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. ective Wind Speed Estimation
Introduction

Test Cases

Currently, the possible (or available) power of a down-regulated wind farm is calculated Using the general power expression; P = %pArotorCP (Q’}\)Ug’ff

as the summation of all individual possible power signals. However, this is a clear over- Horns Rev & Th anet

estimation considering the reduction in the wake deficit during downregulation. The ] »

main challenges of available power estimation are: N ] Estimation of C (}\. 0) The algorithm is tested using the dataset provided by Vattenfall which covers a 35-hours
ol , P ¢ period for Horns Rev, 47 hours for Thanet and 24 hours for Lillgrund where the whole

Determine the wind speed at the turbine level since the accuracy of nacelle il | v analytical model by Heier (1998) operational range is contained i.e. below cut-in to above rated region.
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Apply a real-time wake model which can calculate the power production as if the wind T A————— e potational 1 = K 1 ) B ( Cg )] 0 o 1' e , o 5
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farm was operating normally even in short downregulation periods. However, most existing | 255 A+ cgb 0" +1 sV,I/;ZC(I gzo Wind Speed @ Reference Turbine in Thanet | x10*
wake models have only been used to acquire long term, statistical information and verified ’ —> Sish | | o AR U AR YA
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using 10-min averaged data- Therefore, one of the existing models has to be re-calibrate depend on the blade shape, in other words, the turbine 219 ‘ i
using the estimated effective wind speeds ' and the turbulence intensity - type. They have been adjusted according to the T - - o - T ” v - e -
turbines in the case studies, partially using the research s ' ' ' ' ' ' ' ' ' '
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Nacelle wind speed (nws) Power curve wind speed — Effective wind speed (effWS) Met-Mast wind speed
The turbulence is a very important concept in wake modelling as it contributes the wake The wind speed Wa_s calculated for eac.h turbine iteratively using H.orns Thanet dataset aIS_O includes Curta"”?e”t which can bg seen between 1.4 and 1.5 -10°.
recovery while increasing the fatigue loads on the downstream turbine(s). It is taken into Rev-l, Thanet and Lillgrund offshore wind farms and NREL 5 MW single tTI:Ie F:c]?Wf_r curyed|s ”Ozl repﬁ;entatlvl? aft.erdthat F;O'”t butdthe-tahg:t;ement I;ethee”
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consideration in the wake model re-calibration process in terms of atmospheric turbulence turbine simulations [3]. Both cases have been investigated using € cliective wihd speed 4 € nacelle wind speed proceeds Wi € same tre
intensity, TI = °Y/,. It was computed using synchronous data extracted from the met-mast second-wise datasets extracted during both normal operation and For Lillgrund, estimated effective wind speed is in a very good agreement with the
and the SCADA of the most upstream turbine in Lillgrund offshore wind farm during a winter under curtailment. §ynchron9us MESERE data where nacelle anemometer measurements seem to
and a summer day to see the seasonal effects. include high level of noise.
Tl Calculated Using Power and NWS @ Lillgrund, Turbine C08 Conventionally, the TI i
s~ Tiews = Timetmas]  implemented in the NREL 5 MW Horns Rev — DownRegulation
analytical wake model | h 4 d ‘ : - _ v h £
ications i - : e : : . : : e second dataset from Horns Rev covers approximate ours of data
0.03- ‘ - IrpEEens 15 esiinEse NREL 5 MW is an artificial turbine widely used in simulations since -contrary to ) . . o y .
_ SN " using the met-mast data. 1l turbi I th q . q ri i extracted during down-regulation. In Figure 2 (a), the characteristics of the
2 N However here, the Tl is cormercar turbines= 4 € aerodynamit  and EEOMELHIC Properties —are downregulation which in total lasts approximately one hour may be seen.
20025 | | | I | ' approximated using published [3]. The scenario is 50 % downregulation with a simulated mean wind
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in the wake model re-calibration

Conclusion: the model is able to reproduce the wind speed averaged over the rotor for ;

1. Horns Rev - | (Vestas V80 - 2MW offshore), Thanet (Vestas V90 — 3MW offshore) and Lillgrund
(Siemens SWT-2.3-93) offshore wind farms

2. NREL 5 MW simulations

Under both normally operated and downregulated cases.

Conclusion

v Real-time wind farm scale available power estimation
» Also to be used for real-time wind farm power curve
v Second-wise effective wind speed estimation using Active Power, Pitch and GCLarsen Wake Mod e| Re_C a' | b rati on for Real T| me
Rotational Speed. Validated using:
» Horns Rev-| (optimum operated + down-regulated)
> MG (MmN CIESEIEE> U Ece) Re-calibrated Model Results — Single Wake
» Lillgrund (optimum operated) .,
» NREL 5 MW (down-regulated)
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Effective wind speeds are used .to estimate the f':\tmospherlc turbulence |n.ten5|ty The single wake model proposed by GClLarsen has been used for recalibration due | — original GCLarsan Wiodel |
and together they are used to calibrate GCLarsen single wake model for real-time , . _ _ . - ——Re-calibrated GCLarsen model

L L : . o . : L to its robustness and simplicity. The model has been implemented in WindPro and - _Effective Wind Speed
» Significant improvement in wake recovery around + 5° relative wind direction . |
Sfi= shown to perform well also on offshore [4]. The GCLarsen velocity deficit for single 5 1~
v" The calibrated model is then run on wind farm scale wake is derived as below [5] with two variables that were modelled in terms of 5
v Promising results were obtained applying time delay: maximum average error thrust coefficient, c; and atmospheric turbulence intensity, T1. g ol
of 15.5% 2 2 5
1 = c 0.8
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Future Works | . | | o ogor
With x, =a- c® and ¢; = ¢ ¢t + e TI. The estimated second-wise effective S

v' Re-parameterization of the wake algorithm considering meandering wind speed values in Thanet during normal operation were used for calibration ~ °°[

» Pragmatic approach using wind direction fluctuations [6] and the model is validated on Horns Rev data. For recalibration of the wake o | | | | T | | | |

v’ Real-time wake model implementation on other offshore wind farms model, all data was filtered for north-west perpendicular winds i.e. 320+30°. The 80 82 84 86 88 %0 92 o 2 2 oo
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» Beginning with Horns Rev
v Uncertainty estimation of the available power estimation procedure in practice today

model was fit to the dataset using nonlinear least squares estimates.
The original GCLarsen model significantly under-predicts the downstream wind speed for the

and the developed algorithm second-wise dataset. Better recovery achieved by the recalibration can be observed even for
» Summation of individual available powers vs. algorithm described 90°£5° bin.
v’ Validation of the final algorithm via wind farm scale experiments on Horns Rev !
v' See Gregor Giebel’s poster titled ‘Experimental verification of a real-time Re'CaIIbrated MOdeI ReSUItS _ Farm Scale
ower curve for down-regulated offshore wind power plants’ PO.ID 087! _ _ _ | .
> 2 > > Time it takes for a particle to move form the most | AVGI&‘QG’I Perce”talge E“’O"'r" Wind Sp?ed .
upstream turbine(s) to the current turbine 70 i
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