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Abstract

In this report an overview ahe ECN and NORCOWiEke LIDARcampaign at the ECN
Wind turbine Test site Wieringermear the period 2012014 is given. In this campaign

in parallel to meteorological mastseveral ground based and nacelle badéDAR
were used to measure the wind regime amdnd turbinewake behaviourln particular

the test setup is described, the used equipment, sensors and signals and the duration
of the campaignsThis documents aimed to bea publicreferencedocumentfor future
publicationsdescribing the measurement campaign overview.
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has been taken in the compiling of this report, ECN cannot be held responsible by the user for any

errors, inaccuracies and/or omissions contained therein, regardless of the cause, nor can ECN be held
respansible for any damages that may result therefrom. Any use that is made of the information
contained in this report and decisions made by the user on the basis of this information are for the

account and risk of the user. In no event shall ECN, its manatjerstors and/or employees have any

liability for indirect, noAmaterial or consequential damages, including loss of profit or revenudassd
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Introduction

1.1 LAWINE

ECN has initiated the project n&R G 9 FFAOASYy O& AYLINRGSYSyGa o6& [A5!w | &
G[!'2Lb9Y [ARFNI !X AOFGAZ2Y F2NJ 2LbR FINYOFFAOASYOeé
Technology, Avent Lidar Technology and XEMC Darwind in the framework of TKI Wind

op Zee I]. The project is built araud testing, evaluating and developing LIDAR

technology to reduce the Cost of Energy for offshore wind farms.

Work package & 2 A y R{ ©ftthé YeviN& project is focused around scanning LIDAR
technology. Here, it is aimed to test this technology in thdtdW research turbines

at ECNs test site, where 5 large meteorological masts are accurately measuring the wind
field at multiple heights. Based on these tetlte WindScannerresearch infrastructure

[2] is further developed.

1.2 NORCOWE

The NORwegia@entre for Offshore Wind Energy (NORCOWIE} [an interdisciplinary
resource centre for exploitation of offshore wind energy as a natural sustainable energy
source. The vision of NORCOWE is to combine Norwegian offshore technology and
leading internatimal communities on wind energy in order to provide innovative and
cost efficient solutions and technology for large water depths and harsh offshore
environments. It is a goal that NORCOWE will help building strong clusters on offshore
wind energy in Norwaypy developing new knowledge and by providing skilled persons
for the industry.

22N] LIFO1F3IS M d2AyR FyR hOSty O2yRAGAZ2Y&éE 2F bhw/ h?

knowledge of the offshore wind and ocean conditianwith focus on climatology and
the marine (seair) boundary layer (MBL). This is done with modelling and
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observations. The modgland new measurement techniques are being developed and
are taken into use in order to improve our understamgliof the marine boundary layer

1.3 Joint LIDAR campaign

The Wind Turbine Wake ExperimenWieringermeer (WINTWEW) is a cooperative
wake measurment campaign conducted by tHeCN and NORCOWAESscanning.iDAR

four static Windcubes as well as a downstream looking nacelle LIiDAR are placed for half
a year downstream o&nd onone ofthe five research wind turbines ithe ECNWind

turbine Test site Wieringermeer(EWTW)to measure single wind turbine wakeshe

aim of the campaign is a qualitative and quantitative description of single wind turbine
wake propagation and persistency, as well as to improve CFD wake models by delivering
a detailed data sedf several real atmospheric conditions.

Figurel: Proposed setip and layout of the joint EENORCOWE campaign
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1.4 Purpose of this document

The indicated campaign has resulted in the creation of a huge database. Of course such
a campaign needs to be properly documented. Now, several document have been
issued in this respedtl], however, because they all contahleastsome confidential
information, none of them is available in the public dom&me of the goals of this

joint campaign is to generate publicly available foreground knowledge in the form of
papers, reports, conference contributions, etc. In these documents reference needs to
be made to the campaign available to the reader and hence the purpose of this
document isexplained.



ECN Test Site EWTW

In the end of 200EECN commenced a wind turbine test site in Wieringermeer located
on the North east of the province NorHolland about 60 km North of Amsterdam and
35 km east of the ECN headquarters in PetfEne testsite, named EWTWs shown in
Figure2 andis located in the vicinity dhe artificial lake of 1Jsselmeer.

Figure2: Location of theEWTW [Google]

A\

AMSTERDAM

Thetest siteis equipped witha state of the art infrastructure for site assessment and
wind turbine testing and certification. Currentiyre test site consists of:

9 Five research turbines in locationst® o W9 (Figure3). The research turbines are

used for experimental research conducted by ECN wind unit and other European
research institutes.
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9 Six prototype locations in locationst®, W10 and W1 to Wt4 (Figure 3). The
wind turbine manufactures use prototype locations for tsind certification of
their new wind turbines.

1 Five meteorological masts (hereaftaferred to as met mast or MM) MM1 to MM5
(Figure3).

1 10kV cables to connect turbines to a 50/100 kV transformer station and then, direct
connection to a high voltageubstation.

1 Glass fibre network to transmit the measurement data.

1 Measurement pavilion of the site.

Figure3: The EWTW infrastructure: research turbines in green, prototype locations in red, neighbour
turbines in orange and nteorological masts in purple [Google]
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In Table 1 general specificationsof the EWTWmeteorologicalmasts including their
coordinakes and erection date are given.

Table 1: General description of the EWTW met masts

Met |Latitude Longitude |Lattice [Erected |Erected on In Operation
\ER Height ffor Since

(m)
MM1 52.81443 5.07977 108 Wt 1-2 Mar/Apr 2003 30 Jun 2003
MM2 52.81365 5.09055 96.2 Wt34 Jul 2005 10 Oct 2005
MM3 52.82814 5.08164 108 Wt 59 Jul 2004 10 Dec 2004

MM4 5281625 5.06649 96.2 Wt10-11 Feb/Apr2011 10 May 2011
MM5 5281627 5.07383 88.8 Wt1l Aug/Sept 2011 04 Oct 2011



Smilarly, n Table2 general specifications of the research turbines are given.

Table2: General description of the EWTW turbine locations

Location [Turbine Latitude |Longitude [Erected on |[Rated [Rotor Hub
Type Power |Diameter Height

(kw)  (m) (m)

Wt5 Nordex 52.831788 5.080083 2004 2500 80.0 80.0
N80/2500

Wt6 Nordex 52.831552 5.084593 2004 2500 80.0 80.0
N80/2500

Wt7 Nordex 52.831313 5.089106 2004 2500 80.0 80.0
N80/2500

Wt8 Nordex 52.831083 5.093613 2004 2500 80.0 80.0
N80/2500

Wt9 Nordex 52.830852 5.098120 2004 2500 80.0 80.0
N80/2500

A photograph of the test is provided Kigue 4, where te research turbines located on
the north side of the measurement paviliare shown inFigure5 and the prototype
locations located on the south side of the measurement pavilidrignire6.

Figue 4: Turbine locations of the EWTW test site [taken Jan. 2015]

- —

Research turbines
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Figureb: The research turbines and MM3 of the EWTW test site [taken Jan. 2015]

Figure6: Prototype locations, MM1, MM2, MM4 and MM5 of the EWTW test site [taken Jan. 2015]

TheLiDAR in this campaign are mainly located around WT6 and MM3. Therefore, only
WT6 and MM3 and their instrumentation are dissed further. In chapte3 and 4 of
this report the WT6 and MM3 is discussed in detail.



2.1 Site Topography

The polder Wieringermeer consists of flat agricultural land at an altitude oktens
below sea level. The East border of the polder is a dike (or sea wall) aboetess
height, £en from the land site, and Betersheight seen from the $3elmeer.

Figure7: The EWTW infrastructure from satellite view: research turbines in green, prototype locations
in red, neighbour turbines in orange and meteorotadimasts in purple [Google]
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Since theLiDARcampaign is mainly carried out around the MM3, only site topography
around this meteorological mast is discussed heks.seen from MM3, the relevant
obstacles are a row of trees, farmhouses plus barn, ancbsading wind turbines. The
small village of Kreileroord is in the vicinity. dhapter 3of this report 360° photos
taken fromthe MM3 locationare given.Following poins are noticeable around MM3:

1 Along the road (Zuiderkwelweg), 250eters west of the MM3, a row of trees
stretches from theNorth to the South. It ranges from the village Kreileroord &
kilometresSouth of the prototype turbines. The heigbf the trees is approximately
15 meters

1 North of the MMS3, five EWTW research turbines are ledat

South of the MM3, a single wind turbine (NEG Micon NM52) is located.

1 South of the MM3, the EWTW prototype turbines are located.

=
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2.2 Site Climate

In Table 3, overall statistics (yearly maximum, minimum, average and standard
deviation) of 10 years (2005 to 2014) climate condition at the EWTW for MM1 at 85
meters height and MM3 at 80meters height are given.See also [p for more
information.

Table3: Overall satistics of climate condition at the EWTW for the period 2005 to 2@icluding
wakes)

Unit

Signal
Wind
[m/s]  0.08 0.25 32.02 32.69 7.37 7.21 3.53 3.48
Speed
Turbulence
. [%0] 0.00 0.00 59.88 59.98 10.95 11.63 6.18 6.16
Intensity
Flow
. [deg] 0.00 0.00 20.00 19.98 2.61 2.23 1.97 1.59
Inclination
Air
[°’C] -12.6 -12.8 31.35 31.34 10.31 10.30 6.16 6.12
Temperature
Atmospheric
[hPa] 953.3 954.1 1037.5 1038.2 1005.1 10059 10.11 10.09
Pressure
Relative
- [%0] 0.09 0.07 100.00 100.00 79.24 7851 1294 12.74
Humidity

In Figure 8, yearly average of wind speed measurement on MM1 and MM3 for the
period of 2005 to 2014 are depicted.



Figure8: Windspeed measurement of MM1 and MM3 for therma 2005 to 2014including wakes)
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In Table 4, wakefree statistics (yearly maximum, minimum, average and standard
deviation) of 10 years (2005 to 2014) climate condition at the EWTW for MM1 at 85 m
height and MM3 at 80 m heiglare given.

Table4: Wakefree gatistics of climate condition at the EWTW for the period 2005 to 2014

. Unit
Signal
Wind
[m/s] 0.078 0.247 32.018 32.688 7.746 7533 3519 3.510

Speed
Turbulence

) [%] 0.000 0.000 59.881 59.978 9.633 10.298 4.568 5.038
Intensity
Flow

L [deg] 0.000 0.000 19.998 19.977 2.565 2.188 1.632 1.510
Inclination

In Figure9 yearly average ofvakefree wind speed measurement on MM1 and MM3
for the period of 2005 to 2014 are depicted.

ZECN ECNE16-006
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Figure9: Wakefree wind speed measurement on MMihd MM3 for the period2005 to 2014
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Research Turbine

The ECN research turbines are 5 Nord&0 turbines. They are pitch regulated

machines with a rated power of 2.5MW. The hub height and the rotor diameter is 80m.
They are numbered Wt05 to Wt09 frowvest to East. The turbine under test is Wt06,

i.e. the second turbine as seen from East.

The main reason for considering turbine Wt06 (sometimes referred to asMN¥ordex

6) is that the meteorological mast MM3 is at a distance of 2.5D, i.e. the optimal distance
according to the IEC 61440@-1 [6] standard. Another reason is that the main wind
direction at the site is SoutkVest. With winds from this direction the mast directly is in
front of the turbine neasuring the inflow condition®elow the signals as measured

from the indicated turbine are discussed, separately.

Active powerWt06
Signal: Wt06_Mb_EpowQ1
Dimension: kw

The active power is measured at the low voltage side of the transformer by means of
current transformers and a power transducer. The output signal of the power
transducer is measured with an analogue Dante modiale acquisition system

The specifications about the power transducer are listed below:

Brand: Muller-Ziegler

Type: PdrMu with additional second order low pass filter with eff frequency of
400 Hz

Range:-HpnnXnnnn 132

Table5: Nordex 6 power signal

Wt06_Mb_EpowQ1 kW

PLC signals

ZECN ECNE16-006
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The following PLC signals are measured in the Nordex turbines.

Table6: Nordex PLC signals

WtOx_Ct_PEpow_Q5 kw
WitOx_Ct_Pgspd_Q5 Rpm
Wt0x_Ct_Pwsnac_Q5 m/s
Wt0x_Ct_Pwdnac_Q5 Deg
Wt0x_Ct_Pnacdrtn_Q5 Deg
WitOx_Ct_Ppitchl_Q5 Deg
WitOx_Ct_Ppitch2_Q5 Deg
WitOx_Ct_Ppitch3_Q5 Deg
Wt0x_Ct_Popmode_Q5 -
W1t06_Ct_Pred_pow_Q5 1/0

Apart from the Wt06_Ct_Pred_pow_Q5 sigral PLC signals are measured in the
turbines Nordex 59.

Short description of the signals:

WtOx_Ct_PEpow_Q5: electrical power

WtOx_Ct_Pgspd_Q5: generator speed

WtOx_Ct_Pwsnhac_Q5: nacelle wind speed
Default, this is the wind speed measured with 2D sonia@win
sensor mounted on top of the nacelle. In case of a failure of
the sonic wind sensor, the turbine switches to the cup
anemometer.

Wit0x_Ct_Pwdnac_Q5: wind direction nacelle
When the turbine is in upwind position, this signal equals the
T6_Pnacdrtn signal.
Default, this is the wind direction measured with 2D sonic
wind sensor mounted on top of the nacelle. In case of a
failure of the sonic wind sensor, the turbine switches to the
wind vane.

WtOx_Ct_Pnacdrtn_Q5: nacelle direction relative to North.

WtOx_Ct_Pjichl_Q5: pitch angle blade 1

WtOx_Ct_Ppitch2_Q5: pitch angle blade 2

WtOx_Ct_Ppitch3_Q5: pitch angle blade 3

WtOx_Ct_Popmode_Q5operational mode

WtOx_Ct_Pred_pow_Q5reduced power.

PEf GKAA aAirdylrta 02YS FTNRBY (KSetheligdl ¢ f SR
PLC signals are converted into mA sigpalkedup bythe ECNDante FrontendThe

signal WtOx_Ct_Pnacdrtn_Q5 is calibrated by measuring the nacelle position with

respect to the magnetic North using a compass. Most of these signamsesgured

using analogue Dante modules, some of these signals are measured usingA®OON
telemetry unit.

For more information about the signals and the instrumentation reference is made to

[4].



Meteorological Mast

The MM3 is the second met maiststalled at the EWTW sit@nd erectedin July 2004

The MMS3 is dsigned in such a way to support the experimental researchtton

turbines in locations WT&® WT9.The distance of the MM3 tthe research turbines is

given inFigurelO.

Figure10: The distance of the MM3 to research turbines
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Table 7 gives an overview of the undisturbed wind sectors MM3 and WT6as
determined according to [6

Table7: Undisturbed wind sectors MM3 & Nordex turbines

Min angle (deg) Max angle (deg)

WTe

MM3

WT6 & MM3

305.14
125.76
239.85
345.92
102.35
241.84
345.92
125.76
241.84

ZECN ECNE16-006

32.67

138.4

244.63
353.75
132.52
283.22
353.75
132.52
244.63
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4.1 Mast Structure

The overall structure of the MM3 is similar to MM1, which is 108 m lattice tower. In
MM3, booms are installed at two different heights, 50.4 and 78.4 m. In MM3 the
instrumentation are installed on the booms and on top of the mast at 108 m. The
structure ofthe MM3 is shown irFigurell.

Figurell: Lattice structure of the MM3 with attached booms positioned by guy wires [taken Jan. 2015]




4.2 360° Photographs

The complete 360° sector photographs taken from the MM3 position is dfigamel2.

Figure12: 360° sector photogrdps taken from the MM3 position [taken Dec. 2014]
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4.3 Sensor Arrangement

In the MM3 meteorological instrumentations are installed on booms at two heights and
on the top of the mast. IrFigure 13 an overview of the MM3 instrumentation is
illustrated.

Figurel3: Overview of the MM3 instrumentations.

109.1m: Gill sonic anemometel/

80m: Gill sonic anemometer
80 m:two Risg anemometer
79.2m: two Thies wind vanes
78.4m Vaisalaair temperature,
pressure and relative humidity

52m: Gill sonican
52m: two Risg anemometer
51.2m: two Thies wind vanes

/
/

The complete list of sensors installed on the MM3 is giveTainle8. The sensors
mounted at different height levieare separated with a black line.






