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VIOLENT FREE SURFACE MOTION: EXAMPLES

- Wave Breaking
- Shores
- Ships
- Extreme Wave-Structure Interactions

Sloshing

Slamming

Green Water on Deck
Offshore Platforms
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VIOLENT FREE SURFACE MOTION: OPTIONS

- Interface Tracking
- Move Mesh With Free Surface
- Free Surface = Boundary of Domain
- Problems When Topology Changes
(e.g. Wave Breaking)
- Interface Capturing

Gas/Water Both Treated

Free Surface ‘Captured’ in Domain

Allows for Arbitrary Topology

Not as Accurate
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INTERFACE CAPTURING: MODEL PROBLEMS

open boundaries
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pressure gas

7’ 7’ gas

interface . Niquid T
g ’ -~ 7 1liquid
I
- 1 | x gas

i-2 -1 i i+l

Hydrostatic Pressure Distribution and Communicating Tubes

- Consider Air:
- Discontinuity in Pressure Gradient
= Spurious Air Acceleration
= Neglect Air

- Neglect Air:
- Air Pocket Can Not Push on Water
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DESCRIPTION OF INTERFACE

Liquid-Gas Interface:
O +v, - VO =0

Interpretations of ®:

- Volume of Fluid (VOF): Density of Material
(Nichols’75, Hirt’81, Many Others...)

- Pseudo-Concentration (PC): Percentage of Liquid

- Level Set (LS): Signed Distance to Interface
(Osher, Fedkiw, Many Others...)
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PRESSURE EXTRAPOLATION

p=pg p=pg

Gas
P=Pg
\\\\\\&//////\\lf;>ﬂ7ééiii:i>><::f___lnterface

Liquid

Extrapolation of the Pressure

. Set pgas to Atmospheric/Bubble Value
. Obtain Vp Close to Interface
. Extrapolate Vp to Interface Points

. Obtain Pressures in Gas Region
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VELOCITY EXTRAPOLATION

Extrapolation of the Velocity

1. Set vges =0

2. Extrapolate v From Liquid to Gas [Layers]
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IMPOSITION OF CONSTANT MASS

Observation: Mass Not Constant (Small, But Significant)

- At the End of Each Timestep:
Restore by Adding/Removing

- Make Proportional to Interface Velocity

Vo
Vo

Vp = |V

- Convergence Usually Very Fast (2-3 Iterations)
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DEACTVATION OF AIR REGION

Air Region Not Updated = Avoid Work

- Mark/Deactivate Edge-Groups in Air Region
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TREATMENT OF BUBBLES (1)

Assumption: Pressure in Bubble Constant

- Timescales
- Speed of Sound/Bubble Size (1/100 sec)
- Bubble Growth/Collapse (1 sec)

Air

Free Surface

Bubble

[T 77777
Bubble in Water
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TREATMENT OF BUBBLES (2)

Isentropic Gas:

D (&)”
Pvo P
Bubble ‘Marker’ Equation:

b,t+Va°Vb:O

If Bubble Contacts Air: Extend Volume = p — 0

10
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VOF TIMESTEP

If Required: Update Bubble Pressure
Extrapolate Pressure

Predict Velocity

Update Pressure

Correct Velocity (V- v =0)
Extrapolate Velocity Field

Update Scalar Interface Indicator

Enforce Mass Conservation

11
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BREAKING DAM (1)
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y

14.0
Breaking Dam: Problem Definition

- Classic Testcase

- Some Experimental Measurements

12
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Time=0.000000e+00
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BREAKING DAM (2)
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Time=1.000000e-+00

Time=2.000000e+00

Time=3.000000e-+00

Breaking Dam: Flowfield at Different Times

13
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BREAKING DAM (3)

14

4.0

30 |

20 |

dimensionless displacement

1.0

Marti/Moyce +

Walhorn
Sauer

FEFLO Coar —
FEFLO Fine ——

0.0

0.5 1.0 1.5 2.0 25
dimensionless time

Breaking Dam: Horizontal Displacement

14
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SINKING TANK (1)

Sinking Tank: Problem Definition

- Moving Body
- ALE
- Automatic Remeshing

15
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SINKING TANK (2)
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SINKING TANK (3)

Time=1.500500e+01 Time=1.500500e+01

— ===

AVAVAY SNVAVAVAViviy -
ANAVAY, NAVVL Ly VAV A s g0t
A%, SINNAAAAK DO

EA% NNNNNRRRRR &
g{%{%‘&&%}%&'%@n'Av
it
A%X‘“"
KX

1117e490

.000e+00

Time=2.150300e+01 Time=2.150300e+01

¥ Vaveg,
e
i

N
NN
NN
QRRRRRE

NN

NN

s
NANN

NN

N
N
NN
NN/

/NN

N\
\/
i

N
FAVAVAVA VA AVAAAS
Xgnn&‘vkﬁ‘%}fs
wggnygvxu"

\/

%
.
A%‘VAVN

Sinking Tank: Flowfield at Different Times
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SINKING TANK (4)
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Sinking Tank: Trajectory of Center of Mass
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BUBBLE COLLAPSE (1)

Bubble Collapse: Problem Definition
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BUBBLE COLLAPSE (3)
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and Impulse Recorded at Midship on Hull
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Impulse (N/sgm sec)



