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Wake Structure : Side View

What is the wind turbine 
wake phenomenon ?
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Wind farm control is an active and
growing field of research in which the
control actions of individual turbines in a
wind power plant are coordinated to
minimise wake interactions.

IEA Wind TCP Task44
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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Task44 (WP)
No WP

WP0
Management and coordination /

NREL / TUD

WP1
Collection of research results /

CENER / NREL

WP2
Uncertainty quantification / TBD

(To be defined)
EES JRE

WP3
Overview of technology / algorithms /

TUD / CENER

WP4
Interaction with other projects /

DTU
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1) WESC 2023, Glasgow, United Kingdom
WS

2) WP Task44 Wiki
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IEA Wind Task 44 Wiki: Wind Farm Flow Control
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Overview of wind farm flow control concepts and 
important elements that play a role
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1 Introduction

1.1 Main control objectives studied to date
1.2 Control approaches
1.3 Outline

2 Wind farm flow control physics: turbulence, wakes and
the atmospheric boundary layer

2.1 Quasi steady flow effects
2.1.1 Axial induction based control
2.1.2 Wake steering using yaw offsets

2.2 Wake dynamics and turbulence
2.2.1 Wake dynamics
2.2.2 Boundary layer turbulence

2.3 Mesoscale effects, blockage and wind farm wakes

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
4.2 Validation in wind tunnel experiments
4.3 Validation via field tests
4.4 Industrial implementation

5 Integrated design and systems perspective

5.1 Progress in wind farm design optimization research
5.2 Wind farm control co design (CCD)
5.2.1 Wind farm CCD for AEP and LCoE objectives
5.2.2 Wind farm CCD for profitability objectives
5.2.3 Wind farm CCD for non economic objectives

6 Conclusions

Wind farm control has been a topic
of research for more than two
decades. It has been identified as a
core component of grand challenges
in wind energy science to support
a c c e l e r a t e d w i n d e n e r g y
deployment and transition to a
clean and sustainable energy system
for the 21st century.

In summary, the field of wind farm
flow control is an active area of
research and innovation, with many
interest ing mul t id i s c ip l inary
challenges, and exciting prospects
for the increase of the total value of
wind energy for society.

(Analytical model)
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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
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Alpha Ventus Offshore Wind Farm ( )

(RIAM-COMPACT)
, , , 
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Benchmark Testing of
Mini Alpha Ventus
(12 Wind Turbines)

Mini Alpha Ventus
RIAM-COMPACT

Takanori Uchida et al., Numerical visualization of wind turbine wakes using passive 
scalar advection-diffusion equation and its application for wake management, 
Wind Engineering, July, 2022, https://doi.org/10.1177/0309524X221113011
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https://www.shutterstock.com/ja/image-photo/kyoto-japan-november-22-2015-ancient-463824266

KYOTO, JAPAN -NOVEMBER 222015: Ancient paintings of Wind and Thunder Gods on partitions at Kenninji Temple
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