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Optimization of the Synthetic Jet to improve aerodynamic efficiency of the Next Generation Civil Tilt Rotor Aircraft
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The overall objective of the AFC4TR project is to investigate the use of Active Flow Control using so called pulsed air blowing devices with Zero Net Mass Flux (ZNMF) to control the vortical flow for the Next Generation Civil Tilt Rotor (NGCTR) aircraft configuration.

Forces integrated on the aileron for the 3 rd and 4 th rotations of the propeller Lift enhancement while drag remaining unchanged => lift-to-drag ratio is improved effectively

➢

  NSMB solver and Meshing ➢ Modeling of ZNMF devices ➢ Results ➢ Critical Flow Conditions ➢ Configuration 1 with horizontal nacelle ➢ Configuration 2 with tilted nacelle ➢ Configuration 3 with deflected aileron ➢ Conclusions and Perspectives 5 Optimization of the ZNMF to improve performance of the NGCTR • NSMB solver: Navier Stokes Multi-Block code (compressible NS equations using Finite Volume method) [Hoarau et al. 2016] • Structured grids are designed following the gridding guidelines of AIAA CFD HighLift/Drag Prediction Workshops • Farfield boundary > 100 × 𝐶 𝑟𝑒𝑓 • Turbulence model k -𝜔 -𝑆𝑆𝑇 • Patched grid and chimera grid techniques are used Numerical methods 7 grid components that are merged together (within ICEMCFD or externally with Python scripts) • Base (fuselage, wing, nacelle) -10'200'000 cells • Aileron -620'000 cells • Engine cover -370'000 cells • Engine -450'000 cells • Hub -340'000 cells • Blades -770'000 cells/blade The engine can be deflected from 0°to 90°T otal mesh 25 millions cells Modelling of Zero-Net-Mass-Flux (ZNMF) devices Forces integrated on the wing for the 5 th and 6 th rotations of the propeller Insignificant gain since the flow detachment is not as strong as expected => the ZNMF position remains to be optimized ҧ friction 𝐶𝐹 𝑥 Forces integrated on the wing for the 4 th and 5 th rotations of the propeller Lift enhancement accompanied with drag increase => lift-to-drag ratio decreases

Forces

  integrated on the wing for the 4 th and 5 th rotations of the propeller Lift enhancement accompanied with drag increase => lift-to-drag ratio decreases ҧ friction 𝐶𝐹 𝑥 Forces integrated on the wing for the 4 th and 5 th rotations of the propeller Lift enhancement accompanied with drag decrease => lift-to-drag ratio increases

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Configuration 2 with tilted nacelle 20