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Cavity Flow Visualizations
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FCAAP »  “Quantitative” Measurements
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FCAAP » Velocity Field
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FCAAP ~ Mach 2 Cavity Flow
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Effect of Microjet Control
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Unsteady Pressure Spectra
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FCAAP » Effect of Microjet Control
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Microjets & Slot Jets Simulations™
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Anims/searslots1.evo
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Velocity Iso-surfaces

*Courtesy CRAFT Tech
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Pulsed (Micro)Actuators




FEAAP,(Resonance Enhanced Microjet (REM)
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FCAAP » Actuator Frequency
e — Effect of L/d & NPR
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FCAAP » Phase-Conditioned Images
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REM Actuator
Simulations & Experiments
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T — Simulations & Experiments

(a) Phase angle = 0° b) Phase angle = 30°
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FCAAP REM Actuator:Simulations
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e — Separated Flows (& Control of)*
« Separated flow past an airfoil is shear layer recirculation

zone wake

characterized by frequencies  separation I
associated with the potn :

— wake

— shear layer (SL)

— separation bubble (SB)
— actuation (if applied) | i —

« “Lock-on” describes when these components are the same or are harmonics
— Harmonics could be evidence of non-linear interactions

« Effectiveness of a control strategy may be related to the presence of lock-
on [Kotapati et al. 2001]

* Courtesy: Cattafesta, Mittal & Rowley
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Experiments
» Increasingly sophisticated, providing high-fidelity data
» 2-D/Stereo/Tomo-PIV /(Plenoptic)
=> 2 component/3component/volumetric measurements
» High-speed/time resolved and Phase conditioned

» Synchronous: P, V, p...
» They provide significant physical insight into flow physics.

» Difficult and expensive to run; limited conditions

Actuators
» A wider array of actuators with a range of control authority and bandwidth

» Plasma Based (LAFPA, SJA, DBD); ZNMF (Synthtetic Jets); COMPAct, REM and more
» REM: Simple, robust, scale-adapt/able, appropriate complexity & capability
» Smart REM: ‘on-the-fly’ frequency control BUT more complex

> Still unclear: “which actuator and under what conditions”




W’f Parting Thoughts
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» Increasingly sophisticated, provide high-fidelity data for increasingly complex flows
» More rigorous validation using better experimental data
» (Good to excellent agreement (for some cases?)

» Provide physical insight into flow physics, provide properties not easily measured.
» Difficult and expensive to run; limited conditions
» Rarely go beyond experimental conditions?

As we Progress
» Simulations+Theory used to better explore flow dynamics;l arger range of conditions
» Provide guidance for active-adaptive control (that is realistic/feasible):

» Temporal and Spatial requirements (freg., wavelength) for actuation and
» Location (where to best place them)
» Type of actuation: momentum, body force, thermal...

» Provide guidance for (sparse/minimal, practical) sensing requirements
» Help develop, simpler/low-order/..., practical models for closed-loop control

» Plan experiments and computations together from the start
» We need to improve our communication skills




