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Figure 7. Comparison of unconstrained and constrained streamwise (u-) velocity component in the middle of the turbulence box, y=89.6 m,

z=119 m. Left: Seed 1003. Right: Seed 1005.

7 shows two examples of the u-velocity time series at hub height with and without applied constraints, for the same turbulence

seeds as shown in Figure 6.

For the purpose of load simulations, six different constrained turbulence seeds are generated from each extreme variance

event time series. Although applying the constraints makes the turbulence boxes similar in general, there are differences in

the parts of the boxes which are far from the constraint locations. As a result, there will be a seed-to-seed variation in loads5

simulated with constrained turbulence boxes, albeit much smaller than what is seen in the unconstrained case.

5 Load simulation results

In this section we compare the design load levels of the two simulation sets: DLC 1.3 and the constrained simulations with the

extreme variance. DLC 1.3 consists of 72 simulations (6 seeds per 12 wind speed bins) and the constrained simulations consist

of 264 simulations (6 seeds per 44 extreme variance event).10

5.1 Extreme loads

In Figure 8 the standard deviation of the simulated hub height u-component wind speed is shown as function of the mean hub

height u-component wind speed. Each dot shows the standard deviation averaged over six turbulence seeds. As the variance is

scaled to match the target both for DLC 1.3 and the constrained simulations, the scatter of the mean standard deviation over

the six different seeds is small. The standard error of the mean standard deviation is in the range of 0.008 - 0.013 m/s, and15

the standard error of the mean hub-height u-component wind speed is equal to, or less than 0.015 m/s. The standard deviation

from the constrained turbulence simulations (blue dots) is higher than that of DLC 1.3 with one exception. For this case, some

variance was lost as a consequence of changing the time interval selection to span ±300 s around the wind speed peak, and

data with a negative trend was cut off.

In Figure 9 the characteristic extreme loads from DLC 1.3 and the constrained simulations are compared. The maxi-20

mum/minimum load values of each 10-minute HAWC2 simulation are binned according to wind speed with a bin width of

14
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