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Introduction

Jet noise is one of the main noise sources of aircraft engine noise, especially during take off when engines are at maximum power. The increasingly stringent laws for noise emissions with the aim of reducing their impact on the community impose severe constraints to the development of commercial aircraft industry. According to the well-known Lighthill's eight power law [START_REF] Lighthill | On sound generated aerodynamically i. general theory[END_REF], jet noise emissions are substantially reduced when the jet velocity exhausting from the engine is decreased. The velocity reduction has to be compensated by the increase of the mass flow and, hence, of the fan/nacelle diameter, to maintain the same thrust. This technical solution led to the development of the Ultra-High By-Pass Ratio (UHBPR) engines. As a drawback, the larger size of the new engines leads to a stronger interaction between the jet flow and the wing/flap surfaces and the consequent generation of a noise source associated with the jet-wing interaction. As outlined by [START_REF] Huber | Characterization of installation effects for hbpr engine, part 4: Assessment of jet acoustics[END_REF] and [START_REF] Huber | Large-scale jet noise testing, reduction and methods validation" exejet": 1. project overview and focus on installation[END_REF], the increase of acoustic emissions due to the jet-surface interaction (JSI) may jeopardise the benefit of noise decrease associated with the jet velocity reduction. Installation effects must consequently be mitigated in future aircraft configurations.

As shown by [START_REF] Cavalieri | Scattering of wavepackets by a flat plate in the vicinity of a turbulent jet[END_REF], [START_REF] Piantanida | Scattering of turbulent-jet wavepackets by a swept trailing edge[END_REF], [START_REF] Nogueira | Acoustic radiation of subsonic jets in the vicinity of an inclined flat plate[END_REF] and [START_REF] Nogueira | Acoustic radiation of subsonic jets in the vicinity of an inclined flat plate[END_REF], JSI noise can be modelled by the diffraction of turbulent wavepackets by the trailing edge (TE) of the surface. In these works, the authors showed that non-linear aspects described by jittering were not essential to obtain accurate predictions of installed jet noise. The effectiveness of a linear model to describe jet-surface interaction noise was further underlined by [START_REF] Faranosov | The modeling of jet-plate interaction noise in the presence of co-flow[END_REF], who showed that installed far-field noise could be accurately predicted using a Wiener-Hopf model based on near-field pressure fluctuations provided by parabolised stability equations. The linearity of the JSI noise mechanism was exploited by [START_REF] Kopiev | Active control of jetplate interaction noise for excited jets by plasma actuators[END_REF] and [START_REF] Bychkov | Plasma-based active closed-loop control of instability waves in unexcited turbulent jet. part 2. installed jet[END_REF] to implement harmonic control strategies in an installed configuration for a forced and unforced jet using a linear reactive control framework.

Plasma actuators at the nozzle exit were driven by near-field sensors via a feedback control scheme to reduce the wavepacket amplitude in the flow, thus reducing the noise scattered by the TE of the surface. Correct positioning of near-field sensors in the jet plume is essential for correct estimation at the observer position and, thus, for control effectiveness in such approaches [START_REF] Maia | Real-time reactive control of stochastic disturbances in forced turbulent jets[END_REF].

The above discussion motivates the present work where we perform noise estimation in an installed configuration using linear transfer functions of the kind used in the real-time, reactive control strategies [START_REF] Maia | Real-time reactive control of stochastic disturbances in forced turbulent jets[END_REF]. We investigate the jet-surface interaction phenomena on a simplified configuration consisting of a subsonic jet grazing a flat plate parallel to the nozzle axis. Sensor and observer readings in the near field and far field of the jet, respectively, are used to build empirical transfer functions to estimate the noise radiated in the far field. This approach has been used by [START_REF] Kleine | Real-time supersonic jet noise predictions from near-field sensors with a wavepacket model[END_REF] to perform estimations of supersonic jet noise. Both velocity and pressure measurements are used in the near field to derive the empirical transfer functions that can be used for real-time noise estimation. The transfer function as well as the accuracy of the estimation performed are characterised as a function of the type of the near-field sensor used, the streamwise location of the sensors, the radial distance between the jet and the flat plate and the jet flow conditions. This analysis is fundamental for the guidance of sensor positioning for closed-loop control of JSI noise (Sasaki et al, 2018a,b).

The remainder of the present document is organised as follows. In 2 we describe the experimental test campaign and the instrumentation adopted. A steel flat plate was installed parallel to the jet at different radial distances H = 0.6D, 0.75D and 1D from the nozzle axis with the trailing edge positioned at an axial distance x/D = 2. We used both a hot wire and a microphone array as near-field sensors. A 6-microphone azimuthal near-field array was placed at a radial distance of r = 0.9 D from the nozzle axis to measure the pressure fluctuations associated with the azimuthal Fourier mode m = 0, which is the most efficient mode in terms of noise emissions in an installed configuration [START_REF] Cavalieri | Scattering of wavepackets by a flat plate in the vicinity of a turbulent jet[END_REF]. We remind the reader that the m = 0 mode extracted in the installed configuration is substantially different from that determined in the free-jet configuration, because it contains the signature of the acoustic field scattered from the surface in addition to the incident field. The accuracy of the azimuthal Fourier decomposition for the frequencies of interest where the JSI noise is dominant was checked by computing the coherence between neighbouring microphones [START_REF] Cavalieri | Scattering of wavepackets by a flat plate in the vicinity of a turbulent jet[END_REF][START_REF] Mancinelli | A complex-valued resonance model for axisymmetric screech tones in supersonic jets[END_REF]. The near-field array was free to move along the streamwise direction. A hot-wire (HW) probe was placed on the nozzle axis and was free to move along both the streamwise and radial directions. Two far-field microphones were placed at the TE axial position at a radial distance of 26 D from the trailing edge. The microphone observers were installed at azimuthal angles θ = 0 • and θ = 180 • in the shielded and unshielded sides, respectively, of the acoustic field where the dipole TE noise source has its peak radiation.

Measurements were carried out in isothermal conditions for different jet Mach numbers ranging from M = 0.15 to M = 0.75. The low Mach numbers, although far from the flow conditions found in real industrial applications, are herein considered given that our primary interest is to explore the possibility of building a real-time, laboratory-scale control demonstrator. Pressure fluctuations were measured by PCB 46BP microphones which are characterised by a flat frequency response in the range 4 Hz-70 kHz. Hot-wire measurements were performed using a 55P11 Dantec probe connected to a Streamline Pro anemometer with a frequency response up to 30 kHz. Data were acquired using 

(t) = +∞ 0 h ηζ (τ ) η (t -τ ) dτ , (1) 
where h ηζ (t) is the inverse Fourier transform of the transfer function H ηζ (f ), which is given by

H ηζ (f ) = ⟨S ηζ (f )⟩ ⟨S ηη (f )⟩ , (2) 
where S ηζ is the cross-spectrum between the near-field sensor and the far-field observer, S ηη is the auto-spectrum of the near-field sensor, f is the frequency and ⟨•⟩ indicates an ensemble average performed on 550 blocks of 8192 samples.

(1) considers only positive τ , thus providing a causal estimation.

In what follows, we characterise the transfer function between near-field sensors η (t) and far-field observers ζ (t) as a function of jet Mach number, spatial location of the near-field sensors and radial distance between the jet and the plate. We consider both the HW and the microphone array as near-field sensors. Previous to that, we identify the frequency range for which installed jet noise is dominant by comparing the far-field spectra for both free-jet and installed configurations in the shielded side for different jet Mach numbers.

Figure 2 shows that the typical noise bump associated with JSI noise is dom-

inant in the St-number range St = [0.1, 0.8],
where the Strouhal number is calculated on the basis of the nozzle diameter and the jet velocity. Hence, all the results presented hereafter are obtained for time signals band-pass filtered in this frequency range. We remind the reader that the use of a band-pass filter might introduce a potentially significant time delay in the real-time control application and so this procedure should be used only for the off-line control kernel calculation. We further observe that the noise increase due to the JSI reduces with increasing Mach number. This trend is consistent with the results reported by [START_REF] Piantanida | Scattering of turbulent-jet wavepackets by a swept trailing edge[END_REF] and can be explained by the progressive dominance of the 'direct' jet noise over the installed jet noise scattered by the trailing edge as M increases, given that the two noise components scale with M 8 and M 5 , respectively [START_REF] Lighthill | On sound generated aerodynamically i. general theory[END_REF][START_REF] Williams | Sound generation by turbulence and surfaces in arbitrary motion[END_REF][START_REF] Piantanida | Scattering of turbulent-jet wavepackets by a swept trailing edge[END_REF].

For what concerns the near field of the jet, typical noise and velocity spectra are shown in appendix A.

Cross-statistical analysis

As shown by [START_REF] Maia | Real-time reactive control of stochastic disturbances in forced turbulent jets[END_REF], the coherence between sensors and observers is a key quantity where control effectiveness is concerned. We therefore use two-point coherence between near-field sensors η and far-field observers ζ as a means to characterise the transfer function. The coherence is defined as,

γ (f ) = |⟨S ηζ (f )⟩| 2 ⟨|S ηη (f ) |⟩⟨|S ζζ (f ) |⟩ , (3) 
where S ζζ is the observer auto-spectrum. We use as near-field sensor signal η (t) both the azimuthal mode m = 0 extracted from the microphone array measurements and the velocity measured at different streamwise and radial positions. ference between hydrodynamic and acoustic components of the near pressure field, as studied by [START_REF] Coiffet | Coherent structures in subsonic jets: a quasi-irrotational source mechanism?[END_REF] and [START_REF] Guitton | Velocity dependence of the near pressure field of subsonic jets: understanding the associated source mechanisms[END_REF].

Microphone array measurements

We now consider the sensor/observer cross-statistics in the time domain by calculating the cross-correlation coefficient

ρ ηζ (τ ) = R ηζ (τ ) σ η σ ζ , (4) 
where σ η and σ ζ are the standard deviations of near-field sensor and far-field observer time signals, respectively, and R ηζ (τ ) is the cross-correlation defined as

R ηζ (τ ) = +∞ -∞ η (t) ζ (t + τ ) dt.
(5) 

τ H+A = r T E,η U c + r T E,ζ c ∞ , (6a) 
τ A = r T E,ζ -r T E,η c ∞ , (6b) 
where U c is the convection velocity taken as 0.8 U j , as supported by linear stability analysis calculation reported in B, and c ∞ is the ambient speed of sound. (2022) would allow such positions to be considered without deteriorating the control efficiency.

Hot-wire measurements

Motivated by the contribution of the back-scattered acoustic pressure to the coherence between near-field sensors and far-field observers and the problems that this would pose for closed-loop, reactive control (Sasaki et al, 2018b,a;[START_REF] Maia | Real-time reactive control of stochastic disturbances in forced turbulent jets[END_REF], we conducted a series of experimental tests using a HW probe to more deeply investigate the relation between the hydrodynamic component in the near field and the scattered sound in the far field. We remind the reader that a HW installed on the jet axis purely measures axisymmetric velocity fluctuations and the information from higher order modes become more significant when the HW is moved towards the shear layer of the jet. We previously verified that the HW effect on far-field noise is negligible for the Stnumber range and far-field microphone position we investigated herein, that is, St = [0.1, 0.8] and shielded side, respectively. These results are not reported for the sake of conciseness. Figure 6 shows the coherence maps between the far-field noise on the shielded side and the HW on the jet axis as a function of

St and streamwise position of the HW probe for jet Mach numbers M = 0.2, 0.3 and 0.4 and jet-plate distance H = 1D. We note that the coherence level is much lower than that observed between the m = 0 mode extracted from the near-field microphone array and the far-field noise, thus confirming that the back-scattered acoustic pressure makes a significant contribution to the coherence between the m = 0 mode and the far-field noise. The coherence between the HW and the far-field microphone is higher in the proximity of the TE consistent with the results obtained using the near-field microphone array for which the correlation peak for positions close to the TE occurred for time delays related to the hydrodynamic convection plus acoustic scattering phenomenon. We finally note that, consistent with what was observed using the microphone array, the coherence level decreases with increasing M . We now explore the coherence between HW and far-field noise as a function of the radial position of the HW. As an example, we select the jet Mach number M = 0.2, the jet-plate distance H = 1D and a streamwise position in the proximity of the TE at x/D = 1.68. Figure 7 shows the coherence map between the HW and the far-field microphone on the shielded side as a function of St and radial distance z, revealing that the coherence exhibits higher levels on the nozzle axis. This behaviour is consistent with the physics of jet installation noise, whose generation is mostly underpinned by the m = 0 mode [START_REF] Cavalieri | Scattering of wavepackets by a flat plate in the vicinity of a turbulent jet[END_REF], which is better captured when the HW probe is positioned on the jet axis. Moving away from the jet axis towards the shear layer, higherorder azimuthal modes dominate the jet dynamics, thus explaining the loss of coherence between the HW and far-field microphone signals observed for these radial positions.

The effect of the jet-plate distance on the coherence between HW and farfield microphone is illustrated in figure 8, which shows the coherence maps as a function of St and streamwise position of the probe for z/D = 0 and for jetplate distances H = 0.6D, 0.75D and 1D. We note that the coherence map becomes peakier for decreasing jet-plate distances, although no remarkable changes of the coherence level are appreciated. (1). Specifically, the estimation performed using only the information related to the hydrodynamic convection of the turbulent wavepacket plus acoustic scattering from the TE, that is, considering h ηζ for τ ≥ τ H+A , is hereafter denoted 'H+A'. The estimation achieved by considering the transfer function for τ > 0 is hereafter denoted 'T', where 'T' stands for 'total', given that it exploits both the information from the hydrodynamic convection plus acoustic scattering and acoustic back-scattering. This estimation can be defined as a causal estimation on the basis of a mere mathematical definition of causality as opposed to the 'H+A' estimation which is based on the notion of a phenomenological causality given that the hydrodynamic wavepacket is the cause of the scattered sound. Hence, the estimations performed using the portion of the transfer function for 0 < τ < τ H+A exploit phenomenological non-causal information involving the sound scattered by the TE. This may potentially pose a problem for control implementation given that the controller will be unable to act prior to the generation mechanism, i.e., the scattering at the TE. Nevertheless, as inferred by the results obtained by [START_REF] Bychkov | Plasma-based active closed-loop control of instability waves in unexcited turbulent jet. part 2. installed jet[END_REF] and [START_REF] Kopiev | Active control of jetplate interaction noise for excited jets by plasma actuators[END_REF] and as suggested by [START_REF] Sipp | Linear closed-loop control of fluid instabilities and noise-induced perturbations: a review of approaches and tools[END_REF], actuators can have a certain control effectiveness even when they act a little after the cause as a result of a certain spatio-temporal coherence of the scattering Figure 10 shows the comparison between the measured and estimated noise on the shielded side for M = 0.2, H = 1D and x/D = 0. As an example, we

Far-field noise estimation

Pressure-based estimations

show the results obtained considering the 'total' causal estimation. We note that the far-field noise appears to be accurately estimated for the streamwise position considered. In what follows, we will quantify the accuracy of the estimation performed.

Figure 11 shows the comparison between the measured and estimated farfield spectra on the shielded side for the same configuration considered above for all the types of estimation defined above. We note that the use of the hydrodynamic+acoustic component provides a poor estimation of the far-field for all the types of estimation exhibits a similar trend. Specifically, the total estimation shows the highest correlation level at the nozzle exit, the correlation then drops for axial positions in between 0.5D and 1D and then rises for larger streamwise positions. On the contrary, the H+A estimation exhibits a low correlation with the measured signal at the nozzle exit, a further drop up to x/D = 0.5 and then a rise with a maximum around x/D = 1.5, where the correlation level is comparable with that of the total estimation.

We remind the reader that high cross-correlation levels between two signals imply a shape similarity between the two signals but not necessarily their Jet-surface interaction noise estimation energy being the same. For this reason, we compute the ∆OASP L between the measured and estimated noise signals for all the streamwise positions of the near-field array as an additional metrics to further quantify the accuracy of the estimation performed. The OASP L is calculated only in the frequency band for which the JSI noise is dominant, that is, St = [0.1, 0.8]. The Band-Limited OverAll Sound Pressure Level (BLOASP L) is computed according to the formula

BLOASP L = 20 log 10 σ p ref , ( 7 
)
where σ is the standard deviation of the pressure signal and p ref = 20µ P a is a reference pressure. The standard deviation is computed from the variance, which is evaluated as

σ 2 = f2 f1 P SD P a 2 /Hz df , (8) 
where f 1 and f 2 are the frequency limits corresponding to the Strouhal number range [0.1, 0.8]. Figure 13 In conclusion, the characterisation of the estimation accuracy herein performed revealed that the near-nozzle region is dominated by the contribution of the scattered sound, whereas the causal component related to the hydrodynamic convection plus acoustic scattering emerges moving downstream in the jet plume. We finally note that, although the effect was not identified by the analysis we carried out, for large streamwise positions the scattering from the microphone array itself might play a role in the determination of the sensor/observer coherence and, hence, in the accuracy of the far-field noise estimation.

Velocity-based estimations

Figure 14 shows the ∆ BLOASP L between the measured and estimated farfield noise on the shielded side for different jet Mach numbers and jet-plate distances. The estimation performed using the HW positioned on the jet axis (which comprises only the hydrodynamic fluctuations) is much less accurate than that achieved using the microphone array. Specifically, the estimation discrepancy in dB from the measured data achieved using the HW is twice that obtained using the microphone array for the same M . We note that the 

Conclusions

In this work we dealt with the real-time estimation of the noise radiated by a jet interacting with a flat plate. We considered the estimations obtained using linear transfer functions built from near-field sensor and far-field observer readings. We characterised the transfer function and the accuracy of the farfield noise estimations as a function of jet flow conditions, radial distance between the jet and the plate and streamwise position of the near-field sensors.

We considered both an azimuthal microphone array and a hot wire as near-field sensors. This analysis is essential to guide the positioning of near-field sensors for the implementation of real-time closed-loop control strategies of jet-surface interaction noise. We considered the coherence as a means to characterise the sensor/observer transfer function and as an indicator of the linearity of the jet installation noise phenomenon: the higher the coherence level, the more accurate the noise estimation obtained using linear transfer functions.

We observed that the sensor/observer coherence level is much higher when using the microphone array rather than the HW probe as near-field sensor.

Specifically, the coherence as well as the noise estimation accuracy is high for streamwise positions of the microphone array close to the nozzle exit, where the coherence is mainly dominated by the scattered acoustic pressure information.

This feature could potentially represent an issue when implementing real-time control given that the control kernel will be calculated on the basis of the effect that is sought to control. The noise estimations performed using the linear transfer function revealed an accuracy of 1 dB and 7 dB in terms of OASP L

for the lowest and highest jet Mach numbers, respectively. High and moderate coherence levels were found in the vicinity of the trailing edge of the surface when using as near-field sensors the microphone array and the hot-wire probe, respectively. For these axial positions the coherence is mainly dominated by the hydrodynamic component. The noise estimation accuracy achieved using the microphone array is comparable to that observed for streamwise positions close to the nozzle exit and drastically drops when hot-wire readings are used to perform the estimation. We finally observed a reduction of the coherence level, and hence a deterioration of the accuracy of the noise estimation, for increasing jet Mach number.

We finally note that, in order to implement closed-loop control and achieve a reduction of the observer intensity, the characteristic time scale of the loop controller has to be smaller of the characteristic time scale of the flow phenomenon sought to control. This work reveals that, in the case of installed jet noise control, the characteristic flow time scale does not only depend on the spatial location of the near-field sensors but also on the nature of the information -either hydrodynamic or acoustic -exploited to perform the observer estimation and drive the actuation process. As suggested by [START_REF] Bychkov | Plasma-based active closed-loop control of instability waves in unexcited turbulent jet. part 2. installed jet[END_REF], [START_REF] Kopiev | Active control of jetplate interaction noise for excited jets by plasma actuators[END_REF] and [START_REF] Sipp | Linear closed-loop control of fluid instabilities and noise-induced perturbations: a review of approaches and tools[END_REF], actuators could however have a certain effectiveness even if driven by phenomenologically noncausal acoustic information as a consequence of the spatio-temporal coherence of the hydrodynamic wavepackets. Furthermore, in the case of actuators placed at the trailing edge of the surface, the use of the Wiener-Hopf control approach developed by [START_REF] Martini | Resolvent-based tools for optimal estimation and control via the wiener-hopf formalism[END_REF] could permit to place near-field sensors at streamwise positions close to the surface edge where the causal hydrodynamic information was found to be dominant significantly reducing the causality issues associated with the vicinity between sensors and actuators. was used to non-uniformly distribute the 350 grid points along the radial direction to efficiently solve the shear layer of the jet. The analytic hyperbolic tangent profile proposed by [START_REF] Lesshafft | Linear impulse response in hot round jets[END_REF],

U = 1 2 M 1 + tanh R 4δ R r - r R , (B2) 
was used as base flow, where R = 0.5 is the radius and δ is the shear-layer thickness. Consistent with HW measurements, the shear-layer thickness was chosen so that R/δ = 25. Figure B3 shows the evolution along the St of the K-H mode phase speed for M = 0.15, 0.35, 0.55 and 0.75. Consistent with what previously reported in the literature (see e.g. [START_REF] Michalke | Survey on jet instability theory[END_REF]), the phase speed is frequency dependent and its value decreases for increasing M . The plot shows that the value of 0.8 U j can be accurately adopted as a preliminary and simplified evaluation of the convection speed independent of both frequency and flow conditions. Furthermore, the results reported in figure B3 provide a possible explanation for the reduction of noise estimation accuracy observed 

  3 is dedicated to the characterisation of the sensor/observer transfer function and the estimation of far-field noise based on sensor readings. Conclusions are provided in 4. 2 Experimental set-up An experimental test campaign has been performed in the Bruit & Vent anechoic facility at Prométée, the technological platform of Institut Pprime in Poitiers. The anechoic chamber is 12.6 × 10.6 × 7.85 m 3 in size and is equipped with absorbing acoustic foam leading to a cut-off frequency of 200 Hz. The feed-line consists of a compressed dry-air duct supplied by a screw compressor delivering a continuous mass flow rate up to 1 kgs -1 at 3.5 bar. An electrically driven valve downstream of the compressor permits regulation of the jet velocity by controlling the incoming mass flow. A cooling system is installed downstream of the regulating valve to provide a jet flow in isothermal conditions. Stagnation temperature and pressure in the plenum chamber are monitored using a thermocouple and a pressure transducer, respectively. The jet issues from a convergent nozzle of diameter D = 0.05 m. The boundary layer inside the nozzle is tripped by a strip of carborundum particles placed 2.5 diameters upstream of the nozzle exit so as to generate an initially turbulent jet.

Fig. 1

 1 Fig. 1 Sketch and picture of the experimental setup and sensors disposition. (a) near-field microphone array, (b) hot wire installation.

Fig. 2

 2 Fig. 2 Comparison between far-field spectra in free-jet and installed configurations on the shielded side. Blue line refers to the free-jet configuration, red line to the installed one. The installed configuration refers to the jet-plate distance H = 1D.

Figure 3

 3 Figure 3 shows the coherence maps as a function of Strouhal number and axial position of the near-field array between the far-field noise measured on the shielded side and the near-field azimuthal mode m = 0 for jet Mach numbers M = 0.15, 0.35, 0.55 and 0.75 and jet-plate distance H = 1D. The coherence level is the highest close to the nozzle exhaust and in the vicinity of the trailing edge of the plate, suggesting that these regions are best suited for sensors placement in the implementation of real-time control. Furthermore, we note that the coherence level decreases significantly for increasing jet Mach number, this trend follows that of the reduction of JSI noise shown in figure 2. The localised 'holes' in the coherence maps can be attributed to destructive inter-

Fig. 3

 3 Fig. 3 Coherence maps as a function of St and x/D between far-field noise on the shielded side and near-field azimuthal mode m = 0 for different jet Mach numbers and jet-plate distance H = 1D.

Figure 4

 4 Figure4shows the cross-correlation coefficient map as a function of the time delay and the near-field array axial position between the far-field noise on the shielded side and the azimuthal mode m = 0. As an example, we show the map for M = 0.35 and H = 1D. We note the presence of a correlation peak for a near-constant time delay for axial positions close to the nozzle exhaust and a correlation peak, whose intensity increases as the axial position approaches the trailing edge, with a variable time delay as a function of the streamwise location considered. This behaviour can be ascribed to the fact that the nearfield microphones sense both the signature of the hydrodynamic wavepacket and the scattered acoustic pressure from the TE. Hence, the correlation pattern described above is the result of two different phenomena characterised by different time delays: (i) the hydrodynamic convection of the wavepacket from the near-field sensors to the TE and the subsequent acoustic scattering from the TE to the far-field microphones; (ii) the scattering of the acoustic pressure from the TE to both the near-field sensors and the far-field observers.These phenomena are schematically represented in figure5. Denoting the distance between the near-field array and the trailing edge r T E,η and the distance

  These characteristic time delays are superimposed on the cross-correlation map in figure4and found to match the time delays of the correlation peaks. The estimated time delays shed light on the nature of the coherence in the regions close to the nozzle exit and in the vicinity of the trailing edge. Specifically, the high coherence observed close to the nozzle exhaust is mainly related to the back-scattered acoustic pressure from the TE, whereas the high correlation level detected in the proximity of the TE is associated with the hydrodynamic wavepacket. This component is the one we would be interested in to control installed jet noise using a feed-forward closed-loop control strategy where actuators placed on the TE are driven by near-field upstream sensors to reduce the noise diffracted by the surface. Hence, the exploitation of the hydrodynamic wavepacket convection information to drive the control would lead to the installation of near-field sensors in the close vicinity of the TE and, thus, of the actuators. Despite this might generate non-causal components in the control kernel, the Wiener-Hopf control approach developed byMartini et al 

Fig. 4

 4 Fig. 4 Cross-correlation coefficient map as a function of time delay and streamwise position of the near-field array between far-field noise on the shielded side and near-field azimuthal mode m = 0 for jet Mach number M = 0.35 and jet-plate distance H = 1D. Green dashed line refers to the acoustic scattering time delay (τ A ), black dashed line to the hydrodynamic convection plus acoustic scattering time delay (τ H+A ).

Fig. 5

 5 Fig. 5 Scheme of the two different phenomena measured by the near-field sensors and farfield observers: (i) hydrodynamic convection of the wavepacket from the near-field sensors to the TE plus acoustic scattering from the TE to the far-field observers; (ii) acoustic scattering from the TE to both the far-field observers and near-field sensors.

Fig. 6

 6 Fig. 6 Coherence maps as a function of St and streamwise position of the HW probe between far-field observer in the shielded side and velocity fluctuations on the jet axis.

Fig. 7

 7 Fig. 7 Coherence map as a function of St and transversal position of the HW probe between far-field observer in the shielded side and velocity fluctuations for M = 0.2 and x/D = 1.68.

Fig. 8

 8 Fig. 8 Coherence maps between HW and far-field microphone in the shielded side as a function of St and streamwise position x/D for jet Mach number M = 0.2 and HW transversal position z/D = 0.

Figure 9

 9 Figure 9 shows an example of the transfer function h ηζ (t) in the time domain between m = 0 mode and far-field noise on the shielded side for M = 0.2,

Fig. 9

 9 Fig. 9 Transfer function in the time domain between near-field m = 0 and far-field noise on the shielded side for M = 0.2, streamwise position x/D = 0.84 and jet-plate distance H = 1D. The time delays corresponding to the two causal estimations (total and 'H+A') considered in the present work are superimposed on the plot. The dashed green line indicating the back-scattering time delay τ A defined in (6) is indicated as well for completeness.

Fig. 10

 10 Fig. 10 Comparison between measured and estimated far-field noise on the shielded side for M = 0.2, H = 1D and x/D = 0. Blue line refers to the measured signal, red line to the estimated one. Both signals are normalised by their standard deviation σ. The causal estimation is performed considering the transfer function for positive τ .

Fig. 11

 11 Fig. 11 Comparison between measured and estimated far-field noise spectra on the shielded side for M = 0.2, H = 1D and x/D = 0. Estimation is performed using the azimuthal microphone array as near-field sensor. Blue line refers to the measured data, red line to the total causal estimation and black line to the H+A-based estimation.

Fig. 12

 12 Fig.12Cross-correlation coefficient peak between measured and estimated far-field noise signals in the shielded side. Estimation is performed using the microphone array as nearfield sensor. Red ⋄ refer to total estimation and black △ to H+A estimation.

  shows the ∆BLOASP L between measured and estimated far-field noise for all the streamwise positions of the near-field microphone array, H = 1D and M = 0.15, 0.35, 0.55 and 0.75. The total estimation shows the maximum accuracy close to the nozzle exit and its accuracy decreases with the increasing Mach number. Concerning the estimation using the H+A component, the accuracy is poor for streamwise positions close to the nozzle exit and is comparable with that obtained using the total causal component for 1 ≤ x/D ≤ 1.5. The estimation accuracy degradation observed for M = 0.15 and large x/D is ascribed to an under-estimation of the convection speed (as shown in B) and a likely local acceleration of the grazing flow due to Coanda effect, as previously suggested by[START_REF] Cavalieri | Scattering of wavepackets by a flat plate in the vicinity of a turbulent jet[END_REF] and[START_REF] Proença | Investigation into the turbulence statistics of installed jets using hot-wire anemometry[END_REF].

Fig. 13 ∆

 13 Fig. 13 ∆ BLOASP L between measured and estimated JSI noise in the St-number range [0.1, 0.8]. Red ⋄ refer to total estimation and black △ to the H+A estimation.

Fig. 14 ∆

 14 Fig. 14 ∆ BLOASP L between measured and estimated far-field noise on the shielded side for different jet-plate distances and jet Mach numbers. Estimations are computed using the HW as near-field sensor.

Figure 15

 15 Figure15shows the cross-correlation coefficient peak between estimated and measured far-field noise signals on the shielded side for different jet Mach numbers and jet-plate distances. The results are consistent with the estimation accuracy in dB shown in figure14. We note that the maximum correlation level detected is slightly lower than 0.6 close to the TE. These moderate correlation levels, together with the 5 dB estimation accuracy at best observed above, imply that while elimination of JSI noise would not be possible, a sound reduction should be achieved using a closed-loop control strategy. The quantification of this noise reduction by implementing a linear reactive control strategy will be the subject of a future work.

Fig. 15

 15 Fig. 15 Cross-correlation coefficient peak between measured and estimated far-field noise in the shielded side for different jet Mach numbers and jet-plate distances. Estimations are computed using the HW as near-field sensor.

Fig. A1

 A1 Fig. A1 Streamwise evolution of the pressure spectra of the near-field m = 0 mode for M = 0.55 and jet-plate distance H = 1D.

Fig. A2

 A2 Fig. A2 Streamwise evolution of the velocity spectra on the nozzle axis for M = 0.4 and jet-plate distance H = 1D.

Fig

  Fig. B3 Kelvin-Helmholtz phase speed evolution as a function of the Strouhal number calculated from linear stability analysis. The stability problem is solved using as base flow the hyperbolic tangent velocity profile reported in (B2) with R/δ = 25. Results refer to azimuthal mode m = 0 and isothermal flow conditions.
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Appendix A Near-field spectra

We here characterise the spectral content of the near-field m = 0 mode and streamwise velocity measured by the azimuthal microphone array and the hot wire, respectively. Figure A1 shows the streamwise evolution of the near-field spectra of the m = 0 mode for jet Mach number M = 0.55 and jet-plate distance H = 1D. Axial positions x/D = 0.06, 0.44, 0.82, 1.2, 1.58 and 1.96 are herein considered. We note that the axisymmetric mode exhibits the typical spectral behaviour of the near pressure field with a low-frequency hump related to the dominance of hydrodynamic fluctuations (see among many [START_REF] Arndt | The proper orthogonal decomposition of pressure fluctuations surrounding a turbulent jet[END_REF] and [START_REF] Mancinelli | Wavelet decomposition of hydrodynamic and acoustic pressures in the near field of the jet[END_REF]). Consistent with the typical instabilitywave behaviour, the energy hump amplitude increases for large x/D and is less significant for small x/D, thus confirming the results presented above where we show that the acoustic contribution is dominant for axial positions in the vicinity of the nozzle exhaust.

Figure A2 shows the streamwise evolution of the velocity spectra on the nozzle axis for M = 0.4, H = 1D and same axial positions considered above.

The spectra are normalised using as a reference time scale D/U j and as a reference velocity U j . Consistent with the near-field pressure spectra evolution shown above, we note an energy hump associated with the Kelvin-Helmholtz (K-H) instability for x/D ≥ 1.5 and for St ≈ [0.3, 0.7], that is, the most amplified frequencies of the axisymmetric K-H wavepacket [START_REF] Michalke | Survey on jet instability theory[END_REF].

Appendix B Convection velocity evaluation

We here apply local-parallel flow linear stability theory to a finite thickness model to evaluate the convection speed of the hydrodynamic wavepacket via the phase speed of the K-H mode. Writing the linearised Euler equations in terms of pressure, we obtain the compressible Rayleigh equation, which, for an isothermal flow of the kind we consider herein, reads