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Summary 

An immersed boundary method is used to solve the incompressible Naiver-Stokes equations for 

flows over two- and three-dimensional wings at low Reynolds number.  Apart from their interest 

for insect flight and micro-air vehicles, these flows are fast to compute and consequently 

unsteady airfoil motions can be studied over a large parameter space.  We focus on the dynamics 

of the leading-edge vortex (LEV) that plays an important role in determining mean and 

fluctuating forces in unsteady flows at high angle of attack.  We consider canonical surging and 

plunging airfoil motions, as well as rotating wings relevant to vertical-axis wind turbines.  The 

phase between the LEV pinch off and the unsteady airfoil motion is a controlling parameter in 

determining the forces and subtle variations in the phase can lead to large differences in the 

vortex dynamics and corresponding forces.  Comparisons with laboratory data for large-scale 

flows reveals qualitatively similar behavior.  We close by discussing prospects for using 

actuation to manipulate LEV formation and pinch off to control the forces. 
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