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Motivation

Weather models are not able to resolve
scales are important for the wind power
plants, and microscale models cannot
correctly resolve flow details with
realistic forcing from mesoscale models
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Outline

Introduction to multiscale modelling frameworks
Observational data (FINO1 & Alpha Ventus)
Transient event modelling and measurement

Results



Multiscale modelling frameworks

Model components:
» Weather Forecasting and Research (WRF).
» Parallelized Large Eddy Simulation Model (PALM).
» WRF Large eddy Simulation (WRF-LES)

Efl! mm =

Offline

WRF WRF WRF PALM PALM
(mesoscale) (mesoscale) (mesoscale)

\_

; 4
Online
WRF WRF WRF

code

\

J

Read more in [1]



pressure-level data

Maximum detection height of 518 m
LLJ profile should exist at least for 20
minutes.

The maximum below 518 m should
be at least 2 ms™1 with a value 25%

larger than the next minimum at 1200
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Measurements during Low Level Jets

eSonic anemometers at 15, 20, 40, 60, and 80m.

eUpward looking LDAR measurements. (OBLEX-
F1 between 2015 and 2016)




Multiscale modelling: WRF and PALM domains and
coupling(offline)

(b) WRF Domains for Finol region
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Results



Multiscale modelling: WRF modelling

(b) WRF without
Observation nudging
Analysis (OA); and (c)
WRF with OA.

Read more in [1,4]
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Meso-to-microscale (WRF-PALM): LLJ episode

> Wake effects for this event due to dominance of
thermal stratification won’t induce turbulence from
wake meandering or wake-added turbulence.

» AV03 and AVO7 shows similar behaviour for this
specific event (due to large recovery distance and
the fact that AV07 does not reside in the wake of
upstream turbines).
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Meso-to-microscale (WRF-PALM): no LLJ (weak)

» We have less pronounced thermal stratification
due to mixed stable-unstable conditions,

» wake recovery is fast.

» turbines induce wakes and turbulence.
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Conclusions

» We developed a multiscale frame work to model wind.

» Uncertainity of mesoscale model-chain was reduced
through observational nudging.

» We showed the wake meandering and evolution using
offline meso-to-microscale framework for two cases:
before & during LLJ event.

» The aerodynamic thrust loads calculated using ADM-R in
PALM for these two cases.
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Meso-to-microscale (WRF-PALM): no LLJ (weak) episode
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Meso-to-microscale (WRF-PALM): no LLJ (weak) episode

Time series of power
production during LLJ event
for all turbines

Time series of power
production during BLLJ event
for all turbines
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