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mcCoeff_(Cc_*rho2()/tInf ),
mvCoeff_(Cv_*rho2()/(0.5*rhol()*sqr(UlInf )*tIinf ))
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Foam::Pair<Foam::tmp<Foam::volScalarField> >
Foam::phaseChangeTwoPhaseMixtures::Kunz::mDotAlphal() const
vy



éoxsjuw@tujﬁoxﬂ mLQ%J,a.é

const volScalarField& p = alphal_.db().lookupObject<volScalarField>("p");
volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));

return Pair<tmp<volScalarField> >

(
mcCoeff_*sqr(limitedAlphal)
*max(p - pSat(), p0_)/max(p - pSat(), 0.01*pSat()),

mvCoeff_*min(p - pSat(), p0_)
)i
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const volScalarField &k=U _.db().lookupObject<volScalarField>("k");
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Foam::tmp<Foam::volScalarField>
Foam::phaseChangeTwoPhaseMixtures::Singhal::rRb
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const volScalarField& p
) const
{
volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));
volScalarField rho
(
limitedAlphal*rhol() + (scalar(1) - limitedAlphal)*rho2()
);
const volScalarField &k=U _.db().lookupObject<volScalarField>("k");
return
(pSat()+(0.195*rho*k));

Foam::tmp<Foam::volScalarField>
Foam::phaseChangeTwoPhaseMixtures::Singhal::pCoeff
(
const volScalarField& p
) const
{
volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));
volScalarField rho
(
limitedAlphal*rhol() + (scalar(1) - limitedAlphal)*rho2()
);
const volScalarField &k=U _.db().lookupObject<volScalarField>("k");
volScalarField rRb(this->rRb(p));
return
(rho1()*rho2())*sqrt(2/(3*rhol()))*max(sqrt(k), n )
/(sigma()*sqrt(mag(p - rRb) + 0.01*rRb));
}

o ylid o 5 4 o2 02 4 Thol (mule o> oS causS Lo alphal 5 548 bz o
JBorw Joo @y bgrye Jlissl Lol dolas (0,5 o)y sl Jb il ) 5 gl S5
il ool adlsl K> oS & 5 Ol ygiw

Foam::Pair<Foam::tmp<Foam::volScalarField> >
Foam::phaseChangeTwoPhaseMixtures::Singhal::mDotAlphal() const

{
const volScalarField& p = alphal_.db().lookupObject<volScalarField>("p™);

volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));
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volScalarField pCoeff(this->pCoeff(p));
volScalarField rRb(this->rRb(p));

return Pair<tmp<volScalarField> >

(
Cc_*(1.0 - limitedAlphal)*pCoeff*max(p - rRb, p0_),

Cv_*(limitedAlphal)*pCoeff*min(p - rRb, p0_)
)i
}

25 s Jad o o 4 bape Jl Aol o5 O)ls5 Jae 4 bgipe S o gl
by LB ol s Hsu.fl' 58l e lp am ] &g dr el o ools LES(F-Y-T) o
1l 00 039381 dbogs 1o S Ay 00 03,51 dslol jo a5 IS 4y pCOEFf &\l Joo (ol

Foam::phaseChangeTwoPhaseMixtures::zwart::pCoeff

(
const volScalarField& p

) const

{
volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));
volScalarField rho

(

limitedAlphal*rhol() + (scalar(1) - limitedAlphal)*rho2()
);
return

(3*rho2())*sqrt(2/(3*rhol()))
*(n_)/(sqrt(mag(p - pSat()) + 0.01*pSat()));
}
oy lis cud i 4 o2 Th02 4 Thol (ol cozx> S coiiS oLy alphal 548 bz o

Lk 55 e 4 bgrye JUnl Lol dobas 055 3y sl Jl alise o 5 e JSz

20,5 o Ll Gl a5

Foam::Pair<Foam::tmp<Foam::volScalarField> >
Foam::phaseChangeTwoPhaseMixtures::zwart::mDotAlphal() const

{
const volScalarField& p = alphal_.db().lookupObject<volScalarField>("p");
volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));
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volScalarField pCoeff(this->pCoeff(p));
return Pair<tmp<volScalarField> >

(
Cc_*(1.0 - limitedAlphal)*pCoeff*max(p - pSat(), p0_),
Cv_*(limitedAlphal)*pCoeff*min(p - pSat(), p0_)
);
¥
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wgad Jlasl J 3550 o5 4y ¥ ugiSe

. . 17.625 (T -273.15
pSat ~ 610.94 . exp M =610.94 . exp ( )
Teasivs +243.04 T -273.15 + 243.04
17.625 (T -273.15
=610.94 . exp [ T (30 m )]
o (¥-%)

53l 53l 5 oliinl 5,50 olij S0 4 olns sl oSl ay 355 aolan (0533l 51,

- oo oolaiul Coul ovaline BB aslsl jo amil &jgo a4 (Y-Falolee jglaie s 00,5 wugisl

=

08 )5

{
constdimensionedScalar t30_11(""30.11", dimensionSet(0,0,0,1,0,0,0), 30.11);

constdimensionedScalar t273_15(""273.15", dimensionSet(0,0,0,1,0,0,0), 273.15);
constdimensionedScalar t1("1", dimensionSet(0,0,0,1,0,0,0), 1);
constdimensionedScalar p610_94(*"610.94", dimensionSet(1,-1,-2,0,0,0,0), 610.94);
/I dimensionSet( [kg], [m], [s], [K], [kg*mol], [A], [cd]), [kg/(m*S”2)]=[Pa]

/I August-Roche-Magnus formula

pSat = p610_94 * exp( 17.625*(T-t273_15) / max(tl1, T-t30_11));

! August-Roche-Magnus
\a%
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//max(1,...) is included to avoid problems with devision by 0
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Kunz Model A Kunz Model
—— experiment -Nurick, 1976

0/ fmmmm o
0/8
0f7 frmmmmmmmoo e Al
0/6 MR
05 fmmm oo
O/ fmmmm oo
0/3 fmmmmm o
02 fmmmm oo
A e neC R EEEEE TR

Discharge cofficient (Cd)

1 1/1 1/2 1/3 1/4 1/5 1/6 1/7 1/8 1/9 2
Cavitation number(o)

‘Sﬁbl.imuLc)T CJLu L: LQ;T MLQA 9 ).»Lf JAA )| W Cawdo C"‘_EJL\J ¥-f Jiﬁa

Jol Ogime j0 el a8 3 13 0y 0590 Jead 4 (V-F) Joax 0 YU jlogad slrools
3o ol oals lis 3 Jow lawgs u‘“-“’)T adss oo lp o U 5l eel Cavdy polie
bgye oo sl 0o)3 (e 2Ll G5t )2 595790 (2785 @S @ bgipe polie ped (gt

il 00 00 551 aBinlej] ol b avslie 4o Jow pl

I Nurick
AY



G (65l Al gl ¢ (go0e oS

f)LP.. J*a-é

ol 6l 5 Jae goae o 5 callinles] audss o o s las ao s dsle (V-F) Jsa

C, (CFD) C, (Exp) o sl o 3%
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—— experiment-Nurick, 1976
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C,(CFD) C, (Exp) o Slaz 00 0%
0.8 0.79 2.12
0.81 0.79 2.45
0.74 0.73 1.66
0.69 0.73 4.55
0.69 0.7 1.24
0.67 0.68 1.24
0.66 0.67 0.96
0.62 0.64 3.43
0.6 0.63 4.68
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. Singhal Model
Singhal Model A Singhal Model
—&— experiment -Nurick, 1976
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0.51 0.63 17.56
0.66 0.65 1.03
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0.64 0.71 11.41
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Reference

Cavitation model

Applications/Main Findings

Kubota et al. (1992)

Rayleigh-Plesset equation
coupled to the Poisson
equation. Cavity region is
modeled as compressible fluid
with variable density

Cloud cavitation on hydrofoils.
Numerical instability for high-

density ratio. Re=3><105.

Chen and Heister
(1994)

Interface tracking based on
P=P.4, Grid conforms to the
cavity shape.

Pressure distribution on
axisymmetric geometries.

Re=1.36x10",

Chen and Heister
(1996)

Time and pressure dependent
pseudo-density equation.

Pressure distribution on
axisymmetric geometries.

Re=1.36x10",

Deshpande et al.
(1997)

Interface tracking based on

P=Pya with mass transfer.

Grid conforms to the cavity
shape.

Sheet cavitation for cryogenic
fluids. Studying the thermal
boundary layer over a cavity.

\YY




Singhal et al. (1997)

Vapor mass fraction equation
with pressure dependent source
terms.

Pressure distribution and
discharge coefficient for orifices

and hydrofoils. Re=2.0 ><106.

Merkle et al. (1998)

Vapor mass fraction equation
with pressure dependent source
terms.

Pressure distribution on
hydrofoils.

Kunz et al. (2000)

Volume fraction equation with
pressure dependent source
terms Nonconservative
continuity equation.
Preconditioning strategy.

Pressure distribution on
axisymmetric geometries.

Re=1.36x10,

Ahuja et al. (2000)

Vapor mass fraction equation
with pressure dependent source

terms. Preconditioning strategy.

Adaptive unstructured meshes

Simulations of cavitating flow

6
over hydrofoils (Re=2x%10 ) and
axisymmetric geometries.

(Re=1.36x10).

Edwards et al.
(2000)

Temperature distribution is
computed to determine density
variation based. Sanchez-
Lacombe equation of state.

Pressure distribution on
axisymmetric geometries is poor
convergence and pressure

overshoots Re=1.36><105.

Ventikos and
Tzabiras (2000)

Temperature distribution is
computed to determine density
variation based on steam-water
tables.

Pressure distribution over
airfoils. Re=2000 in

6
computations while Re=2.5x10
in experiments.

Venkateswaran et
al. (2001)

Discussed the preconditioning
strategies utilized in Kunz et al.
and Ahuja et al.

Pressure distribution on
axisymmetric geometries.

Re=1.36x10".
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Angelo Cervone et
al. (2006)

Vapor mass fraction equation
with pressure dependent source
terms.

Pressure coefficient distribution
on hydrofoil(NACAQ015)

Re=5x10

G. Palau-Salvador
etal. (2007)

Vapor mass fraction equation
with pressure dependent source
terms.

Numerical modeling of
cavitating flows in Circular
orifice, Rectangular
Orifice, Circular nozzle,
Rectangular
venturi

Mitja Morgut et al.
(2011)

Volume fraction equation with
pressure dependent source
terms Nonconservative
continuity equation.
Preconditioning strategy

Comparison of mass transfer
models for the numerical
prediction of sheet cavitation
around a hydrofoil.
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.~ opt openfoam20l | tutorials inte 0am system

controlDict decomposeParDict fvSchemes fvSolution snappyHexMeshDict

fvScheme LB jewe (v) S

[\\/ Field | OpenFOAM: The Open Source CFD Toolbox |
| V" / Operation | Version: 2.0.1 |

| W/ And | Web:  www.OpenFOAM.com |
| \V M anipulation | |

\* e e e e */
FoamFile

{

version  2.0;

formatascii;

class  dictionary;

objectfvSchemes;

}

ddtSchemes
{

default Euler;

}

interpolationSchemes

{

default linear;

}

divSchemes

{
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default none;

div(rhoPhi,U) Gauss linearUpwind grad(U);
div(phi,omega) Gauss linearUpwind grad(omega);
div(phi,k) Gauss linearUpwind grad(k);

div(phi,alpha)  Gauss vanLeer;
div(phirb,alpha)  Gauss interfaceCompression;

}

gradSchemes

{

default Gauss linear;

}

laplacianSchemes

{

default Gauss linear limited 0.5;

}

snGradSchemes

{

default none;
snGrad(pd) limited 0.5;
snGrad(rho) limited 0.5;
snGrad(alphal)  limited 0.5;

}
fluxRequired

{

default none;
p_rgh;
pcorrt;

alphal;

}

Console & yb 3l a0l g 5l =1

Juno yo &S InterFoam L6 ol lacl

opt>openfoam201>tutorials>multiphase>interPhaseChangeFoam
st )0 9 (2503300 )8

Home >OpenFoam> ubuntu-1.5-dev > run

gl ool 1,8
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[\\/ Field | OpenFOAM: The Open Source CFD Toolbox |
| W / Operation | Version: 2.0.1 |

| W/ And | Web:  www.OpenFOAM.com |

| \V M anipulation | |

\* e e e e o */
FoamFile

{

version 2.0;
formatascii;

class  dictionary;
objectcontrolDict;

}

applicationinterPhaseChangeFoam,;

startFromlatestTime;

A

startTime 0; s J> g9, oo
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stopAtendTime;

endTime 0.05;, = Ao J> plesl oo

=

Sk e

&

deltaT le-8;

writeControladjustableRunTime;

writelnterval 0.001;

purgeWrite 0;
writeFormatascii;

writePrecision 6;
writeCompression uncompressed;
timeFormat general;

runTimeModifiable yes;
adjustTimeStep on;

maxCo 1.0;
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Model Zwart(file zwart.H):

#ifndef zwart_H
#define zwart_ H

#include "phaseChangeTwoPhaseMixture.H"

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

namespace Foam

{

namespace phaseChangeTwoPhaseMixtures

class zwart
public phaseChangeTwoPhaseMixture
{

/I Private data

//- Bubble number density
dimensionedScalar n_;

/I- Nucleation site diameter
dimensionedScalar dNuc_;

/I- Condensation rate coefficient
dimensionedScalar Cc_;

/l- Vapourisation rate coefficient
dimensionedScalar Cv_;

dimensionedScalar p0_;

/I- Nucleation site volume-fraction
dimensionedScalar alphaNuc() const;

/I- Reciprocal bubble radius
tmp<volScalarField>rRb(const volScalarField& limitedAlphal) const;

//- Part of the condensation and vapourisation rates
tmp<volScalarField> pCoeff(const volScalarField& p) const;
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public:

//- Runtime type information
TypeName("zwart");

/I Constructors

/- construct from components
zwart
(
const volVectorField& U,
const surfaceScalarField& phi,
const word& alphalName = "alphal"

);

/- Destructor
virtual ~zwart()

&

/I Member Functions

//- Return the mass condensation and vaporisation rates as a

/I coefficient to multiply (1 - alphal) for the condensation rate
/I and a coefficient to multiply alphal for the vaporisation rate
virtual Pair<tmp<volScalarField> > mDotAlphal() const;

/I- Return the mass condensation and vaporisation rates as an
/I explicit term for the condensation rate and a coefficient to
/I multiply (p - pSat) for the vaporisation rate

virtual Pair<tmp<volScalarField> > mDotP() const;

/- Correct the zwart phaseChange model
virtual void correct();

//- Read the transportProperties dictionary and update
virtual bool read();

3
//*************************************/l

} // End namespace phaseChangeTwoPhaseMixtures
} // End namespace Foam

//*************************************/l

#endif
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Model Zwart(file zwart.C):

#include "zwart.H"
#include "mathematicalConstants.H"
#include "addToRunTimeSelectionTable.H"

//**************StaticDataMembers*************//

namespace Foam

{

namespace phaseChangeTwoPhaseMixtures
{
defineTypeNameAndDebug(zwart, 0);
addToRunTimeSelectionTable
(
phaseChangeTwoPhaseMixture,
zwart,
components
)i
¥
}

//****************Constructors **************/l

Foam::phaseChangeTwoPhaseMixtures::zwart::zwart

(
const volVectorField& U,

const surfaceScalarField& phi,
const word& alphalName

phaseChangeTwoPhaseMixture(typeName, U, phi, alphalName),

n_(phaseChangeTwoPhaseMixtureCoeffs_.lookup(n™)), Il n=1e+6;
dNuc_(phaseChangeTwoPhaseMixtureCoeffs_.lookup("dNuc™)),  // dNuc = 1;
Cc_(phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cc™)), /I Cc=0.01;
Cv_(phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cv")), Il Cv=2.5e-2;
p0_("0", pSat().dimensions(), 0.0)

{
correct();

¥

//**************MemberFunCtionS **************//
Foam::tmp<Foam::volScalarField>
Foam::phaseChangeTwoPhaseMixtures::zwart::pCoeff

(

const volScalarField& p
AR



) const

{
volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));
volScalarField rho

(

limitedAlphal*rhol() + (scalar(1) - limitedAlphal)*rho2()
)i
return

(3*rho2())*sqrt(2/(3*rhol()))
*(n_)/(sqrt(mag(p - pSat()) + 0.01*pSat()));
}

Foam::Pair<Foam::tmp<Foam::volScalarField> >
Foam::phaseChangeTwoPhaseMixtures::zwart::mDotAlphal() const

{
const volScalarField& p = alphal_.db().lookupObject<volScalarField>("p");
volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));

volScalarField pCoeff(this->pCoeff(p));

return Pair<tmp<volScalarField> >

(
Cc_*(1.0 - limitedAlphal)*pCoeff*max(p - pSat(), p0_),

Cv_*(limitedAlphal)*pCoeff*min(p - pSat(), p0_)
);
¥

Foam::Pair<Foam::tmp<Foam::volScalarField> >
Foam::phaseChangeTwoPhaseMixtures::zwart::mDotP() const

{
const volScalarField& p = alphal_.db().lookupObject<volScalarField>("p");
volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));

volScalarField pCoeff(this->pCoeff(p));

return Pair<tmp<volScalarField> >

(
Cc_*(1.0 - limitedAlphal)*pos(p - pSat())*pCoeff,

(-Cv_)*(limitedAlphal)*neg(p - pSat())*pCoeff
);
}

void Foam::phaseChangeTwoPhaseMixtures::zwart::correct()
'Y
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bool Foam::phaseChangeTwoPhaseMixtures::zwart::read()

{
if (phaseChangeTwoPhaseMixture::read())

{
phaseChangeTwoPhaseMixtureCoeffs_ = subDict(type() + "Coeffs");

phaseChangeTwoPhaseMixtureCoeffs_.lookup("n") >>n_;
phaseChangeTwoPhaseMixtureCoeffs_.lookup("dNuc™) >> dNuc_;
phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cc") >> Cc_;
phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cv") >> Cv_;

return true;

}

else

{

return false;

¥
¥
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Model Singhal(file singhal.H):

#ifndef Singhal_H
#define Singhal_H
#include "phaseChangeTwoPhaseMixture.H"

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

namespace Foam

{
namespace phaseChangeTwoPhaseMixtures
{
/-k i *\
Class Singhal
\* ____________________________________________ */
class Singhal
public phaseChangeTwoPhaseMixture
{
/I Private data
//- Condensation rate coefficient
dimensionedScalar Cc_;
/- Vapourisation rate coefficient
dimensionedScalar Cv_;
dimensionedScalar p0_;
/- Nucleation site volume-fraction
dimensionedScalar alphaNuc() const;
/- Reciprocal bubble radius
tmp<volScalarField>rRb(const volScalarField& p) const;
/- Part of the condensation and vapourisation rates
tmp<volScalarField> pCoeff(const volScalarField& p) const;
public:

/- Runtime type information
TypeName("Singhal");
// Constructors

/- construct from components
\YY



Singhal

(
const volVectorField& U,

/I const volScalarrField& k,
const surfaceScalarField& phi,
const word& alphalName = "alphal"

);

//- Destructor

virtual ~Singhal()

{

// Member Functions
//- Return the mass condensation and vaporisation rates as a
/I coefficient to multiply (1 - alphal) for the condensation rate
/I and a coefficient to multiply alphal for the vaporisation rate
virtual Pair<tmp<volScalarField> > mDotAlphal() const;
/- Return the mass condensation and vaporisation rates as an
/I explicit term for the condensation rate and a coefficient to
/I multiply (p - pSat) for the vaporisation rate
virtual Pair<tmp<volScalarField> > mDotP() const;

/- Correct the Singhal phaseChange model
virtual void correct();

//- Read the transportProperties dictionary and update
virtual bool read();

+
//*************************************/l

} // End namespace phaseChangeTwoPhaseMixtures
} // End namespace Foam

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

#tendif
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Model Singhal(file singhal.C):

S —

#include "Singhal.H"
#include "mathematicalConstants.H"
#include "addToRunTimeSelectionTable.H"

//**************StaticDataMembers*************/l

namespace Foam

{

namespace phaseChangeTwoPhaseMixtures

{
defineTypeNameAndDebug(Singhal, 0);

addToRunTimeSelectionTable
(

phaseChangeTwoPhaseMixture,
Singhal,
components
);
ks
}

//****************Constructors **************/l

Foam::phaseChangeTwoPhaseMixtures::Singhal::Singhal

(
const volVectorField& U,

const surfaceScalarField& phi,
const word& alphalName

phaseChangeTwoPhaseMixture(typeName, U, phi, alphalName),
Cc_(phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cc™)), /[ Cc=0.01;
Cv_(phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cv")), /I Cv=0.02;

p0_("0", pSat().dimensions(), 0.0)

correct();

//**************MemberFunCtionS **************//

Foam::tmp<Foam::volScalarField>
Foam::phaseChangeTwoPhaseMixtures::Singhal::rRb

(

const volScalarField& p
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) const

{
volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));

volScalarField rho

(
limitedAlphal*rhol() + (scalar(1) - limitedAlphal)*rho2()
)i

const volScalarField &k=U _.db().lookupObject<volScalarField>("k");
return
(pSat()+(0.195*rho*k));
¥

Foam::tmp<Foam::volScalarField>
Foam::phaseChangeTwoPhaseMixtures::Singhal::pCoeff
(
const volScalarField& p
) const
{
volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));
volScalarField rho

limitedAlphal*rhol() + (scalar(1) - limitedAlphal)*rho2()
);

const volScalarField &k=U_.db().lookupObject<volScalarField>("k");
volScalarField rRb(this->rRb(p));

return
(rho1()*rho2())*sqrt(2/(3*rhol()))*max(sqrt(k), n )
/(sigma()*sqrt(mag(p - rRb) + 0.01*rRb));
}

Foam::Pair<Foam::tmp<Foam::volScalarField> >
Foam::phaseChangeTwoPhaseMixtures::Singhal::mDotAlphal() const

{
const volScalarField& p = alphal_.db().lookupObject<volScalarField>("p");

volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));

volScalarField pCoeff(this->pCoeff(p));
volScalarField rRb(this->rRb(p));

return Pair<tmp<volScalarField> >

(
Cc_*(1.0 - limitedAlphal)*pCoeff*max(p - rRb, p0_),

Cv_*(limitedAlphal)*pCoeff*min(p - rRb, p0_)
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Foam::Pair<Foam::tmp<Foam::volScalarField> >
Foam::phaseChangeTwoPhaseMixtures::Singhal::mDotP() const

{
const volScalarField& p = alphal_.db().lookupObject<volScalarField>("p");
volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));

volScalarField pCoeff(this->pCoeff(p));
volScalarField rRb(this->rRb(p));

return Pair<tmp<volScalarField> >

(
Cc_*(1.0 - limitedAlphal)*pos(p - rRb)*pCoefft,
(-Cv_)*(limitedAlphal)*neg(p - rRb)*pCoeff

);
¥

void Foam::phaseChangeTwoPhaseMixtures::Singhal::correct()
¢
bool Foam::phaseChangeTwoPhaseMixtures::Singhal::read()
if (phaseChangeTwoPhaseMixture::read())
phaseChangeTwoPhaseMixtureCoeffs_ = subDict(type() + "Coeffs");

phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cc") >> Cc_;
phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cv") >> Cv_;

return true;
else

{

return false;

¥
¥

// *hhhhhkhkhkhkkhkhkhrrhhhkhkhkhkhkhhrhrrhhhhkhkhhhirrhhhhhkhkhhhirrrhhhkhhhiiirhiihkhhiix //
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Model Kunzl(fileKunz.H):

[* o e e e e e e *\

#ifndef Kunz_H
#define Kunz_H

#include "phaseChangeTwoPhaseMixture.H"

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

namespace Foam

{

namespace phaseChangeTwoPhaseMixtures

class Kunz
public phaseChangeTwoPhaseMixture
{

/I Private data
dimensionedScalar UlInf_;
dimensionedScalar tinf_;
dimensionedScalar Cc_;
dimensionedScalar Cv_;
dimensionedScalar p0_;
dimensionedScalar mcCoeff_;
dimensionedScalar mvCoeff_;

public:

/l- Runtime type information

TypeName("Kunz");

/I Constructors

/- construct from components
Kunz
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(
const volVectorField& U,

const surfaceScalarField& phi,
const word& alphalName = "alphal"

);

//- Destructor
virtual ~Kunz()

¢

// Member Functions
//- Return the mass condensation and vaporisation rates as a
/I coefficient to multiply (1 - alphal) for the condensation rate
/I and a coefficient to multiply alphal for the vaporisation rate
virtual Pair<tmp<volScalarField> > mDotAlphal() const;
/- Return the mass condensation and vaporisation rates as an
/I explicit term for the condensation rate and a coefficient to
/I multiply (p - pSat) for the vaporisation rate
virtual Pair<tmp<volScalarField> > mDotP() const;

/- Correct the Kunz phaseChange model
virtual void correct();

//- Read the transportProperties dictionary and update
virtual bool read();

o
//*7k*7k*7k*7k*7k*7k*7k*7k*7k*7k*7k*7k*7k*7k*ir**ﬂk*:k*:k”

} // End namespace phaseChangeTwoPhaseMixtures
} // End namespace Foam

//*‘k*”k*ﬂk*:k*:k*:k*:k*:k*:k*‘k*”k*wk*:k*:k*:k*:k*:k*:k*//

#endif

//******************************************************************//
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Model Kunzl(fileKunz.C):
\* ___________________________ - __*/

#include "Kunz.H"
#include "addToRunTimeSelectionTable.H"

//**************StaticDataMembers*************//

namespace Foam

{

namespace phaseChangeTwoPhaseMixtures

{
defineTypeNameAndDebug(Kunz, 0);

addToRunTimeSelectionTable(phaseChangeTwoPhaseMixture, Kunz, components);

¥
¥

//****************Constructors **************/l

Foam::phaseChangeTwoPhaseMixtures::Kunz::Kunz

(
const volVectorField& U,

const surfaceScalarField& phi,
const word& alphalName

phaseChangeTwoPhaseMixture(typeName, U, phi, alphalName),

Uinf_(phaseChangeTwoPhaseMixtureCoeffs_.lookup("UInf")), /[ UlInf=7.2;
tinf_(phaseChangeTwoPhaseMixtureCoeffs_.lookup("tInf")), /I tinf =0.00625;
Cc_(phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cc™)), /[ Cc =100;
Cv_(phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cv")), /[ Cv =100;

p0_("0", pSat().dimensions(), 0.0),

mcCoeff_(Cc_*rho2()/tInf ),
mvCoeff_(Cv_*rho2()/(0.5*rho1()*sqr(UInf_)*tInf_))
{

correct();

¥

//**************MemberFunCtionS **************//

Foam::Pair<Foam::tmp<Foam::volScalarField> >
Foam::phaseChangeTwoPhaseMixtures::Kunz::mDotAlphal() const

{
const volScalarField& p = alphal_.db().lookupObject<volScalarField>("p");
volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));
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return Pair<tmp<volScalarField> >

(
mcCoeff_*sqr(limitedAlphal)
*max(p - pSat(), p0_)/max(p - pSat(), 0.01*pSat()),

mvCoeff_*min(p - pSat(), p0_)
);
}

Foam::Pair<Foam::tmp<Foam::volScalarField> >
Foam::phaseChangeTwoPhaseMixtures::Kunz::mDotP() const

{
const volScalarField& p = alphal_.db().lookupObject<volScalarField>("p");

volScalarField limitedAlphal(min(max(alphal_, scalar(0)), scalar(1)));
return Pair<tmp<volScalarField> >

(
mcCoeff_*sqr(limitedAlphal)*(1.0 - limitedAlphal)
*pos(p - pSat())/max(p - pSat(), 0.01*pSat()),

(-mvCoeff_)*limitedAlphal*neg(p - pSat())
);
}

void Foam::phaseChangeTwoPhaseMixtures::Kunz::correct()

¢

bool Foam::phaseChangeTwoPhaseMixtures::Kunz::read()

if (phaseChangeTwoPhaseMixture::read())

{
phaseChangeTwoPhaseMixtureCoeffs = subDict(type() + "Coeffs");

phaseChangeTwoPhaseMixtureCoeffs_.lookup("UInf") >> Ulnf_;
phaseChangeTwoPhaseMixtureCoeffs_.lookup(“tInf") >> tinf_;
phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cc") >> Cc_;
phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cv") >> Cv_;

mcCoeff_ = Cc_*rho2()/tInf_;
mvCoeff = Cv_*rho2()/(0.5*rhol()*sqr(UInf_)*tinf );

return true;

}

else

{

return false;

¥
¥

// *hkhkkhkkkhhkkhkhhkhhhkkhhkhkrhkhhhkihkhhhkkhhkhkihkhihkhhkhkihkhrhkhhhkihkhihkhhhihkhihkhihkiiihkikx //
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Info<< "Reading transportProperties\n" <<endl,
IOdictionarytransportPropertiesDict

(
I00bject

(

"transportProperties”,
runTime.constant(),
mesh,
I00bject::MUST_READ,
I00bject::NO_WRITE

)

);

dimensionedScalar DT

(
transportPropertiesDict.lookup("DT")

);

Info<< "Reading field T\n" <<endl;
volScalarField T

(
I00bject

(

hn
runTime.timeName(),
mesh,
I00bject::MUST_READ,
I00object::AUTO_WRITE

),
mesh
);
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{
fvScalarMatrixTEqgn

(

fvm::ddt(T)

+ fvm::div(phi, T)

- fvm::laplacian(DT, T)

);
TEgn.solve();

}

4 »; k> twoPhaseProperties->correct();: < ,Le ;I L3 4 Solver.C a=ls J=ls J>
239 o 4ol B ol

#include "TEgn.H"
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{
constdimensionedScalar t30_11("30.11", dimensionSet(0,0,0,1,0,0,0), 30.11);

constdimensionedScalar t273_15(""273.15", dimensionSet(0,0,0,1,0,0,0), 273.15);
constdimensionedScalar t1("1", dimensionSet(0,0,0,1,0,0,0), 1);
constdimensionedScalar p610_94(*"610.94", dimensionSet(1,-1,-2,0,0,0,0), 610.94);
/I dimensionSet( [kg], [m], [s], [K], [kg*mol], [A], [cd]), [kg/(m*S"2)]=[Pa]

/I August-Roche-Magnus formula
pSat = p610_94 * exp( 17.625*(T-t273_15) / max(t1, T-t30_11));
//max(1,...) is included to avoid problems with devision by 0

}
il T 4y a8 il i doles plon > o Slle ol 955 e sanlie o5 jsbilen

45 ke aon OpenFoam 18l e 55 o8 col 153 4 p3Y S o i s S ol 1, 00

lazl CreatField.H LB o jslae nl glp 00,5 oy i Sl o sl Wigd oo o))y dlolee SO
18,5 oo Bi> o 5l 5 las

constdimensionedScalar&pSat = twoPhaseProperties->pSat();

ol Jds g oo aslsl volScalarField T le 5l am g Ll cron jo 55 bghs aslsl o g

1l wal bl led bz el (S JLas Gl oS col (nl oo

volScalarFieldpSat

(
I00bject

(
"pSat",
runTime.timeName(),
mesh,
I00bject::NO_READ,
I00bject::AUTO_WRITE
),
p_rgh // initial value will be overwritten in calcPSatField.H
);
#include "calcPSatField.H
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//- Saturation vapour pressure
dimensionedScalarpSat_;

/- Return const-access to the saturation vapour pressure
constdimensionedScalar&pSat() const

{

returnpSat_;

¥
g g0 a8lal LB pla ole L?r‘" sl g

/- Return const-access to the saturation vapour pressure
constvolScalarField&pSat() const

{
constvolScalarField&pSat = alphal_.db().lookupObject<volScalarField>("pSat");

returnpSat;

}

Sz B by Cmed o #3lg phaseChangeTwoPhaseMixture.C L ,o sl Ll jo

1) 25 Ohle (G 03,8 Bd> 358 o0 by o Sl jLid 4 &5

pSat_(lookup("pSat™))

lookup("pSat™) >> pSat_;
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// Fields to be probed. runTime modifiable!
fields
(
PMean
);
/l Locations to be probed. runTime modifiable!
probeLocations
(
(0.0254 0.0253 0.0)
(0.0508 0.0253 0.0)
(0.0762 0.0253 0.0)
(0.1016 0.0253 0.0)
(0.1270 0.0253 0.0)
(0.1524 0.0253 0.0)
(0.1778 0.0253 0.0)
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Abstract:

It is important to prevent the occurrence of cavitation in internal flow such as valves
and pumps, however in external flows This phenomenon has many advantages
Including through the formation around a vehicle, reducing the frictional drag on it
because of the reduced viscosity of vapor phase, one of the main reasons for the use of
cavitation for natural or artificial underwater projectiles.

This thesis is to study the cavitation and comparing simulation models in the
development of cloud cavity and its impact on the flow and the results compared with
experimental results. Firstly, the definition of cavitation and the basic equations for the
analysis of this phenomenon is shown in and finally introduced Mass transfer models
used in this phenomenon. In the numerical study, in Beginning transient cavitation
simulation models have been introduced, and three popular models for this field , ie,
models Kunz, Singhal and Zwart Have been selected and then, for each a numerical
code has been provided, and the strengths and weaknesses of each model has been
studied. Numerical simulations carried out in this project to assess the strengths and
weaknesses of these models is on the internal and external flows.

To achieve this purpose, a venturi and an orifice for cavitation on the internal flow
and one hydrofoil NACAOQO015 for cavitation on the external flows with different attack
angles, consistent with experimental results has been performed.

According to the results the best model for internal flows is Zwart model, but can not
be ignored a good ability of Kunz model in numerical analysis for internal flows.

Also in this models for analysis of the external flows, the overall results were pretty
close together and no one has not advantage, but in the end, select the Kunz model for
investigation is recommended of the numerical solutions obtained in this model.

And then for more accurately simulate addition the temperature in the numeric codes,
to selective mass transfer models have been developed. In the case of mass transfer
models assumed that the critical pressure of the solution is constant and in actual it is a
function of temperature. By adding the equation of August-Magnus the effect of
temperature; models have the ability to refine a critical pressure proportional to the
temperature at which it is located, was created. Finally, a comparison between the
results from the numerical solution of these models by adding the effect of temperature
and the results of numerical models without affecting the temperature with experimental
results for parameters such as pressure ratio and discharge coefficient performed.
Adding this ability to solvers improved results compared to non-thermal effect and
results in higher accuracy compared with other reported results. Numerical simulation
of cavitation with programming language C++ under Linux and then for run numerical
codes, OpenFoam software was used.

Keywords: Cavitation, Mass transfer models, Cavitation modeling, Internal and
external flows, adding the effect of temperature
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