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At a time where the environmental impact of aviation has become a major issue in society, researchers and industry actively work on a new generation aircraft fleet that would, in time, consume less fuel and make less noise. Promising new aircraft configurations and low noise / low emissions technologies are developed and assessed for their effectiveness with regard to their environmental impact. Rapid System Noise Prediction tools have become an essential part in assessing new aircraft concepts with regard to noise emissions reduction. Based on analytical or semi-empirical noise sources models, parametric studies can be done in a quick and effective way. Acoustic installation effects are evaluated through either ray tracing or Boundary Element Method.

Reducing the noise at aircraft level may not be enough anymore to calm the increased noise sensitivity of residents who experience aircraft noise every day. The goal is to attack the problem at both ends, which are the noise at the source and the annoyance perceived by residents. ONERA has at its disposal a whole chain of tools and installations making it possible to go from the noise simulation of a new aircraft concept to its evaluation through listening tests. An overview of ONERA's capabilities and activities is given in the domains of System Noise Prediction of new aircraft concepts and related annoyance studies.

INTRODUCTION AND CONTEXT

In the context of increasing demands for the reduction of the impact of aviation, may they be pollution or noise, research needs to focus on ways of mitigating this impact. When it comes to noise there are several bricks one can influence in order to effectively have an impact on the annoyance perceived by impacted population: working on the source of the noise generation, modifying ATM aspects on airport level, testing new flight procedures etc. The best way to identify annoyance reduction solutions is to, beforehand, have a good understanding of the nature and the cause of the generated noise annoyance. A good representation of flyover noise scenarios and their evaluation is an essential key for this purpose. In the following, the capabilities of ONERA in terms of System Noise Prediction and noise synthesis are summarized. Activities in the domain of new aircraft concept evaluation going up to perception tests are presented.

ONERA'S CAPABILITIES

System Noise Prediction

For the past 10 years ONERA has developed a rapid system noise prediction tool, CARMEN (for « Codes Acoustiques par Rayons pour la Modélisation et l'Estimation de Nuisances » which translates into "Acoustic Codes by Ray Tracing for impact modeling and assessment"), making it possible to establish noise footprints of aircraft flyovers [START_REF] Malbéqui | Aircraft Noise Modelling and Assessment in the IESTA program[END_REF]. Initially developed for classic turbofan tube and wing aircraft, the code was extended to other aircraft types (e.g. helicopters) and/or propulsion systems (e.g. propellers), and more recently, entirely new aircraft concepts.

The tool is based on a modular structure: noise source calculation, installation effects and propagation through the atmosphere. The noise sources are mainly estimated through analytical and semi-empirical models taken from literature. These models deliver far field spectra and directivities. For the calculation of installation effects, either a combination of Boundary Element Method and a simplified integral method for respectively lower and higher frequencies or a ray tracing method is used. The outcoming noise sphere around the aircraft is propagated through the atmosphere considering all major atmospheric conditions. Output from CARMEN are noise spectra at specific microphone positions along with a set of acoustic and perception metrics, as well as whole footprints.

Noise Synthesis

The auralization of CARMEN system noise predictions is performed using the recently developed FLAURA (FLyover AURAlization) code. The FLAURA tool makes it possible to create audible sounds from numerical data, in this case, output from CARMEN. The FLAURAv0 version adopts a frequency domain auralization approach. Specifically, it uses the free-field spectra at the receiver position, calculated by CARMEN at discrete time steps, as input. Propagation effects, including atmospheric absorption, spreading loss, and Doppler shift, are therefore already incorporated by CARMEN. FLAURA adds then ground effects and converts the spectra into the time domain.

A second version, FLAURAv1, using a time domain auralization approach, is currently under development. In this approach, the simulated noise source spectra are converted into the time domain directly at the source. All propagation effects, including atmospheric absorption, spreading loss, Doppler shift, and ground plane reflection, are then simulated fully in the time domain.

Annoyance

The next and final brick of the chain is the capability of evaluating a flyover noise not only « objectively » through its acoustic signature but also on a perception level. ONERA is currently implementing a specific room for listening tests, using several loudspeakers for simulating aircraft flyovers.

CASE STUDIES

In the following an overview of past, current, and future studies involving the chain of noise prediction, synthesis and annoyance will be given. The presentations are intentionally succinct, detailed methodologies and results can be found in the references.

Validation studies

CARMEN's noise source models are mainly semiempirical and semi-analytical. While mostly assessed against experimental data individually, the complete calculation chain has also been assessed against flyover measurements in the past. Turbofan noise models have been assessed through comparison to take off measurements made in the frame of the SILENCE(R) European Project [START_REF] Legriffon | Aircraft Noise Modelling and Assessment in the IESTA program with focus on engine noise[END_REF] (Figure 1). Airframe noise models, on the other hand, could be evaluated through the European project AWIATOR measurement campaign from which several landing conditions could be simulated [START_REF] Fleury | Slat Noise Assessment from Airbus A340 Flyover Phased-Array Microphone Measurements[END_REF] (Figure 2). 

ANSWr

The ANSWr network enabled an interesting study in cooperation with DLR and NASA, in which mutual tools were compared on a reference A319 like tube and wing aircraft and a similar aircraft with engines mounted on top of the fuselage (designed by DLR [START_REF] Bertsch | Noise Prediction within Conceptual Aircraft Design[END_REF], Figure 4). ANSWr System Noise Prediction BenchmarkFirst, a benchmark was performed on the System Noise Prediction Tools between CARMEN, PANAM (DLR) and ANOPP (NASA) using the reference A319-type aircraft, to dig into differences in respective noise source modellings [START_REF] Bertsch | The Aircraft Noise Simulation Working Group (ANSWr) -Tool Benchmark and Reference Aircraft Results[END_REF]. Focus was then given on installation effects calculation methods using the V-2 aircraft [START_REF] Sanders | The Aircraft Noise Simulation Working Group (ANSWr) -V-2 Aircraft Results[END_REF] (Figure 5). 

H2020 ANIMA Auralization benchmark

In a similar spirit, a benchmark on the noise prediction and synthesis chain was done between ONERA, AIRBUS Aviation and Safran Aircraft Engines in the frame of the H2020 project ANIMA [9].

New aircraft concepts

The obvious advantage of a parametric noise prediction tool based on physical modeling only is the ability of predicting not yet flying aircraft. Several ongoing studies benefit of this tool chain to either help at design level or at least evaluate the noise footprint of new concepts.

Fixed wing aircraft

In a self-funded ongoing project, an evaluation of an internally developed Blended Wing Body (BWB) was performed with CARMEN. The main effort was put on installation effects evaluation methods. In the same spirit, an evaluation of a Prandtl plane (Figure 8) was performed in the frame of H2020 European project PARSIFAL ([10] [START_REF]Parsifal Project: a disruptive aircraft for future air transport[END_REF]). Focus was again put on installation effects. Publication for both noise impact studies are to come. Parallel to the development of potential new noise source models, installation effects can already be evaluated. In ANIMA, a first simulation was performed of the BWB BOLT, developed by University of Roma 3, in the frame of ARTEM (Figure 9). A CARMEN noise prediction was done, followed by a noise synthesis, to create sound files for upcoming listening tests in ANIMA. The sounds were integrated in the NLR Virtual Community Noise Simulator (virtual reality goggles).

Propeller driven aircraft

In addition to doing helicopter noise impact assessment, CARMEN has been extended to the application of aircraft powered by contra-rotating rotors. In that perspective a parametric noise model was developed and compared to U-RANS/FW-H calculations based on a 1/5 scale of an Airbus Clean Sky generic Open Rotor [START_REF] Falissard | Influence of Blade Deformations on Open-Rotor Low-Speed and High-Speed Aerodynamics and Aeroacoustics[END_REF] [14] [START_REF] Sanders | Community noise assessment for aircraft with contra-rotating open rotor power plants[END_REF]. 

FUTURE WORK AND PERSPECTIVES

On an entirely different level of Urban Air Mobility, nationally funded projects put a focus on the propagation of sound in an urban environment and the improvement of the noise synthesis tool for rotor noise. These projects on UAM also deal with the improvement of helicopter noise annoyance understanding. Listening tests will be performed in a (currently built) dedicated room.

Finally, another aspect of ONERA's implication in noise annoyance studies will be to establish a link between laboratory listening tests and field studies, what will be done in the frame of another national project, CIGALE.
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 12332 FIGURE 1: Time level history below trace and noise spectrum at 90° for SILENCE(R) take-off
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 4 FIGURE 4: V-2 aircraft concept (DLR)
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 5 FIGURE 5: Isocontour areas for V-2 approach condition ANSWr Auralisation tools BenchmarkAs a follow-up to the System Noise Prediction Benchmark, the comparisons were pushed further to include the synthesis of the generated noise signatures. The three entities (DLR in cooperation with EMPA, Switzerland) used their in-house noise synthesis tools and compared the output of the tool chains[START_REF] Rizzi | A Comparison of Aircraft Flyover Auralizations the Aircraft Noise Simulation Working Group[END_REF] (Figure6).
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 6 Spectrogram of V-2 aircraft for approach condition
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 7 FIGURE 7: SEL(A) contours for ONERA concept with two engine positions
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 8 FIGURE 8: Aircraft geometries studied in H2020 PARSIFAL [10, 11] Two ongoing H2020 European fellow projects (ANIMA [9] and ARTEM [12]) serve as ground for the development of new generation aircraft propulsion system noise models such as UHBR, BLI
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 9 FIGURE 9: Sketch of BOLT, a 400 pax BWB developed by UniRoma3 in ARTEM [12]
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 1011 FIGURE 10: (a) CROR tonal noise prediction, (b)Ground noise levels on flyover microphone[START_REF] Legriffon | Single Event Noise Prediction at ONERA Application to aircraft powered by contra-rotating open rotors[END_REF][START_REF] Sanders | Community noise assessment for aircraft with contra-rotating open rotor power plants[END_REF] In another category of flying systems, a noise prediction of a new generation aerostat was performed[START_REF] Legriffon | Noise Prediction of a new generation aerostat[END_REF]. In partnership with Flying Whales, a first preliminary aerostat design of approximately 160*40*70 meters size was developed and its noise footprint evaluated. The radiated sound from eight