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Test Station for Remote Wind Sensing
Devices near Rysum (North Sea Coast) ndcuerd

« 1. target: test of individual lidar and sodar J
before field application (analogous to
calibration of cup anemometers in wind
tunnel)

o 2. target: type specific classification of
lidars und sodars (analogous to
classification of cup anemometers
according to IEC 61400-12-1)

 135m-Mast provided by Enercon since
May 2008, cup anemometers and 3D- -
sonics at heights 135m, 105m, 71m, 35m “-

« already 4 Windcubes (lidar) series
models tested




LIDAR:
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Light Detection And Ranging
ZephlIR (Natural Power) Windcube (Leospher)

2475mm

%
e

e ZephlR: definition of * Windcube: definition of
measurement position by measurement position by
er beam, measurement of travel time,
pulsed laser

has a Doppler-shift in the frequency proportional to

ponent in the direction of the laser beam, reflection at
dust, droplets)

3 wind speed components by rotation of laser beam




Data Availability Tndti

ZephIR Windcube
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e Improved optics in series model
has led to increase of availability

spite partly bad weather like heavy rain,

ain, snow etc.
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excellent performance

* no correction (e.g. no cloud
correction)

e same accuracy observed in all
measurement heights up to 135m

S at
at
lems

of wind direction), i.e. rain data included




Power Curve Measurements via Lidar — “Wideuerd
ZephlR Windcube
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wind direction ZephlIR [°]

Wind Direction
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standard deiation of horizontal
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e due e turbulence tracked astonishing
well, despite different

: 1s- measurement principles of lidar
and cup anemometer

e small improvement gained by
reduction of scanning cycle from
8s (prototype) to 6s or 4s (series
model)



Extreme Values of Horizontal Wind
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 Maxima/Minima only slightly
overestimated/underestimated

values °© Extreme values tracked

3s- astonishing well, despite different

‘ 1s- measurement principles of lidar
and cup anemometer

 small improvement gained by
reduction of scanning cycle from
8s (prototype) to 6s or 4s



Vertical Wind Speed Component
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Comparison of 4 Windcubes
(horizontal wind speed component)  “WidGusrd

Consulfing GmbH
—=— lidar 1 —=— lidar 2 —o— lidar 3
—=— lidar 4 ---&-- y-lidar - v-cup, lidar 1 ~--a--y-lidar - v-cup, lidar 2
20 ---o--- y-lidar - v-cup, lidar 3 ---x--vy-lidar - v-cup, lidar4 - uncertainty v-cup 5
- | ]
18 T y=0.988x+0.143 14
16 £ R” = 0.999 13
21T | L N N o 172 § ey
o 12 + y=00998x+0.046 . : FS T1 7@
O B 2 \" ) X 23= 2% [«B] E
3 10 + R”=0.999 g X lo 22
o - X o C
S 87 3 +-1 2 g
T S S 3
= 6T © T-2 31 €
& oo i =)
y =1.003x + 0.025 y=0.995x +0.087 | 4
R”=0.999 R°=1000 | ,
NN ————+————1 5
8 10 12 14 16 18

v-cup, 135m [m/s]

d reproducibility

een lidar and cup due to problem of spectrum
version



Improvement of Spectrum Analysis at Windcube

Deutsche
o lidar before improvement a lidar after inprovement WindGuard

Consulfing GmbH
--o--v-lidar - v-cup before improvement -- # --v-lidar - v-cup after inprovement
= = = uncertainty v-cup

N
N
o1

20 y = 1.003x + 0.026 y = 1.003x - 0.004 4

18 - 13
L O 12 4%
Q -------------------- 8|—|
E 14 1 t135
Lo} )
2 A g2
3 12 - 10 <>
© O C
= =g
= 101 115 £
Rl et R 28
8, - T '2> o

-3

+ -4

I I I I I _5

10 12 14 16 18 20 22
v-cup [m/s]

n with improved spectrum analysis
tire wind speed range



Overview Comparison s

. WindeaG:g
ZephlIR and Windcube R
ZephlR Windcube
* high availability of valid data  high availability up to 200m
e very accurate at lower measurement height
measurement heights  very accurate
* atlarger measurement heights « turbulence intensity and extreme
tendency to underestimation of values are measured astonishingly
wind speeds, increasing with well

vertical wind shear
e problematic at low mist

eme

ther

d direction measurement
nent not accurate (improvement needed)
terrain needs further investigation



