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For the simulation of material handling and filtration processes a comprehensive knowl-
edge about adhesive properties and contact mechanics of particles is of prime importance.
Thereby one considers adhesion and contacts between particles among themselves as well
as between particles and walls. Furthermore, the flow of the surrounding medium which
imposes aero- or hydrodynamic forces onto the particles and, in turn, is influenced by the
particles’ momentum plays a major role in the simulation of particulate flow. Conventional
simulation methods such as CFD-DEM-coupling are based upon empirical models char-
acterizing fundamental properties such as surface roughness and separation performance.
Moreover, they have the degradation of particles to simpler spheres or ellipsoids in common.
Thus empirical modeling neglects the microscopic details that are essential to a profound
understanding of micro scale processes and accurate macro scale simulation results.

A new simulation model which is built upon numerical simulation methods like CFD
and DEM is developed. Furthermore, it is expanded by the capability of fully discretiz-
ing the geometry of arbitrarily shaped bodies. The calculation model employs an im-
mersed boundary method to take account of the particles’ geometry in the fluid simula-
tion (figure 1a).

One of the crucial advantages of the immersed boundary method is the comfortable
handling of the fluid mesh; the particles’ trajectory is continually represented by a highly
adaptive and distortion free mesh. An efficient algorithm detects contacts between singu-
lar discrete face elements and calculates the corresponding restoring force. Additionally,
any user defined potential forces, e.g. van der Waals forces, that take effect on the parti-
cles’ or wall’s discrete volume elements, may be applied (figure 1b). Based upon geometric
and mathematic considerations the computationally expensive volumetric integrals can ef-
ficiently be reduced to quite more managaeable surface integrals.

(a) Flow around donut shaped body. (b) Volumetrically resolved potential forces.

Figure 1: Simulation of arbitrarily shaped bodies.
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