FERIAF WENRESRETLER

20255 A F (HH ARSI H FRAEAER)

2.2 OpenFOAM®H L &~
Z5% 3

R &

ycxu@cau.edu.cn

2025 F£ 3 A5 H


mailto:ycxu@cau.edu.cn

H [E X RIEF ST

OpenFOAM®uses C++ Object-Oriented programming
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OpenFOAM®uses C++ Object-Oriented programming

HEZ#FE (Procedure Oriented f&#RPO : WCES

MG TR UG M EREEEREN . R A R, i F R 2 R FH G I
R AN ERENEEE (T IRENZSED . IR E MR, AT ER L

ik (BATRERE IR, SINEPITR 7, FHHERE 1.

V.




H [E X RIEF ST

OpenFOAM®uses C++ Object-Oriented programming

M EEFE (Procedure Oriented fj#RPO : WCiE=
M FUEHRERFEESER . Lffgk—m g, mEd eSS
DI — N EREBREEE (HTHERZSED . RIEHE—EMINF, $4T581X8L
i (BANTEEE— AR, F5ERATR T, FElEE T .

M HE X% (Object Orientedf@ij#XO0 : WC++, JAVAZES

FATERTEENRM . SR — A F BRI 5, T 3 520l Gk 5
PR, A T3 10 R R T AT IR 5, SRS 4 %) G — S R MR 70, SR )
A R IHAT 1 7, T RS B
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OpenFOAM®uses C++ Object-Oriented programming

M EEFE (Procedure Oriented fj#RPO : WCiE=
M FUEHRERFEESER . Lffgk—m g, mEd eSS
DI — N EREBREEE (HTHERZSED . RIEHE—EMINF, $4T581X8L
i (BANTEEE— AR, F5ERATR T, FElEE T .

X% (Object Orientedf# # 00 : WC+4, JAVAFIES
BT CAREEN R M —AN e, T R RS H Y 5T %
MRS, BUE U IXAN W) 8 B ALt R, REAX R — L@ ik, AR5
BRI R EZHATEH ORI FVE, RS R R

Kifhttps://zhuanlan.zhihu.com/p/75265007
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[ElR: ERNEERARNKER, Batt?
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[ElR: ERNEERARNKER, Batt?
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AR EEMARKRR, Batts?
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# 3 Encapsulation

SR F R B A R0, I HZRRT U A S B R T 2R
B KRR, WA TS BB, — A JE(Class) it — A 33 T 5 L
T B 1 RO 11 AT [ 18 48 S (instance) o 76— XTSI HE, FEE6 AR ag 5ty
BT LURAE ), AREMAN VT XA T, KR (object) Xt P FEAE #2
%Tglﬂ%i’iﬂ%%?ﬁ LA 12 15 o T S 3 43 7 A ) SR R A A3 T 0 B
SRAEE T




F14&& Encapsulation

# 3 Encapsulation

SR F R B A R0, I HZRRT U A S B R T 2R
B KRR, WA TS BB, — A JE(Class) it — A 33 T 5 L
T B 1 RO 11 AT [ 18 48 S (instance) o 76— XTSI HE, FEE6 AR ag 5ty
AR L RAE R, ARetisbAviin . @idiXFI7 =, X5 (object) Xt A HiE IR 52
%Tgﬁ%i’iﬂ%%?ﬁ LA 12 15 o T S 3 43 7 A ) SR R A A3 T 0 B
SR |

Account my_account;
my_account.deposit(100.1);
my_account.withdraw(10) ;

Account@¥(Class); my_account@XJ & (object);deposit i R # (function)
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# 7% Inheritance
Fe AT DIAE AN SRR 0 3RS 55 — AR R B vk B SRS g 2k
PN . dARTRXE—MRe 1. ] MERIA R A Thae, HAAELHEEN
9 5 RIS O R XX S ThRe AT Y . s kRGN ET R AR TR
By “YRAESR”, BEMRRAIZERRON CHERT . AR B R . MRISEE, A
MR BRI R . BBk K, wI LA “482K” (Inheritance) 1 “Z2H

47 (Composition) KL . ZhAMES ISy 0 38 SCUgk R S8 4K
SEE 4k AR A B F AR B M R VA T TC R A/ m S I RE s He D 4k K 2 Fe
INAE R A AR ZFR . (H & TSR AL s B ) e




4k Inheritance

4 7& Inheritance

FEPT DAL IEAS R GRS 55— N R R B vk BRI Eg rR
PN . dARTRXE—MRe 1. ] MERIA R A Thae, HAAELHEEN
9 5 RIS L R XX e Th et AT Y R .l kAR KR AR TR
By “YRAESR”, BEMRRAIZERRON CHERT . AR B R . MRISEE, A
MR BRI R . BBk K, wI LA “482K” (Inheritance) 1 “Z2H

47 (Composition) KL . ZhAMES ISy 0 38 SCUgk R S8 4K
SEE 4k AR A B F AR B M R VA T TC R A/ m S I RE s He D 4k K 2 Fe
AE A T VA AR (B TR IR A s B ) B

FRMP B2 (base class) =EEAM A, EHAM,, FA (sub-class)
> F AT LALR 7R B ZE RO B HE FN R 25
» FEAUBEECSHEIE. &
» T2 AT LA R 2 A B B 28 R U 1 TIE 2K
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%24 Polymorphism

sedi — A RSEBIHIAR R VEEARIB A AFRRIIE R ZEHHIEEA AR A
BB IR0 GRAT DAL AR R AR 1 o XA, BARET X AN [ SRR 2 A4
VEARN, HiEE AR, BT OFSEME) a7 LEE A R E) 75 207 LR .




%7 Polymorphism

%24 Polymorphism

sedi — A RSEBIHIAR R VEEARIB A AFRRIIE R ZEHHIEEA AR A
BB IR0 GRAT DAL AR R AR 1 o XA, BARET X AN [ SRR 2 A4
VEARN, HiEE AR, BT OFSEME) a7 LEE A R E) 75 207 LR .

EEEFE+NF AR EscalarFieldflvectorFieldE BN EHIE N

scalarField + scalarField
vectorField + vectorField




Templates

» C++HUFRZ—, SRIFERE (function)FAZE (class) 5 A A Bl HY B #E 2 Y (data
type)
» & XtemplateRt, RFEZEE A HHE 2R (generic data type)




Templates

» C++F Rz —,
type)
» TE X templateRf, REZEEHAHHELE! (generic data type)

FEVFER L (function) T (class) {5 A AN BRI # #E 2 B (data

template <class a_type, class b_type, ...>
class a_class

{

a_type a_var,
b_type b_var;

};



Class templating

Examples of class templating in OpenFOAM®
» UList: A 1D array class $FOAM_SRC/OpenF0AM/containers/Lists/UList




Class templating

Examples of class templating in OpenFOAM®
» UList: A 1D array class $FOAM_SRC/OpenF0AM/containers/Lists/UList

template<class T>
class UList
{
// Private data
//- Number of elements in UList.
label size_;
//- Vector of values of type T.
Tx __restrict__ v_;



&2t Function templating

Examples of function templating in OpenFOAM®
» 1D interpolation $FOAM_SRC/OpenFOAM/interpolations/interpolateXyY




&2t Function templating

Examples of function templating in OpenFOAM®
» 1D interpolation $FOAM_SRC/OpenFOAM/interpolations/interpolateXyY

template<class Type>

Field<Type> interpolateXY

(
const scalarField& xNew,
const scalarField& x01d,
const Field<Type>& y0ld

~—

Field<Type> yNew(xNew.size());
forAll (xNew, i)
{
yNew[i] = interpolateXY(xNew[i], x01d, y01d);
}

return yNew;



B 2 E R templates
f5an: OpenFOAM®PHRRE X B EIFH—NEEEERH (class): GeometricField

class

$FOAM_SRC/OpenF0AM/fields/GeometricFields/GeometricField

template<class Type, template<class> class PatchField, class GeoMesh>
class GeometricField

public DimensionedField<Type, GeoMesh>



B 2 E R templates
f5an: OpenFOAM®PHRRE X B EIFH—NEEEERH (class): GeometricField

class

$FOAM_SRC/OpenF0AM/fields/GeometricFields/GeometricField

template<class Type, template<class> class PatchField, class GeoMesh>
class GeometricField

public DimensionedField<Type, GeoMesh>

$FOAM_SRC/finiteVolume/fields/volFields/volFieldsFwd.H¥volScalarField¥
AEN A

typedef GeometricField<scalar, fvPatchField, volMesh> volScalarField
typedef GeometricField<vector, fvPatchField, volMesh> volVectorField_ .
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namespacesz I RKER & /5% F iy & olEAY

// some_lib.H
namespace lib_one {
int func(int);
class point { ... };

3

// another_lib.H
namespace lib_two {

int func(int);

class point { ... };



v & T Blnamespace

// some_lib.H
namespace lib_one {
int func(int);
class point { ... };

3

// another_lib.H
namespace lib_two {

int func(int);

class point { ... };

namespacesz I RKER & /5% F iy & olEAY

BATRTAX 53 J9:
1lib_one: :pointFllib_two: :point

AL

using namespace lib_one {
point a_point;

¥



namespace in OpenFOAM®

» https://cpp.openfoam.org/v8/namespaces.html

» Examples: Foam, fvc, fvm, incompressible, compressible
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namespace in OpenFOAM®

» https://cpp.openfoam.org/v8/namespaces.html

» Examples: Foam, fvc, fvm, incompressible, compressible

> FoamZOpenFOAM®HEERY, XATFEHMC++RAD



https://cpp.openfoam.org/v8/namespaces.html

namespace in OpenFOAM®

https://cpp.openfoam.org/v8/namespaces.html

v

Examples: Foam, fvc, fvm, incompressible, compressible
FoamZOpenFOAM®45H Y, XHIFHMC++KEE

fvcilfvm: W EEF B M (explicit) FpEtE (implicit) B &L, f5la0:
fvc::div(...)Mfvm: :div(...)

v

v


https://cpp.openfoam.org/v8/namespaces.html

namespace in OpenFOAM®

https://cpp.openfoam.org/v8/namespaces.html
» Examples: Foam, fvc, fvm, incompressible, compressible
> FoamZOpenFOAMP4FHHR), XAITFHAC++XFE

» fvcFlfvm: 5 IEE AR M (explicit) FIFR M (implicit) =81, F40:
fvc::div(...)Mfvm: :div(...)

» incompressiblefllcompressible:: FFHRIAR, N

Foam: :compressible: :RASModels: :kkLOmega
Foam: :incompressible: :RASModels: :PDRkEpsilon
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namespace in OpenFOAM®

https://cpp.openfoam.org/v8/namespaces.html
» Examples: Foam, fvc, fvm, incompressible, compressible
> FoamZOpenFOAMP4FHHR), XAITFHAC++XFE

» fvcFlfvm: 5 IEE AR M (explicit) FIFR M (implicit) =81, F40:
fvc::div(...)Mfvm: :div(...)

» incompressiblefllcompressible:: FFHRIAR, N

Foam: :compressible: :RASModels: :kkLOmega
Foam: :incompressible: :RASModels: :PDRkEpsilon

namespace nesting 5 & X [EH#RE



https://cpp.openfoam.org/v8/namespaces.html

Important classes in OpenFOAM®

Five basic classes:

v

Time and space (mesh): Time, polyMesh, fvMesh
Field (data): Field, DimensionedField, and GeometricField
Boundary conditions: fvPatchField and derived classes

v

v

v

Finite volume discretization: classes in fvc and fvm namespaces

Sparse matrices: 1duMatrix, fvMatrix and linear solvers



Thank you.

MADFATAER, BT LR, 55!
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