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This research analyzed and simulated a mathematical model which describes the
motion of droplets and bubbles. We used a variational method known as minimizing movements to treat our
equation from the point of view of energy. Droplet contact angle dynamics were also incorporated by using
techniques from the calculus of variations, and we built numerical methods for simulating the droplet
motions (including coalesce and division). We also discovered a threshold dynamical algorithm for
approximating interface motion by hyperbolic mean curvature flow. This research was awarded the
Mathematical Society of Japan’ s 2013 Prize for Excellent Young Applied Mathematicians.
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From cavitation, to the motion of DNA strands
and soap bubbles, oscillating interfaces are a
recurrent theme in nature and play an important
role in applications. The related mathematical
structures of this research are positioned on the
frontier of developments in the theory of partial
differential equations and we have focused on
analyzing evolutionary equations related to the
motion of liquid droplets, soap bubbles, and
crystal growth.

2. WHEDHK

This research aimed to constructing and
analyzing a mathematical model for
expressing droplet and bubble motions. We
also set a goal at developing numerical
methods that correspond to a variation
method, known as minimizing movements,
which could then provide a comprehensive
system for performing numeric and
analytic investigations. We also set a goal
to develop a threshold dynamic algorithm
for modeling oscillatory interfacial
motions.

3. WFED Tk

The target phenomena are modeled by hyperbolic
free boundary problems and, due to their
nonlinear nature, particular emphasis was on
constructing techniques for understanding their
properties, via approximation techniques from
the calculus of variations. This research also also
involved realizing our approximation schemes as
general numerical methods, for use in performing
large-scale simulations.

Figure 1: Droplet Simulation
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We developed an analytic framework for
approximating solutions to a model equation
whose evolutions express motions related to
droplets and bubbles. Our approach successfully
utilized the method of minimizing movements
(MM) to treat the phenomena using energy
theoretic  techniques. By examining free
boundary conditions, we incorporated droplet

contact angle dynamics into the variational
formulation of our problems and developed
methods for investigating numerical properties.
Using our methods we simulated droplet
dynamics  (including their coalesce and
divisions). We also discovered and analyzed a
threshold dynamical algorithm for approximating
motion by hyperbolic mean curvature flow and
derived method’s order of convergence.
Moreover, through the combination of
mathematical and computational analysis, we
have clarified essential properties of our
equations' variational structures. This was
achieved by establishing the framework for
employing MMs and has enabled us to advance
both the simulations and the mathematical
analysis. In particular, we were able to reach a
major goal of this research, which was to permit
that the analysis of the model equation to be
performed in the setting of MMs, both
mathematically and computationally.

Figure 2: Grain boundary growth

simulation

This research received the Mathematical Society
of Japan’s Prize for Excellent Young Applied
Mathematicians.
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