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DESCRIPTION DU STAGE

Thématique(s) : Coupling, structural mechanics, fluid mechanics, advanced numerical methods.

Type de stage : X Fin d’études bact5 [X] Master2 [ |Bac+2abac+t4 [ ] Autres

Title : Implementation Of Advanced Aeroelastic Coupling Simulations For Helicopters At Very High
Speed

Context

Over the last decades, aeroelastic simulations of helicopter rotor using high-fidelity methods based on
Computational Fluid Dynamics (CFD) were developed and implemented. The improvement of this numerical
approach was possible thanks to the growth of the computational resources that were essential to capture the
complex aerodynamic phenomena encountered around helicopter rotors. The aeroelastic coupling tool chain of
ONERA has demonstrated its ability to predict accurately the rotor behavior in forward flights (Ref. [1][2]) and has
permitted to better understand the aerodynamic mechanisms that lead to large amplitude blade deformations (Ref.
[3][4][5]) at the limit of the flight domain of conventional helicopters (Figures 1 et 2).
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Figure 1 : Induced velocity field around a rotor | Figure 2 : Induced velocity field around a rotor
at 280 km/h flight speed (Ref. [5]). at 320 km/h flight speed (Ref. [5]).

In recent years, the armies and the helicopter companies have increased the effort to propose new rotorcraft concepts
that could significantly increase the maximum speed and maximum range of conventional helicopters. A first kind
of concepts for high speed is based on tilt-rotors such as the V-280 of Bell company and the AW609 of Leonardo
Helicopters. A second kind of architectures consists in a main rotor that produces lift (possibly associated with small
wings) and one or several propellers for the propulsion. The RAIDER coaxial compound helicopter of Sikorsky and
the RACER compound helicopter proposed by Airbus Helicopters are two demonstrators that belong to the second
kind of concepts dedicated to high speed. At such high operating speeds, the aeroelastic behavior of the main rotor
significantly differs from conventional helicopters. The few articles devoted to this subject in the literature (Ref.
[6][7][8]) shows complex flow features such as dynamic stall, reverse flow region, shock waves, negative lift and
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blade vortex interaction. Therefore, high-fidelity numerical simulations are needed to analyze these aerodynamic
phenomena and the aeroelastic coupling mechanisms that lead to unusual high-amplitude blade dynamics.

However, the current simulation tools showed some limits in terms of robustness and accuracy for these non-
conventional flight conditions. Some improvements of the methods are thus required to perform and analyze very-
high-speed rotor simulations with high-fidelity approach.

Objectives of the Internship

Therefore, the main objective of the internship is to study the behavior of helicopter blades at high advance ratio
forward flight condition based on aeroelastic coupling numerical simulations.

The student will first have to carry out a review of the existing literature in order to understand the theoretical bases
of fluid/structure coupling and familiarize with high-speed helicopter rotor behavior. The student will also perform
reference simulations based on existing simulation tools and validate his results with respect to wind-tunnel test
data. The results will be analyzed in order to identify the aero-clastic phenomena involved at very high speed by
comparison to the results obtained at moderate speed.

Then, if the advance of the internship allows it, the student will be in charge of developing a new aeroelastic coupling
simulation module based on new tools that were recently developed and are available at ONERA as an initial phase
of the PhD that will follow this internship.

References
[11 Ortun, B., Potsdam, M., Yeo, H., Van Truong, K., “Rotor Loads Prediction on the ONERA 7A Rotor Using Loose
Fluid/Structure Coupling”, Journal of the American Helicopter Society, Vol. 62(3), pp. 1-13, 2017

[2] Richez, F., “Analysis of Dynamic Stall Mechanisms in Helicopter Rotor Environment,” Journal of the American
Helicopter Society, Vol. 63, No. 2, April 2018, pp. 1-11, DOI: 10.4050/JAHS.63.022006

[3] Castells, C., Richez, F. and Costes, M., “A Numerical Analysis of the Dynamic Stall Mechanisms on a Helicopter
Rotor from Light to Deep Stall”, Journal of the American Helicopter Society, Vol. 65, No. 3, July 2020, pp. 1-17,
DOI: 10.4050/JAHS.65.032005

[4] Castells, C., Richez, F. and Costes, M., “A Numerical Investigation of the Influence of the Blade—Vortex
Interaction on the Dynamic Stall Onset”, Journal of the American Helicopter Society, Vol. 66, 032001, Mai 2021,
DOI: 10.4050/JAHS.66.032001

[5] Casells, C., "Etude phénoménologique du décrochage dynamique sur un rotor d’hélicoptére en vol
d’avancement", thése de doctorat a Sorbonne Université, décembre 2020.

[6] Potsdam, M., Datta, A., and Jayaraman, B., “Computational Investigation and Fundamental Understanding of a
Slowed UH-60A Rotor at High Advance Ratios”, Journal of the American Helicopter Society, Vol. 61(2), pp. 1-
17,2016

[7]1 Letzgus, J., KeRler, M. and Kramer, E., “Simulation of Dynamic Stall on an Elastic Rotor in High-Speed Turn
Flight,” Journal of the American Helicopter Society, Vol. 65, No. 2, April 2020, pp. 1-12(12).

[8] Balmaseda Aguirre, M., Yeo, H., Richez, F. Jayaraman, B. and Ortun B., “High-fidelity aerodynamic loads of
the double-swept ERATO rotor”, 50th European Rotorcraft Forum, September 10-12, 2024

Est-il possible d'envisager un travail en bindbme ?  Non

Méthodes a mettre en ceuvre :

Xl Recherche théorique X] Travail de synthése

X] Recherche appliquée X Travail de documentation

[] Recherche expérimentale [] Participation a une réalisation
Possibilité de prolongation en thése : Oui

Durée du stage : Minimum : 5 Maximum : 5

Période souhaitée : Mars 2025 — Aot 2025

PROFIL DU STAGIAIRE

Connaissances et niveau requis : Ecoles ou établissements souhaités :

Mechanics, Aerodynamics ; Programming Master Recherche et/ou Ecole d'Ingénieur




	DESCRIPTION DU STAGE

