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Surface Tension

From Wikipedia



https://zh.wikipedia.org/wiki/%E8%A1%A8%E9%9D%A2%E5%BC%A0%E5%8A%9B

Motivation

From Wikipedia From APS Physics [Li et.al. 2019]



https://en.wikipedia.org/wiki/File:Water_drop_animation_enhanced_small.gif
https://www.youtube.com/watch?v=UAIFAi6a3Xo
https://www.nature.com/articles/s41467-019-08919-2

Motivation

From Soapbobble.dk



https://www.youtube.com/watch?v=mziis4pbBOw

Motivation

Teapot effect, from TW Wien Capillary ratchet [Prakash et.al. 2008]



https://www.youtube.com/watch?v=jzZ2_Yh8c68
https://www.science.org/doi/10.1126/science.1156023

Previous Work

* Mesh-based methods
« Accurately track fluid surface

« Complex remeshing algorithm

[Yu et al. 2012] [Zheng et al. 2015] | [Zhu et al. 2014]



Previous Work

* Mesh-free particle methods (e.g. SPH)
 Easily handle topological transitions
« Unstable under large time step

[Akinci et al. 2013] [Wang et al. 2021]



Previous Work

 Position based fluids (PBF)
« Stable, fast, couple-friendly

.
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[Macklin and Muller 2013] [Macklin et al. 2014]



Previous Work

 Position based fluids (PBF)
» Density: p; = X, mW(p; — p],h)

- Density constraint: C”(p) == —

Po

- Newton solve: C”(p + Ap) = 0

* Artificial pressure:

m (Scorr

Ap = —
Po m

JEN(@)

Repulsive force term

Surface tension as a side effect

Can only simulate surface tension
In some extend

[Macklin and Muller 2013]



Key Idea

Fluid surface

Particles on surface



Key Idea
* One-ring local meshes to represent local geometry of the surface

« Simulating surface tension effect by minimizing area

Particle of interest
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Our Contribution

« Local mesh representation
e Surface tension constraint

« Topological transition




Our Contribution

« Local mesh representation
e Surface tension constraint

* Topological transition




Local Mesh Construction

» Detect surface particles [Shibata et al. 2015]
* R;um > B, surface particle

* Rum < B, Interior particle

Virtual Light Source

Virtual Screen

N\



Local Mesh Construction

e Calculate normal vectors

« Color field: c(p) = Z]-EN(p)pﬂjW(p —pj,h)
« Color gradient:

m
n; = —Ve(p;) = — z —VW(p; —pj, h)
jen(p "’

Virtual Light Source

Virtual Screen

N\



Local Mesh Construction

 Construct local meshes

X I Neighbor search.
\ f * XK;:surface particles within kernel
'& / radius

K

p°



Local Mesh Construction

 Construct local meshes

¢ o Particle projection.
T o ° e J::tangent plane
y . > * Project K; and i onto J;
7 .



Local Mesh Construction

 Construct local meshes

Delaunay triangulation.
* Carry out 2D triangulation on TJ;




Local Mesh Construction

 Construct local meshes

. M,
= - | Local mech construction.
| AR ®  Take the 1-ring mesh
e i ¥ * Restore particles’ 3D positions



Our Contribution

* Local mesh representation
« Surface tension constraint

* Topological transition




Surface Tension Constraint

« Area constraint

1
ct® = ) 5ll(pe —per) X (per — pes)l

teT (i)

« Minimizes the local area

 Distance constraint
Cf;(p) = min{0, ||p; — p;|| — do}

« Keeps a uniform distribution

Pi Pj
dO = 2r



Local Mesh Inconsistency

Non-manifold triangles:

* Notin exact 3 local meshes
AACD, and



Local Mesh Inconsistency
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Blue: non-manifold triangles




Local Mesh Inconsistency

« Though inconsistency exists:

« Minimizes local area




Local Mesh Inconsistency

« Though inconsistency exists:

« Minimizes local area

 Conserves momentum

N

Apl +Ap2 +Ap3 — O



Our Contribution

 Local mesh representation
» Surface tension constraint

« Topological transition




Topological Transition

« Merging




Topological Transition

« Merging
arccos(ni - nj) > 6 arccos(ni - nj) > 6
(n;—n;) - (p; —p;) >0 (n;—n;)-(pi—p;) <0
n;
i/I_u

V.S.

Avoid merging in thin film



Topological Transition




Topological Transition

* Splitting




Topological Transition

 Splitting

 Eliminate filaments




Examples




Examples




Examples




Examples




Summary

« Simulating surface tension effect in PBF framework
 Local mesh construction
e Surface tension constraint

* Topological transition



Limitations

* Relies on accurate surface particle detection
« Lack of acceleration strategies

« Not physically accurate (inherited from PBD)
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