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- - This is a 2-hour time series of the
M Otlva‘tl O n yaw angle (black) and the added

wind vane signal (blue)
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The wind vane signal makes a

significant jump, when the turbine
makes a yaw manoeuvre.




Motivation
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Our assumption is, that the wind vane
overestimates the true yaw misalignment
" by a certain factor. Therefore, the yaw L

manoeuvre overshoots. An alternating yaw |
behaviour is being reinforced.




Hypothesis

We assume that this
is an inherent
problem of
measuring the wind
direction behind the
rotor.

Because of the rotor’s thrust, the
wind direction gets deflected during
a yaw misalignment. The angle
between the rotor axis and the
inflow get amplified.
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CFD (OpenFoam)
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To prove this hypothesis, we
conducted high-fidelity flow
simulations, with a laminar inflow

and a NREL 5MW turbine. | . N
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The
measurements
revealed a strong
deflection of the
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We placed virtual measuring points  [ESSCERES flow in yawed
above the nacelle in locations, 0 situations.
- . x [m]
where a potential wind vane could
be located.
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® Wind Vane Simulation
— linear reggression
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Overall, a linear amplification of the
20 measured yaw misalignment
compared to the true yaw

misalignment could be observed.
The slope is 1.26.
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Comparison: Met Mast vs Wind Vane

To prove the overestimation of
the wind vane, we compared the
yaw misalignment of a BARD
5 MW estimated by a close by
met mast to the wind vane signal.

Here, we compared 60-s averages
and calculated the orthogonal
distance regression (ODR).
The slope of this regression shows
an overestimation of the wind
vane of 20 %.

yaw offset by wind vane ¢ [°]

-20

m=1.20
bh=2.31°

-10 0 10
yaw offset by met mast v [°]

A correction factor for the wind
vane can be derived by taking the

inverse of the slope
1/1.2 =0.833
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Step response analysis
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To derive the correction factor of
the wind vane from wind vane
measurements alone (without the
need of a met mast), we developed
the step response analysis for the
yaw angle

For this we evaluate the wind vane
measurements before and after

yaw manoeuvres.
We calculated the average wind
vane signal before and after a
clock-wise yaw manoeuvre and
used the given formula to estimate

the correction factor



Step response analysis

These are the 2D histograms of
wind vane measurements of several
thousands of clock-wise yaw
manoeuvres before and after the
manoeuvre.

We repeated the same for anti-
clock-wise yaw manoeuvres.
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With the formula, we calculated the
respective correction factors for the Cacwr = 0.80

wind vane
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We implemented the correction

Tog g I e TESt factor in the yaw controller of a

BARD 5MW turbine.
With the corrected wind vane the

average wind vane measurement

after the yaw manoeuvre is close
to 0°.
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We tested the corrected wind vane
in a toggle test to compare the In the Toggle Test 2 the corrected

Tog g I e TeSt operation of the turbine. In Toggle wind vane signal was not used for

Test 1 the wind vane signal was the yaw trigger, but only for the yaw

corrected by a factor of 0.8 target.

Statistic Toggle test 1 Toggle test 2
Normal Wind vane Normal Wind vane
operation  correction operation  correction

Total duration 21.07d 20.95d 31.93d 32.52d

Number of yaw actuations 4960 2869 5373 5047

Yaw actuations per 10 min  1.64 0.95 1.17 1.08

Total yaw distance 41450° 21954° 42 625° 31522°

Yaw distance per 10 min 13.66° 7.28° 9.27° 6.73°

1 0 i 0,
Yaw manoeuvre reduction 41.8 % (IReel=e =l RV ERE T[S IRV Cocn if the yaw trigger is not altered,

significantly reduced the the corrected yaw target results still in
27.4 %

. . 0
Yaw distance reduction 46.7 % number of yaw significantly reduced yaw manoeuvre
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activity and yaw distance
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Summary

Hypothesis: The | wypothesis

wind vane of

HAWT

overestimates

the yaw T
misalignment '

MEt Mast Comparison: Met Mast vs Wind Vane
comparison: P :

linear wind : .

vane R
overestimation 2 . . R

yaw offset by met mast v [*]

: ForWindg

CFD shows a flow
deflection behind
the rotor

Step response
analysis: Data
driven
estimation of
correction
factor
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To prove this hypothesis, we
conducted high-fidesity Now

simulations, with & laminar inflow
and a NREL SMW turbine.

= ForWindg

Step response analysis

=> Toggle Test: Significant improvement of yaw behaviour.
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