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Motivation for low-level jet (LLJ) research

* Anomaly from logarithmic wind profile
°* LLJs are observed quite frequently in offshore regions
°* Observed at heights of offshore wind turbine rotor area

* Effects on wind turbine power production and loads are

largely unexplored

* Increasing importance for larger turbines
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Research objectives

Detect LLJs from
multi-elevation
PPI lidar scans

Characterise LLJ
occurrence at the
near-coastal OWF
Nordergrinde

Analyse the
Influence of LLJs
on wind turbine
performance
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Offshore measurement campaign at Nordergrinde
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Offshore lidar measurement campaign

Avallable sensors:

* Long-range Doppler lidar Windcube 400S

2.1°
350-
* Multi-elevation plan position indicator scans (from -0.2 to 200,
2.1° in steps of 0.15°)
250-
*  Mounted on transition piece (~16 m amsl)
200-
* Air temperature, humidity, and pressure sensors at lidar height E 0.

* IR sensor for sea surface temperature measurements
* Data available from 10/2021 to 01/2023
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Lidar measurements and wind profile generation
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LLJ detection
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Statistical characterisation of LLJs

LLJs are observed between 3% and 11% of the
avallable measurement time inside lidar sector,

depending on the used criterion

Time with LLJs present [%]
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Wind direction dependency of LLJ occurrence
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Diurnal Cycle of LLJ occurrence
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Influence of LLJs on wind turbine performance: preprocessing

°* LLJs in the height of the rotor area are considered
* 1Hz SCADA data, averaged to 10-minute intervals

* Wind turbines with free inflow sectors considered

* Filtered for operating conditions
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Influence of LLJs on wind turbine performance: Nacelle anemometer
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Influence of LLJs on wind turbine performance: REWS methodology

* Rotor equivalent wind speed (REWS) provides better

representation of energy contained in the wind
* Adapted from Wagner (2010)

°* Cubic average of wind speed weighted with partial

area of a rotor segment

* Additional correction due to the wind veer incorporated
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Influence of LLJs on wind turbine performance: REWS
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Conclusion

Multi-elevation lidar PPI scans enable vertical wind profile estimation
LLJs are a frequent phenomenon in the offshore environment
Strong differences in occurrence between LLJs emerging over land and over sea
Influences on wind turbine performance
* Possibly increased energy availlability in LLJ situations
» Wind turbines only use increased energy availability to a limited extent

» Caution, small sample size! —Further research required
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Outlook

Further research within EU project FLOW

Larger data-set can allow for separation of LLJ events into

 Different core height situations
 Different meteorological conditions
Larger turbines

» Higher occurrence of LLJs In rotor area

« Larger shear and veer across rotor swept area

Publication in Wind Energy Science in preparation
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Any open questions?

Contact: johannes.paulsen@uni-oldenburg.de
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Correlation between Nacelle wind speed and REWS

LLJ situations

Non-LL) situations

25
LLJs (non HH) br
LLJs (HH) ar
201 — XY Y 1
“,y."'
15 1
<
101
!
5_
0 , . .
25 5 10 15 20 25
Veq
o N
21 FOI‘WI nd \o Jremen

Center for Wind Energy Research



Non-averaged power production over wind speed
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Influence of LLJs on wind turbine performance: POTI

Increased fluctuation of power supply
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