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3.2 Results

The rotor is discretized into 8 sectors, providing an interme-
diate spatial resolution in the wind speed estimates. Figure 2
shows the estimation of the sector-effective wind speed (only
one sector is shown for the sake of conciseness), the rotor- 5

effective wind speed, and the tilt and yaw shear coefficients.
The temporal evolution of the sector-effective and rotor-

effective wind speeds appears well captured across all sim-
ulations. The same remark holds for the shear coefficients.
As expected, the estimated signals present steps, as a sector 10

velocity is only updated when a blade leaves a sector, i.e. at
a 3P frequency (see Appendix B). This update procedure is
also partly responsible for the delay between the estimated
velocities and the reference velocities. One can also notice
that the estimates tend to deteriorate as the mean upstream 15

wind speed decreases, this is discussed hereunder.
The estimator performances is quantified using the follow-

ing indicators, with Nk the number of time steps:
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Regarding the estimation of the rotor-effective velocity,
the relative absolute errors reported in Tab. 1 remain under 25

4%, while for the sector-effective velocities, they remain un-
der 5%. This is similar to the errors in Bottasso et al. (2018).

Uref [m/s] 5 9 15

TI [%] 6 10 15 6 10 15 6 10 15

✏abs
Ur

[%] 2.2 2.6 3.6 1.7 3.1 3.1 0.5 0.8 1.7
✏abs
Us

[%] 2.5 3.4 4.9 2.1 4.6 4.5 1.0 1.8 3.0
✏Us [%] 2.3 2.5 3.3 1.4 2.5 1.7 0.2 0.3 0.5
✏↵yaw [%] 6.1 7.9 6.6 5.8 14.9 6.7 4.2 4.9 4.9
✏↵tilt [%] 8.0 7.9 7.7 7.6 9.5 7.6 5.2 5.1 5.6

Table 1. Relative errors for the estimation of the rotor-effective
wind speed, the sector-effective wind speed and the shear coeffi-
cients for the 9 validation cases.

We also verify whether a bias is present in the estimation
by computing ✏Us . Table 1 shows that a bias around 0.3% is
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(c) Uref = 14 m/s, ⌦rot = 12.1 rpm, � = 8.7o

Figure 2. Estimated wind characteristics (sector-effective wind
speed, rotor-effective wind speed, shear coefficients) at three wind
speeds with TI = 10%: LES-recovered references (black) and esti-
mated values (blue).
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3.2 Results

The rotor is discretized into 8 sectors, providing an interme-
diate spatial resolution in the wind speed estimates. Figure 2
shows the estimation of the sector-effective wind speed (only
one sector is shown for the sake of conciseness), the rotor- 5

effective wind speed, and the tilt and yaw shear coefficients.
The temporal evolution of the sector-effective and rotor-

effective wind speeds appears well captured across all sim-
ulations. The same remark holds for the shear coefficients.
As expected, the estimated signals present steps, as a sector 10

velocity is only updated when a blade leaves a sector, i.e. at
a 3P frequency (see Appendix B). This update procedure is
also partly responsible for the delay between the estimated
velocities and the reference velocities. One can also notice
that the estimates tend to deteriorate as the mean upstream 15

wind speed decreases, this is discussed hereunder.
The estimator performances is quantified using the follow-

ing indicators, with Nk the number of time steps:
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Regarding the estimation of the rotor-effective velocity,
the relative absolute errors reported in Tab. 1 remain under 25

4%, while for the sector-effective velocities, they remain un-
der 5%. This is similar to the errors in Bottasso et al. (2018).

Uref [m/s] 5 9 15

TI [%] 6 10 15 6 10 15 6 10 15

✏abs
Ur

[%] 2.2 2.6 3.6 1.7 3.1 3.1 0.5 0.8 1.7
✏abs
Us

[%] 2.5 3.4 4.9 2.1 4.6 4.5 1.0 1.8 3.0
✏Us [%] 2.3 2.5 3.3 1.4 2.5 1.7 0.2 0.3 0.5
✏↵yaw [%] 6.1 7.9 6.6 5.8 14.9 6.7 4.2 4.9 4.9
✏↵tilt [%] 8.0 7.9 7.7 7.6 9.5 7.6 5.2 5.1 5.6

Table 1. Relative errors for the estimation of the rotor-effective
wind speed, the sector-effective wind speed and the shear coeffi-
cients for the 9 validation cases.

We also verify whether a bias is present in the estimation
by computing ✏Us . Table 1 shows that a bias around 0.3% is
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Figure 2. Estimated wind characteristics (sector-effective wind
speed, rotor-effective wind speed, shear coefficients) at three wind
speeds with TI = 10%: LES-recovered references (black) and esti-
mated values (blue).
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3.2 Results

The rotor is discretized into 8 sectors, providing an interme-
diate spatial resolution in the wind speed estimates. Figure 2
shows the estimation of the sector-effective wind speed (only
one sector is shown for the sake of conciseness), the rotor- 5

effective wind speed, and the tilt and yaw shear coefficients.
The temporal evolution of the sector-effective and rotor-

effective wind speeds appears well captured across all sim-
ulations. The same remark holds for the shear coefficients.
As expected, the estimated signals present steps, as a sector 10

velocity is only updated when a blade leaves a sector, i.e. at
a 3P frequency (see Appendix B). This update procedure is
also partly responsible for the delay between the estimated
velocities and the reference velocities. One can also notice
that the estimates tend to deteriorate as the mean upstream 15

wind speed decreases, this is discussed hereunder.
The estimator performances is quantified using the follow-

ing indicators, with Nk the number of time steps:
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Regarding the estimation of the rotor-effective velocity,
the relative absolute errors reported in Tab. 1 remain under 25

4%, while for the sector-effective velocities, they remain un-
der 5%. This is similar to the errors in Bottasso et al. (2018).

Uref [m/s] 5 9 15

TI [%] 6 10 15 6 10 15 6 10 15

✏abs
Ur

[%] 2.2 2.6 3.6 1.7 3.1 3.1 0.5 0.8 1.7
✏abs
Us

[%] 2.5 3.4 4.9 2.1 4.6 4.5 1.0 1.8 3.0
✏Us [%] 2.3 2.5 3.3 1.4 2.5 1.7 0.2 0.3 0.5
✏↵yaw [%] 6.1 7.9 6.6 5.8 14.9 6.7 4.2 4.9 4.9
✏↵tilt [%] 8.0 7.9 7.7 7.6 9.5 7.6 5.2 5.1 5.6

Table 1. Relative errors for the estimation of the rotor-effective
wind speed, the sector-effective wind speed and the shear coeffi-
cients for the 9 validation cases.

We also verify whether a bias is present in the estimation
by computing ✏Us . Table 1 shows that a bias around 0.3% is
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Figure 2. Estimated wind characteristics (sector-effective wind
speed, rotor-effective wind speed, shear coefficients) at three wind
speeds with TI = 10%: LES-recovered references (black) and esti-
mated values (blue).
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3.2 Results

The rotor is discretized into 8 sectors, providing an interme-
diate spatial resolution in the wind speed estimates. Figure 2
shows the estimation of the sector-effective wind speed (only
one sector is shown for the sake of conciseness), the rotor- 5

effective wind speed, and the tilt and yaw shear coefficients.
The temporal evolution of the sector-effective and rotor-

effective wind speeds appears well captured across all sim-
ulations. The same remark holds for the shear coefficients.
As expected, the estimated signals present steps, as a sector 10

velocity is only updated when a blade leaves a sector, i.e. at
a 3P frequency (see Appendix B). This update procedure is
also partly responsible for the delay between the estimated
velocities and the reference velocities. One can also notice
that the estimates tend to deteriorate as the mean upstream 15

wind speed decreases, this is discussed hereunder.
The estimator performances is quantified using the follow-

ing indicators, with Nk the number of time steps:

✏
abs
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[%] =
1

Nk

X

k

|Ur,k � U
LES
r,k |

Uref
, (21)

✏
abs
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[%] =
1

nSNk

X
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s,k |

Uref
, (22) 20

✏Us [%] =
1

nSNk

X

s,k

Us,k � U
LES
s,k

Uref
, (23)

✏↵yaw [%] =
1

Nk

X

k

|↵yaw,k � ↵
LES
yaw,k|

1
2

⇣
maxk ↵

LES
yaw,k � mink ↵

LES
yaw,k

⌘ , (24)

✏↵tilt [%] =
1

Nk

X

k

|↵tilt,k � ↵
LES
tilt,k|

1
2

⇣
maxk ↵

LES
tilt,k � mink ↵

LES
tilt,k

⌘ . (25)

Regarding the estimation of the rotor-effective velocity,
the relative absolute errors reported in Tab. 1 remain under 25

4%, while for the sector-effective velocities, they remain un-
der 5%. This is similar to the errors in Bottasso et al. (2018).

Uref [m/s] 5 9 15

TI [%] 6 10 15 6 10 15 6 10 15

✏abs
Ur

[%] 2.2 2.6 3.6 1.7 3.1 3.1 0.5 0.8 1.7
✏abs
Us

[%] 2.5 3.4 4.9 2.1 4.6 4.5 1.0 1.8 3.0
✏Us [%] 2.3 2.5 3.3 1.4 2.5 1.7 0.2 0.3 0.5
✏↵yaw [%] 6.1 7.9 6.6 5.8 14.9 6.7 4.2 4.9 4.9
✏↵tilt [%] 8.0 7.9 7.7 7.6 9.5 7.6 5.2 5.1 5.6

Table 1. Relative errors for the estimation of the rotor-effective
wind speed, the sector-effective wind speed and the shear coeffi-
cients for the 9 validation cases.

We also verify whether a bias is present in the estimation
by computing ✏Us . Table 1 shows that a bias around 0.3% is
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Figure 2. Estimated wind characteristics (sector-effective wind
speed, rotor-effective wind speed, shear coefficients) at three wind
speeds with TI = 10%: LES-recovered references (black) and esti-
mated values (blue).


