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Wüllnerstr. 5a, 52062 Aachen, Germany
e-mail: j.vorspohl@aia.rwth-aachen.de

† JARA Center for Simulation and Data Science
RWTH Aachen University

Seffenter Weg 23, 52074 Aachen, Germany

Key Words: multiphase flow, lattice Boltzmann method, level set

ABSTRACT

Multiphase flows, i.e., a mixture of gas, liquid, and solid particles, play an important role in a
variety of machining applications. A prominent example is the flushing flow in Electrical Discharge
Machining (EDM). Non-spherical debris particles are transported in a liquid-gaseous fluid with gas
fraction up to 80% [1]. In so-called die-sink EDM, the flushing flow is driven by the motion of the
electrode. Due to the confined working gap and high temperature induced by the discharge, direct
measurements of the gap flow are difficult to perform. Therefore, numerical methods are required
to simulate and analyze. We present a numerical scheme, which is capable of predicting such
multiphase flows with fully resolved embedded solid particles in a domain with moving boundaries.
Each of the two fluid phases is modeled by a separate solver using a Lattice Boltzmann Method
(LBM) such that density and viscosity can be controlled independently, and high density and
viscosity ratios can be achieved. To capture the motion of the liquid-gaseous phase boundary a
level-set method is used, where the level set tracks the phase boundary and is advected by the
local fluid velocity [2]. It is used to impose the boundary conditions in the phase boundary cells by
evaluating the boundary normal and curvature, e.g., for the determination of the surface tension.
The stress tensor on both sides of the interface is evaluated to obtain a correction term for the
bounce back boundary condition such that the kinematic coupling condition as well as the jump
condition for the pressure is fulfilled [3]. A second level set is constructed analytically to represent
the immersed particles. The forces induced by both fluid phases are evaluated using the momentum
exchange method in order to solve the motion equation for the particles. A third level set, which is
determined by a semi-Lagrangian method, is facilitated to track the predefined motion of domain
boundaries [4]. Both, the second and third level set are used for the formulation of a second-order
accurate bounce back scheme in the LBM. All solvers, i.e., the LBM solvers for the liquid and gas
phase, the level set solver, and the rigid body solver operate on a joint hierarchical Cartesian grid [5],
which facilitates an efficient parallelization and enables local mesh refinement with a dynamic load
balancing [6]. The presented method is validated by generic testcases for two-phase Couette flows,
rising bubbles, and settling particles. This enables the simulation of more complex phenomena
like particle bubble interaction. Details of the numerical method, results of the validation, and its
application to the analysis of multiphase flow problems will be presented.
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