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Context

https://www.researchgate.net/figure/Synthetic-jet-a-
instantaneous-b-time-averaged_fig1_310437397

• Investigate the use of Active Flow Control
using synthetic jets - Zero Net Mass Flux
(ZNMF) devices

ü No air supply is required since the air is
sucked from the main flow

× Constrain of peak velocity

• Perform a multi objective optimization
study to optimize the location and
parameters of the ZNMF devices
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Previous studies
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Tuck and Soria 2014

Experimental studies of AFC 
over a NACA 0015 Airfoil 

using a ZNMF Jet
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Duvigneau and Visonneau 2006

Numerical studies conducted for 
pulsed blowing devices

on 2D high-lift configurations DLR-
F15 

Ciobaca et al. 2012

Optimization of a synthetic jet 
actuator

on a NACA 0015 airfoil
for aerodynamic stall control
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CFD Solver & Numerical Methods
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𝑈! 68 𝑚/𝑠
𝑅𝑒 4.6×10"

Ma 0.2
𝛼° 0° – 8°
𝛿 10° − 40° Ø Turbulence model: Spalart Allmaras

Ø NSMB solver: Navier Stokes Multi-Block code
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ZNMF actuators for flow separation control
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ZNMF jet

+

BC: Velocity imposed
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ZNMF jet

Optimisation of the ZNMF jet parameters

Numerical methods and ZNMF modeling | H. Truong | 09/11/2021 | GDR Décollement

• Jet frequency 𝑓
• Jet peak velocity 𝑉#$%

𝐷 = 1𝑚𝑚

𝐷 = 3𝑚𝑚

𝐷 = 5𝑚𝑚

𝑇 = 1/𝑓
𝑉!"#

• Jet shape 𝐷/𝐻
• Jet orientation

• Jet location
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Results & Discussion
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Optimisation of the ZNMF jet parameters
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• Fixed jet dimensions 45°, 5mm 
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• Fixed jet dimensions 45°, 1mm 
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Optimisation of the ZNMF jet parameters
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• Fixed jet dimensions 45°, 5mm 
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Optimisation of the ZNMF jet parameters

Different locations

• Fixed jet dimensions 45°, 1mm 

Jet velocity=200m/s

Separation point
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Optimisation of the ZNMF jet parameters
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Shape optimisation

250m/s

353 m/s
117,5 m/s

226 m/s

135,76 m/s

200m/s
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Optimisation of the ZNMF jet parameters
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Optimisation of the ZNMF jet parameters
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Optimal parameters of the ZNMF jet
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• The optimal parameters that give the best performance:
• 45° − 5𝑚𝑚− 200𝑚/𝑠 -> higher mass flux than the reference
• 30° − 1𝑚𝑚− 350𝑚/𝑠 -> high peak velocity

• The “realistic” parameters that give the best performance:
• 45° − 1𝑚𝑚− 250𝑚/𝑠
• 15° − 3𝑚𝑚− 226𝑚/𝑠
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Conclusions

Conclusion & Perspectives  | H. Truong | 09/11/2021 | GDR Décollement

• The aerodynamic forces are independent of the frequency of the actuation when this last is > 100Hz

• An increase of the velocity of the jet, improves better the aero efficiency
• The jet location in 2D should be near the separation point to effectively reattach the flow.

• Based on existing ZNMF actuators, a shape optimization of the ZNMF actuator is investigated using a fixed mass-
flux.

• 2D analysis provided: best frequency, velocity, jet shape 𝐷/𝐻, angle and location of the ZNMF to improve the
performances.
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Perspectives for 3D simulations
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4 ZNMF (1mm x 150mm x 45deg)

BC: Symmetry

BC: Symmetry

𝑉!"#=150 m/s

𝑉!"#=250 m/s 𝑉!"#=300 m/s

𝑛𝑜 𝑍𝑁𝑀𝐹
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