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Unmanned Air Vehicles generate intense levels of noise during training or operation. This is a dual problem due, on one hand, to annoyance of the community during the training flights and, on the other hand, to the risk of an early acoustic detection of the aircraft by the enemy during operations. The engine integration of such vehicles is an important characteristic for orienting the design towards either a noisy or a quiet aircraft. The potential of optimized engine integration is not exploited enough mainly because noise prediction is less developed. In order to establish a noise shielding database for a validation of acoustic prediction codes, a set of related aeroacoustics shielding tests were carried out. The appropriate test source is a key point to successful experimental shielding analysis. The authors present the characteristics of the SPARC source and the improvements done for its implementation in the both wind tunnel. The noise shielding effect results are compared and commented.

Introduction

Few years ago, ONERA started to develop an acoustic punctual source able to provide the most powerful acoustic energy in the smallest volume. The main goal was to provide high sound pressure levels in the far field for calibration of microphones. For the noise shielding effects a reference source is needed. Such a source can be realized using a loudspeaker or customized device [START_REF] Crocker | Handbook of Noise and Vibration Control[END_REF] but these sources are intrusive and not relevant in presence of flow. The SPARC source (Source imPulsionnelle AeRoaCoustique) [START_REF] Lebigot | Étude de faisabilité d'une source acoustique impulsionnelle pour l'étalonnage en amplitude et en phase d'un réseau de microphones en soufflerie[END_REF] has been improved for in flow implementation and has been used for many applications, especially to characterize the engine installation of aerial vehicles and the associated shielding effects [START_REF] Hosoya | Acoustic testing in a very small space based on a point sound source generated by laser-induced breakdown: Stabilization of plasma formation[END_REF] [4] [START_REF] Guo | Aircraft System Noise Shielding Prediction with a Kirchoff Integral Method[END_REF].

Design and characteristics of the acoustic pulse source

The SPARC source is based on electrical discharge by creating a difference of potential between two electrodes. A strong electric field is created which ionizes the air between these electrodes. The local air being ionized it becomes conductive and the local air volume conducts strong electric current that drives a significant increase in local temperature. This heating is accompanied by a dilation of the volume of air between the two electrodes, dilatation immediately followed by a contraction. This phenomenon results in a fluctuation of the local density which leads to the emission of a high level acoustic wave in all directions. This acoustic pulse generates a famous N wave. A prototype of the SPARC source is shown in Figure 1. Two major technical issues have been overcome. First, the capacity loads have to be realized rapidly (less than 100 milliseconds) and the switching for the discharge must be synchronized to reach a frequency of the order of 10 Hz. Each discharge must be executed in a very short time (from 0.1 to 100 microseconds) for relatively high current and voltage levels. The order of magnitude is several hundred Ampere in intensity and several tens of thousands of Volts in voltage (30 kV). Several additional modifications were made to the SPARC source to improve its performances specially in the wind tunnels. A new capacitor was selected for maximum efficient load. The stability of the energy for each pulse and the shape of the source was especially designed for the tests in-flow. The SPARC source was implemented in several wind tunnels such as F1 -ONERA, Toulouse-and LLF -DNW, NL-(Figure 3) before being used in F2 -ONERA, Toulouse. Additional tests have been carried out to the new profiled SPARC source characteristics in static conditions and in flow to provide a complete data base for the shielding effect. The characterization was made in an anechoic chamber to verify the N-wave shape and the propagation (Figure 4). The figure 5 below shows the isolated pulse signal which is more than 500 Pa in amplitude (peak to peak), less than 100 microseconds in duration. The burst of waves is able to run more than 1 minute and produce several hundreds of N-waves. Generally we make a synchronized time-average on 300 blocks which corresponds to 30 seconds duration signal for each run (rate of the pulse 10 Hz). A preliminary test campaign was carried out in F2 to implement the SPARC source and verify its behaviour in presence of single plate. The signal pressure was then recorded by a microphone fitted at several distances from the SPARC source ranging from 20 mm to 200 mm in order to verify the sound pressure level available during the free field propagation. The figure 6 shows that we obtain very high level more than 160 dB at the farthest distance. Nevertheless, the closer distance between the source and the microphone we can obtain was no less than 50 mm. Close to the source the sound pressure level was so high it induces an overload of the microphone. This is an issue for the further shielding tests in presence of the model because we need to fit the acoustics source as close as possible to measure accurately the shielding effects. els and the impulse nature of the source, it has been demonstrated that the propagation is linear at least from 30mm from the source. Unfortunately, it was not possible to make measurement closer because the condenser discharge appears directly on the sensor and not between the electrodes. The results obtain is given on figure 7. We can observe a very good agreement between the measurement and the classic 1 /R law which confirm a linear propagation. The reflections on the walls of the wind tunnel were removed using a temporal signal analysis. The results are shown on the figure 10 for a flow velocity equal to 60 m/s. The directivity diagrams are presented in RMS values (Figure 10).

We can observe the expected shielding effect with an increasing of the SPL on the side exposed at the source due to reflexions on the plate and, on the opposite, a dramatic mitigation of the SPL in the shadow zone. The installation effects are well highlighted by these preliminary tests. Figure10: Shielding effect with a plane plate We can notice in the area pointed in green, the directivity effects due the SPARC source (support and electrode stems). The intrusiveness of the source has been studied by numerical simulation and is detailed in the next section.

Acoustic intrusiveness of the SPARC source

In order to evaluate the acoustic intrusiveness of the SPARC source support, we performed BEM (Boundary Elements Method) simulation. The objective is to calculate the directivity of the acoustic field radiated by a monopolar source located between the electrodes of the SPARC by integrating the effects of acoustic diffraction on this support (Figure 11). The BEM computations were realized with the BEMUSE (in-house ONERA code). The surface of the mesh is composed with 53 280 triangular elements and 260642 nodes. The spherical monopolar source is located at halfway from the electrodes. The amplitude is equal to 1 Pa at distance 1 m. The theoretical maximum frequency available is 30 kHz, so the results with no flow are computed at 100 Hz in low frequency and then from 2 kHz to 20 kHz by step 2 kHz. The acoustic field is provided in 3 The effect of the diffraction appears at 2 kHz but remains acceptable. From 4 kHz and beyond, the directivity diagrams are affected and no longer omnidirectional. We observe important lobes at 10 kHz and 20 kHz. It is important to notice that calculations assume a stationary harmonic point source, while the SPARC source is impulsive. The first point to consider is that with the BEM, all solid surfaces contribute to diffraction effects. With experiments, the situation depends on the number of echoes that are taken into account in the analysis. However, the echoes generated by the surfaces of the support, closest to the source, are the most difficult to separate from direct propagation (these are the most energetic and the least delayed).

The second point concerns the legitimacy of the BEM calculations to validate the installation effects by an impulsive source. In experimental context, the impulse source is used to dissociate the echoes diffracted on the model of the echoes diffracted or reflected on the walls of the wind tunnel. A priori, the echoes diffracted on the support of the source are mixed with the first, and therefore no dissociable.

Consequently, installation or shielding effects can be simulated by BEM by delta between -the source in the presence of the support alone and -the source in the presence of the support and the model to test

NACA0012 diffraction tests in ONERA-F2

The test campaign in F2 wind tunnel was dedicated to obtain a large data base for shielding effect in presence of a NACA model (figure 13). For each source and each microphone locations, two explorations were performed in static and flight condition at 55 m/s, longitudinal scan (red dots) at mid-span (-200 mm to + 200 mm in X) and cross-wise exploration at mid-string (-10 mm to + 250 mm at Y). The installation effects of the empty test section of the wind tunnel are clearly and identically identified (secondary peaks, echoes). The time delay between the main peak corresponding to the direct wave and the first secondary peak due to the ceiling reflection)is long enough to allow a temporally separatation of the signals and to quantify the installation effects of the NACA0012 profile (figure 15). The analysis of the shielding effect due to the NACA0012 profile is firstly performed with the SPARC source located 40 mm below the profile.The time signals, truncated in time to exclude echoes from the wind tunnel walls are shown on the figure 16 without profile (blue curve) and with profile (red curve) for 1 source positions and 3 microphone positions (referenced on figure 17). For these three positions, the microphone is masked by the profile, which brings out the effects of installation by the NACA0012. We can notice that the diffraction is mainly due to the leading edge and the trailing edge. For the intermediate position (X = 0 mm, middle graph), we observe the same tendencies. In this configuration, the contribution of the trailing edge arrives first (left red peak) then the leading edge appears (right red peak), this one being relatively low.

For the downstream position (X = + 200 mm, right graph), the contribution of the trailing edge (red curve peak) is preponderant and slightly delayed compared to the direct field (blue curve peak). This delay is due to the direction of the propagation "source -trailing edge -microphone" which are almost aligned. In the next section, we present the sound pressure level in RMS of the signals which are limited in time to avoid echoes coming from the wind tunnel walls. The results concern the longitudinal and crosswide explorations with and without the NACA0012 installed in the test section (Figure 17). As expected, these results show important installation effects due to the shielding and the diffraction phenomena. A full and detailed comparison with other test carried out by DLR using laser sound source in AWB test facility [START_REF] Rossignol | Analysis of the Noise Shielding Characteristics of a NACA0012 2D Wing[END_REF].

Conclusions

The SPARC source based on electrical discharge was developed by ONERA to provide a punctual acoustic energy able to produce very high sound pressure levels. The perfomances have been characterized in terms of spectral power, directivity and intrusiveness in static conditions and in presence of flow and models as well. A very large data base has been collected during the AWB and F2 test campaigns. The SPARC source appears now as a very useful and powerful tool especially for shielding effect applications [START_REF] Rossignol | Experimental Investigations on Noise Shielding: Dependency on Reference Noise Source and Testing Environment AIAA[END_REF].

In a future step, a deeper analysis can provide experimental directivity patterns, frequency by frequency, to be compared with numerical simulations.
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 1 Figure 1: prototype of SPARC sourceAfter preliminary tests, several modifications were made to the prototype to improve performance, to mitigate the volume of the device and to adapt the design for configuration in flow. The main evolution consists in fitting the electrodes into a fairing with a profiled support. The validation of tests in flow was mainly conducted in the ONERA anechoïc wind tunnel CEPRA19 (Figure2).
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 2 Figure 2: SPARC source in CEPRA19 for characterization tests in flow
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 3 Figure 3: SPARC source in F1 aerodynamic WT and in LLF anechoic WT
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 4 Figure 4: SPARC source in anechoic chamber. Static tests.
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 5 Figure 5: N-wave generated by the SPARC source (isolated and burst of waves).
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 6 Figure 6: SPARC source in F2 for preliminary tests
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 7 Figure 7: SPARC Source free field characteristics
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 8 Figure 8: Directivity diagrams and spectra of the SPARC source in presence of flow

Figure 9 :

 9 Figure 9: SPARC source in F2 for preliminary tests with plane plate The directivity was measured at a radius of 200 mm from the plate in two plane XZ et YZ. X: flow direction, Y: span direction of the plate, Z: chord direction of the plate.

  Figure 11: Modelling of the SPARC source for BEM computations

  ) at 60 m/s XZ plane RMS (dB) at 60 m/s YZ plane Mounting diffraction orthogonal sections (2 m x 2 m) containing 160 x 160 points that is a space interval of 12.5 mm. An example of result is in figure 12.
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 12 Figure 12: Numerical simulation of the diffraction effect due to the SPARC source.

Figure 13 :

 13 Figure 13: tests in F2 wind tunnel with the new SPARC source

Figure 14 :

 14 Figure 14: Chord and span explorations around NACA profile. Microphones (red dots) and source locations (blue dots) in F2 wind tunnel.

Figure 15 :

 15 Figure 15 : SPARC source N-waves. Direct wave and echoes.

Figure 16 :

 16 Figure 16: Leading edge and trailing edge effect for 3 microphone locations For the upstream position (X = -200 mm, left graph), the red curve clearly shows the contribution of the leading edge (left red peak) and the contribution of the trailing edge as well (right red peak). The time offset is explained by the differences in propagation time.For the intermediate position (X = 0 mm, middle graph), we observe the same tendencies. In this configuration, the contribution of the trailing edge arrives first (left red peak) then the leading edge appears (right red peak), this one being relatively low.For the downstream position (X = + 200 mm, right graph), the contribution of the trailing edge (red curve peak) is preponderant and slightly delayed compared to the direct field (blue curve peak). This delay is due to the direction of the propagation "source -trailing edge -microphone" which are almost aligned. In the next section, we present the sound pressure level in RMS of the signals which are limited in time to avoid echoes coming from the wind tunnel walls. The results concern the longitudinal and crosswide explorations with and without the NACA0012 installed in the test section (Figure17).

Figure17:

  Figure17: Leading edge and trailing edge effects
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