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Fig. 1. Our computational framework can realize various small-scale surface tension phenomena, including thin films, droplets, and intricate contact dynamics,
by enhancing a position-based fluid framework. From left to right, the images present: dynamics of a droplet impacting on a cone, fluid catenoid, tweezers for

droplets, teapot effect, and dam breaking with high surface tension.

This paper presents a novel approach to simulating surface tension flow
within a position-based dynamics (PBD) framework. We enhance the conven-
tional PBD fluid method in terms of its surface representation and constraint
enforcement to furnish support for the simulation of interfacial phenomena
driven by strong surface tension and contact dynamics. The key component
of our framework is an on-the-fly local meshing algorithm to build the local
geometry around each surface particle. Based on this local mesh structure,
we devise novel surface constraints that can be integrated seamlessly into a
PBD framework to model strong surface tension effects. We demonstrate
the efficacy of our approach by simulating a multitude of surface tension
flow examples exhibiting intricate interfacial dynamics of films and drops,
which were all infeasible for a traditional PBD method.
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1 INTRODUCTION

The position-based fluid simulation, after its invention by Macklin
and Miiller [2013], has been enjoying its multifaceted advantages
regarding the implementation easiness, computational performance,
and coupling friendliness in many computer graphics applications.
The cornerstone of the framework is a particle-based discretization
with a density constraint on each particle to control the weighted
average of the number density in its vicinity. These particle density
constraints are further enforced via projection iterations, which
support robust, large-timestep simulations of various constraint
physical systems such as soft bodies [Miiller et al. 2007], cloth [Kim
et al. 2012], hair [Miiller et al. 2012], rods [Umetani et al. 2015], and
fluid [Macklin et al. 2014].

Despite the advent of PBD on different fronts of physical sim-
ulation, its potential for simulating interfacial flow phenomena
remains largely unexplored. Many visually appealing fluid systems
driven by strong interfacial forces, ranging from films to bubbles
and from small drops on impact to liquid bridges in a tweezer, stay
on the periphery of the current PBD research and therefore endure
their insulation from the elongating list of the multi-physics simula-
tions supported by PBD. In the first position-based fluid framework
[Macklin and Miiller 2013], the fluid’s surface tension effects were
realized with an artificial pressure term to cohere the boundary
particles inward. This numerical treatment enjoys its easiness for
implementation yet suffers from the limited range of parameters and,
therefore, scope of phenomena being supported. On the one hand,
a conventional PBD method cannot simulate thin fluid phenomena
such as films or bubbles because of the undistinguished treatment
of surface and interior particles. On the other hand, because this
mechanic was implemented jointly with the artificial pressure term,
it can only support small or moderate surface tension simulation
without suffering from any numerical instabilities. Adding the sur-
face tension as an explicit force term like SPH [Akinci et al. 2013;
Wang et al. 2021] or MPM [Chen et al. 2021] does not fit PBD’s
constraint-based nature and will not alleviate such instabilities.
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