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We present a weakly compressible formulation of the Navier–Stokes equations for New-
tonian viscous fluids under isothermal conditions, making use of the Murnaghan–Tait
equation of state for the evaluation of density changes with pressure. In the recent work
[1] we have demonstrated how this formulation can be beneficially used in the simulation
of fluid-structure interaction problems. It alleviates the instability related to the artificial
added mass effect and considerably reduces the number of coupling iterations required
in each time step. Furthermore, adding some compressibility to the fluid is also a better
representation of actual physics in case the fluid-structure interface undergoes topological
changes, like an opening valve, where a purely incompressible formulation can be plagued
by large pressure variations.

In this contribution, the formulation is translated into a high-order hybridizable discon-
tinuous Galerkin (HDG) approach, derived from an extension of the original work in [2]
in order to include weak compressibility effects. The HDG method allows to considerably
reduce the linear system size by eliminating all the degrees of freedom inside the ele-
ments, which increases the efficiency of the solver stage. Following the algorithm layout
in [3], we develop the ingredients to the HDG solution in terms of the local problems
for the elemental variables and the global problem that includes the trace of the velocity
and the element-average of the pressure. Different strategies are under investigation for
the achievement of the optimal converge for the velocity, the pressure and the velocity
gradient and the superconvergence for the postprocessed solution.
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