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ABSTRACT

Advances in multi-physics towards extreme scale computing require a collaborative approach
summing up the skills and efforts of leading-edge software that can be coupled together to pro-
duce a new highly-scalable capability. This work focuses on Fluid-Structure Interaction (FSI)
and the 2 software are Alya [1] and Code Saturne [2], the only 2 multi-physics engineering
software of the Unified European Applications Benchmark Suite [3]. Alya relies on the Finite
Element method to solve the equations of mechanics, and Code Saturne on the Finite Volume
method to solve the Navier-Stokes equations. The coupling between both codes is handled by
the Parallel Location and Exchange (PLE) library.
A multi-code partitioned staggered approach is used to simulate FSI, where Code Saturne is in
charge of solving the Navier-Stokes equations cast in an Arbitrary Lagrangian Eulerian refer-
ence framework to enable mesh displacement, and Alya the solid mechanics problem by solving
the Euler equations with an adequate constitutive equation to represent the deformable body.
Within a time step, Code Saturne solves the fluid mechanics problem, calculates the forces on
the wet surface and sends them to Alya through PLE. After deforming the solid by the effect
of these forces Alya sends back the new position of the wet surface using PLE. The process is
repeated until convergence before the time step is advanced.
Two test-cases are considered. The first one deals with a 2-D incompressible laminar flow around
a fixed cylinder with an attached elastic Saint-Venant Kirchhoff cantilever [4]. It is used to as-
sess the accuracy of the coupling, and also its scalability at scale by artificially increasing the
mesh sizes using mesh multiplication to lead to several hundred million cell/element meshes.
The second test case focuses on the flow in the ascending aorta [5], obtained by reconstruction
of medical images. Its interest relies on the fact that it presents a very heavy added mass effect.
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