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Navier-Stokes Cahn-Hilliard models use a phase-field representation of the constituents in
multi-phase flow [1, 2]. The primary benefit of using such a model as the basis for finite
element approximation, is that the interface between the fluid domains is traced implicitly,
eliminating the need for explicit surface parameterization. Scenarios that involve large
interface strains, droplet merging or filament break-up can be handled with relative ease,
i.e., without the need for re-meshing. Immersed finite element methods form another
branch of simulation technologies that avoids the necessity of a complex and cumbersome
meshing stage [3]. Rather than making use of a boundary-fitted mesh, one uses a simple
structured mesh in which the physical domain is embedded. Enforcement of the correct
model equations requires accurate integration on the physical domain and weak imposition
of boundary conditions. By adopting these techniques for a Navier-Stokes Cahn-Hilliard
model we can, for example, perform simulations of a fluid front moving through highly
complex (scan based) porous material. In this talk, we discuss the challenges and solution
methods for performing immersed Navier-Stokes Cahn-Hilliard computations. These in-
clude stabilizing the formulation, ensuring manageable matrix conditioning, imposing the
appropriate boundary conditions, and adaptively refining the fluid front at the immersed
domain boundary.
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