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With the continued growth of global wind power production, ongoing efforts to 
increase the power density and controllability of wind power plants are becoming 
more important. In this talk, I will discuss the application of vortex dynamics to 
improve wind turbine modeling. Vortex dynamics are particularly important for 
yawed wind turbines, which generate counter-rotating vortex pairs (CVPs) that 
deflect and deform the turbines' wakes as they advect and turbulently diffuse 
downstream. Application of the Prandtl's lifting line theory and integration of the 
mean streamwise vorticity transport equation yield accurate models of the initial CVP 
vorticity and velocity fields. Analytic integration of the simplified vorticity transport 
equation, combined with an eddy viscosity approach, provide analytical expressions 
for the vorticity and circulation of the CVP as the vorticity cancels at the line of 
symmetry of the wake through cross-diffusion. Further application of the vorticity 
equation generates models for the wake curling induced by the yawed turbine CVP.  
These types of models developed from vortex dynamics profile a framework for fully 
realizing the potential of yawing for wind farm power maximization and regulation. 
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