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[Narain et al. 2008]	




[Pfaff et al. 2009]	




[Yuan et al. 2012]	




Passive Free Surfaces	




[Falcon 2010]	
 [Savelsberg and van de Water 2008]	




Figure 2, [Savelsberg and van de Water 2008]	
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Capillary-Gravity Waves	


Figure 6, [Savelsberg and van de Water 2008]	




Capillary-Gravity Waves	


These move much faster than the underlying liquid!	




Free Surface as a Drumhead	


http://www.uh.edu/engines/epi2613.htm	




Free Surface Turbulence	


• Kolmogorov spectrum:	


• Kolmogorov-Zakharov spectrum:	


– A.k.a. “wave” or “weak” turbulence	


– [Zakharov 1968]	


•  [Savelbergs and van de Water 2008] found k-6	


•  [Falcon 2010] describes other exponents	
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Explicit Wave Simulation	


Figure 3, [Thuerey et al. 2010]	
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Dispersion	




The Korteweg-de Vries  (KdV) Equation	


http://physics.usask.ca/~hirose/ep225/animation/dispersion/anim-dispersion.html	




The Korteweg-de Vries  (KdV) Equation	


http://resource.isvr.soton.ac.uk/spcg/tutorial/tutorial/Tutorial_files/Web-further-dispersive.htm	
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The Non-Linear Schroedinger Equation	
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The Non-Linear Schroedinger Equation	


http://www.universetoday.com/54076/schrodingers-cat/	
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http://www.universetoday.com/54076/schrodingers-cat/	
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What are the good for?	


• The Kadomtsev-Petviashvili (KP) Equation	


• The Davey-Stewartson System	




Horseshoe Waves	


[Fuhrman et al. 2004]	




Horseshoe Waves	


[Fructus et al. 2005]	




HexagonalWaves	


[Xu et al. 2009]	




Inverse Scattering Transform	




Solitons	




The Korteweg-de Vries  (KdV) Equation	
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• Dispersion	


• Phase shifting	
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The iWave Equation [Tessendorf 2004]	


• Dispersion	


• Phase shifting	
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Superman Returns (2006)

19Thursday, November 20, 2008



Surf’s Up (2007)

20Thursday, November 20, 2008



Happy Feet (2006)

22Thursday, November 20, 2008



iWave Equation:	
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Wave Equation:	




φ is a velocity potential	
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[Ozgen et al. 2010]	
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J0 (k x ),k = 1
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The iWave Equation [Tessendorf 2004]	


• Dispersion	


• Phase shifting	
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http://www.mat.ucsb.edu/~kim/CPT/source.html 



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



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

Questions?	




Final Thoughts	




Final Thoughts - Nils	


• Artistic control	


• Unified turbulence models	


• Realism	


• Correctness	




Final Thoughts - Tobias	


• Single phase turbulence prediction: mostly 
solved	


• We need better synthesis	


• Detail enhancement: hybrid models	




Final Thoughts - Theodore	


• Refine the density directly? 	


– Scalar turbulence, KOC spectrum	


• Subdivision based on soliton solutions?	


• Capture dispersion and phase shifting?	


• An up-res that changes the liquid topology?	




THANK YOU	

kim@mat.ucsb.edu 
nils@thuerey.de 
tpfaff@berkeley.edu 

Rate us on the SIGGRAPH App! 


