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Présentation du projet doctoral, contexte et objectif

The flow over an open cavity is prone to an aero-acoustic feedback loop [1] leading to self-sustained pressure
oscillations of large amplitudes (see figure 1b). This phenomenon leads to structural fatigue and aero-optic
distortion in the compressible case. Aerospace applications range from landing gear and telescope bays to
weapon bays, where flows oscillations may impede safe munition delivery. In this context, active flow control
over supersonic cavity flows is identified as a key technology for the development of future military aircraft.

The challenges associated with active flow control at high speeds are high frequencies, typically beyond
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Figure 1: (a) Control by sonic microjets blowing perpendicular to upstream edge of cavity in supersonic flow [2]; (b)
sound pressure level with/without blowing measured near downstream edge of cavity [2] ; (c) powered resonance
tubes upstream of cavity [3]; (b) ONERA cavity model for feedback control using oscillating flap near leading edge.

1kHz, and weaker instabilities compared to incompressible flows, requiring both faster and stronger
actuation. Multiple physical mechanisms may be exploited to reduce aerodynamic loads. Constant blowing
at the leading edge (see figure 1a) may deviate and thicken the shear layer hence weakening the aero-
acoustic feedback loop [2]. Acoustic forcing at high frequency (see figure 1¢c) may target small dissipative
scales and indirectly affect the energetic large scales at lower frequencies through nonlinear interactions [3].
These two open-loop paradigms are proven to work in the supersonic regime but the mechanism of open-
loop control by high-frequency forcing is still open to debate [1]. Finally, the most promising alternative is
closed-loop control of flow instabilities, but this approach is extremely challenging at high speeds because of
the need for large actuator bandwidth and authority. Last but not least is the challenge of designing an optimal
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control law for a strongly nonlinear system, both from the standpoint of fluid dynamics and actuator saturation.
This question is far from resolved yet even in the subsonic case.

In this PhD project, two experiments will be investigated, as stepping stones towards the goal of closed-loop
control of supersonic cavity flow. The first one is subsonic (M = 0.1 in the S19Ch wind tunnel) and will be
used as a test bench for novel closed-loop control strategies using an oscillating flap at the leading-edge,
driven by a piezo-electric actuator (see figure 1d). The focus here will be on implementing innovative control
strategies among which model-predictive control [4] with recursive model adaptation and other adaptive
schemes such as extremum seeking [5]. The second experiment is supersonic (M = 1.6 in the S8Ch wind
tunnel) and will be used to thoroughly investigate the physical mechanisms of supersonic cavity oscillations
in the presence and absence of open-loop flow control using continuous blowing (see figure 1a) and powered
resonance tubes generating a high-frequency tone (see figure 1c¢). The focus here will be on high-speed
metrology as the flow will be characterized using pressure probes, fast-response pressure-sensitive paint [6],
schlieren imaging, particle image velocimetry. The analysis will help elucidate the mechanism for control of
shear-layer oscillations by high-frequency forcing.

The oscillation frequencies in the S8Ch wind tunnel are too fast (up to 5kHz) for closed-loop control with a
mechanical flap. However, both the S19Ch and S8Ch experiments are key steps towards the development
of a future closed-loop experiment in the larger supersonic wind tunnel S3Ch, where oscillation frequencies
can be decreased by using a model of greater dimensions, closer to the end application.

The PhD will interact with multiple technicians, engineers and researchers at ONERA, in the context of an
internal research project on high-speed cavity flows involving high-fidelity CFD as well. As a result, the
candidate should be a good team player with a clear taste for experiments, metrology and active control.
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