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Sheet to Cloud Cavitation

Background & Motivation

Jet Cavitation

Paint Removal

(Surface Treatment)

Cell Rupture

(Biomass Process)

Erosion
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Overview of Problem & 

Modeling Strategy

Sheet Cavity & Reentrant Jet

(Macro -scale)

Cloud Bubbles

(Micro -scale) 

Field Nuclei

(Micro -scale)

Detached Pockets

(Meso -scale)

Solid Surface Nuclei

(Micro -scale)

Growing &Merging Bubbles

(Meso -scale)

Discrete Bubble 

Model

Discrete Bubble 

Model

Level Set

Method
Micro -Macro

Bridging

Macro -Micro

Bridging

Viscous Mixture Equations

Ref: Ma et al, A physics based multiscale modeling of cavitating flows. Computers & Fluids. 2017



Outline

ÇBackground: Problem & Strategy

ÇNumerical Framework

ÇSimulations

ÅHydrodynamic Cavitation

ÅCloud Cavitation for Medical Applications

ÇSummary
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Eulerian Solver: 3DYNAFS-VIS© 

for Viscous Continuum Mixture

Ç Two-phase mixture is treated as a Continuum:

Ç Mixture Continuity and Momentum equations

Ç Eulerian Solver: 3DYNAFS-VIS©

ï Artificial compressibility method 

ïDual time stepping scheme for time-accurate solutions
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Ç Bubble Motion Equation

Ç Bubble Dynamics Equation: Surface Averaged Pressure (SAP) modified

Rayleigh-Plesset-Keller-Herring Equation
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Lagrangian Solver: 3DYNAFS-DSM©

for Dispersed Bubbles
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Ç Define a smooth level set function y(x,y,z,t) whose zero level 

coincides with the liquid/gas interface at t

y(x,y,z,t) = d (x,y,z)

where d is the signed distance from the interface

Ç Evolve the interface by solving a transport equation 

Ç Apply free surface boundary conditions at y(x,y,z,t) = 0

ï Normal stress balance 

ï Zero shear stress

Level Set Method for Large 

Gas/Liquid Interfaces
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Micro Ą Macro Bridging:

Single Bubble Scenario
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Micro Ą Macro Bridging:

Bubble Merge Scenario
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DSM Bubble



Demo: Cavitation in a Line Vortex

(Tangential Injection of Bubbles )

Contoured by distance function

Ɋ
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Meso-Scale Transition Allows 

Capture ofé

Inception &

Deformation

Coalescence

Merger

Bub. Wall Part of Free Surface
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