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ABSTRACT

Dynamic interactions of patches of slender structures with fluid flow play a role in a broad spectrum
of physical processes. Biomechanical examples range from particle regulation to cell expulsion. In
industrial applications, bioinspired designs based on slender structures are exploited in areas such
as flow control. To conclude this list, the interaction of vegetation with flow affects important issues
such as coastal protection as well as urban and agricultural planning [1]. Consequently, the analysis
and study of such problems through simulation can thus aid in the understanding and design in a
multitude of important applications. The numerical simulation of such application cases leads to
challenges arising from the slenderness of the observed structures, the added mass effect as well as
generally large displacements of the fibrous structures.

Within this contribution, we propose an approach using geometrically exact nonlinear beam theory
to efficiently model the rod-like structures in a well-posed manner [2]. To couple the emerging one-
dimensional partial differential equations with the three-dimensional incompressible Navier-Stokes
equations, a mixed-dimensional embedded finite element approach is used. This approach is based
on the Immersed Boundary Method [3] to allow for large displacements. The resulting coupling
conditions are enforced directly on the beam’s one-dimensional centerline to ensure efficiency of the
resulting implementation.

This talk will focus on the challenges arising for numerical simulations of the interactions of patches
of slender structures with fluid flow. Particularly, the numerical coupling strategy of the different-
dimensional meshes as well as algorithmic aspects of the resulting implementation will be addressed.
Numerical examples will show the suitability of the proposed approach for these types of applica-
tions.
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