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ABSTRACT

Two-phase flow problems involving the motion of curved interfaces require the characterisation of
arbitrary curved strong and weak discontinuities to accurately resolve the pressure and velocity fields.

The Extended Finite Element Method (XFEM), together with interface capturing via level sets, allows
such problems to be solved using a fixed background mesh. This avoids the presence of distorted
elements and the need for frequent remeshing associated with boundary-fitted methods where the mesh
is updated in response to interface motion. Additionally, if a structured mesh is chosen then existing
techniques for structured mesh adaptivity [1] may be used to improve the approximation.

Here we present a spectral/hp-adaptive XFEM with optimal or close-to-optimal convergence for curved
strong and weak discontinuities, based on [2–4]. Convergence rates are presented for truly high order
(p > 3) approximation. We apply the method to fluid interface problems with surface tension involving
droplet merging and splitting and interface overturning where boundary-fitted methods may struggle.

We also investigate the use of space-time methods [5] in order to overcome problems associated with
the coupling of the level set function to the velocity and pressure fields. The motion of the interface
causes the enriched basis functions to change between timesteps, an effect that must be included in the
solution of the discrete nonlinear system. In addition, changes in the number of degrees of freedom
and linear dependence among enriched basis functions can also occur as the interface crosses between
elements. The use of space-time methods alleviates these problems, but at the expense of working in a
higher dimensional space.
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