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Summary:
In the present study, methods for improving the prediction of drag for various types of wind turbine airfoils have been
explored. The key issue addressed is the problem of the under-prediction of drag of thick airfoils as well as airfoils
with a thick trailing edge, both of which are often used in wind turbine blades.
An improved formulation for the estimation of drag of thick airfoils has been derived. The under-prediction of drag by
methods employing viscous-inviscid interaction, like XFOIL, can be quite significant for the thick airfoils used in wind
turbine applications (up to 30% as seen in the present study). The improved formulation for drag prediction estimates
the drag accurately for airfoils with reasonably small trailing edge thickness. The derivation for the correction of the
drag is based on the difference between the actual momentum loss thickness, based on free stream velocity, and the
one based on the velocity at the edge of the boundary layer. The improved formulation has been implemented in the
most recent version of XFOIL (version 6.99) and RFOIL and the results are compared with experimental data, results
from commercial CFD methods like ANSYS CFX and other methods like DTU-AED EllipSys2D and CENER WMB.
The improved versions of XFOIL and RFOIL show good agreement with experimental data.
A similar approach is used for airfoils with a thick trailing edge as well. It has been found that solution methods
considering only steady flow conditions, fail to accurately account for drag in case of thick trailing edges. This
because effects of unsteady flow, such as vortex shedding, also contribute significantly to the drag. An empirical
approach is needed to account for the excess drag observed for these airfoils if methods for steady flow are to be
used.
In an auxiliary study, implementation of bypass transition in RFOIL to predict the location of transition for high freestream turbulence levels has been presented. However, the results indicate that this approach does not perform well
when integrated into RFOIL.
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