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Explicit time-stepping of fluid-structure problems arising in blood flows
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ABSTRACT

The efficient numerical simulation of fluid-structure interaction problems involving a viscous incom-
pressible fluid with a moderate fluid-structure density ratio is a difficult task. Blood flow simulations
in deformable arteries is a popular example. Indeed, in such situations, explicit coupling schemes, i.e.
that only involve the solution of the fluid and the structure once (or just a few times) per time step, are
known to give rise to numerical instabilities [2,7].

In practice, these instabilities have been overcome mainly through the use of implicit coupling schemes
(see e.g. [4,5,6,9,10] and the references therein), leading to a fully coupled problem at each time step,
the solution of which often requires a huge computational effort. Other approaches suggest the use of
semi-implicit coupling schemes [3,12], involving a reduced fully coupled problem.

Recently, in [1] we have proposed a (stabilized) explicit coupling scheme, based on Nitsche’s method
[11,8], whose stability properties are independent of the fluid and structure density ratio. Stability is
obtained thanks to the dissipative structure of the Nitsche coupling and a stabilization term giving
control of the time fluctuations of the interface fluid load.

In this talk, we will discuss some recent results on the numerical analysis of this new explicit coupling
scheme. In addition, some numerical experiments will illustrate the behavior of our approach when
applied to the simulation of blood flows in large arteries.
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[11] J. Nitsche. “Über ein Variationsprinzip zur Lsung von Dirichlet-Problemen bei Verwendung
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