Hung Dinh 
  
Abderahmane Truong 
  
Agathe Marouf 
email: amarouf@unistra.fr
  
Yannick Chouippe 
email: chouippe@unistra.fr
  
Jan B Hoarau 
email: hoarau@unistra.fr
  
Dominique Vos 
  
Alain Charbonnier 
email: dominique.charbonnier@cfse.ch
  
Gehri 
  
H Truong 
email: dh.truong@unistra.fr
  
A Chouippe 
  
Y Hoarau 
  
J B Vos 
  
D Charbonnier 
  
A Gehri 
  
  
  
Flow analysis around a VTOL aircraft near stall conditions and application of Active Flow Control to enhance the aerodynamic performances at real flight conditions
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I. Nomenclature

II. Introduction

I n the 21st century, reducing the negative impacts of traveling by aircraft on the environment is one of the main concerns of the aviation industry. These include the reduction in carbon dioxide emission, aircraft noise and fossil fuel burn. Active Flow Control might be used to overcome or reduce flow separations, thereby increasing the aerodynamic efficiency (resulting in less fuel burn) and reducing noise. A large number of AFC systems exist, and might be classified according their input energy, orientation with respect to the external flow, frequency response and bandwith, [START_REF] Cattafesta | Actuators for Active Flow Control[END_REF]. This paper is concerned with the use of so called ZNMF actuators, which belong to the category of fluidic devices. The ZNMF actuators produce an oscillating jet either by an sinusoidal oscillating membrane or a piston to alternating force fluid through an orifice into the external flow field and entrain fluid back. During the blowing stroke a vortex will be produced at the orifice and is entrained with the external flow. The efficiency of ZNMF actuators depends on various parameters of which two key, ones are the dimensionless frequency of the jet 𝐹 + = 𝑓 𝑗𝑒𝑡 𝑐/𝑈 ∞ and the ratio of the actuator velocity to the free-stream velocity 𝑉 𝑗𝑒𝑡 /𝑈 ∞ (or the blowing momentum coefficient

𝐶 𝜇 = 𝑉 2 𝑗𝑒𝑡 𝐷/ 1 2 𝑈 2 ∞ 𝑐)
The study [START_REF] Seifert | Oscillatory Control of Separation at High Reynolds Numbers[END_REF], conducted for the first time experiments to study the effectiveness of synthetic jets at high Reynolds numbers at around 10 7 . The active flow control was applied for a NACA0015 airfoil without flap and equipped with a 30% chord trailing-edge flap deflected 20°. The study has demonstrated the effectiveness of oscillatory blowing for separation control regardless of the Reynolds number. The work [START_REF] Mccormick | Boundary Layer Separation Control with Directed Synthetic Jets[END_REF], investigated experimentally the use of a synthetic jet located at 4% chord from the leading edge for control of airfoil separation at 𝑅𝑒 = 5 × 10 5 . The synthetic jet with an oscillation frequency (𝐹 + = 1.3) and jet momentum coefficient (𝐶 𝜇 = 0.5%) can increase maximum lift coefficient by 25% and mitigate the stall angle by 6°. In [START_REF] Tuck | Active flow control over a naca 0015 airfoil using a znmf jet[END_REF], they conducted experiments of a flow over a NACA0015 airfoil (𝑅𝑒 = 1.54 -3.08 × 10 4 ) with a ZNMF jet located at the leading edge. An increase of 46% in the maximum lift coefficient was obtained under the controlling conditions with 𝐹 + = 1.3 and 𝐶 𝜇 = 0.14%. Moreover, [START_REF] Tang | On the use of synthetic jet actuator arrays for active flow separation control[END_REF] studied the effects of synthetic jet arrays placed at 23% and 43% of the chord on the aerodynamic performance of an LS(1)-0421MOD airfoil at the Reynolds number 𝑅𝑒 = 1.2 × 10 5 . The jet arrays allow to increase the lift by 27% and reduce the drag by 19%.

The influence of synthetic jets is also investigated by many numerical studies using different airfoils. The employment of a RANS approach in the application of unsteady jets to an airfoil NACA0012 at high Reynolds number 𝑅𝑒 = 8.5 × 10 6 was examined in [START_REF] Donovan | Active flow control applied to an airfoil[END_REF]. At a non-dimensional frequency 𝐹 + ≈ 1, a synthetic jet placed at 1.5% chord with an inclination angle of 𝛼 = 22°can improve the lift by 27%. They also found that the lift was inversely proportional to the blowing momentum coefficient 𝐶 𝜇 . By employing an unstructured-grid LES method, [START_REF] You | Active control of flow separation over an airfoil using synthetic jets[END_REF] analyzed the flow separation over a NACA0015 airfoil with synthetic jet control at Reynolds number of 8.96 × 10 5 . The study confirmed the experiments conducted by [START_REF] Gilarranz | A New Class of Synthetic Jet Actuators-Part II: Application to Flow Separation Control[END_REF], where the airfoil was installed in a wind tunnel with a synthetic jet at 12% of the chord. About 70% increase in the lift coefficient was obtained with a jet of which the momentum coefficient was 1.23%. The work [START_REF] Kim | Separation control on NACA23012 using synthetic jet[END_REF] numerically studied the benefits of single and multi synthetic jets on a NACA23012 airfoil by solving URANS equations at 𝑅𝑒 = 2.19 × 10 6 . In the case of multiple synthetic jets, several jets were arranged side by side to overcome the limit of the jet peak velocity. The study showed that the jets operating at a frequency 𝐹 + = 1 should be placed at the separation point to reach the maximum lift and the effectiveness of the jet was proportional to the jet momentum.

An automatic optimization of flow control devices is a sensitive subject due to the large computational time related to high accuracy analysis of unsteady flow and the possible multi-constraints of the objective function. To the best of our knowledge, there are only a few studies acquiring optimal parameters of synthetic jets by employing optimization algorithms. Duvigneau and Visonneau [START_REF] Duvigneau | Optimization of a synthetic jet actuator for aerodynamic stall control[END_REF] examined the effects of a synthetic jet located at 12% chord from the leading edge of a NACA0015 airfoil. They used the URANS modelling to simulate the flow at 𝑅𝑒 = 8.6 × 10 5 over the airfoil with an angle of attack varying from 12°to 24°. The solver was then coupled with an optimization procedure to find the optimal parameters of the jet. The synthetic jet reached its optimal performance under the conditions of a dimensionless velocity 𝑉 𝑗𝑒𝑡 /𝑈 ∞ = 1.72, a frequency 𝐹 + = 0.748 and an angle with respect to the wall 𝛼 = 25°. [START_REF] Montazer | Optimization of a synthetic jet actuator for flow control around an airfoil[END_REF] determined the optimal parameters of a synthetic jet in the control flow around the NACA0015 airfoil at the stall angle 13°and the post stall angle 16°. The Navier-Stokes equations for incompressible two-dimensional flow were solved by a RANS model at 𝑅𝑒 = 8.96 × 10 5 . The Response Surface Methodology (RSM) optimization method was employed to maximize the lift-drag ratio where the optimization parameters were the jet location, the jet frequency and the jet size. According to their study, when the angle of attack increase, the size of the synthetic jet and the frequency should decrease to obtain the optimal performance. Under this circumstance, the optimum synthetic jet location was moving toward the leading edge to delay the flow separation. The synthetic jet was shown to be the most effective at the post-stall angle with a 66% improvement of the lift-drag ratio. More recently, we studied two-dimensional active control using different strategies of steady blowing, transient blowing and blowing-suction method similar as piezo-actuators embedded inside the flap of a high-lift system [START_REF] Marouf | Unsteady CFD simulations for Active Flow Control[END_REF]. The AFC was coupled with a morphing flap [START_REF] Tekap | Design of a Large-Scale High-Lift Morphing A320 Wing Based on Electro-Mechanical Actuators and Shape Memory Alloys[END_REF] using the cambering approach [START_REF] Marouf | Predictive Numerical Study of Cambered Morphing A320 High-Lift Configuration Based on Electro-Mechanical Actuators[END_REF][START_REF] Tekap | Design and Experimental Validation of A320 Large Scale Morphing Flap Based on Electro-mechanical Actuators[END_REF][START_REF] Tekap | Design of a Large-Scale High-Lift Morphing A320 Wing Based on Electro-Mechanical Actuators and Shape Memory Alloys[END_REF]. The concept of cambering lead to large flow separations on the suction side of the flap, resulting in an important increase of the drag and decrease of the aerodynamic efficiency. The study showed that coupling both AFC and morphing could re-attach the boundary layer, enhance the pressure distribution over both the flap and the wing system and decrease the width of the wake. In the present work, the role of AFC will be examined for a three-dimensional Vertical Take-off and Landing (VTOL) aircraft in the context of the Active Flow Control for TiltRotor aicraft AFC4TR a CleanSky2 European projet (2020-2022). High-Fidelity numerical simulations are examined using the chimera patched grid to better implement AFC actuators in the aircraft's wing without any remeshing. Real parameters as the dimension, jet orientation-velocity and location of already available piezo-actuators are chosen.

III. Numerical methods

A. Navier Stokes Multi Block solver

The CFD simulations were carried out using the Navier Stokes Multi Block solver NSMB which is developed in a consortium composed of different universities and industries [START_REF] Vos | Recent advances in aerodynamics inside the NSMB (Navier Stokes Multi Block) consortium[END_REF] and was mainly used for aeronautics and aerospace applications over the past 30 years. NSMB has a parallel and a vectorial structure and it can run on high-performance computers to solve a wide range of industrial aerodynamics design problems. NSMB solves the Reynolds-averaged Navier Stokes equations for compressible flows on multi-block structured grids. NSMB offers all functionalities of a modern CFD code used for aerospace applications, among others, ALE (Arbitrary Lagrangian Eulerian) approach [START_REF] Donea | An arbitrary lagrangian-eulerian finite element method for transient dynamic fluid-structure interactions[END_REF], turbulence models [START_REF] Hoarau | Analyse physique par simulation numérique et modélisation des écoulements décollés instationnaires autour de surfaces portantes[END_REF], chemistry modelling, grid flexibility, FSI (Fluid-Structure Interactions) coupling such as morphing wings modelling ( [START_REF] Marouf | Numerical investigation of frequency-amplitude effects of dynamic morphing for a high-lift configuration at high Reynolds number[END_REF][START_REF] Simiriotis | Morphing of a supercritical wing by means of trailing edge deformation and vibration at high Reynolds numbers: Experimental and numerical investigation[END_REF][START_REF] Tô | Effects of vibrating and deformed trailing edge of a morphing supercritical airfoil in transonic regime by numerical simulation at high Reynolds number[END_REF]), Chimera overlapping technique [START_REF] Hoarau | Recent Developments of the Navier Stokes Multi Block (NSMB) CFD solver[END_REF]. Space discretization schemes include 2nd-and 4th-order central schemes with artificial dissipation and various upwind schemes (Roe, AUSM, Van Leer ...) up to 5th order. Time integration methods are explicit (Runge-Kutta schemes) or implicit (LU-SGS) schemes. Convergence acceleration as multigrid, local time stepping, preconditioning, full multigrid can be used to accelerate the convergence. NSMB includes also a large variety of well tested and validated turbulence models that are standard in the aeronautical industry, like the one-equation Spalart-Allmaras [START_REF] Spalart | A one-equation turbulence model for aerodynamic flows[END_REF], the Organized Eddy Simulation model [START_REF] Hoarau | Analyse physique par simulation numérique et modélisation des écoulements décollés instationnaires autour de surfaces portantes[END_REF][START_REF] Bourguet | Anisotropic Organised Eddy Simulation for the prediction of non-equilibrium turbulent flows around bodies[END_REF], or the two-equation by Menter [START_REF] Menter | Zonal Two Equation k-w Turbulence Models For Aerodynamic Flows[END_REF], that have been applied in the present study. Different morphing concepts are also implemented [START_REF] Tekap | Design of a Large-Scale High-Lift Morphing A320 Wing Based on Electro-Mechanical Actuators and Shape Memory Alloys[END_REF][START_REF] Marouf | Numerical investigation of frequency-amplitude effects of dynamic morphing for a high-lift configuration at high Reynolds number[END_REF][START_REF] Marouf | Numerical Study of Trailing-Edge Dynamics of a Two Element Airfoil-Flap with Morphing Flap at High Reynolds Number[END_REF][START_REF] Tô | Effects of vibrating and deformed trailing edge of a morphing supercritical airfoil in transonic regime by numerical simulation at high Reynolds number[END_REF][START_REF] Tekap | Design of a Large-Scale High-Lift Morphing A320 Wing Based on Electro-Mechanical Actuators and Shape Memory Alloys[END_REF] in the code. Unsteady simulations are made using the dual time stepping approach or using Newton's approach. 

B. Mesh generation

The ANSYS ICEM CFD pre-processer tool was used to generate the multi-block structured grids needed by the NSMB flow solver. The structured grids were designed following the gridding guidelines of the AIAA CFD High Lift/Drag Prediction Workshops. The Chimera overlapping technique available in NSMB solver as well as the patch grid connectivity technique were employed in order to simplify the mesh generation. Indeed, the Chimera technique allows to create one structural grid for a single configuration, and obtain the other configurations, or configuration with moving parts during unsteady simulations, applying only rotations and displacements of partial grid elements (groups of structured blocks) around the moving parts like the aileron, the engine and the rotor blades for example as shown in Figure 1. The patch grid connectivity was used to reduce the number of cells in the far-field region and the far-field boundary distance has been set to 100 times the reference chord (cf. Figure 1). To resolve the viscous boundary layer, O-grid topologies with a geometric cell distribution were used near the solid walls (fuselage, wing, aileron, nacelle, engine, rotor blades). The first cell height in the wall normal direction was set to obtain a 𝑦+ value around 1 to ensure the proper use of low-Reynolds turbulence modelling, Δ𝑌 wall cell < 0.006 mm, and the growth ratio of the cells normal to the wall was typically close to 1.2. The chordwise spacing was set below 0.1% of the local chord at the leading edge and the trailing edge of the main wing as well as for the blades. The spanwise spacing was set below 0.1% of the semi-span at the root (fuselage junction) and at the tip (nacelle junction). Due to the aileron located close to the nacelle junction, the mesh density at the tip was extended widely in this region. Figure 2 shows the mesh on the airplane surface as well as the volume mesh around chimera components.

Particular attention was also paid to the refinement of the mesh close to the areas where the flow control devices ZNMF devices will be applied later in the study (cf. Figure 3).

IV. Results and discussion

A. Baseline confugrations (without control)

Different unsteady simulations were performed around the Next Generation Civil TiltRotor (NGCTR) aircraft of Leonardo Helicopters to identify critical flow configurations that lead to a considerable detachment of the boundary layer and a loss in aerodynamic performances due to an increase of the drag and a decrease in lift. A subsonic speed range was selected, considering take-off and landing phases. From the large number of simulations executed, the following three configurations (cf. Figure 4) were identified that could benefit from ZNMF devices: 

•

Configuration 1: fixed-wing plane

Firstly, we consider the case where the tiltrotor has a configuration of an ordinary fixed-wing plane with a horizontal nacelle. At a low angle of attack, a separation will occurs with time near the trailing-edge of the wing along the spanwise direction, but this separation remains small as can be seen from the blue colour region near the trailing-edge. A small corner vortex is formed near the wing-nacelle junction with a small size. This is because of the blockage effect due to the presence of the rotating rotors. For this case there is no need to introduce an active or passive flow control. When the angle of attack is set higher, a more interesting case is obtained. This can be seen in Figure 5 which shows unsteady snapshots saved in time and highlights the development of corner vortices. At the time 𝑡 = 0.1 s, a small formation of a corner vortex can be seen near the nacelle and the fuselage. When time arrives at 𝑡 = 0.3 s, both vortices become more important, and they lead to a continuous separation near the trailing-edge along the span wise direction of the wing. For 𝑡 = 0.6 s, the trailing-edge separation is more developed due to the non-linear interactions with both corner vortices. This separation becomes more important and travels upstream on the wing, it is affected by the considerable higher angle of attack near stall conditions and the rotation of the blades through their periodic effects. The existence of this trailing-edge separation was also found in a study of [START_REF] Ryu | Large-Eddy Simulation of a Wing-Body Junction Flow[END_REF]. They investigated a typical behaviour of a corner vortex between a classical wing-fuselage and its influence along the span. They found the existence of a trailing-edge separation along the span created by the presence of this corner vortex. This configuration needs to be optimized through the use of flow control to attenuate or suppress the flow separation and to increase the aerodynamic performances near the fuselage and the nacelle. 

Configuration 2: nacelle tilting

The nacelle tilting effect has also been investigated and similar numerical parameters are considered as in the previous cases. When the nacelle is oriented in the upward direction the blockage effect of the rotors is reduced and a deviation of flow starts to be formed near the nacelle-wing junction. The flow remains attached at low angle of attack (not shown). The same configuration at a higher angle of attack showed a small vortex formed at 60% of the span (distance from the fuselage) and the flow is deviated from the nacelle. The size of the vortex increases through the interaction with the rotation of the blades and the deviated flow. This separation becomes more important when the simulation time achieves 0.3 s. It interacts with the separation along the trailing-edge to turn into a more important flow detachment. Figure 6 shows the nacelle tilting configuration at a high angle of attack. Largely detached boundary layers can be seen for this high angle of attack. The separation covers approximately half of the wing surface. It shows an important detachment of the flow from the trailing-edge where the separation point is traveling upstream of the wing. It can be concluded that when the nacelle is tilted and the rotation speed of the blades is increased, the flow becomes unstable, and an important separation of the boundary layer occurs even at lower angles of attack. The flow in this configuration is critical and it is very well adapted to the use of passive and active flow control devices.

Configuration 3: aileron deflection

The aileron deflection is analysed and highlighted in Figure 7. The gaps are now open due to the angle of deflection of the aileron. The aileron is deflected in the downward direction. The nacelle tilting is set back to the same position as in configuration 1.

When the aileron is deflected in the downward position (Figure 7), the flow is fully detached on the upper surface of the aileron. Different snapshots are saved in time to follow the unsteady development of the separation. The separation remains the same on the aileron extrados and the flow is fully attached on the wing extrados. A small deviation of the flow is observed near the wing-nacelle junction, but this last is not important. The aileron dimensions are smaller compared to the dimension of the wing, and in particular its thickness. This might lead to difficulties with the implementation of ZNMF actuators inside the aileron. The ZNMF location will be carefully investigated specifically for this configuration with the aileron deflection in the downward direction, to make sure of the 

B. Configurations with Active Flow Control)

We present here the unsteady simulations of the flow around the NGCTR aircraft with the active flow control employed by using the ZNMF devices. There are 6 ZNMF devices embedded in different regions near the fuselage-wing junction, the middle of the span and the aileron-nacelle junction. The jets were translated along the chordwise direction in order to investigate the sensitivity of the jet location to the corner vortex. From the initial position (position 3), the jets were moved upstream 20 % (position 1) and 10 % (position 2) then downstream 10 % (position 4) and 20 % (position 5) of the wing chord as shown in Figure 8(1). At position 3, it can be noticed in Figure 9 that the flow is reattached in the location of the aileron-nacelle junction leading to the disappearance of the corner vortex. As the jets were moved upstream and far away from the separation line, the effect of these ZNMF becomes less important. However, when they were moved downstream and closer to the trailing edge where the flow starting to detach, the size of the separation zone was reduced and the vortex at the aileron-nacelle junction almost disappeared. At approximately the middle of the span, and for all cases, the trailing-edge separation is divided into different counter rotating vortices leading to a partial reattachment of the flow. This has been noticed in the 3D simulations of the high lift system with a constant span using the ASPIC actuators and revealed that a separating distance between two jets permits a formation of two-counter rotating vortices [START_REF] Marouf | CFD simulations of active flow control devices applied on a cambered flap[END_REF]. The present corner vortex in the fuselage-wing junction has been shifted along the span for the ZNMF case but not fully suppressed because the positions of the jets are are not well adapted. Therefore, there is a need to optimize the position and/or the number of the jets that are embedded in the wing. 

Configuration 2

The ZNMF devices are firstly placed at the same positions as for the case 1. The purpose of the study is to optimize the ZNMF location, and if possible, find a unique position for all the configurations, which is more realistic and feasible for the constructor. When the nacelle is tilted, the flow is deviated leading to a decrease of the blocking effects caused by the blades and a formation of an important periodic separation at the middle of the span. Based on the simulations, it has been found that for this configuration the flow is automatically reattached and the corner jets situated in the aileron-nacelle junction are not effective. The jets located in the middle of the span are more important because of the location of the separation. This last travels upstream towards the wing leading-edge and unfortunately the jets become less effective as it was demonstrated for the 3D simulations (cf. Figure 10). Theses jets should be located upstream of the flow separation to be able to reattach the flow.

Consequently, we have modified the jet positions as shown in Figure 8 in order to improve their efficiency. The middle jets were moved such that they were placed upstream of the separation zone while two corner jets were shifted closer to the middle in order to reattach the flow more effectively. The skin friction 𝐶𝐹 𝑥 contours of all the cases were shown in Figure 11. Around 𝑡 = 0.16 𝑠, the rotation of the blades induced a big vortex which caused the flow to separate along the wing span. With the application of the jets, the size of the separation zone started to be reduced especially in the case of position 3. The flow at the aileron-nacelle and the fuselage-wing junctions were well reattached while a noticeable zone of separation still existed in the middle of the span. Further investigations should be conducted in this area in order to improve the aerodynamic performance of this configuration. 

Configuration 3

In the case of the configuration 3, the flow remains attached along the span of the wing and is less sensitive to the rotation of the blades. However, the flow around the aileron is fully detached as shown in Figure 7. Thus, the interest of using active flow control will be focused on the aileron part where the ZNMF devices will be the most effective. There were in total 6 jets embedded on the aileron (cf. Figure 8) and the skin friction 𝐶𝐹 𝑥 contours on the aileron are shown in Figure 12 for these cases. While the flow on the aileron was partially reattached, especially in the region behind the jets, new vortices were formed in the gap between the jets. The effect of these ZNMFs is better shown by looking at the time history of the lift and drag coefficient of the aileron as presented in Figure 13. Due to the rotation of the blades, the forces fluctuates in a wide range. Nevertheless, the average value of the drag coefficient 𝐶𝑥 seems to be unaffected while the lift coefficient in the controlled cases are improved with respect to the baseline. In addition, the position 1,2 and 3 outperform the other two configurations characterized with a higher lift. 

V. Conclusion and outlook

The flow around the Leonardo Next Generation of Civil Tilt Rotor was studied in detail using the NSMB CFD solver employing the chimera grid method to facilitate the modification of the nacelle tilting angle, the pitching of rotors and the aileron deflections. The flow behaviour on the NGCTR was studied in detail for different angles of attack, different angles of nacelle tilting and different deflection angles of the aileron to identify critical configurations in terms of high boundary layer detachment. Three configurations were selected for the use of ZNMF devices for active flow control. Results of these simulations showed that the effectiveness of these devices is highly dependent on their location, and that they should be placed upstream of the flow separation. As perspectives, different parameters of the ZNMF devices will be examined as the location, the number of actuators as well as the jet velocity and its orientation. 

  𝐹 + = jet dimensionless frequency 𝐶 𝜇 = blowing momentum coefficient 𝑉 𝑗𝑒𝑡 = jet velocity magnitude 𝜌 = air density 𝑅𝑒 = Reynolds number 𝑈 ∞ = streamflow velocity
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 12 Fig. 1 Patch grid connectivity between near field around the aircraft (left) and far field (right). Topology of the grid with far-field boundary at 100 × 𝐶 𝑟 𝑒 𝑓 .
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 3 Fig. 3 AFC devices embedded inside the wing.
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 4 Fig. 4 The three studied configurations of the NGCTR aircraft: the fixed-wing plane (1), the nacelle tilting (2) and the aileron deflection (3).
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 5 Fig. 5 Skin friction 𝐶𝐹 𝑥 component contours with streamlines of CF (𝐶𝐹 𝑥 , 𝐶𝐹 𝑦 , 𝐶𝐹 𝑧 ), for the first configuration with blade rotation.
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 6 Fig. 6 Skin friction 𝐶𝐹 𝑥 component contours with streamlines of CF (𝐶𝐹 𝑥 , 𝐶𝐹 𝑦 , 𝐶𝐹 𝑧 ) for the configuration 2 with a tilted nacelle and the rotation of blades.
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 7 Fig. 7 Skin friction 𝐶𝐹 𝑥 component contours with streamlines of CF (𝐶𝐹 𝑥 , 𝐶𝐹 𝑦 , 𝐶𝐹 𝑧 ) for the configuration 3 where the aileron is deflected downward and blades are rotating.
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 8 Fig. 8 The three studied configurations of the NGCTR aircraft and the optimized position of the ZNMF devices
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 9 Fig. 9 Skin friction 𝐶𝐹 𝑥 component contours with streamlines of CF (𝐶𝐹 𝑥 , 𝐶𝐹 𝑦 , 𝐶𝐹 𝑧 ) for the baseline (top left) and the controlled cases of configuration 1 with the rotation of blades.
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 10 Fig. 10 Skin friction 𝐶𝐹 𝑥 component contours on the wing in the case of the configuration 2 with rotation of blades for the baseline case (a) and the flow controlled by ZNMF devices of which locations are the same as in configuration 1.
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 11 Fig. 11 Skin friction 𝐶𝐹 𝑥 component contours for the baseline (top left) and the controlled cases of configuration 2 with a tilting nacelle and rotating blades.
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 12 Fig. 12 Skin friction 𝐶𝐹 𝑥 component contours for the baseline (top left) and the controlled cases of configuration 3 with the aileron deflection and rotation of blades.
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 13 Fig. 13 Time history of the lift coefficient (left) and the drag coefficient (right) acting on the aileron part for different cases of the baseline flow (in black) and the one controlled with ZNMF devices (in color).
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