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ABSTRACT

Unfitted finite element methods are well suited to moving domain problems with very large de-
formations in the domain where the Arbitrary Lagrangian Eulerian (ALE) method fails. Such
problems occur for example when considering solid objects floating inside an incompressible fluid.

When applying unfitted finite element moving domain methods such as [1, 3] to such a problem,
the mesh will not be refined near the fluid-solid interface, because the displacement of the solid
over time is very large. Thus, to guarantee a fine resolution at the interface, a globally refined mesh
is needed, which in turn leads to over refinement in the (time-dependent) fluid domain. However,
a fine mesh at the interface is a prerequisite to compute the forces acting from the fluid onto the
solid accurately. Accurate values for the forces are in turn a prerequisite to accurately determine
the motion of the solid body.

We consider the situation of small, free, non-spherical, rigid particles in a fluid, such as sand in
water. Due to the non-spherical shape of the particles, no analytical law for the forces acting
on them is available. Furthermore, the size of the particles mean that it is computationally too
expensive to compute on a mesh with a sufficiently small global mesh size which resolves the
interface between the fluid and solid sufficiently. In this case, the direct evaluation of the boundary
integral which defines the forces acting on each solid particle is not accurate as the mesh is under-
resolved at the interface. However, other features of the solution can be obtained accurately both in
a fitted and unfitted FEM setting, even when coarse meshes are used. Inspired by [2], we train an
artificial (deep) neural network to predict the drag, lift and torque forces acting on a rigid, moving
solid, based on the average velocity of the fluid in a small region around the solid. To generate
the training data we use an ALE approach in order to obtain accurate force values to train the
network with. The resulting network is then able to predict the forces in the CutFEM setting more
accuracy by one order of magnitude than the direct finite element evaluation.
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