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ABSTRACT

Numerical simulations of the NREL phase VI wind turbine operating in yawed conditions have been performed

using two computational methods; one based on the solution of the Reynolds—-averaged Navier-Stokes equations

(RANS) using unstructured overset meshes and one known

as the Vorticity Transport Model (VTM) that is based on

the solution of the vorticity transport equation. The effect of the hub that was present during the NREL experiments
was investigated by modeling the hub in the RANS simulations. It was found that the hub influenced the loading
significantly at the inboard part of the blade when the blade passed through the wake that was developed by the
hub. Both the RANS and VIM codes are able to predict well the unsteady and time-averaged aerodynamic loadings
on the wind turbine blades at low wind speeds. At high wind speeds, leading-edge flow separation and strong radial
flow are observed on the suction surface of the blades, when the blades are at the retreating side of the rotor. Both
the RANS and VTM codes provide less accurate predictions of the blade loads. However, at the advancing side of
the rotor, the flow is mostly attached to the surface of the blade, and both the RANS and VTM predictions of the

blade loads are in good agreement with the measured data.
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Figure 1: Computational meshes for the RANS calculations

(a) Background mesh (b) Triangulation of blade surface
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Figure 2: Streamlines around the rotor, and pressure contours on the blade surface, for 7m/s wind speed

with the turbine at a 60° yaw angle.
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azimuth of the blade is 90° and the turbine is operating at a 60° yaw angle.
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Figure 4: Radial distributions of instantaneous normal and tangential force coefficients along the blade
when the turbine is operating at 7m/s wind speed with a 60° yaw angle.
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Figure 5: Radial distributions of instantaneous normal and tangential force coefficients along the blade
when the turbine is operating at 15m/s wind speed with a 60° yaw angle.
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Figure 8: Radial distributions of time-averaged normal and tangential force coefficients for 7m/s wind

speed. Data for turbines operating at two different yaw angles are shown.
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Figure 11: Radial distributions of time—averaged normal and tangential force coefficients for 15m/s wind

speed. Left: 30° yaw; right: 60° yaw.
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Figure 12: Instantaneous pressure contours Figure 13: Radial distributions of instantaneous
computed by the RANS solver on the suction normal and tangential force coefficients for 15
surface of the blades when the turbine rotor m/s wind speed with 30° yaw angle.

operates in a 15m/s wind at a 30° yaw angle.

Separation line
(a) 0° azimuth

e

(b) 180° azimuth
Figure 14: Instantaneous streamlines computed by the RANS solver for the suction surface of the blade

for the turbine operating in a 15m/s wind at a 30° angle of yaw.



Figure 15: Instantaneous streamlines around the blade when it is located at 0° azimuth whilst in a wind of

speed 15 m/s and the turbine is at a 30° angle of yaw.



