Isogeometric Analysis of Fluid—Structure Interaction based on a fully
coupled Arbitrary Lagrangian—Eulerian variational formulation
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ABSTRACT

Current work presents numerical results obtained from the application of a monolithic method for the so-
lution of fluid-structure interaction (FSI) problems, where both the fluid and the solid are allowed to have
identical mass densities. In biomechanical contexts such as in the case of blood flow inside an artery, it
holds ps/ps = 1. Partitioned FSI techniques often face instabilities when the solid density p, approaches
the fluid density py (Added mass effect). Besides, for the convergence of a partitioned FSI problem,
typically a few rounds of iteration are necessary, where in each round the respective problems are solved
one at a time. These deficiencies are avoided by an implicit and monolithic solution approach that takes
the full fluid-structure interaction problem as one coupled unity, without partitioning. When modeling
the coupled dynamics of FSI, one is confronted with the dilemma that the fluid model is naturally based
on an Eulerian perspective while it is very natural to express the solid problem in Lagrangian formu-
lation. The monolithic approach we take, uses a fully coupled Arbitrary Lagrangian—Eulerian (ALE)
variational formulation of the FSI problem (cf. [1]) and applies Galerkin-based Isogeometric Analysis
for the discretization of the partial differential equations involved. This approach solves the difficulty of
a common variational description and facilitates a consistent Galerkin discretization of the FSI problem.
For the assessment of the method and validation purposes, we use the 2D FSI benchmarks proposed in
[2] and show that our results are in very good consensus with the reference. Besides, the method proved
to be very robust for all benchmark test cases. We draw the conclusion that the combination of a fully
coupled FSI solution technique with Isogeometric discretizations yields in principle a powerful tool that
goes along with the traits high accuracy and robustness. However, the fully coupled approach comes
at a cost of high memory requirements and renders the approach not easily applicable to large 3D FSI
applications.
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