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Coupling an immersed boundary method with local
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Multiphase flows in the presence of complex solid geometries are omnipresent in porous media processes.
Resolving the associated phenomena on a pore level requires the accurate capturing of capillary forces, contact
line dynamics and viscous resistance. Frequently, front capturing methods are used to present fluid-fluid
interactions, i.e. the Volume of Fluid method (VoF). There, the accuracy depends on the reconstruction of
the interface from an indicator function, effectively requiring a high resolution to meet common accuracy
requirements and special treatment for multiphysics modeling.
As an alternative we implemented three- phase contact line dynamics for the front tracking method Local
Front Reconstruction Method (LFRM) [1]. The fluid-solid interactions are accounted for by enforcing the no-
slip boundary condition at the solid surface, which is done using a second-order implicit Immersed Boundary
Method (IBM) [2]. Coupling of these methods consists of dynamically enforcing the local contact angle of the
fluid-fluid interface with the solid surface. Additionally, the existence of a sharp interface allows for a high
local control of the application of additional transport phenomena.
Here we describe the numerical model that is used to manipulate the fluid-fluid interface to enforce the local
contact angle and assess its performance using droplet spreading simulations on flat and spherical surfaces.
The equilibrium droplet shape (i.e. the radius, height and interface outline), interfacial pressure difference,
surface tension force and spurious currents are compared to analytical solutions and literature standard front
capturing methods. The results show an excellent match with the analytical solutions with error margins
below 1% for the interfacial shape and pressure difference of almost all cases, as well as error norms in the
order of 0.01% for the surface tension force and spurious currents. These error values are lower than for state-
of-the-art front capturing models [3,4]. Furthermore, the model is extended with a coupling to discrete surface
meshes, e.g. provided in the STL format. With this additional functionality, the model provides a pathway
for modeling interface dynamics in complex geometries and a platform for further coupling with transport
phenomena.
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