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Scientific Context

Dissipative media play a key role in the aerospace, automotive and energy sectors, for comfort
and performance as well as for health and safety (e.g. porous materials for cabin noise reduction
or vibration damping devices in buildings). Additive manufacturing now makes it possible to
design these materials at the microstructural scale, but optimizing them requires computing the
acoustic response of a large number of samples, typically by solving many time-harmonic wave
propagation problems. Effective models relying on physical and geometric approximations are
commonly used because they are inexpensive, but this comes at the price of a loss of accuracy
and reliability that is not always clearly identified or quantified. Fully resolved models, solved
with finite element methods (FEMs), are well suited to complex geometries and physics,
but are costly in terms of memory and computing time.
Accelerating FEM solvers for time-harmonic wave propagation problems is a key challenge
in applied mathematics and computational mechanics. Several strategies are being investigated,
such as domain decomposition methods (DDMs), adaptive FEMs, model order reduction, as
well as non-conforming methods, including the hybridizable discontinuous Galerkin (HDG) finite
element method. In the HDG method, an auxiliary unknown is introduced on the mesh skeleton,
and the physical unknowns are eliminated element by element, resulting in a global system posed
on the skeleton that is better suited to iterative solvers.
We recently introduced the CHDG method, which combines ideas from DDMs and HDG
methods. The main unknown is a transmission variable defined on the mesh skeleton [1]. This
formulation yields fast-converging iterative solvers with an algorithmic structure well suited to
parallel computing [2]. So far, CHDG has only been applied to non-dissipative problems [3],
and its extension to dissipative media is the motivation for this internship.
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https://www.axel.modave.eu/
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Objective and Methodology

The main objective of this internship is to extend the CHDG method to wave propagation
problems in dissipative media. The project combines a literature review, the design and
analysis of numerical methods, and numerical experiments. It will be organized in four steps:

1. State of the art. Review existing DG and HDG methods for dissipative wave propagation
problems.

2. Design. Propose and compare several strategies to extend the CHDG method to dissipa-
tive homogeneous media, building in particular on the approach of [4].

3. Analysis. Extend the convergence proofs obtained in the non-dissipative case [1, 3] to
the new formulations.

4. Numerical study. Implement the formulations in an existing 2D MATLAB code1 and
assess their accuracy, as well as the convergence of the iterative solvers, on 2D benchmarks.

The intern will work in close collaboration with researchers from POEMS and LAUM, and will
gain experience in both the mathematical analysis and the implementation of advanced finite
element methods.

Candidate Profile

This internship is intended for a student in the final year of an engineering school and/or a
Master’s program (M2) in computational mechanics or applied mathematics.

• Solid background in partial differential equations and finite element methods;
• Experience in scientific programming (MATLAB; C++ is a plus);
• Interest in both numerical analysis and numerical experiments;
• Autonomy, rigor, and good communication skills in English or French.

This internship could lead to a PhD thesis, although no funding is secured at this stage.

Application

Send a CV and your most recent academic transcripts to Axel Modave (axel.modave@ensta.fr)
and Gwénaël Gabard (gwenael.gabard@univ-lemans.fr).
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1WavesDGlab, https://github.com/wavesdglab/wavesdglab
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