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Abstract. A sharp interface arising from any of the major transition problems (calssical or
modified stefan, etc.) can be smoothed out using the phase field approach as a numerical tool.
The computations in one-dimensional space and n-dimensions with radial symmetry indicate
that this efficient method for dealing with stiff equations results in a very accurate interface
determination without explicit tracking. The methods also provide a numerical verification of

the concept of a critical radius.

I. INTRODUCTION

Numerical computations of moving boundaries have posed important and difficult problems
(see [1] for a survey). For such problems, a variety of methods have been implemented. These
include interface tracking, regularization or ”smoothing” of the interface, and numerous
methods designed for special purposes.

In this paper we present a computational technique for a broad class of free boundary
problems based on the ideas of the phase field approach. We apply this technique to a
class of problems which arise from phase transitions and accurately determine the interface
without tracking it separately. In particular, Stefan-type models with or without surface
tension and other effects are approximated very accurately and efficiently with a smooth
system of parabolic equations (see [2] and references in [3]). These ideas are the numerical
counterpart of the theory introduced in Section 4 of [4].

A key feature relevant to efficiency is that the width of the interface (and consequently
the stiffness of the equations) can be changed. This results in execution times which are
reduced by more than one order of magnitude without significant change in the evolution of
the interface. Qualitative details to be described below indicate that this conclusion is not
only self-consistent but is validated when compared with an exact solution. In fact, one can
obtain an accuracy of four digits with an interface diffused to one-fifth of the entire domain.

We have also applied these concepts to study a well-known instabilty in materials science,
namely the unstable equilibrium at critical undercooling (see section IV). Our results provide
a numerical verification of the onset of this instability and confirm the critical nature of
the magnitude of the surface tension. Most significantly, from our perspective, the results
imply that even in this subtle situation, the interface thickness can be modified without
significantly altering the results. Other aspects of numerics involving the phase field model
have been investigated in [5-7].
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