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The WindScanner, DTU
a distributed mobile research infrastructure =
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The Blade Lidar (Lidic)
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Strategy Report

Roadmap

DTU Wind Energy, Technical University of Denmark

The European WindScanner Facility

DTU
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The WindScanner, DTU
a distributed mobile research infrastructure =

EUROPEAN PARTNERS

) SINTEF

WindScanner.eu

ESFRI EERA

Website: wwwwindscannereu

_r—'_.,
Z4 Fraunhofer
IWES

ForWind

Contact: Seren Knudsen, (sknu@dru.dk), DTU Wind Energy,
coordinator for WindScannereu Preparatory Phase

Pictures by: Mikael Sjoholm, Andrea Vignaroli,
Torben Krogh Mikkelsen, Guillaume Lea & Lee Jay Fingersh

This brochure is developed as part of the WindScannereu Preparatory Phase project
WINDSCANNER 312372 funded by the European Commission’s FP7 i
http://www.windscanner.eu/

DTU Wind Energy, Technical University of Denmark
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“Demonstration of synchronised
scanning Lidar measurements of 2D
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Wind Energy Capacity in Cold Climate ==
i
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http://www.windpowermonthly.com/

Cold Climate Definition

W

Wind Energy in Cold Climates (CC) refers to sites that may experience
frequent icing events, temperatures below the operational limits of
standard wind turbines (WT), or both.

Cold Climate (CC)

A
= N

Instrumental icing during more than 1% of the year
Meteorological icing during more than 0.5% of the year

Icing Climate
(IC)

(LTC)
Low Temperature Climate

Air temperature < -20°C on more than 9 days per year
Average annual air temperature < 0°C

https://www.ieawind.org/task_19.html

DTU Wind Energy, Technical University of Denmark



Atmospheric Icing Phases
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Remote Sensing of Icing Conditions =

Backscatter signal intensity [dB] 101

300 ‘7 e N—
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104

US Patent
2014/0192356:
) Arrangement and
= G method for icing
£ e 2] e Tas detection (Esa Peltola,
;%’ high altitude ice | Petteri Antikainen, and
e=rcference Andrea Vignaroli )
0 100 200 300 400
Distance

Slide extract from: Karlsson et al, Lidar as ice detector, Winterwind 2015

DTU Wind Energy, Technical University of Denmark
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The IRPWind

/‘ i n Integrati i
oy grating EU R&D efforts on wind energy

ABOUT IRPWIND INTEGRATION INFRASTRUCTURE KNOWLEDGE TRANSFER MOBILITY RESEARCH

Join us on Linkedin

Linked [T}

The aim is to fo /;Gbetter

integration of-E research
activitigsin the field oT
research\/ \

- with the aim of accelerating the transition towards a low-carbon economy and maintain
and increase European competitiveness.

Read more about IRPWIND

DTU Wind Energy, Technical University of Denmark http //WWWIFlend .eu/
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IRPWIND Relevant Networks

2. Wind Tunnels

NTNU
Boundary-Layer Wind Tunnel
Trondheim, Norway

VTT
Icing Wind Tunnel (IWT)
Espoo, Finland

From
. _h : Spray bars
3 e ” . p 1 -
3x3 nozzle matnx Modular duct Test section
top removable
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N Heated
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L@ VTT Wind Power 2016



e

NTNU

Lidars for Wind Tunnels
— an IRPWind Joint Experiment Project

LAWT

The aim of L4WT
is
-0 ﬂf de"

to gain and share knowledge
about the possibilities and limitations A
7( _{2 7182818284

with lidar instrumentation in wind tunnels
and P= 7pAv G,

to foster collaboration
in a prospective Nordic wind tunnel network
for
alignment of research activities
relevant to
wind conditions in cold climate
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NTNU Boundary-Layer Wind Tunnel g

Test section: 11 m long

2 X 3 m cross section

30 m/s max velocity
http://www.ntnhu.edu/ept/laboratories/
aerodynamic



http://www.ntnu.edu/ept/laboratories/aerodynamic

Short-range WindScanners
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http://www.ntnutechzone.no/2016/12/siste-skrik-i-visualisering-av-vind/

DTU Wind Energy, Technical University of Denmark
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Blog dissemination

Trondheim
n University of
nd Technology

http://blog.sintefenergy.com/vindkraft/spennende-malinger-i-vindtunnel-laben-til-ntnu/

DTU Wind Energy, Technical University of Denmark




Renewable Energy 50 (2013) 325-333

Contents lists available at SciVerse ScienceDirect a

Renewable Encrgy

Renewable Energy

journal homepage: www.elsevier.com/locate/renene

“Blind test” calculations of the performance and wake development for a model
wind turbine

Per-Age Krogstad®, Pal Egil Eriksen

Department of Energy and Process Engineering Norwegian University of Science and Technology NTNU, 7491 Trondheim, Norway
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DTU Wind Energy, Technical University of Denmark




Blind Test Comparison With Lidar
Outside the Tunnel

DTU Wind Energy, Technical University of Denmark
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Blind Test Comparison With Lidar Scanner [l
Outside the Tunnel =

0.6

DTU Wind Energy, Technical University of Denmark




Blind Test Comparison With Lidar Lidic
Inside the Tunnel
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DTU Wind Energy, Technical University of Denmark



Blind Test Comparison With Lidic
Inside the Tunnel
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DTU Wind Energy, Technical University of Denmark



Doppler Spectra in The Wake
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DTU Wind Energy, Technical University of Denmark
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Spray bars
3x3 nozzle matrix

Modular duct

Property

VTT’s Reference conditions

Range in the In-cloud icing, In-cloud icing,

facility stationary wind turbine
components rotor blades
Temperature [°C] -20...+30 -5 -5
Wind speed [m/s] 0...45 7 40
Water content [g/m?] 0:1°:1:0 0.2 0.2
Droplet size, MVD [um] 20...50 20 20
Droplet size and wind speed profile have been verified using
shadow imaging.
40
35
30
25
R 20

&

1250 x 1250 x 1250

m
0.05 01 0.15
Diameter [mm)]

Test section,

\ top removable

Heated glass
700 x 700 x 1000



http://www.vttresearch.com./
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Protective measures in the Icing Wind Tunnel =

DTU Wind Energy, Technical University of Denmark
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Lidar high frequency time series along the wind

Lidar Signal [a.u.]
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DTU Wind Energy, Technical University of Denmark
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Lidar signal strength distributions
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DTU Wind Energy, Technical University of Denmark
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This very morning at the ECN test site in
The Netherlands in another
IPRWind Joint Experiment called ScanFlow

: P ; : ‘ ‘ ( ‘
: \%\~ l'\
7 " ‘: J\\,}'\alg#é?" N
Easmbem S YM
'7 \,.' .v“;.'\.-*yy\ b, L"
FRLSEEAT RN K

AL/
y S

DTU Wind Energy, Technical University of Denmark







