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Résumé

The numerical prediction of aeroelastic systems responses becomes unaffordable when parametric 

analyses with high-fidelity CFD are required. Reduced order modeling (ROM) methods have 

therefore been developed in view of reducing the costs of the numerical simulations while preserving 

a high level of accuracy.

The present thesis focuses on the family of projection based methods for the compressible Navier-

Stokes equations involving deforming meshes in the case of aeroelastic applications. The use of 

vector basis obtained by Proper Orthogonal Decomposition (POD) combined to a Galerkin projection 

of the system equations is prevalent within the literature context of ROMs in fluid mechanics. 

However, several problematics must be addressed progressively. First, the compressibility hypothesis 

prevents the use of an explicit polynomial formulation for the ROM and requires the introduction of 

further approximations to take into account the nonlinearities involved in the Navier-Stokes 

equations. Masked projection approaches are therefore implemented and assessed for different test 

cases with fixed boundaries in order to provide a fully nonlinear formulation for the projection-based 

ROMs. Then, the ROM is adapted in the case of deforming boundaries. A POD formulation based on 

an index correlation is particularly suitable since it can be combined with the masked projection 

approaches. Validation test cases of increasing complexity with imposed motion and fully coupled 

fluid-structure systems are considered.
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One motivation of the present work is the determination of periodic solutions. The time integration of

the projection based ROMs could be challenging in terms of stability and the long-term periodic 

behavior may not be well predicted. Rather than trying to improve the stability of the time-domain 

formulation of the ROM, we propose to change the perspective in addressing this issue, by focusing 

on the periodic steady state of concern. Indeed, classical unsteady techniques can be avoided when 

considering systems that are periodic in time by introducing harmonic techniques. Periodic solutions 

are, thus, computed by the Time Spectral Method (TSM) implementation of the Navier-Stokes 

equations and a Reduced Order Time Spectral Method (RO-TSM) is formulated. The potentiality of 

this technique is highlighted with different transonic test cases with moving field discontinuities 

whose complexity has led to stability issues for time-dependent ROMs.

Finally, the accuracy of the ROMs developed in this work is evaluated for parametric applications. 

For this purpose, interpolation techniques have been implemented in order to update the POD basis 

involved in the ROM with respect an off-reference condition.


