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Theoretical background
cavitation

• Phase change due to pressure 

• Common in marine propellers, 
impellers, engine nozzles, 
hydrofoils, etc…

• One of the major source of 
marine propeller induced 
pressure pulses and erosion
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• First published by Langtry in 2006 
• Fully published by Langtry and Mentor in 2009

• Correlation based
• Based on 2D experiments, influence of pressure 

gradient, free stream intensity etc.
• Able to predict natural transition, bypass transition 

and separation-induced transition

• Two additional transport equations
• Type equation here.

• s

• Coupled with 𝑘𝜔 − 𝑆𝑆𝑇

Theoretical background
𝛾 − 𝑅𝑒𝜃 transition sensitive model

max 𝑅𝑒𝑣
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For laminar separation, 𝐻𝑠𝑒𝑝 = 3.5

𝑅𝑒𝑣

3.235𝑅𝑒𝜃
− 1 to account for H higher than 3.5



• Assumptions:
• Initial nuclei uniformly distributed in the water medium

• All nuclei are spherical and have same size

Theoretical background
Schenerr Sauer cavitation model

• Formulations:
• Phase change decomposed into two terms

• Condensation term 

• Vaporization term



Theoretical background
VoF treatment 

Hyperbolic Equation, need to maintain boundness and accuracy
TVD/NVD schemes (Total Variation Diminishing, Normalized Variable Diminishing, vanleer)
HRS schemes (High Resolution Schemes, HRIC and CICSAM)
FCT (Flux Correct Transport, MULES (MUlti-dimensional Limiter for Explicit Solution) and CMULES)



cd $WM_PROJECT_USER_DIR

mkdir applications; cd $WM_PROJECT_DIR/applications

cp -r --parents ./solvers/multiphase/interPhaseChangeFoam $WM_PROJECT_USER_DIR/applications

cd $WM_PROJECT_USER_DIR/applications/solvers/multiphase/

mv interPhaseChangeFoam interPhaseChangeFoamMod; cd interPhaseChangeFoamMod

mv interPhaseChangeFoam.C interPhaseChangeFoamMod.C

sed -i s/interPhaseChangeFoam/interPhaseChangeFoamMod/g interPhaseChangeFoamMod.C

sed -i s/interPhaseChangeFoam/interPhaseChangeFoamMod/g Make/*

sed -i s/FOAM_APPBIN/FOAM_USER_APPBIN/g Make/files

Implementation
VoF treatment



Implementation
VoF treatment

Modify the alphaEqnSubCycle.H to:



echo "const dictionary& alphaControls = mesh.solverDict(alpha1.name());" > alphaControls.H

echo "label nAlphaCorr(readLabel(alphaControls.lookup(\"nAlphaCorr\")));" >> alphaControls.H

echo "label nAlphaSubCycles(readLabel(alphaControls.lookup(\"nAlphaSubCycles\")));" >> alphaControls.H

Lastly modify alphaEqn.H, with following content:
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cd $WM_PROJECT_DIR; cp -r --parents ./src/TurbulenceModels $WM_PROJECT_USER_DIR

cd $WM_PROJECT_USER_DIR/src/TurbulenceModels

Modify the file incompressible/turbulentTransportModels/turbulentTransportModels.C,

add following sentences after makeRASModel (kOmegaSSTLM);

#include "kOmegaSSTLMSep.H"

makeRASModel(kOmegaSSTLMSep);

Then in the terminal type:

sed -i s/FOAM_LIBBIN/FOAM_USER_LIBBIN/g turbulenceModels/Make/files

cd turbulenceModels/RAS; cp -r kOmegaSSTLM kOmegaSSTLMSep; cd kOmegaSSTLMSep

sed -i s/FOAM_LIBBIN/FOAM_USER_LIBBIN/g ./*/Make/files

mv *.C kOmegaSSTLMSep.C; mv *.H kOmegaSSTLMSep.H

sed -i s/kOmegaSSTLM/kOmegaSSTLMSep/g *
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After the intermittency equation, below the sentence gammaIntEff_ = max(gammaInt_(), gammaSep);,

Add:
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Implementation
Transition model

Then add the missing constructors for the newly added variables, i.e. 
SepInd_ and kInf; below the constructor of ReThetat_, add following 
sentences

And declare them in kOmegaSSTLMSep.H, after the declaration 
of ReThetat_:
volScalarField SepInd_;

volScalarField kInf;

Lastly compile the code.
cd $WM_PROJECT_USER_DIR/src/TurbulenceModels; 

./Allwmake



cd $WM_PROJECT_USER_DIR/applications/solvers/multiphase

cd interPhaseChangeFoamMod/phaseChangeTwoPhaseMixtures/

cp -r SchnerrSauer SchnerrSauerSep; cd SchnerrSauerSep

mv *C SchnerrSauerSep.C; mv *H SchnerrSauerSep.H

sed -i s/SchnerrSauer/SchnerrSauerSep/g *
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Inside the SchnerrSauerSep.C file, under Member Functions, below the function pCoeff, add

Also modify the sentences in function mDotAlphal(), replace

Cv_*(1.0 + alphaNuc() - limitedAlpha1)*pCoeff*min(p - pSat(), p0_) with:

CvSep*(1.0 + alphaNuc() - limitedAlpha1)*pCoeff*min(p - pSat(), p0_)

The same for the sentence in function mDotP(), replace

(-Cv_)*(1.0 + alphaNuc() - limitedAlpha1)*neg(p - pSat())*apCoeff with:

(-CvSep)*(1.0 + alphaNuc() - limitedAlpha1)*neg(p - pSat())*apCoeff
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cd $WM_PROJECT_USER_DIR/applications/solvers/multiphase/interPhaseChangeFoamMod

cd phaseChangeTwoPhaseMixtures

rm Make/files; touch Make/files

echo "phaseChangeTwoPhaseMixture/phaseChangeTwoPhaseMixture.C" > Make/files

echo "phaseChangeTwoPhaseMixture/newPhaseChangeTwoPhaseMixture.C" >> Make/files

echo "Kunz/Kunz.C " >> Make/files

echo "Merkle/Merkle.C" >> Make/files

echo "SchnerrSauer/SchnerrSauer.C" >> Make/files

echo "SchnerrSauerSep/SchnerrSauerSep.C" >>Make/files

echo "LIB = \$(FOAM_USER_LIBBIN)/libphaseChangeTwoPhaseMixtures" >> Make/files

cd ..; ./Allwmake
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Test Case

• NACA 16012 hydrofoil

• Performed in 1985 by J. P. Franc and J. M. Michel.

• Dye injection at the leading edge for boundary layer visualization

• AoA = 3deg; Re = 300,000 (non-cavitating)

• AoA = 3deg; Re = 1,000,000; cavitation number 0.045 (cavitating)
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Thank you for your attention!


