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Coupling vetween Objects ana Turbulence

A Oneway coupling
I Newtonian Dynamics KuttaJoukowsktheorem
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ATwowaycoupling

" Newtonian Dynamics Naxtokes Equations

AEuler formulation and rigid [mlies iragrangian
formatlonTOGO4, 05, 06, 07, 11,SCA06, 08,(

AFullyLangrangiameshlessn  10d scaos, tvecos, sicerearz,
CGF12, SA12]

Reynolds-Averaged Navier -Stokes
[SA08, SIGGRPAH09,10 Eurographics12 ]
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Laminar flow Turbulent flow
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A Other approaches

I Underwater rigid, clothoczo10, sicerapr201:

A Basset Force
A Kirchhoff tensor

\
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Introduction

A Real-time simulation of immersed rigid

bodies

AA Lagevin Rigid approach

E Coupling turbulence
V Inertial effect D added-mass tensors
V Viscous effect
b Langevin model + Turbulence model

A New dynamical representation
AGeneralized Kirchho equations




Overview

©~ Pre-computation N Runtime '
: Langevin model :'
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Equations of Motion

World frame

Kinematic Equations:

R = RO,
T = Rv
O =
0 —w(3)
( w(3) 0
—w(2)  w(l)

Body-fixed frame
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Equations of Motion

Dynamic Equations:

JJ )

Newt onds Equations Kirchhoff 0s
M. -ov= Fg A[-zf.v+z,'><(4\[-w)=0
J-w=1T, Jwt+wx (J -w)+vx(Ms-v)=
Generali zed Etationah Qb Ofected gravity

M-bo+vx (M- w)=FHEF,
J-w+wx(J-w)+vx(Mg-v) =T 5D, Viscous effect
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Equations of Motion

Buoyancy -corrected gravity

Fy=R"(m—p;V)g
I',=p/VPix R'g
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Normal flux

H.Xie K.Miyatg Langevin Rigid

13



A ¢

Turbulent model
| (u = (u) + ) |
Navier -Stokes » Reynolds-Averaged Navier -Stokes
{”m = i“’W-(u D) (V () +V7 (u))
V-(u) =0 Turbulent viscosity

Energy transport equations

Dik =V - ((v+ Z)Vk) + G — & 2
Die =V - ((v+ F)Ve) + x(C1G — Cae) g

C, =0.09
o = 1.0, 0. = 1.3, C; =1.44 and Cy = 1.92
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Turbulent model in Implementation

G=2vr ) S}

where & 5(u) oy
Sii = 3%z + )

)
h th_X(ClG—CT?)

_ X = ¢/k
Initial Conditions: .,
3 Ctkz
k(}=§U§§ S ‘uz -
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Turbulent model In Implementation

Algorithm 1 Pseudo-code for pre-generated turbu-
lent model.

1: Boundary conditions
2: Timestep t = 0
3: while not stopped do

10:
11:
12:
13:
14:

// solve the mean flow (u)
Convection by semi-Langrangian
Pressure projection by Poisson solver

// Energy transport

Compute turbulent viscosity vy
Compute strain tensor term G
Integrate turbulent energy &
Integrate dissipation rate £

t=1t+ At

15: end while _
16: Output: (x.2) ) Dt File
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Langevin Rigid
Generalized Langevin Equations
du(t) = —au(t)dt + SdW
{ dw(t) = BdW

where

1 3
=(-—+ -C .
Q (2 + 1 (J)k,.

Co(Re) = 6.5(1 + 140Re™5)~1

B = (Coe)>?

| ™

b=
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Langevin Rigid
Kirchhoff + Langevin Equations

o(t + A1) — o) = BT ()
_ng 3?(
(Cu&:ﬁt)i

w(t+ At) —w(t) = Y —w(t) x (Jw(t))At
)

—v(t) X (@r[f v(t))At
+(C(.]51&t>§5 —|—Fg(ﬁ)Af)

Norm(0,1

b Standard Runge-Kutia Solver
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Langevin Rigid

Algorithm 2 Pseudo-code for the runtime compu-

tation.

1:
2:

X:
9:
10:

11:
12:

Precompute added mass tensors

Initialization of rigid body

Timestep t =0

while not arrive ground do
Calculate buoyancy force and torque
Query x; and &; (Algorithm 1)
Compute translational velocity v
Compute angular velocity w
Integrate (R, x)
Render data
t =14+ At

end while
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Simulation results



