
 

 

ABSTRACT 

Theoretical and low-order methods for steady, attached flows past wings and 

configurations have, for many decades, been key enablers for vast improvements 

in aerospace technology. For unsteady, separated flows past airfoils and wings at 

high angles of attack undergoing large-amplitude and high-frequency motions, 

the flow-physics is significantly more complicated and the modeling much more 

challenging. A typical feature of these flows is the shedding of leading-edge 

vortices (LEVs). Over the past 10 years, research at NC State has resulted in the 

development of a so-called leading-edge suction parameter (LESP) that has 

helped understand LEV formation and shedding on airfoils with round leading 

edges. We showed that, for a given airfoil and Reynolds number, there is a 

critical value of the LESP that governs the initiation, growth, and termination of 

LEV shedding. This critical value is largely independent of motion kinematics for 

high-rate unsteady motions. Once this critical value is determined for one 

prototypical motion using CFD or experiment, it can then be used for other similar

-rate motion kinematics for that airfoil and Reynolds number. This idea has been 

used to augment an unsteady thin-airfoil theory with discrete vortex shedding to 

handle intermittent LEV shedding. Comparisons with CFD and experiments will 

be presented. Subsequent efforts have shown that the LESP idea can be used to 

model gust effects and finite-wing LEV formation. Current efforts are focused on 

designing motion kinematics to tailor LEV shedding, and the use of leading-edge 

flow sensing to deduce the events associated with LEV formation. Preliminary 

results from these recent efforts will also be presented. 
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