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FINO1 and Alpha Ventus
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Neighboring wind farms
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OBLEX-F1 motivation 

The key purpose of the campaign is to improve our knowledge of the marine atmospheric 

boundary-layer (MABL) stability, turbulence generation processes in the water column 

and MABL, and offshore wind turbine wake propagation effects. 

 The collected observational data will be used to validate and improve numerical 

models and tools for e.g. weather forecasting, marine operations and wind farm 

layout optimization. 

 In order to provide unique datasets for the study of boundary-layer stability in offshore 

conditions, simultaneous measurements of wind, temperature and humidity profiles in 

the MABL is performed.

Slide 4 / 25-Jan-16



OBLEX-F1

• NORCOWE met-instrumentation: May 2015 – June 2016

• Oceanographic deployment: June – October 2015

Partners:

• DEWI, BSH and FuE Kiel – FINO1 reference measurements 

data

• AXYS – LiDAR buoy deployment 

• ForWind Oldenburg – cooperation on LiDAR measurements
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3D scanning LiDAR

Radiometer

Sonic anemometers
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System 1 (WLS100s-37):

• Installed on top of a container platform

• Scanning across Alpha Ventus wind farm

+ vertical wind profiles

System 2 (WLS100s-34):

• Installed inside the FINO1 100 m mast

• Scanning across the SE – S wind sector

Scanning LiDAR – Leosphere 100s



Slide 8 / 25-Jan-16

Lidar coverage

Source: http://www.4coffshore.com/windfarms/

http://www.4coffshore.com/windfarms/
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Plan Position Indicator (PPI) mode 

– constant elevation angle

Range Height Indicator (RHI) mode 

– constant azimuth angle

Figures showing an example of a PPI and RHI measurement, pointing towards wind turbine AV5.

Example of LiDAR scans – PPI and RHI mode

• Azimuth angle: 0 – 360 deg,  Elevation angle: -10 – 190 deg, Angular resolution: 0.1 deg

• Maximum rotation speed: 0.5 – 8 deg/s while acquiring data

• Measurement resolution: from 50 m up to 3500 m, 25 m intervals
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Figures showing an example of a DBS measurement.

Example of LiDAR scans – 3D wind vector reconstruction in 
DBS mode

• Radial wind speed accuracy: <0.5 m/s

• Radial wind speed range: -30 to 30 m/s



HATPRO-R4 passive microwave radiometer
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• Installed on top of container platform

• Provides vertical profiles of temperature and humidity up to an altitude of at least 

1000 m

• These measurements are combined with the LiDAR wind measurements to obtain 

information on dynamic stability conditions at FINO1

• First time such measurements are performed continuously nearby an offshore wind 

farm

Source: Radiometer Physics GmbH
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HATPRO-R4 passive microwave radiometer

Figures showing an example of temperature (upper panel)

and humidity (lower panel) Hovmøller diagrams.

Example of temperature profiles.



• Two additional Gill R3-100 anemometers installed on outward facing 
booms at 15 and 20 masl

• FINO1 USA installed at 40, 60 and 80 masl – NW site of 100 m mast

• High frequency (25 Hz) measurement of the 3D wind vector (U,V,W)

• Provides information about turbulent 

fluxes at the measurement height 
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Ultra sonic anemometer (USA) measurements

The array of USA provides independent information about the vertical 

wind profile and the turbulence intensity between 15 – 80 masl. 

It also provides information about heat and momentum fluxes which 

is highly needed for the characterization of the MABL. 

Together with the ocean equipment, the lowest measurement level 

(15 m) provides flux measurements for air-sea interaction.
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Availability of met-data



The overall aim is to gain a better understanding of the interactions between the 

atmosphere, the ocean and offshore wind farms, such as single turbine and wind farm 

wake characteristics in the presence of combined wind and wake effects.

How does the wind field around offshore wind farms influence the ocean and vice versa? 

Oceanographic measurements
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Sullivan et al, 2014

Sullivan et al, 2008



• Several moorings deployed in close vicinity to FINO1 and the North-East-corner of 

Alpha Ventus

• Moorings equipped with ADCP and ADV which provide current profiles and 

directional wave properties 

• Mooring M1 equipped with airfoil shear probes and fast response thermistors in order 

to assess the Reynolds stress

Oceanographic measurements
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M1 M2 / M3 BF
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Substantial biofouling after 4 month deployment at FINO1 
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Availability of ocean data

The availability of datasets depends on the quality control criteria which are used. 
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Thank you for your attention!



References

• Sullivan, P. P., et al. (2008). "Large-eddy simulations and observations of atmospheric marine boundary layers 

above nonequilibrium surface waves." Journal of the Atmospheric Sciences 65(4): 1225-1245.

• Sullivan, P. P., et al. (2014). "Large-Eddy Simulation of Marine Atmospheric Boundary Layers above a Spectrum 

of Moving Waves." Journal of the Atmospheric Sciences 71(11): 4001-4027.

Slide 20 / 25-Jan-16


