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Joint Project: Power Performance Test \_}M WESC 2023

= Extensive field study to prepare for the use of = 3-month campaign in ENGIE’s wind farm (US)
Nacelle Mounted Lidars (NMLs) for Power = Onshore flat terrain

Performance Testing(PPT) on operational basis :
L _ _ » Reference instruments: (1) IEC met mast and
= First joint industry project following the context (2) WindCube Ground-Based lidar

of the IEC 61400-50-3 standard
——
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Measurement specification JM WESC

Measurement specifications

50m to 450m/700m depending on

Range :
version
Data sampling rate 1 Hz beam swap frequency
10/20 user defined distances,
Ranges )
simultaneously measured
Speed accuracy 0.1 m/s
Speed uncertainty < 2%
Direction accuracy +/- 0.5°
Probed lenght 30m (constant at all range gates)
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Test Setup

i}_p" WESC 2022
- HAT?GLASEDW. UK

Map e Distance from Distance from Measurement
WTG [m] WTG [ D=127m ] Height [m]
0 Nacelle.-mounted WindCube 50m-700m 0.4D-5.5D 89m
£ Lidar Nacelle
S50 g
2
100 [ 8
150 A Met Mast IEC compliant 282m 2.2D 32m-89m
-200 |
250 | Gr°“£:;':ased WindCube 290m 2.3D 40m-200m
300 /<. small sector[187 207]
-350 f ]
400} large sector[140,210] | Two wind sectors:
450 - | Distance(m) 1)  187°-207°: met mast centered wind sector
200  -100 0 100 200 300 o o . .
2)  140°-210°: IEC valid wind sector
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Comparison of Wind Speed

Centered wind sector: 187°-207°

Wind Speed of WCN (m/s)
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Wind Speed Comparison:
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Wind Speed Comparison:
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Wind Speed Comparison:
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Key take away

= Better wind speed correlation between the IEC
met mast and nacelle lidar when using a smaller
wind sector.

= Sampling points in small sector is not enough for

an accurate PPT.
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= Fig(a) and Fig(b) show:

= Scattering points of PPT by WCN are
more concentrated than PPT by Met
Mast.

» Fig(d) shows the Standard Deviation
(SD) by WCN in the bin of wind speed is
significantly lower than SD by Met Mast.

= WCN is always measuring the wind

speed exactly in front of the wind turbine.

6-Jun-23
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Result(1): Uncertainty on AEP :‘*ji_WESC 2023
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= The evaluation of PPT by two devices ME ol oo
. 100} 5 % 80  |—F—Bin Std % 80 Bin Std
on the uncertainty of Annual Energy 150 8 e i
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]
Result(2): Wind shear and REWS ::*D_WESCZUB

= REWS: Rotor Equivalent Wind Speed

Side view - Volume in front of WTG

Front view - Rotor swept area

= Definition by IEC 61400-12-1.: 55
15.0
1/3 = 160
] v = Znh v3 ﬁ / -% 14.5
eq i=1Yi 4 .E;Mo g
. . . 5 120 14,0
— nyis the number of available measurement heights (n,23); E %
?, 100 13.5
— vis the wind speed at height i; $
80 13.0
— Ais the complete area of rotor; - s
— A/ is the area of the i segment. aof] VTG nductionzone
. J Tissot. IEC REWS calculation with 4—beam nacelle lidar, WindTech2020,
» Result: The measurement of wind shear and
REWS by WCN Is accurate. . (a) REWS Comparison y (b) Wind Shear Comparison
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Van Sark.(2019). Wind Energy. The measurment by GBL and WCN REWS of GBL (m/s) Wind Shear of GBL
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REWS comparison by GBL and WCN

(a) Power Performance Measurem nt by HHWS of GBL

(b) Power Performance Measuremnt by REWS of GBL
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(c) Power Performance Measuremnt by HHWS of NML
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(d) Power Performance Measurem nt by REWS of NML
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= Results shows some benefits of REWS:

» REWS can reduce the uncertainty of PPM
for both GBL and WCN.

= PPM by REWS of WCN has the lowest
uncertainty, which shows the good
potential application for the evaluation of
the turbine power performance.

WESC 2023
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Result(3): Terrain evaluation(on-going)

= OpenFOAM is used to simulate the wind field
difference at two locations at multiple wind
directions.

= The simulation result shows: even in the flat
terrain, there is slightly difference of wind field
of two locations.

= |dea for further study:

= WCN measures RWS by 4 beams;

= Research on RWS and GBL for the spatial 16
difference of wind field.
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Conclusions: }WESC 2023

= Conclusions:
= Better spatial coherence of the nacelle lidar measurements.
Difference between power curves measured with IEC met mast and nacelle lidar is <2%.
AEP Standard Deviation is lower for Nacelle Mounted Lidar(NML), especially for a winder sector.
Industry is ready for PPT using NML on operational basis following IEC-50-3.
The measurement of wind shear and REWS by NML is accurate.

* Planning for the next work

* [nvestigation on PPT Uncertainty by measurement and simulation;
= Turbulence Intensity on PPT: Tl impact the PPT variation.
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