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In many engineering applications, solutions of the Helmholtz equation are required over
a broad frequency range. For acoustics applications, one is often interested in modeling
the sound field over the full audible frequency range, i.e. from 20 Hz to 20 kHz. The
nature of the solution and the requirements in terms of resolution vary drastically over this
range. Instead of using a set of increasingly refined meshes, which poses many practical
issues, a more efficient computational framework is proposed [1], which consists in relying
on a single mesh resolved with an high-order adaptive finite element approach. When
combined with efficient a-priori error indicators, this strategy allows to naturally adjust
the resolution across the frequency range to reach a user defined target accuracy. As a side
benefit, resorting to p-FEM also allows to circumvent the accumulation of phase errors
which hamper the conventional low-order FEM accuracy at mid to high frequencies.

Anisotropic orders may also be introduced to deal efficiently with problems involving
highly inhomogeneous meshes, with curved and/or high-aspect ratio elements [2]. It may
also prove beneficial when the dispersion properties of the waves are direction-dependent,
like for instance in the presence of a strong background mean flow. Solutions from several
time-harmonic acoustics operators will be presented, including Helmholtz, but also the
Biot equations, the Linearized Potential Equations [3] or the Linearized Euler Equations
[4].

For exterior acoustics applications, p-adaptive FEM may be efficiently combined with
an innovative locally-conformal implementation of the Perfectly Matched Layers, appli-
cable on convex domains of general shape [5]. This approach allows to closely surround
the scattering objects and in turn to reduce the computational cost. Finally, for large
scale applications, parallelization strategies based on optimized Schwarz methods will be
discussed [6].
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