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ABSTRACT

The development of accurate numerical techniques to investigate the interaction of a flexible
structure and a fluid is still a challenging task in computational mechanics. This is especially
true for complex engineering applications, where the request of high flexibility of the method
often clashes with the need of accurate and non-dissipative numerical methods to capture the
physics of the phenomena involved. In this work we present a computational framework that
has been designed to accurately predict the elastic response of a thin shell undergoing large dis-
placements induced by local hydrodynamic forces, as well as the complex fluid pattern arising
from the interaction of an incompressible fluid with the shell.

Within the context of partitioned algorithms, two different approaches are employed for fluid
and structural domains. The fluid motion is resolved in a parallel environment with a pres-
sure projection method on a Cartesian structured grid. The immersed membrane is modeled
as a NURBS surface, and the elastic response is obtained from a displacement-based Isogeo-
metric analysis relying on the Kirchhoff-Love shell theory [1]. The two solvers exchange data
through a direct-forcing immersed-boundary approach; the required boundary conditions are
imposed at the fluid-solid interface with a dynamic forcing, as proposed in [2]. Here the inter-
polation/spreading of the variables between Lagrangian and Eulerian meshes is implemented by
means of a moving least square (MLS) approximation, which has proven to be very effective for
moving boundaries.

In this scenario, the isoparametric paradigm and the C' continuity of the surface are exploited
to perform an adaptive projection of the lagrangian markers, decoupling the local grid density
of fluid and shell domains and reducing the computational expense. These properties make the
information transfer technique versatile also for nonuniform Eulerian grids.

The accuracy and robustness of the method are tested with simple benchmark cases as: a flap-
ping flag, the transport of a vesicle, the falling dynamics of a deformable membrane. Both
strongly and loosely coupled approach are implemented to handle different fluid-to-solid density
ratios. Each test case was chosen to investigate the performance of different aspects of the
method and to prove his effectiveness under fundamentally different operating conditions.
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