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Simulations in Spherical Coordinates

Planetary Flow: [Yaeger et al. 1986] 



Simulations in Spherical Coordinates

Curvilinear Coordinates: [Stam 2003] Spherical Coordinates: [Hill et al. 2016]



Scalable Laplacian Eigenfluids

[De Witt et al. 2012]
[Cui et al. 2018]



Outline

• Previous work

• Scalable Laplacian Eigenfluids

• Our methods

• Results

• Contributions and future work



Laplacian Eigenfluids

…



Reconstruction Bottleneck

= 50.5 GB



Scalable Laplacian Eigenfluids

• Analytical basis admits fast transformations

• Memory complexity:

• Time complexity:

• Limited to rectangular domains (Cartesian coordinates)



Cartesian Versus Polar

?
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Polar Coordinates



Principles for Good Bases

• Support FFT-based transformations

• Fast reconstruction & no basis storage

• Separable along each coordinate directions

• Smooth and continuous 

• Complete



Eigenfluids in Polar Coordinates



Eigenfluids in Polar Coordinates



The First Basis Function





The Second Basis Function
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Problems at the Pole



Enrichment Basis Functions 



Boundary Condition at the Pole



Enrichment Basis Functions
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Enrichment Basis Functions 





Basis Functions

Principal functions Enrichment functions
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Fast Transformations
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Fast Transformations
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Eigenfluids in Spherical Coordinates



Eigenfluids in Spherical Coordinates



Eigenfluids in Spherical Coordinates

Codimensional spherical coordinates



Basis Functions



Boundary Condition at the Pole

Poles:



Enrichment Basis Functions 





Radial Coordinates

Polar
CylindricalSpherical



Radial Coordinates

Toroidal
Spheroidal
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3.9 seconds per frame



10.8 seconds 

per frame



10 seconds per frame



12 seconds per frame





6.7 seconds 

per frame



4.2 seconds 

per frame
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per frame



12.9 seconds per frame





Completeness Validation
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Contributions

• A method for generating divergence-free 
basis functions

• Support FFT

• Smooth and continuous

• Analytic

• Efficacy over many geometries

• Spheres and Spheroids

• Cylinders

• Tori



Future Work

• Fluid up-sampling

• Curvilinear coordinates  

Curvilinear Coordinates: [Stam 2003] Vortex Particles: [Selle et al. 2005] 



Thank you
Qiaodong Cui


