
Figure 22. Schematic of the cases investigated. The figures are arranged in such a way that they correspond to the each of the four quadrants

from prior images– (a) represents the top left quadrant; (b) the top right; (c) the bottom left; and (d) the bottom right

– Significantly worse loads compared to its symmetric case. Blade loads standard deviation up to 9% higher

and DEL up to 18% higher; LSS standard deviation up to 50% higher and DEL up to 50% higher; tower-

base bending moment standard deviations up to 10% higher, and DEL up to 8% higher. Tower-base tor-

sional loads are about the same or sometimes slightly (less than 5%) better than their counterpart.420

Figure 22(b): – Represents the top-right quadrant in the contour plots.

– Small values of wind direction (↵  4 degrees) and very negative values of yaw (� �15 degrees) are

undesirable, as the combination of wind and yaw result in the wake being steered directly into downstream

turbines. These cases are the ones with a decrease in power with respect to the baseline case; thus, loads

and DEL information are of interest only during periods of unintended yaw misalignment.425

– Positive power differences of up to 40% compared to the baseline case in the high wind direction ↵ > 8,

small yaw angle |�| < 5. Power losses are observed in undesirable configurations mentioned in the prior

bullet point.

– Power losses compared to its symmetric case can be observed for any given wind direction. The losses

are the highest for wind where 3 < ↵ < 9 and � < �10, up to 4%. They are the lowest for small wind430

directions ↵  2 and small yaw misalignment angles, up to � = �5, where the losses are less than 1%.

– For any given positive wind direction, blades and low-speed shaft loads (in terms of both standard deviation

and DEL) increase monotonically from lowest values at no-yaw conditions (for this quadrant). Tower-base

bending and torsional moment standard deviation and DEL increase slightly depending on the magnitude

of the yaw angle and wind direction.435

– Regarding its symmetric case, blade and tower bending moment are about 3% lower, LSS loads are 5–

10% higher, depending on the combination of yaw angle and wind direction. Tower torsional moments are

slightly lower (less than 3%) than its symmetric cases.
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