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Analysis of a velocity-stress-pressure formulation
for a fluid-structure interaction problem

Maŕıa González∗ and Virginia Selgas †

September 27, 2017

Abstract
We consider a fluid-structure interaction problem consisting of the time-dependent

Stokes equations in the fluid domain coupled with the equations of linear elastodynamics
in the solid domain. For simplicity, all changes of geometry are neglected. We propose
a new method in terms of the fluid velocity, the fluid pressure, the structural velocity
and the Cauchy stress tensor. We show that the new weak formulation is well-posed.
Then, we propose a new semidiscrete problem where the velocities and the fluid pressure
are approximated using a stable pair for the Stokes problem in the fluid domain and
compatible finite elements in the solid domain. We obtain a priori estimates for the
solution of the semidiscrete problem, prove the convergence of these solutions to the
solution of the weak formulation and obtain error estimates. A time discretization based
on the backward Euler method leads to a fully discrete scheme in which the computation
of the approximated Cauchy stress tensor can be decoupled from that of the remaining
unknowns at each time step. The displacements in the structure (if needed) can be
recovered by quadrature. Finally, some numerical experiments showing the performance
of the method are provided.
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