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N,(CFD) D, D, o(cons tant) K N,(CFD)
1.2 10 20 39.96 0.606 0.73
1.2 10 30 39.96 0.368 0.4
1.2 10 40 39.96 0.223 0.26
1.2 10 50 39.96 0.135 0.14
1.2 10 60 39.96 0.082 0.08
1.2 10 70 39.96 0.050 0.04
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D N,CFD) | N,(ExP) | s slla 0o ,o%
10 1.2 1.35 11.11
20 0.73 0.67 8.96
30 0.4 0.36 11.11
40 0.26 0.23 13.04
50 0.14 0.13 7.69
60 0.08 0.07 14.29
70 0.04 0.03 33.33
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N,(CFD) D, D, o(cons tant) K N,(CFD)
8.2 10 20 56.93 0.704 S.77
8.2 10 30 56.93 0.495 4.06
8.2 10 40 56.93 0.349 2.86
8.2 10 50 56.93 0.245 2.01
8.2 10 60 56.93 0.173 1.42
8.2 10 70 56.93 0.121 1.12
8.2 10 90 56.93 0.060 0.49
8.2 10 105 56.93 0.036 0.29
8.2 10 135 56.93 0.012 0.12
8.2 10 145 56.93 0.008 0.07
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30 4.06 4.38 7.3
40 2.86 3.29 13.06
50 2.01 2.36 14.83
60 1.42 1.72 17.44
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135 0.12 0.14 14.29
145 0.07 0.08 12.5
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N,(CFD) D, D, 5(cons tant) K N,(CFD)
4.8 10 20 60.05 0.646 3.1
4.8 10 30 60.05 0.473 2.27
4.8 10 40 60.05 0.368 1.77
4.8 10 50 60.05 0.264 1.27
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4.8 10 122 60.05 0.024 0.12
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20 3.1 3.6 4.44
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40 1.77 1.89 6.35
50 1.27 1.47 13.61
60 1.1 1.27 13.39
70 0.65 0.87 25.29
80 0.47 0.52 9.62
100 0.20 0.25 4
122 0.12 0.13 7.69
136 0.06 0.09 22.22
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225.2 10 20 88.32 0.797 179.57
225.2 10 30 88.32 0.636 143.18
225.2 10 40 88.32 0.507 114.17
225.2 10 50 88.32 0.404 91.03
225.2 10 60 88.32 0.322 72.58
225.2 10 70 88.32 0.257 57.88
225.2 10 80 88.32 0.205 46.15
225.2 10 95 88.32 0.146 32.85
225.2 10 125 88.32 0.074 16.66
225.2 10 145 88.32 0.047 10.59
225.2 10 165 88.32 0.030 6.73
225.2 10 182 88.32 0.020 4.58
225.2 10 203 88.32 0.013 2.25
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—< = Np(AL,40bar,Exp) X Np(SS-10bar-CFD) —® — Np(SS-10bar-Exp) p(Uconstant)
Np(SS-15bar-CFD) === Np(SS-15bar-Exp) X Np(SS-40bar-CFD)
== $== Np(SS-40bar-Exp)
1000
F
100 M_‘
= % — = AL40bar
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3] SS40bar
E 1 1 A c ~ X
':-; N
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20.1 ‘ A N
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N,(SS —10bar —CFD) | D | 6(SS) | S(AL) | z(SS) | =(AL) K N, (AL —10bar)
0.28 10 38 60.05 | 97.29 | 2.497 18.92878 5.30005791
0.17 20 38 60.05 | 97.29 | 2.497 22.96436 3.903941108
0.11 30 38 60.05 | 97.29 | 2.497 27.86032 3.064635119
0.057 40 38 60.05 | 97.29 | 2.497 33.80009 2.02800533
0.034 50 38 60.05 | 97.29 | 2497 | 41.00621 1.377808538
0.0201 60 38 60.05 | 97.29 | 2.497 | 49.74866 0.975073646
0.0112 70 38 60.05 | 97.29 | 2.497 60.35498 0.67597576
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50 1.38 1.47 7
60 0.975 1.23 21
70 0.676 0.85 20
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N,(SS —40bar —CFD) | D | 6(SS) | S(AL) | z(SS) | =(AL) K N, (AL —40bar)
8.2 10 | 56.93 | 88.32 | 16 | 0.027 | 27.89627 | 228.7494424
5.74 20 | 56.93 | 88.32 | 1.6 | 0.027 | 31.60617 | 181.4194352
4.1 30 | 56.93 | 8832 | 16 | 0.027 | 3580945 | 146.8187429
2.87 40 | 56.93 | 8832 | 1.6 | 0.027 | 4057172 | 116.4408234
2.05 50 | 56.93 | 88.32 | 16 | 0.027 | 4596731 | 94.23298717
15 60 | 56.93 | 88.32 | 16 | 0.027 | 52.08046 | 78.12069221
1.12 70 | 56.93 | 88.32 | 1.6 | 0.027 | 59.00659 | 66.08738578
0.49 90 | 56.93 | 8832 | 1.6 | 0.027 | 75.74466 37.1148819
0.25 105 | 56.93 | 8832 | 1.6 | 0.027 | 91.34622 | 22.83655563
0.12 135 | 56.93 | 88.32 | 1.6 | 0.027 | 132.8519 | 15.94222807
0.07 145 | 56.93 | 8832 | 16 | 0.027 | 150.5198 | 10.53638274
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10 228.75 257.86 11.29
20 181.42 192.65 5.83
30 146.82 152.63 3.81
40 116.44 113.51 2.58
50 94.23 97.85 3.7
60 78.12 72,77 7.35
70 66.09 74.26 11
90 37.11 35.43 4.76
105 22.8¢ 30.12 24.18
135 15.94 18.74 14.93
145 10.54 12.28 14.2
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10 0.2534 0.2739 7.5
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FoamFile

{

version 2.0;
formatascii;

class dictionary;
objectfvSchemes;

}

ddtSchemes

{
default Euler;

}

interpolationSchemes

{

default linear;

}

divSchemes

{

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;
pcorr;

alphal;
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}
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FoamFile

{

version 2.0;
formatascii;

class  dictionary;
objectcontrolDict;

}

//* sk ok sk sk sk sk sk sk ook sk sk sk sk sk ok ook sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk ok *//

applicationinterPhaseChangeFoam;

startFromlatestTime;

startTime 0; < s Jo> g9,5 oloj
stopAtendTime;

endTime 0.05;, = s J> slosl o
deltaT le-8; * Sk pl8

writeControladjustableRunTime;

writelnterval 0.001;

purgeWrite 0;
writeFormatascii;

writePrecision 6;
writeCompression uncompressed;
timeFormat general;
runTimeModifiable yes;
adjustTimeStep on;

maxCo 1.0;

A/*************************************************************************

/
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:DestructCoeff  cuwsS gous oS

word alphaScheme("div(phi,alpha)");
word alpharScheme("div(phirb,alpha)");

surfaceScalarField phir("phir", phic*interface.nHatf());

for (int gCorr=0; gCorr<nAlphaCorr; gCorr++)
{
surfaceScalarField phiAlpha
(
fve:flux
(
phi,
alphal,
alphaScheme
)

+ fvciflux
(
-fvc::flux(-phir, scalar(1) - alphal, alpharScheme),
alphal,
alpharScheme
)
);

Pair<tmp<volScalarField> > vDotAlphal =
twoPhaseProperties->vDotAlphal();

const volScalarField& vDotcAlphal = vDotAlphal[0]();

const volScalarField& vDotvAlphal = vDotAlphal[1]();

volScalarField Sp

(
IOobject

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

),

114



vDotvAlphal - vDotcAlphal
);

volScalarField Su

(
IOobject

(
"Su",
runTime.timeName(),
mesh
),
// Divergence term is handled explicitly to be
// consistent with the explicit transport solution
divU*alphal
+ vDotcAlphal
);

//IMULES::explicitSolve
/1(

/I geometricOneField(),
// alphal,

// phi,

// phiAlpha,

/I Sp,

/I Su,

/o1,

/0

0);

MULES::implicitSolve
(
geometricOneField(),
alphal,
phi,
phiAlpha,
Sp,
Su,
1,
0
);

rhoPhi +=
(runTime.deltaT()/totalDeltaT)
*(phiAlpha*(rhol - rho2) + phi*rho2);
}

Info<< "Liquid phase volume fraction ="
<< alphal.weighted Average(mesh.V()).value()
<<" Min(alphal) =" << min(alphal).value()
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<< " Max(alphal) =" << max(alphal).value()
<< endl;

forAll (alphal, celli)

{
if (alphal[celli] > 0.5)
{
DestructCoeff[celli]= alphal[celli];
}
else
{
DestructCoeff[celli]=0;
}

:CreatFiled 56,0 o3¥ sbd oS 40,5 a8lsl a3 bgs po (go0e oS

Info<< "Reading field p_rgh\n" << endl;
volScalarField p_rgh
(
IOobject
(
"p_rgh”,
runTime.timeName(),
mesh,
I0object::MUST_READ,
IOobject::AUTO_WRITE
)

mesh

);

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

(
IOobject

(
"alphal”,
runTime.timeName(),
mesh,
I0object::MUST_READ,
IOobject:: AUTO_WRITE
)s

mesh

);
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Info<< "Reading field U\n" << end];
volVectorField U

(
IOobject

(
Lo
runTime.timeName(),
mesh,
I0object::MUST_READ,
IOobject::AUTO_WRITE
),

mesh

);
#include "createPhi.H"

Info<< "Creating phaseChangeTwoPhaseMixture\n" << endl;
autoPtr<phaseChangeTwoPhaseMixture> twoPhaseProperties =
phaseChangeTwoPhaseMixture::New(U, phi);

const dimensionedScalar& rhol = twoPhaseProperties->rho1();
const dimensionedScalar& rho2 = twoPhaseProperties->rho2();
const dimensionedScalar& pSat = twoPhaseProperties->pSat();

// Need to store rho for ddt(rho, U)
volScalarField rho

(
IOobject

(
Hrholl’
runTime.timeName(),
mesh,
I0object::READ_IF_PRESENT
)
alphal*rhol + (scalar(1) - alphal)*rho2,
alphal.boundaryField().types()
);
rho.oldTime();

// Construct interface from alphal distribution
interfaceProperties interface(alphal, U, twoPhaseProperties());

// Construct incompressible turbulence model
autoPtr<incompressible::turbulenceModel> turbulence

(
);

incompressible::turbulenceModel::New(U, phi, twoPhaseProperties())
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Info<< "Calculating field g.h\n" << end];
volScalarField gh("gh", g & mesh.C());
surfaceScalarField ghf("ghf", g & mesh.Cf());

volScalarField p

(
IOobject

(

mnmn

P,
runTime.timeName(),

mesh,
IOobject::NO_READ,
IOobject::AUTO_WRITE

)
);

label pRefCell = 0;
scalar pRefValue = 0.0;
setRefCell

(
p;
p_rgh,
mesh.solutionDict().subDict("PIMPLE"),
pRefCell,
pRefValue

);

_rgh + rho*gh

if (p_rgh.needReference())
{

p += dimensionedScalar

(

P,
p.dimensions(),

pRefValue - getRefCell Value(p, pRefCell)
);
p_rgh = p - rho*gh;
}
volScalarField DestructCoeff

(
IOobject

(
"DestructCoeff",
runTime.timeName(),
mesh,
IOobject::MUST_READ,
I0object::AUTO_WRITE
)s

mesh
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);

volScalarField deltastar

(
IOobject

(
"deltastar",
runTime.timeName(),
mesh,
IOobject::MUST_READ,
IOobject::AUTO_WRITE
)s

mesh

);

volScalarField tavstar

(
IOobject

(
"tavstar",
runTime.timeName(),
mesh,
I0object::MUST_READ,
IOobject::AUTO_WRITE
),

mesh

);

volScalarField Np

(
IOobject

(
"Np",
runTime.timeName(),
mesh,
I0object::MUST_READ,
IOobject::AUTO_WRITE
)

mesh

);

Model Kunzl(fileKunz.H):

/*

#ifndef Kunz H

\YY
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#define Kunz_H

#include "phaseChangeTwoPhaseMixture.H"

namespace Foam

{

namespace phaseChangeTwoPhaseMixtures

{

/* *\
Class Kunz
\* */

class Kunz

public phaseChangeTwoPhaseMixture
{

// Private data

dimensionedScalar Ulnf_;
dimensionedScalar tInf_;
dimensionedScalar Cc_;
dimensionedScalar Cv_;

dimensionedScalar p0_;
dimensionedScalar mcCoeff ;
dimensionedScalar mvCoeff ;
public:
//- Runtime type information

TypeName("Kunz");

// Constructors

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

)i
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//- 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
// 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();

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

#endif

// Sk 3k ok 3k 3t e sfe S s Sk Sk ok ok ok sk ke e e s s sk Sk ok ok sk sk ke e sfe s sk sk sk ok Sk sk st sfe e e s sk Sk sk ok ok sk st sfe e e s s sk sk ok ok sk ke sfe ke sk sk sk sk ok

/1

Model Kunzl(fileKunz.C):
\* */

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

//**************StatiCDataMemberS*************//
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namespace Foam

{

namespace phaseChangeTwoPhaseMixtures

{
defineTypeNameAndDebug(Kunz, 0);

addToRunTimeSelectionTable(phaseChangeTwoPhaseMixture, Kunz,
components);

}
}

//**>I<*************Constructors **************//

Foam::phaseChangeTwoPhaseMixtures::Kunz::Kunz

(
const volVectorField& U,

const surfaceScalarField& phi,
const word& alphalName

phaseChangeTwoPhaseMixture(typeName, U, phi, alphalName),

Uinf_(phaseChangeTwoPhaseMixtureCoeffs_.lookup("UInf")), // Ulnf =7.2;

tinf_(phaseChangeTwoPhaseMixtureCoeffs_.lookup("tInf")), // 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)));

return Pair<tmp<volScalarField> >

(
mcCoeff_*sqr(limitedAlphal)

*max(p - pSat(), p0_)/max(p - pSat(), 0.01*pSat()),

mvCoeff_*min(p - pSat(), p0_)
\YY



);
}

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("UlInf") >> Ulnf_;
phaseChangeTwoPhaseMixtureCoeffs_.lookup("tInf") >> tInf_;
phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cc") >> Cc_;
phaseChangeTwoPhaseMixtureCoeffs_.lookup("Cv") >> Cv_;
mcCoeff_ = Cc_*rho2()/tInf_;
mvCoeff_ = Cv_*rho2()/(0.5*rho1()*sqr(UInf_)*tInf_);
return true;
}
else
{
return false;
}
}

// 3 2k ok ok >k sk sk sk sk Sk o ok ok ok ok sk sk sk sk Sk Sk Sl ok ok ok sk sk sk sk sk sk Sk Sl ol ok ok ke sk sk sk sk Sk Sk Sl ol ok ok ok sk sk sk sk sk sk sl sl ok ok ke sk sk sk sk sk sk ok
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volScalarField DestructCoeff

(
IOobject

(
"DestructCoeff",
runTime.timeName(),
mesh,
I0object::MUST_READ,
IOobject::AUTO_WRITE
)s

mesh

);

volScalarField deltastar

(
IOobject

(
"deltastar",
runTime.timeName(),
mesh,
I0object::MUST_READ,
IOobject::AUTO_WRITE
)s

mesh

);

volScalarField tavstar

(
IOobject

(
"tavstar",
runTime.timeName(),
mesh,
IOobject::MUST_READ,
I0object::AUTO_WRITE
)

mesh

);
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volScalarField Np

(
IOobject

(
"Np",
runTime.timeName(),
mesh,
IOobject::MUST_READ,
IOobject::AUTO_WRITE

),

mesh

);
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forAll (alphal, celli)

{
if (alphal[celli] > 0.5)
{
DestructCoeff[celli]= alphal[celli];
}
else
{
DestructCoeff[celli]=0;
}
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volScalarField Ux=U.component(0);
volScalarField Uy=U.component(1);
volScalarField Uz=U.component(2);
volScalarField Utot=pow( ( (magSqr(Ux)) + (magSqr(Uy)) + (magSqr(Uz)) ), 0.5);

forAll (DestructCoeff,celli)

{
if (DestructCoeff[celli]> 0.5)

deltastar[celli]=DestructCoeff[ celli]*((3.85*pow((pow(10,(Foam::log10(Utot[ celli])))),(
3/4)))-3);

tavstar[celli]=DestructCoeff[ celli]*pow(10,(-6.5*Foam::log 10(Utot[ celli])+11));
}
Np[celli]= 8/(3.14*pow(deltastar[celli],2)*tavstar[celli]))*Foam::exp((2D/deltastar[ celli]));

else

{
Np[celli]=0
}

1ol s pw Sl 50 (ygumwlis glS (50595 & 55 CanS (g0 U5 & by yo bghs

volScalarField Ux=U.component(0);
volScalarField Uy=U.component(1);
volScalarField Uz=U.component(2);
volScalarField Utot=pow( ( (magSqr(Ux)) + (magSqr(Uy)) + (magSqr(Uz)) ), 0.5);

forAll (DestructCoeff,celli)

{
if (DestructCoeff[celli]> 0.5)

deltastar[ celli]=DestructCoeff[celli]* J ;

tavstar[celli]=DestructCoeff[celli]* 7 ;

}

Npl[celli]=8/(3.14*pow(deltastar[celli],2)*tavstar[celli]))*Foam::exp((2D/deltastar[ celli
'Y



Npl[celli]=0
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Abstract:

Prevention of cavitation is so important in internal flows such as valves and pumps
and some external flows such as hydro power plants. On the other hand, this phenomenon
has advantages in some external flows. Its formation around underwater projectile
reduces the frictional drag force due to the reduction of viscosity in the vapor phase.

This is one of the main reasons for the use of natural or artificial cavitation of
underwater projectiles. The high cost of laboratory works and time consuming to view
this phenomenon, cause the increasing of numerical superiority in this field. This thesis
presents the estimation of destructive cavitation phenomenon study in a numerical
method. Quantitative measure which is called cavitation corrosion rate has been
investigated to estimate the destructive impact of cavitation phenomenon. After defining
the cavitation phenomenon, the governing fundamental equations are given and then
existing model for analysis and numerical solutions for this phenomenon have introduced.
In numerical study, first of all, cavitation corrosion rate has introduced, then by
considering three states as fixed velocity, variable velocity and the transfer rate of
corrosion mode and by entering code numbers using the C++ language program under
Linux, numerical solutions have proposed which are capable of simulating and cavitation
corrosion rate quantity calculation. The Open Foam software is used to run the numerical
codes.

A nozzle geometry is chosen which is fitted with the experimental results. In order to
calculate the quantity of cavitation corrosion rate in all states, two kinds of metals, steel
and aluminum, are used in different pressures. In a fixed velocity and variable velocity
cases, the numerical corrosion rate is obtained and the achieved results are compared with
experimental results. By using the transfer of corrosion principle, cavitation corrosion
rate is calculated. Finally, the average relative error percentage for each of three states is
calculated. Based on the lowest average relative error percentage of transfer of corrosion
principle compared with other cases, in order to obtain cavitation corrosion rate, using
transfer of corrosion principle is recommended. Two other approaches require excessive
computation memory, unavailability of metal for precise corrosion experiment, shortage
of laboratory equipped with corrosion test equipment and other factors. As a result, the
transfer of corrosion principle approach is recommended.

Keywords:Cavitation,. Pitting rate erosion, Coverage time, Transfer the erosion rate,
Cavitation, Mass transfer model kunz
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