSimpleFoam.dep :{kF7 71 JLYU X & (AR
TEQn.H &k Y —RFICEHRRAEND T 7 1)L AT R

EUEqn.H
:convergenceCheck.H
:createFields.H
:initConvergenceCheck.H
:pEgn .H
‘readTransportProperties.H
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E11’nux64GchPOpt wmakeDHAT A LI NU(TZy N7 4 —LHF)
options A VIIL—R - JXAPUVITESA TS

buoyantBoussinesqSimpleFoam.C : I /X1 ILT 2T 71l

.EXE = $(FOAM APPBIN)/buoyantBouss1nesqS1mp1eFoam ;
::55 T7 740 %=7"T7")%, $(FOAM_APPBIN) | ATLD7 TVES |
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more options<

-I$(LIB_SRO) /finiteVolume/TnInclude \

-I$(LIB_SRC)/turbulenceModels \

-I$(LIB_SRC) /turbulenceModels/incompressible/RAS/TnInclude \
-I$(LIB_SRC) /transportModels \ 5
-I$(LIB_SRC) /transportModels/incompressible/singlePhaseTransportModel :

EXE_LIBS = \ :YU>Y4 935475 ($SFOAM_LIBBIN % & ICENND)
: -1finiteVolume \ :7 71 JL&IEZ1ibfiniteVolume.so (MacTld.dylib)
-TmeshTools \ : 7 71 J)L%&lE1ibmeshTools.so (LLTEER)

-TincompressibleRASModels \
-1incompressibleTransportModels
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cd ..
more buoyantBoussinesqSimpleFoam.C<

Description
: Steady-state solver for buoyant, turbulent flow of incompressible
»Fluids

Uses the Boussinesq approximation: Description:
rho_{eff} = 1 - beta(T - T_{ref}) 7 7" DFHR

\f]

where:

\f$ rho_{eff} \f$ = the effective (driving) density
beta = thermal expansion coefficient [1/K]

T = temperature [K]

\T$ T_{ref} \f$ = reference temperature [K]

Valid when:

\f[
rho_{eff} << 1

\f]
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i#inc'uce "£vCFD.H"

#incTude

"singlePhaseTransportModel .H"

:#include "RASModel.H"

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

mainBEa# N S FtR

{
I ARRICHAATNDY —R - T71)b
#include "setRootCase.H"
#include '"createTime.H"
#1include "createMesh.H"
#include "readGravitationalAcceleration.H"
#include '"createFields.H"
#include "1ni1tContinuityErrs.H"
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1. $WM_PROJECT_DIR/src/OpenFOAM/TnInclude
($WM_PROJECT_DIR/src=$FOAM_SRC <sEWLWOTIOY Y RTER)

2. O—AIFT«L 27 KY/InIncluded—AITa L2 NVUBEE
(cZTlEO—AIT« L7 ~U=buoyantBoussinesqSimpleFoam)
3. 7Y NTA—LIKEDTAL T KNY

4. Make/options7 71 JLFDEXE_INCEH CHHRMICIEESINT
WBTs LI K) (ZZTERUT)

'EXE_INC = \ B
.  -I$(LIB_SRC)/finiteVolume/InInclude \ £§t£§MSEEE§WM_PROJECT_DIR/SFC

~-I$(LIB_SRO) /turbulenceModels \
-I$(LIB_SRC) /turbulenceModels/incompressible/RAS/TnInclude \
-I$(LIB_SRC)/transportModels \ :
-TI$(LIB_SRC) /transportModels/incompressible/singlePhaseTransportModel :
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1. O—AIT«L 27 NJLF
> HENMEVWDOTIsHETI I E(HEB3ATFIind .ULTHELW)
2. TNEINELTOLSIC, KIE $FOAM_SRC LUTRICH B

» $FOAM_SRC/OpenFOAM/TnInclude
»Make/options®SEXE_INCOJ X b - $FOAM_SRC LT

+_

- $FOAM_SRC LA (&350

NEWDFind TIES

3. BBIFEDY ZADEENVI 7 7ML 2RI HE
~» " 2 X4 .H%Z$FOAM_SRC M5 find
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find $FOAM_SRC -name fvCFD.H

:$FOAM_SRC/finiteVolume/cfdTools/general/include/fvCFD.H
:$FOAM_SRC/finiteVolume/InInclude/fvCFD.H =
2DD T 7 AIDEET B

BOANY KR AZxargszZAWTls -TDO5IEITELTELLLFANS
xargsDaid | (s (HAZEF—N— NRX S5SHIFT+¥)
find $FOAM_SRC -name fvCFD.H | xargs 1s -1

. $FOAM_SRC/finiteVolume/cfdTools/general/include/fvCFD.H :
§$FOAM_SRC/f1niteVo1ume/1nInc1ude/vaFD_H .

: : /cdeoo1s/genera1/1nc1ude/vaFD H E
EIETDT 71 ?IJ:@7 AWDoYy THREER U -
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:$FOAM_SRC/finiteVolume/cfdTools/general/include/fvCFD.H
§$FOAM_SRC/f1niteVo1ume/1nInc1ude/vaFD H

i ../cfdTools/general/include/fvCFD.H
RIEFTDT 7 4wit@7 AIWADYRY w2 Uy THEIER U

EEERICY VI ZED T LT NUDHBHE

PEXE_INCTIEU Y I D H2T LT KNJDHZ/INXICEIR
»cfdTools/general/includeZFEDT 7704 LU MU ZREIAREICLTWS
»turbulenceModels/incompressible/RAS/TnInclude’s & H [ElFR

:EXE_INC = \

. -I$(LIB_SRC)/finiteVolume/InInclude \
-I$(LIB_SRC) /turbulenceModels \
-I$(LIB_SRC) /turbulenceModels/incompressible/RAS/TnInclude \
-I$(LIB_SRC)/transportModels \ :
-T$(LIB_SRC) /transportModels/incompressible/singlePhaseTransportModel :

4 OpenCAE




ANY Y= 7L IVDIRFEAE

NY T —ZRRT Bi5E. BREEXE_INCICEERETNTWS
SVRI YT DIHERTIFER L
-type 1(TIVA T3 >TIVRIYIY VT DR
find $FOAM_SRC -type 1 -name fvCFD.H<

17 7A14ILDHDEIED Txargs TmorelTEBIEZFDY —IAHNENS
find $FOAM_SRC -type 1 -name fvCFD.H | xargs more<J

> OpenCAE



fvCFD. HGDFF%

#ifndef fvCFD_H EEEXDAHPILE (FVCFD_HAREZR DIZE (CHE{T)
#define fVCFD_H —EHUAE & FVCFD_HAVE é—%én%

E#inc' ude "parRun.H" D\ 5 —FZELD AT (LUTEER)
5#1nc'uce "Time.H"

#include "fvMesh.H"

#include "fvc.H"

(l::lﬂ]g)

5#1 fndef namespaceFoam ZEIZERBDEETEEIE (¥ EETFR)

E#define namespaceFoam
’ using namespace Foam; namespace(ZBIZE[) ZE

#endif )L )\— @@z CDBBY S ADEREDHEN, £TO
sendif INYI—DHREEZRKEN BDZ EFSEIFULAL
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#include "setRootCase.H"

#inc ude '"createTime.H"

#1include "createMesh.H"

#1include "readGravitationalAcceleration.H"
#include '"createFields.H"

#include "1ni1tContinuityErrs.H"

Foam::argList args(argc, argv);
1t ('args.checkRootCase())
{

Foam: :FatalError.exit();

LIT. EfkiccreateTimeHixE#FHATWL , =72 U,
createFields HIiZAL>Y T4 LI NV ICH D
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createFields.HZ= R %

more createFields.H

InfoX|ZOJICHAENDZIXY N ED T, V—ARABFRICKEEE

Info<<

"Reading thermophysical properties\n" << endl;

Info<< "Reading field T\n" << endl;
volScalarField T TCREHZ)DY ZXlEvolScalarField

( T

5 ER (Construct) KD 5|#1(EI0object” 2 X Emesh, meshd)’771
BIE TR OOSBVNDT, BICHANDZBENH D
: I0object

(

IITII ,
runTime.timeName(),

mes
100
100
),

mesh

n,
pject: :MUST_READ,

nject: :AUTO_WRITE

OpenCAE




mesh®D Y S AZ%Z[ANS

meshz&L1T7%Z. VYILIN\—DY—XAWH 2T L 7 MDD SIREK

grep mesh *J

meshOEES ULETIERE DS W=EIDBARROAL >V J7IL— K7 71 )L
DT, A2VT7I—RUTWBERMEKY —XZBksD 5

more buoyantBoussinesqSimpleFoam.C¢

1int main(int argc, char *argv[])

 {
: #include "setRootCase.H"
#include "createTime.H"

#include "createMesh.H" «ZNS5UW(EMNSIBEICEULTHEREW)

#include "readGravitationalAcceleration.H"
#include "createF1e1ds.H"
#include "initContinuityErrs.H"

OpenCAE




mesh®D Y S AZ%Z[ANS

createMesh.HZfind TR LU CTmore Y —XZ "R 3%
find $FOAM_SRC -type 1 -name createMesh.H | xargs more<J

Foam: :Info
<< "Create mesh for time ="
<< runTime.timeName() << Foam::nl << Foam::endl;

Foam: : fvMesh mesh 277 ZX|&fvMesh

(
Foam: :I0object

(

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

Foam: :I0object: :MUST_READ
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. www.openfoam.com/doc/cpp
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OpenVFOAM OpenFOAM C++ Documentation

Home Features Download

Main Page Related Pages Namespaces Classes

| fMesh Foam 2
T

About OpenFOAM

OpenFOAM is a free, open source CFD software packag
areas of engineering and science, from both commercial

Documentation

anything from complex fluid flows involving chemical rea

OpenVCFD

Resources News

Q-

Support Training

Files Directories

fvMesh

I

fvMesh.C
fvMesh.H

fvMesh_ Foam::fvM«
fvMeshAdder Foam

MR 4 —)L KICfvMesh
fmmc€knTT%€7Uv7

fvMeshDistribute Foam
fvMeshDistribute Foam::fvMeshDistribute
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fvMesh? 2 AD:RHR

fvMesh Class Reference

Mesh data needed to dao the Finite Volume discretisation. More...

Inhentancs diagram for fvMesh:

| polyMesh

lduMesh

surfacelnterpolation

fvMesh

fvSchemes

fvSolution

data

typedef fvMesh Mesh

domainDecomposition |
dynamicFvMesh ‘
2 = A Dk
engineMesh

DIATT 5

fluentFvMesh

mirrorFvMesh

singleCellFvMesh

fvMesh? 5 X & 54 (typedef) iEMesh

OpenCAE




volScalarField =258

€ 95 C ff ) www.openfoam.com/docs/cpp/ b ST % o o
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OpenVFOAMM C++ DocumeOpeny/ CFD
o BRRT 1 —JURICvolScalarField
Raedolrege = Rblawsal Pages hgkn?ﬁj—b%ﬁ U P 7

S 7 IScalarField
Class List | Class Index | Class Hierarchy Yo c artie -

Class Members volScalarField

U Cdlc le()

volScalarField Class Reference

Inheritance diagram for volScalarField:

volScalarField

AN




volScalarFieldZ7 5 X

volScalarFieldld&GeometricField7> 7L — kD
<scalar, fvPatchField, volMesh>hk

typedef GeometricField<scalar, fvFatchField, volMesh> volScalarField

Definition at line 52T Tile volFieldsFwd.H.

typedef GeometricField<vector,

i >
Definition at line 55 of file volField ,?ﬁ;[‘l.'?é‘: 7 IJ Y, 7

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

00053

00054 typedef

rField

eometrlcFleId<scaIar fvPatchFleId volMeshvolScalarField;
00055 typedef Geomeé : : rotviesh> volVectorField;
00056 typedef GeometrlcF|eld<spher|caITensor fvPatchFleId volMesh>

00057 volSphericalTensorField:

00058 typedef GeometricFiel ﬁj‘L% 7 IJ 3, 7

00059 typedef GeometricFiel -

volMesh> volSymmTensorField;
sh> volTensorField;




volScalarFieldZ7 5 X

Public Member Functions®Constructor®=H T, 5|2 DK
&7 ZX(I0objectEMesh)y &> TWBHDZFET

GeometricField (const IOobject &, const Mesh &, const dimensionSet &, const
Field< Type > &, const PtrList< PatchField< Type > > &)
Constructor from components.

GeometricFielgconst I0object &, const Mesh &)
Construct and read given I0object.

mRALaET Uy o
- N

GeometricField (const IOobject & io,
const Mesh & mesh
) [inline]

Construct and read §wen I0object.
Definition at line 354 of file GeometricField.C.

References Foam::endl(), Foam::exit(), FatallOErrorin, and mesh.
Here is the call graph for this function:

RA=ET Uy
V




|Oobject?7 5 A

I0object defines the attributes of an object for which implicit objectRegistry management is
supported, and provides the infrastructure for performing stream |/O.
An |0object is constructed with an object name, a class name, an instance path, a reference to

a objectRegistry, and parameters determining its storage status. : .
Read options Detailed Descrlptlon

Define what is d+ Optionsd)ﬁ}f‘,ﬁﬂ }! and explicit reads:

Parameters:

MUST _READ Object must be read from Istream on construction.

Error if Istream does not exist or can't be read. Does not check

timestamp or re-read.

MUST _READ IF MODIFIED Object must be read from Istream on construction.
Error if Istream does not exist or can't be read. If object is
registered its timestamp will be checked every timestep and
possibly re-read.

READ IF PRESENT Read object from Istream if Istream exists, otherwise don't.
Error only if Istream exists but can't be read. Does not check
timestamp or re-read.

NO READ Don't read

Writ ti N : : = = s - 3
D;Tll:eovehl:tr:: done R L;tobjectReglstryt WD K DIERLSFANTNL
Parameters:

AUTO WRITE|Object is written automatically when requested to by the objectRegistry.

NO WRITE No automatic write on destruction but can be written explicitly




createFields.HZ= R %

Info<< "Reading field p_rgh\n" << endl;
volScalarField p_rgh p_rghidT&ERR

(ehS)

Info<< "Reading field U\n" << endl;
volVectorField U volVectorFiel dtivo1 ScalarField®vecto rH}i

(
TOobject
(
"
runTime.timeName(),
mesh,

IOobject: :MUST_READ,
TOobject: :AUTO_WRITE

),

mesh

);

#include '"createPhi.H

... ¥include Tcreaterhi e -pr-:'ﬁ(—.‘ntﬁurEE




createPhi.HZzR %

find $FOAM_SRC -type 1 -name createPhi.H | xargs more<J

EInfo<< "Reading/calculating face flux field phi\n" << endl;

EsurfaceSca1arF1e1d ph1 surfaceScalarFieldidvolScalarField®
surfaceMeshhk (18T DFRE TERSINDH. phildMRTH D I LITER)
(

I0object Read object from Istream if Istream exists, otherwise don't.
( Error only if Istream exists but can't be read. Does not check
"ohi" timestamp or re-read.

runTime.timeName(),

mesh, §

IO0object: :READ_TIF_PRESENT, o :
TOobject: : AUTO_WRITE @ OpenCAE!

), ‘- i

. linearInterpolate(U) & mesh.Sf() #EHMEZETELTEZATWS
) ; const surfaceVectorField & Si () const

Return cell face area vectors.




createFields.HZ= R %

more readTransportProperties.H<J

D7 7A)IEO—RNIICH B

singlePhaseTransportModel laminarTransport(U, phi);

// Thermal expansion coefficient [1/K] ,
dimensionedScalar beta(laminarTransport.lookup("beta")); :

// Reference temperature [K] :
dimensionedScalar TRef(laminarTransport.lookup("TRef")); :

// Laminar

Prandt1l number

dimensionedScalar Pr(laminarTransport.lookup("Pr"));

// Turbulent Prandtl number
dimensionedScalar Prt(laminarTransport.lookup("Prt"));

Doxygenloo
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createFields.HZ= R %

Info<< "Creating turbulence model\n" << endl;
autoPtr<incompressible: :RASModel> turbulence

(
: | 1ncompressible: :RASModel: :New(U, ph1, 5
amhartransport) RASModell&REIDEE (H R Y Y1 X
i) C B 5 T XE

// Kinematic density for buoyancy force
volScalarField rhok

(
TOobject
(
"rhok",
runTime.timeName(),
mesh

),
1.0 - beta*(T - TRef)

) ---------------------------------------------------- OpenCAE
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// kinematic turbulent thermal thermal conductivity m2/s':
Info<< "Reading field kappat\n" << endl; '
volScalarField kappat

(
TOobject
(
"kappat",
runTime.timeName(),
mesh,
IOobject: :MUST_READ,
IOobject: :AUTO_WRITE
) , const volVectorField & C () const |
Return cell centres as volVectorField.
mesh const surfaceVectorField & Cf () const
); Return face centres as surfaceVectorField.
Info<< "Calculating field g.h\n" << endl;
volScalarField gh("gh", g & mesh.C()); &IINE

surfaceScalarField ghf("ghf", g & mesh.Cf());

OpenCAE
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Info<< "\nStarting time Toop\n" << endl;

E\E%Fa% 7 EERERDT. BECEREIL—)
: v{vhﬂe (runTime.loop()) /ﬁﬁ](}i@%ﬁ)%ﬁj}

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

N =JLr— S
#include "readSIMPLEContro1s.H"4/SIMPLE’fo)”XE%M‘{)
#include "initConvergenceCheck.H"«—— IV 5¥|E D K 1EHY]ER{L

p.storePreviter(); «—[(EAZt B I I /) DRI DB % fz

// Pressure-velocity SIMPLE corrector -

0 SIMPLEZZ FH\\ T,
#include "UEqn.H" RIS - EHIBERC
#include "TEqgn.H _ e
#include "pEgn.H" S 5c, mESZbHEL

}

turbulence->correct(); < I omEZxEE<

runTime.write(); < BREEICIb U THAOT S

#include "convergenceCheck.H" < Ve

} 5 OpenCAE




TEqn.HCRE&HIZXFER) 25T

kappat = turbulence->nut()/Prt; ELIUEEIRLAER
:kappat.correctBoundaryConditions(): i REIAEEZIER(E%L B
‘volScalarField kappaEff("kappaEff", turbulence->nu()/Pr +

Ekappat); EETREILEER Kipp = v | Vi
:fvScalarMatrix TEqn JRE#EIXAEXDER Pr  Prt
( T Eqgn
: fvm: :div(phi, T) (L] =V - (UT)

- fvm::Sp(fvc::div(phi), T) BREMEZER) _ (V-U)T :
- fvm: :Taplacian(kappakEff, T) ILEUE — V- (/ﬁlEffVT)
) ; '

:TEgn.relax(); 'RE&HXGZENDEN (SIMPLEX)
‘eqnResidual = TEgn.solve().initialResidualQ); ‘RE&EXAERNZHE<
:maxResidual = max(eqnResidual, maxResidual); AEXNDFEAREZE

5% 2RI & BT HEROEMNEE (L) E
OpenCAE

irhok = 1.0 - beta*(T - TRef);
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