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9 m/s – WT2: Baseline 9 m/s – WT2: Pulse 9 m/s – WT2: Helix

(a) Time series of the estimated wind speeds.
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(b) Power spectral density (PSD) of the time series.

Figure 8. 9 m/s case: Wind speed estimation on the downstream turbine (WT2), operated with Baseline control, using a static BEM as
internal model in the EKF. Reference velocities (black) are extracted from the LES with the sole upstream turbine operated with four
different control strategies: Baseline (blue), Pulse (green) and Helix (yellow).

Figure 8(b) shows that the estimator is able to capture the5

frequency content added to the wake by the Pulse and the
Helix control strategies. Looking back at the time series, it is
also interesting to notice that the phase at which higher and
lower velocity flow parcels are impacting a sector, or the ro-
tor, is properly captured. This is an interesting result from the10

perspective of applying the Helix or the Pulse to deeper lines
of turbines. The downstream turbine could therefore also be
actuated with the Helix or the Pulse. To do so in an optimal
way, it should synchronize its action with the periodic per-
turbations already present in the wake, as proposed in van 15

Vondelen et al. (2023a) or Korb et al. (2023).

Baseline IPC Pulse Helix

✏abs
Ur

[%] 6.4 6.2 6.6 5.8
✏abs
Us

[%] 7.0 6.9 7.3 6.6
✏Us [%] 6.6 6.4 6.7 6.0

Table 4. 9 m/s case: Wind speed estimation errors for the down-
stream turbine (WT2). The controller refers to the controller that is
active on the upstream turbine. The downstream turbine is always
operated with Baseline control.

Ref. (LES) Baseline est. Ref. (LES) Pulse est. Ref. (LES) Helix est.
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