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The intent of this slide is to introduce flow control experimental that have a similar 
wing configuration.  

•The unused TE actuator cavity is similar to the Clarkson AFOSR Wing 
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**You may wish to point out that the TE actuator cavity on the NASA EET wing is similar 
to ours and note also the LE actuator is at angle to the surface of the wing 

Technical Challenges (Actuators) 

1.The use and configuration of piezo-based ZNMF actuators; specifically the use of 
unimorphs and the enclosure/cavity design to produce the frequency response required to 
force the flow at its coupled natural frequencies (Separation bubble, Shear layer and Wake 
frequencies)  

2.Orifice depth and orientation of the jet; typically the orifice is a straight rectangular or 
axisymmetric channel through which the jet is issued. It has been suggested by Williams and 
Fabris [2000] and Rowley [2001] that the actuator is more effective when the slot is oriented 
in the streamwise direction and less than 45 degrees the surface of wing. This design 
criterion can be applied to Zero Net Mass Flux actuators (as opposed to Positive Net Mass 
Flux actuators Shaw [1998])  

These technical challenges will be discussed in the next few slides: Jet Actuator 

Bench Test Articles 

Synthetic  
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These are the results of some experimental work on SJA at Clarkson (Nicolini & 
Marzocca). After much discussion, we thought it might be advantageous to have an 

actuator who's frequency response has peaks close together forming a broad 
bandwidth actuator. 
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Nonlinear_loss_coefficient = 1 

Cavity_cross_sectional_area(m^2) = 8.042e-4 

Cavity_width(m) = 2.2e-3 

Orifice_length(m) = 8e-3 

Orifice_radius(m) = 0.66e-4 

Slot_width(m) = 0.015 
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Here are the synthetic jet actuator assemblies: Here you can see the bottom and 
top rings and the covers with the orifices. Note the notch on the bottom rings; this is 

for the leads from the piezo benders. 

The horn is generic here. 
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•The SJA Bench Test Articles (there are 2; an 1mm and 8mm orifice) will be 
characterized using a hot wire anemometry 

•In addition an enclosure and horn will be manufactured and characterized also.  

•The characterization results of the 3 actuators will compared. As our understanding 
of the compression driver horn combination improves; we will then explore in 
earnest what is required to integrate this type of actuator into the wing  

NASA/CP—2010-216112 175



NASA/CP—2010-216112 176



NASA/CP—2010-216112 177



NASA/CP—2010-216112 178



This is the initial design. The orifice length is 1 mm 
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As the cavity diameter increases, the mechanical frequency of the unimorph 
decreases, but very slowly; indicating that we would have to use a much larger 

unimorph to achieve a f<1000 Hz 
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