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ABSTRACT
The compact method guarantees high order accuracy with comprised point stencils; however,
it is not simple to implement the ADI type operator splitting method. In this talk, the non-
iterative compact ADI type operator splitting scheme for the Allen–Cahn equation is presented.
It makes possible to apply the Thomas algorithm, which is very simple and fast, even for two-
and three-dimensional problems The numerical results show that accuracy, stability, efficiency,
and dynamics have good agreements with theory.

INTRODUCTION

The Allen–Cahn (AC) equation, which was originally introduced as a model of a phase
separation in a binary alloy [1], has the following form:

∂φ(x, t)

∂t
= −F

′(φ)

ε2
+ ∆φ, t ∈ (0,∞], x ∈ Ω, (1)

where φ(x, t) ∈ [−1, 1] is the order parameter, F (φ) = 0.25(1−φ2)2, ε is the coefficient related
with an interfacial energy, and Ω ⊂ Rd, d = 1, 2, 3. It is known that the normal velocity of the
interface Γ, which is defined by Γ = {x ∈ Ω : φ(x, t) = 0}, is governed by the mean curvature
flow.

For high accuracy and efficiency, the proposed algorithm consist of the following two op-
erator splitting steps:
(1) The AC equation is split into the heat equation and reaction terms.
(2) The heat equation is split into each directions.

The first splitting is for the temporal derivative operators and the second one is for the spatial
derivative operators.

It is not simple to implement the ADI type method, which is attractive from a practical
point of view for two or higher dimensional problems, for the high order compact scheme;
however, the non-iterative numerical scheme is proposed to solve the AC equation based on the
unconditionally stable hybrid method with a high order compact operator in a finite difference
sense.
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