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Immersed Bodies 
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All of them cannotbe animated or 
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Reynolds Number<>Turbulence

[Journal of Fluid Mechanics 1991] 
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Coupling between Objects and Turbulence

ÅOne-way coupling

ïNewtonian Dynamics + Kutta-Joukowskitheorem

ÅSwimming [SCA04, TVCG11, SIGGRAPH11]

ÅFlying [SIGGRAPH03, 09, SCA03]
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ÅTwo-way coupling

ïNewtonian Dynamics + Navier-Stokes Equations

ÅEuler formulation and rigid bodies in Lagrangian
formation[TOG04, 05, 06, 07, 11,SCA06, 08,09, 10]

ÅFully Langrangianmeshlessmethod [SCA05, TVCG09, SIGGRPAH12, 

CGF12, SA12]
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Laminar flow Turbulent flow
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Reynolds-Averaged Navier -Stokes
[SA08, SIGGRPAH09,10 Eurographics12 ]

[Applied computational fluid dynamics,2001] 



ÅOther approaches

ïUnderwater rigid, cloth[TOG2010, SIGGRAPH2012]

ÅBasset Force

ÅKirchhoff tensor 
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Introduction

ÅReal-time simulation of immersed rigid 

bodies

ÅA Lagevin Rigid approach

É Coupling turbulence 

V Inertial effect ƀadded-mass tensors

V Viscous effect

ƀLangevin model + Turbulence model

ÅNew dynamical representation
ÅGeneralized Kirchho equations 
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Overview
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Pre-computation
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Runtime



World frame

Equations of Motion
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Kinematic Equations:



Equations of Motion
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Dynamic Equations:

Newtonõs Equations Kirchhoffõs Equations

Generalized Kirchhoffõs Equations

Inertia effect

Viscous effect

buoyancy-corrected gravity



Equations of Motion
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Buoyancy -corrected gravity

B
G



Added-mass Tensors[SIGGRAPH2012]
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Potential

Velocity

BD

where

Normal flux

sj

One point quadrature



Turbulent model
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Reynolds-Averaged Navier -StokesNavier -Stokes

Turbulent viscosity

Energy transport equations



Turbulent model in Implementation
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where

Initial Conditions:



Turbulent model in Implementation
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Data File



Langevin Rigid
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Generalized Langevin Equations

Wiener process

where



Langevin Rigid
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Kirchhoff + Langevin Equations

ƂStandard Runge-Kutta Solver



Langevin Rigid
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Simulation results
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