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Abstract

In filtration processes it is necessary to consider both, the interaction of the fluid 
with the solid parts and the effect of particles carried in the fluid and accumulated 
on the solid. Both physical phenomena will be adressed in this presentation. 

In the first part  a closer look is taken to the interaction of the fluid with solid 
regions. Pressure and  traction forces induced by the fluid motion on the solid 
domain, lead to certain deformations of the solid-part. According to this multi-
physical  problem,  it  is  important  to  couple  the  differential  equations  of  fluid 
motion, namely the Navier Stokes equations and structural mechanical equations 
for the solid region, i.e. the  Hooke's law. For their numerical discretization only 
one  single  computational  mesh is  used.  This  grid  is  changing  with  time and 
hence is  recalculated at  each time step to  adjust  to  the deformation.  This  is 
important to conserve geometric consistency. 

The  second  part  of  the  presentation  deals  with  simulation  of  large  spherical 
particles.  Those  particles  are  injected  into  the  fluid-stream  and  cause 
deformation of  the filter  material.  They are classified as “big  particles”,  which 
means that their size is much bigger than the size of a grid cell in the simulation 
grid.  This  is  in  contrast  to  simulation  of  “small  particles”,  where  usually  the 
temporal  and  spartial  evolution  of  distribution  functions  via  the  solution  of 
conservation equations of their respective moments is sought. 
The big particles contain a certain mass and momentum and interacts with the 
flow  field.  The  main  effects  governing  particle  motion  besides  this  are  wall 
interactions, interactions with filter material and the collision between themselves 
and the plugging effect. The latter effect implies that with time, more and more 
particles are deposited on the solid walls.  Thus,  the effective solid surface is 
increased and this has an impact on the flow of the fluid. For simulation of these 
big particles a Discrete Phase Lagrange Model was developed. This model takes 
into account the two-way coupling between the fluid and the particles.  Those 
particles are related to Lagrange objects, which implies that their behaviour, such 
as their velocity, acceleration and position, is totally dependent on surrounding 
fluid flow conditions such as velocity and pressure. 
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The simulation of big particles and the fluid-structure interaction is realized in a 
single solver on the basis of the OpenSource software OpenFoam [3]. The user 
can decide in an easy fashion, where particles should be injected and the degree 
of interaction between the fluid and the structure.
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