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What is the wind turbine wake phenomenon
and wake steernng ?
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g WIND FARM
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Task44 I—%2)\vwr— (WP)

Work Package 1 Work Package 2

Characterize and
quantify sources of
uncertainties

Track the evolving state
of the art in wind farm
control through
collection of research
results and expert
elicitations

Develop methods for
estimating AEP/loads
with overall uncertainty
Develop set of
recommendations and
best practices

Develop set of
recommendations and
best practices

/ Work Package 3 \

Characterize the
building blocks which
define wind farm

control

Build an overview of
available options,
specifications and
assess TRL of each

Give a full landscape of
the solution space

&&ﬁi’i-?}bj"J ALDH /ﬁ

XA ICWP2AZHN  Uncertainty Quantification /| FEEMEDEE1L

/ Work Package 4 \

Collaborate and
coordinate with other
IEA Tasks and other
wind farm control R&D
activities

Based on tasks 1-3 and
external projects,
identify research gaps

Develop research
roadmap

@0)7"&‘)‘17 I\é:d)iéﬁ
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Belgium

June 3-5
Bruges

Buges Bel

830 - 9.00: Registratians [Entrance Hall] & Welcome Coffee [Foyer Parterre & Foyer Balkon 1) 7.00 - B.OD: Torgue Morning Aun 8.30 - 9.00: Welcome Coffee [Foyer Parterre & Foyer Balkon 1]

9,00 - 975: Welcome [Concertzaal] 8.30 - 9.00: Welcome Coffee [Fayer Parterre & Foyer Balkan 1) 9,00 - 10.40: Parallel sessions 31 .
Chair

915 - 10.00: Plenary Keynote 1- Jan-Willem Van Wingarden 9.00 - 9.45: Plenary keynate 2 - Peter Deuben 10.40 - 1110: Coffee break [Foyer Parterre & Fover Balkan 1]

10.00 - 10.05; Technical break [Concertzaal] 9.45 - 9.50: Technical break [Concertzaal] # 110 - 1210: Parallel sessions 3.2 s JOhan ME\/EI’S (KU LEUVE I’l, BE]

1005 - 10.40: Technical keynates 950 - 10.25; Technical keynotes 1210 - 12.40: Conference closure [Concertzaal]

10.40 - 110 Coffee break [Foyer Parterre & Foyer Balkon 1] 10.25 - 10.55: Coffee break [Foyer Parterre & Foyer Balkon 1) / In parallel EAWE PhD Committee - Meet the committee [Forum 7] 12.40 - 13.40: Lunch [Foyer Parterre & Foyer Balkan 1)

1110 - 12.30: Parallel sessions 1. 10,55 - 12.35: Parallel sessions 2.1 14.00 - 16.00: COB visit (Optianal] | Organization t

12,30 - 13.40; Lunch [Foyer Parterre & Foyer Balkon 1] 12.35 - 13.40: Lunch [Foyer Parterre & Foyer Balkon 1]

13.40 - 15.20; Parallel sessions 1.2. 13.40 - 1520 Parallel sessions 2.2

15.20 - 17.00: Waffles and Poster | [Foyer Balkan 2] 15.20 - 16.50: Waffles and Poster Il [Foyer Balkon 2] / In parallel: DEI meet-up[Forum 7]

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Ut elit tellus, luctus nec ullamcorper mattis, pulvinar dapibus leo.
17.00 - 17.45: Evening Plenary: Celebrating 10 years of WES [Concertzaal]

17.45 - 18.05: EAWE Award Ceremony [Concertzaal] 1650 -18,30; Parallel sessions 2.3

18.05 -19,30:

8.30 - 19.00: Animated walk toLa Bru




Wind farm flow
control: Beyond
the steady-state
solution

Jan-Willem van Wingerden

%
TUDelft

Jan-Willem van Wingerden

Wind farm flow control: Beyond the steady-state solution

Jan-Willem van Wingerden was born in Ridderkerk, The Netherlands, in 1980. He received the M.Sc.
degree in mechanical engineering and the Ph.D. degree (both cum laude) in control engineering from
the Delft Center for Systems and Control, Delft University of Technology, Delft, The Netherlands, in
2004 and 2008, respectively. Since 2017 he is a full Professor with the Delft University of Technology.
His current research interests include the development of data-driven controllers for wind turbines

wind farms, and cluster wakes.
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Wind farm flow control

* Reconstruction wind field
* Prediction wind field

+ Real-time optimization
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Closing the loop
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Controller | - #/
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TUDelft | —
== T
Optimizer calibrated mode | adaptation
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Synchronized Helix control

The concept Synchronized Helix control (EIEREI AL w2 Z HlfH)

O REDQJL—RZERICEH L. A ICIRhE (S A Helix)
ROZEQ[DRNZ(EY B9 Hii

O HelixDERRR[/EVFARP) T NDENFRE
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T3

Baseline :
Baseline

T2

Baseline

Baseline Helix
Total Mean Power: 6.1 MW Total Mean Power: 8.2 MW

) downstream /o0
Renewable Energy 257 (2026) 124768

=
Contents lists available at ScienceDirect
Renewable Energy

Renewable Energy
ELSEVIER journal homepage: www.elsevier.com/locate/renene
upstream upstream
wer

prop:uctlon L pmd:cetron

=5.4 MW » =5.2 MW
£ Experimental validation of synchronized Helix wake mixing control =i
§ o q Aemilius A.W. van Vondelen @, Daan C. van der Hoek?, Sachin T. Navalkar ",
J / B ‘ 4 Jan-Willem van Wingerden *
‘ * Delft Center for Systems and Control, Delft University of Technology, Mekelweg 2, Delft, 2628 CD, The Netherlands
- - a Ry s A ® Siemens Gamesa Renewable Energy B.V., Prinses Beatrixlaan 800, The Hague, 2595 BN, The Netherlands

< . o 5 . 5 . ARTICLE INFO ABSTRACT

Fig. 1. Visualization of the baseline (left) and Helix-controlled (right) cases in

a two-turbin IT: under full w. overlap. The data is based on a Large-Edd: KtywoMX_' Wakes of upstream turbines impinge on downstream turbines in wind farms, causing power losses and increased

' . . e,a ay . . ake . P atacls . . ge Y Kalman f"_‘e’ fatigue. Wind farm control methods, such as the Helix approach, have been proposed to actively stimulate
' Simulation with laminar inflow conditions by [12], and the image is adapted Wind turbine control mixing of the wake with the free stream by pitching the blades dynamically. As a result, a periodic structure

l from [5] Turbine spacing along the x-axis is normalized by rotor diameter D Wake mixing is forced in the wake, which increases average downstream wind velocity and thereby improves downstream

Synchronization turbines’ power production. However, downstream turbines could further exploit this periodic wake structure

by pitching dynamically as well, but in sync with the phase of the incoming wake structure. Depending on the

+ phase offset between the impinging wake and the downstream pitch, this creates destructive or constructive

"" ‘ interference between the two wakes and further improves power production downstream. This work presents

‘_‘ and experimentally validates such a control strategy for downstream wind turbines and evaluates it on a

‘ three-turbine wind farm in an experimental wind tunnel setting using scaled wind turbines. Results validate

_‘, the controller’s effectiveness and show that the third turbine’s performance improvement is strongly influenced

by the phase offset between the periodic wake components generated by the second turbine and those present
in the upstream wake.

Wind tunnel experiment




Synchronized Helix control L

- The concept
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What happens if we put the Helix
Strategy Technology on a floating?
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4C Offshore Global Map
https://map.tgs4c.com/offshorewind/
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Cluster wake control:

Patented

Gutknecht, J., Taschner, E., Becker, M., Viré, A., & van g
Wingerden, J. W. (2025). Mitigating cluster wake induced power
losses at neighboring wind farms through cluster-wide ‘-'-’_f
coordinated control. 2

%
TUDelft
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