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Project Description: 
Airfoils in unsteady motion exhibit several key differences to those in steady freestream 
conditions, particularly during the stall process.  Rapid motions can delay stall to higher angles 
of attack to produce a large overshoot in the lift coefficient of the airfoil during stall, as well as 
large increases in drag and substantial variation in the airfoil pitching moment behavior.  This 
“dynamic stall” process is produced by a breakdown of suction at the leading edge of the airfoil 
and an eventual roll-up of the separated shear layer vorticity into a large dynamic stall vortex, as 
shown in Fig. 1.  This formation and shedding process of the dynamic stall vortex is extremely 
complex, and various strategies have been developed to provide simple representations of the 
flow field for engineering applications.  One of these approaches is a recently-developed discrete 
vortex element method with a Leading-Edge Suction Parameter (LESP) formulation.  For this 
research project, participants will investigate the vortex shedding process from the leading edge 
of a rapidly pitching airfoil using the LESP vortex element method, which will then be compared 
to experimentally-acquired vortex shedding behavior.   
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Student Background and Expected Research Activities: 
We are looking for a motivated researcher with interest in airfoil aerodynamics and complex 
flows, with experience working in Matlab and exposure to Fortran.  This project will include the 
use and modification of LDVM, an open-source code developed by NC State University and Air 
Force Research Laboratory.  In-depth knowledge of vortex dynamics is not required, though 
previous coursework in potential flow modeling is encouraged. 
 
Points of Contact: 
Prof. Phillip J. Ansell (ansell1@illinois.edu) 
Funding: 
Air Force Office of Scientific Research (AFOSR) 
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Fig. 1 Dynamic stall vortex on NACA 0012 airfoil during pitch-ramp motion. 
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