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In this study we present the most recent work in the context of method development,
implementation, and validation of a phase-field interface capturing method supporting
solving for the evolution of an arbitrary number of immiscible, incompressible fluids.
Herewith, we further enhanced our two-phase (N=2) diffuse interface library
implemented in FOAM-extend 4.1 in a consistent and conservative manner to
incorporate multiple (N>2) phases.

When underlying a diffuse interface phase-field methodology [1], to devise a
consistent and robust generic multiphase (N>2) flow framework is non-trivial: it is vital
that the model implementation is fully reduction consistent [2, 3], i.e. the N-phase
model reduces to the traditional two-phase model upon existence of only two phases
in the system, and to obey thermodynamic constraints, i.e. the N-phase model is
mass and momentum conservative, as well as follows the second law of
thermodynamics and Galilean invariance [2, 3].

For validation we consider a comprehensive set of validation cases. For instance, in
a 3-phase scenario, we considered the floating liquid lens problem where an oil drop
that is initially floating on the air-water interface is subjected to different magnitudes
of gravitational acceleration [see Fig. 1]. The final thickness of the drop will then be
compared to an equilibrium and an asymptotic analysis available in literature.
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Fig. 1: Final configuration of the floating liquid lens problem for different values of

gravitational acceleration. Blue: Water, Red: Air, Green: Oil
In a 4-phase scenario, we considered the four-phase fluid mixture problem. In this
problem, dynamics of four immiscible, incompressible, and isothermal fluids with

different transport properties is assessed [see Fig. 2].
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Fig. 2: Four-phase fluid mixture problem, initial state (left), the state after 0.25s (right)
The multiphase diffuse-interface model is implemented in OpenFOAM (FOAM-extend
4.1) as model library and top-level solver referred to as phaseFieldFoam. Following a
rigorous object-oriented and physics-guided development paradigm has resulted into
a versatile code design which is extendible towards more (multi-)physics, which we
will detail on in the talk. Moreover, the framework fully supports the deployment of
modern High Performance Computing techniques, such as dynamic load balancing
(DLB) along with Adaptive Mesh Refinement (AMR).
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