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Simulation of fluid-structure interaction poses several challenges with respect to stability
and accuracy, in combination with turbulent flow the problem is even more challenging.
In this paper we present our work based on a unified continuum finite element method,
a monolithic method where the combined fluid-structure continuum is discretised by the
same finite element method on one single mesh. In the original version of the method [1]
we let the mesh follow the structure deformation and we use mesh smoothing to maximise
mesh quality in the fluid part of the domain. This corresponds to a Lagrangian description
of the structure and an Arbitrary Lagrangian-Eulerian (ALE) method for the fluid. This
method is implemented in the FEniCS project as the software components DOLFIN-HPC
and Unicorn, and is shown to scale near optimally up to tens of thousands of cores on
massively parallel hardware architectures [2].

The unified continuum formulation effectively transforms the fluid-structure interaction
problem into a multiphase flow problem, which is suitable for analysis. We derive a pos-
teriori error estimates for the method, which we employ to construct adaptive algorithms
that produce optimized meshes with respect to the error in some chosen goal functional.
We present different strategies for mesh smoothing and adaptive mesh optimisation, and
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for large structure deformation we also investigate an alternative version of the method
where the mesh is released from tracking the fluid-structure interface, which is then al-
lowed to cut the mesh cells.

Furthermore, we describe a contact model suitable for the unified continuum framework.
Turbulent fluid-structure interaction including contact is central in several of our applied
modelling projects, e.g. simulation of the blood flow in the human heart including heart
valves, and simulation of the human voice in the FP7 project Eunison [3].
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