
Figure 20. Flow field of symmetric cases where partial waking plays a more significant role. The yaw angles and wind direction combinations

might not be realistic.

same sign as the aerodynamic loading. Because gravitational loads have constant amplitude, the smaller aerodynamic load on

the falling side results in overall smaller loads, that is, cycles that have smaller peaks. In this situation of positive yaw, the rising

blades experience unwaked conditions, and thus higher loads, which are now opposite to the sign of the gravitational loads,400

resulting in smaller peaks of load magnitude for the rising blades. The opposite, analogous physics happen under negative

yaw and negative wind direction conditions, resulting in overall larger peaks. For negative yaw cases, the wake is hitting the

blades that are rising, reducing aerodynamic loads when aerodynamics and gravity are opposite, resulting in larger magnitudes.

Similarly, the unwaked, falling blades experience higher-speed wind that produces aerodynamic loads with the same sign as

gravitational loads, again resulting in cycles with larger peaks. This behavior is illustrated in Fig. 21 for a small time series405

shown in terms of revolutions of the rotor (a revolution starts with the blade pointing up) and an aggregate for the entire 20 min

simulated in this work.

Figure 21. Mean-centered blade-root bending moments of the same symmetric case shown in Figs. 19 and 20. (a) Illustration of a short

period of the time-series; (b) revolution-averaged quantities, with shaded region showing one standard devition from the mean.

5 Discussion

We discuss the results in terms of the four quadrants of the contour plots shown. Figure 22 provides schematics of each of the

four quadrants for reference.410

Given the quadrants in Fig. 22, a summary of the findings is given below for each quadrant:

Figure 22(a): – Represents the top-left quadrant in the contour plots. Worst-performing quadrant in terms of loads; worst-

performing quadrant overall.

– Consistent gain in power when compared to baseline case, up to 35%. Values are analogous to symmetric

Fig. 22(d) and the exceptions described therein.415

– Small gain in power (1–2%) compared to equivalent symmetric cases (bottom-right quadrant).
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