
Figure 12. Farm-mean power (Fig. 10(f)) normalized by the power of the baseline no-yaw aligned wind case (Point 1 in Fig. 10(a)), (a).

Power variation exceeds 35% of the baseline power. Time-averaged flow field of points 4, 5, and 6 indicated are shown on right, (b,c,d).

Figure 12 shows that power differences can exceed 35% in certain scenarios (shown by Point 6) as well as have a negative

impact (e.g., Point 4). To relate the positive power differences to the actual configuration, we visualize three arbitrary points310

of the domain. For Point 4, Fig. 12(b), the turbines are highly yawed in the negative direction while the wind is at a slightly

positive (↵ = 2) inflow direction. In this case, as the turbines yaw to steer the wake away from downstream turbines, the

wind direction brings the wake directly back into the rotor of downstream turbines, making wake steering highly ineffective.

The loss in power is noted by the blue color. Such scenarios are not the goal but can be observed in scenarios of unintended

yaw misalignment. On the other hand, the condition noted by Point 5, Fig. 12(c), is a realistic combination of wind direction315

and yaw angle, and it yields a power difference of about 13% with respect to the baseline case. Finally, the regions of dark

red are the conditions of highest power gain, which are related to highly skewed flow, naturally diverting most of the wake

by itself. This is clearly illustrated in Fig. 12(d), on a condition of ↵ = 10 degrees with � = 7.5 degrees. While the positive

power differences obtained by dark red areas are operationally attractive, as will be shown in the next section, this comes with

significantly increased fatigue loads, rendering such a condition unrealistic. This is an important observation, as it showcases320

the need for performance studies with wake steering alongside structural fatigue load analysis.

We note that a wind farm operator that has control over the turbine configurations (but not the wind) can use charts like the

ones presented in Figs. 10 and 12 to estimate power changes given certain yaw angle configurations.

While Fig. 12(a) appears symmetric at first, we can compute the differences between the positive and negative yaws in

terms of power. Because there is zero veer in these flow fields, and thus no effect on the wake, the asymmetries presented next325

are due to the rotation of the rotor only. Here we introduce the idea of splitting the results in terms of the four quadrants, as

separated by the dashed lines at ↵ = 0 and � = 0. To establish a direct comparison, we split Fig. 12(a) in half horizontally, at

� = 0. We obtain the differences between positive and negative yaw by taking the bottom two quadrants (positive yaw) and

comparing against a mirrored version of the top two quadrants (negative yaw). Figure 13 shows the approach. Panel (a) shows
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