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Figure 1: Diffuse interface representation.

We have developed a unified solver framework
for two-phase flow based on phase-field meth-
ods [1, 2], which is to be released within the
FOAM-extend project. In contrast to standard
sharp interface model approaches, phase-field
methods rely on diffuse interface models. As
their name suggests, these methods allow for
diffusion of the phase constituents in a thin
interfacial region of well-defined thickness (cf.
Fig. 1), thus, promoting a smooth but rapid
transition of phase properties such as density
and viscosity. The present work focus on wet-
ting physics, where these methods do not suffer
from the so-called moving contact line paradox
of sharp interface approaches, which is a non-
integrable stress singularity near a moving con-
tact line due to no-slip conditions at the wall.

While we demonstrate the method’s capabilities w.r.t. complex wetting physics in Part II,
this talk will detail on the numerical method development and implementation using
the FOAM C++ library. Starting from a generic transport equation for the phase-field
order parameter and insisting on phase volume conservation and boundedness properties
at high density and viscosity ratio, governing equations have been derived, which hold
additional non-standard terms for both the Allen-Cahn and Cahn-Hilliard diffuse interface
models, respectively. Massive use of FOAM technology, such as its block-coupled matrix
support for simultaneous solution of two 2nd order Helmholtz-type transport equations
(from decomposition of the 4th order Cahn-Hilliard equation) or the Finite Area Method
for discretisation of a dynamic contact angle model based on the wall energy relaxation
approach, has been found mandatory for a consistent, accurate and robust Finite Volume
based solution method.
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