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~1 What is the wind turbine
wake phenomenon ?
Near wake region Transition region Far wake region
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Interaction with nacelle
Helical tip vortex Brake down vortices - -
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2 @ + -axisymmetric
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Wind farm control is an active and| | D« R D7 —LAHEHIZ. B AOFREMRA
growing field of research in which the | | D&% D RE D HIEENMEZEFHELT.
control actions of individual turbines in a | | BEEE VIV DHEEERER/IRICHIZ
wind power plant are coordinated to| | 2. ;&R CTCHREUCVL\IHAEDETF CTH D,
minimise wake interactions.

Under dedicated
meteorological conditions,
the wakes are visible within
a wind energy farm.

Photo taken on 12 February
2008 at the offshore Horns
Rev 1 wind farm, which has
a minimum spacing of 7.5
rotor diameters.

Graphic courtesy of
Vattenfall :
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i eawe\ enercy | Wind farm control has been a topic | 1mtroduction
. Discussion sexted: 22 March 2022 cmemiems . SCIENCE

I.:Tu"nll,n-‘t'!: (T‘E\'I-I 0 lt‘rnl-: DISCUSSIONS Of resea rCh fO r more t h an two 1.1 Main control objectives studied to date
. . e 1.2 Control approaches

Wind farm flow control: prospects and challenges decades. It has been identified as a | 13outine

Johan M . Carlo Bottasso®, Katherine Dykes', Paul Fleming®, Pieter Gebraad®, Gregor Gicbel,
I;;h:: c.::::n nl::dl zr: \::ll“tm \In \.\.r:nE\rdcn uﬁ R i core Component Of gl’and Cha”enges 2 V}:/ind farm 1:ow c;)ntrodl phyqsics:turbulence, wakes and
the atmospheric boundary layer

"KU Lemven, Mechanical Engincening, Celestinentaan 3004, B30I Lewven, Belgium H H H
*Chair of Wind Energy, Technische Universtat Manchen, Boltzmsannar. 15, 85745 Garching b. Manchen, Germany in wind e nergy science to support
lm Wind Energy, Froderiksborgy h 2

2.1 Quasi-steady flow effects
2.1.1 Axial-induction-based control

deployment and transition to a 2.1.2 Wake steering using yaw offsets
H 2.2 Wake dynamics and turbulence

clean and sustainable energy system | %2Vsed P

for the 21st centu ry. 2.2.2 Boundary-layer turbulence

° 2.3 Mesoscale effects, blockage and wind farm wakes

emewable Energy Laboratory, Boulder, Colorado, US acce|erated W|nd energy

‘Shemens Gamesa Renewable Energy. Tomsbakken 16, 2740 Skovlusde, Denmark
*Delft University of Technology, Dellt Center for Systems and Control, Mekehweg 2, 2628 CI Delft, The Netherlands

3 Control algorithms

3.1 Current practice — Open-loop control

3.2 The closed-loop paradigm

3.3 Synergies with artificial intelligence and other digitalization concepts
3.4 Controllability, observability, and sensors

4 Validation and industrial implementation

4.1 Proof-of-concept studies in high-fidelity simulation tools

In summary, the field of wind farm 4.2 Validation in wind tunnel experiments
. . .3 Validati ia field

flow control is an active area of | 43 i imolomentation

research and innovation, with many

interestin g mu l ti d ISCI p l Ina ry 5.1 Progress in wind farm design optimization research

'Y 5.2 Wind farm control co-design (CCD)
Ch a I I € nges' an d eXCItI ng p ros peCts 5.2.1 Wind farm CCD for AEP and LCoE objectives

for the increase of the total value of 5.2.2 Wind farm CCD for profitability objectives

- i . . 5.2.3 Wind farm CCD for non-economic objectives
Overview of wind farm flow control concepts and e el wind ene rgy for society. )
important elements that play a role S 6 Conclusions

5 Integrated design and systems perspective
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G.W. Qian, T. Ishihara, Wind Farm Power Maximization through Wake Steering with a New Multiple Wake Model for
Prediction of Turbulence Intensity, Energy, Vol. 221, pp.1-17, 2021




FUMNARZISEAZERER AE e, Iy UZa—7 I -IFI—, HEIRIVF—IRTLX, BIiDEM, ERAR

FUERA =1L —3(RIAM-COMPACT)IC K B RAET T U DARIL & HIFADERA

WIND FARM

{RABET)LDOMini Alpha Ventusz i ke Ule
ZAINIHRRIAM-COMPACT 14 BE ST

FLOW CONTROL

Atmospheric
Boundary

Layer (ABL)
Incoming flow -

lllustrated by T.Uchida

4

Takanori Uchida et al., Numerical visualization of wind turbine wakes using passive
scalar advection-diffusion equation and its application for wake management,
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Rear view of wind turbine model
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#Wind speed : 1m/s
+Design tip speed ratio
(DTSR) : 4 (173rpm)

Vinyl tube
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KYOTG, JAPAN - NOVEMEER 22 2015: Ancient pairtings of Wind and Thunder Gods on partitions at Kenrirji Terrple

https/fwwshutterstock comyja/image-phato/kyoto-japan-noverrber-22-2015-ancient-463824266




