Marc Terracol 
  
Thomas Le Garrec 
  
Daniel-Ciprian Mincu 
  
Eric Manoha 
  
Exa GmbH Damiano Casalino 
  
André Ribeiro 
  
Daniel-Ciprian Mincu 
  
T Le Garrec 
  
D.-C Mincu 
  
  
  
Numerical simulations of LEISA2 high-lift configuration at ONERA

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

1

NUMERICAL SIMULATIONS OF LEISA2 HIGH-LIFT CONFIGURATION AT ONERA

Marc Terracol 1 , Thomas Le Garrec 1 , Daniel-Ciprian Mincu 1 , Eric Manoha 1 , Damiano Casalino 2 , André Ribeiro 2 1 Onera, The French Aerospace Lab, Châtillon, France, danielciprian.mincu@onera.fr 2 Exa GmbH, Stuttgart, Germany, damiano@exa.com For aircraft in approach and landing operations, when the engines are in idle regime, airframe noise becomes predominant. High lift devices, namely the leading edge slats and the trailing edge flaps, deployed to increase lift at low speed, represent one of the main contributor to the airframe noise. A large number of numerical studies have addressed such configurations in the past, using unsteady computations based on either zonal RANS/LES [START_REF] Imamura | Threedimensional unsteady flow computations around a conventional slat of high-lift devices[END_REF][START_REF] Terracol | Investigation of the unsteady flow and noise sources generation in a slat cove: hybrid zonal RANS/LES simulation and dedicated experiment[END_REF][START_REF] Terracol | Simulation of the 3D unsteady flow in a slat cove for noise prediction[END_REF][START_REF] Terracol | Hybrid methods for airframe noise numerical prediction[END_REF] or hybrid RANS/LES [START_REF] Choudhari | Effect of three-dimensional shear-layer structures on slat cove unsteadiness[END_REF][START_REF] Deck | Zonal detached-eddy simulation of the flow around a high-lift configuration[END_REF][START_REF] Deck | Numerical investigation of the flow dynamics past a three-element airfoil[END_REF][START_REF] Knacke | Time-resolved 3D simulation of an aircraft wing with deployed high-lift system[END_REF][START_REF] Knacke | Numerical analysis of slat noise generation[END_REF][START_REF] Lockard | Noise radiation from a leading-edge slat[END_REF][START_REF] Lockard | The effect of cross flow on slat noise[END_REF][START_REF] Zhong | Turbulent flow simulations around a multi-element airfoil using URANS, DES and ILES approaches[END_REF] approaches. However, despite the advanced understanding of flow features, these studies suffered from the lack of mixed experimental measurements to validate conjunctively the aerodynamics and the aeroacoustics. Among the reasons, one can point out the different stream deflections, with direct consequences on the flow around the wing, when such deployed configuration is measured in a closed test section (for aerodynamics) or open test section (for aeroacoustics) measurement wind tunnels. With a view to fill this gap, the French (ONERA) and German (DLR) Aerospace Research Centers unified their competences to address this last topic, and provide, a complete measurement database (with both aerodynamics and acoustics data) to validate computations and to explore in details such configuration. Figure 1 shows some results of this experimental campaign, named LEISA 2. Recently, Onera and DLR made this database available to the com-munity, within the framework of the NASA BANC workshop -Category 6 [START_REF]BANCII_category6 > Summary_BANCII_Category_6_Slat_Noise_DLR _ONERA DG: Summary_BANCII_Category_6_Slat_Noise_DLR_ ONERA[END_REF].

In parallel, several numerical computations were conducted or are still under progress at Onera to perform a detailed numerical flow analysis and to identify the noise mechanisms at approach. Figure 2 shows several results about the acoustic near field and flow features in the slat cove and over the flap using the in-house research CFD/CAA code FUNk working with a structured multiblocks grid [START_REF] Terracol | Wall-resolved Large Eddy Simulation of a high-lift airfoil: detailed flow analysis and noise generation study[END_REF]. Furthermore, recently Onera started to invest in the Lattice Boltzmann methods, firstly through a fruitful cooperation [START_REF] Garrec | Aeroacoustic prediction of the LEISA2 high lift airfoil : Lattice Boltzmann method vs. Navier-Stokes finite volume method and experiments[END_REF] with Exa Corporation, with the objective of evaluating their numerical solution PowerFLOW (Fig. 3, left) and, secondly, by joining the French consortium LaBS, which also develops a LBM solver (Fig. 3, right). The final presentation will include a detailed comparison of Onera's numerical simulations (LES, LBM) with the experimental LEISA2 database for both aerodynamics and acoustics features. The feasibility of alternative methods, such as the Lattice-Boltzmann method, will be discussed to address aeroacoustics simulations of profiled bodies, after setting state of the art of such computations at Onera.
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 1 Fig. 1. LEISA2 experiments in F2 Onera closed wind tunnel. Left: 2D PIV test set-up in. Middle: Mean flow PIV map; Right: Example of a noise source map at a given frequency obtained using classical acoustic beamforming.
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 2 Fig. 2. FUNk computation, flow visualizations in the mid plane in the spanwise direction. Left: Instantaneous view of the dilatation field. Slat (middle) and flap (right) numerical Schlieren visualizations..
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 3 Fig. 3. Flow computations of the LEISA2 configuration with LBM solvers. Left: Instantaneous view of the acoustical pressure field -PowerFLOW; Right: Streamwise flow field -LaBS