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Surface waves travel much faster than the underlying water




Free Surface Turbulence
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* Kolmogorov spectrum: k

11

o Kolmogorov-Zakharov spectrum: k *

— A.k.a. “wave” or “weak” turbulence

— [Zakharov 1968]




Free Surface Turbulence

® The approach

— Low resolution simulation nitiates waves
— Run a wave simulation on the liquid surface

— All purely Eulerian




Surface Simulation

[Angst et al. 2008]

Implicit Euler

Implicit Newmark




Surface Simulation

[ Bojsen-Hansen et al. 2012]




Surface Simulation

[ Nielsen et al. 2012]
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® The Closest Point Method




Closest Point Method

* A simple embedding method

[Ruuth and Merriman, 2008]
 Macdonald and Ruuth 2008]
' Macdonald and Ruuth 2009]

Macdonald, Brandman and Ruuth 2011]




2D Wave Equation
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2D Wave Equation
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2D Wave Equation
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Closest Point Method

® Works well for
Laplacian: V2¢




1Wave Equation

® [Tessendort 2004]

az¢ \/ V2

ot”




Superman Returns (20006)




Surf’s Up (2007)




Happy Feet (2000)
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1Wave Equation:
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Fractional Laplacian

¢ Scaled Sum Of BGSSGI functionsz




Fractional Laplacian

¢ Scaled Sum Of BGSSGI functionsz




Fractional Laplacian

¢ Scaled Sum Of BGSSGI functionsz




Fractional Laplacian

¢ Scaled Sum Of BGSSGI functionsz




Fractional Laplacian

¢ Scaled Sum Of BGSSGI functionsz






















Inverse Abel Transform \
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Inverse Abel Transform \




Inverse Abel Transform




Inverse Abel Transform \
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Finding

® Any 2D operator can be applied to the Closest
Point Method by taking its inverse Abel transform
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e Additional Extensions




Turbulence Seeding







Extension Field

Always extend surface scalars  Never extend  Our ‘frozen core’extension

m




Advection

1) Identify narrow 2) Mark forward 3) Mark backward 4) Add cells contributing 5) Extend values 6) Advect set B

7) Advect narrow 8) Error correct
band cells advection cells as A advection cells as B to backward step to set A insetA

cells forward band backward narrow band

Fig. 5: An overview of our narrow band advection. For clarity, we only show one side of the narrow band, and use linear interpolation
stencils. The active cells for each step are highlighted, and the source cell with its velocity is shown in step 1. Note that both step 2 and 4

are adding cells to set A, which contains all cells that are initialized by extension in step 5. The cells from step 4 are needed to compute the
backward advection in step 7.
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® Results




1005 Houdini simulation, 00:12 per frame




2003 Houdini simulation, 03:44 per frame




4x up-res, 00:58 per frame




8x up-res, 05:29 per frame




Direct 200° and 8x Up-Res split screen
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1002 x 50 simulation, 00:18 per frame




8x up-res, 02:48 per frame




Split screen comparison




1003 simulation, 01:52 per frame




8x upres, 03:15 per frame




Split screen comparison
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Conclusions

® Up-res hquids with a vurface simulation

® The Closest Point Method (CPM) 1s simple,

robust Fulerian method

* Adapt 2D stencils for CPM using the nverse Abel

trandsform

®* More details in paper
— Turbulence seeding

— Frozen core extension




Future Work

® Implicit CPM integrator?
® Up-res FLIP hquids?

* What other operators can we apply?
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Thank You

Source: http://www.mat.ucsb.edu/~kim/CPT/source.html




damping damping damping damping
alpha = 0.1 alpha = 0.2 alpha =0.3 alpha = 0.4




8x up-res, classic wave equation




iWave 3D kernel

Wave equation kernel
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[ Nielsen and Bridson 2011]




8x up-res Original




2x up-res, 00:12 per frame




10x up-res, 11:12 per frame




10x up-res 8x up-res




Extension Field

Conventional Extension




Extension Field




Extension Field

Frozen core extension




