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Profile and expected competencies

Enrolled in the last year of a Research Master or Engineering School, you have notions in structural
mechanics and fluid mechanics and ideally in aerodynamics. You show an interest in aeronautics,
research and innovation. You have a taste for programming and have skills in Python programming
language. With excellent interpersonal skills, you will not hesitate to communicate with experts
within ONERA. You demonstrate a good sense of critical analysis and an autonomy allowing you to
adapt quickly to a technically demanding work environment.

Due to external constrains only EU, UK and Swiss candidates are eligible.

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. [3]). 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 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 to produce 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 this 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]) show complex flow features such as dynamic stall, reverse flow
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region, shock waves, negative lift and blade vortex interaction. Therefore, high-fidelity numerical
simulations are needed to analyze these aerodynamic phenomena and better understand 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 tools.

Objectives of the PhD

Therefore, the main objective of the PhD 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 get familiar 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.

Then, the student will be in charge of developing a new aeroelastic coupling simulation module
based on new tools recently developed at ONERA. This new coupling simulation method will be first
validated with respect to the reference simulations and then implemented for very-high-speed
conditions.

At these very-high-speed conditions, the torsion, the flap and the bending responses of the blade
are known to show very high amplitude. However, the aerodynamic origins of this unusual blade
dynamics are not clearly identified at the current state of knowledge. The numerical results provided
in the framework of this PhD will be used in order to characterize these aero-elastic phenomena.
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