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ABSTRACT

A numerical framework is proposed for enforcing a class of internal or boundary conditions
in Computational Fluid Dynamics (CFD) and Fluid-Structure Interaction (FSI) computations.
This class of internal or boundary flow conditions can be described as the class of flow con-
straints enforceable via appropriate numerical fluxes. It includes, among others, symmetry flow
conditions, solid wall boundary conditions, porous wall boundary conditions, and actuator disk
pressure jump conditions. The proposed framework is practical, efficient, comprehensive, and
accurate. It is ideally-suited for finite volume CFD computations, but equally applicable to
finite element flow simulations. It is practical because it does not require the computational
support of an internal or boundary flow condition – typically, a discrete surface – to align with
a set of element faces of the CFD mesh. Hence, it does not require anticipating the details
of such a discrete surface when meshing the computational fluid domain. Consequently, it is
also efficient, as it does not require remeshing the computational fluid domain everytime the
position, shape, or mesh resolution of such a discrete surface is modified. Instead, the proposed
numerical framework allows embedding à posteriori such a discrete surface in a given CFD
mesh, and modifying it and re-embedding it as frequently as needed without having to remesh
the embedding computational fluid domain. This framework is also comprehensive because it is
applicable in Eulerian, Arbitrary Lagrangian Eulerian (ALE), and ALE-Eulerian [1] settings of
CFD and FSI computations. It is based on the formulation and solution, in the vicinity of the
embedded computational support of an internal or boundary condition of interest, of a suitable,
one-dimensional, one- or two-material Riemann problem [2, 3]. It is illustrated here with sev-
eral aerodynamic applications featuring internal pressure jump conditions and/or porous wall
boundary conditions, and a challenging flapping wing FSI computation with a flow symmetry
condition.
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