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Wake Losses

A In wind farm, downstream
turbines suffer from wakes

A Financial consequences
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Wakes recover slowly

A Typical wind turbines (HAWTS) rely ofuctuations for wake recovery
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Very slowly

A Typical wind turbines (HAWTS) rely ofuctuations for wake recovery
A This process is rather slow as no significarmean vertical flows involve
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Large airfoils/wings

A Using large wings as vortex

generator (C. Ferreira et alJournal of
Physics: Conference Series2024)

A Entrainment of flow energy from
ambient flow faster

A Introduced vertical flow that is

typically missing y
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Multi -Rotor System with Lifting devices (MRSL)

A The wings produce strong lift and release st
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Enhance wake recovery by altering the process

A Instead of relying thefluctuations , wake recovery of MRSL is
mainly based onadvection process induced by tip vortices

A Direction of the lift for MRSL can be upward or downward
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Evaluatlng the efféc
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Initial proof -of-concept:
Experimental & numerical "o ow o

techniques inflow
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Regenerative wind farm - steady RANS

A MRSLs are put together to form the regenerative wind farm
A v rows ando columns
A Actuator method (disk+ line) r
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Regenerative wind farm - steady RANS

100% corresponds to 30.1 MW
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Regenerative wind farm - steady RANS

row -> more than
power gain!

A Afterc

A Afteroc row-> more than
power gain!

Wind farm
layout

—
o

_— - '///

Liif:! B E =~
5 \J\\?a\q‘—‘ o ///E 6
-5

120%

ek
S
=
X

Row Avg. Rel. Power

100% corresponds to 30.1 MW

—>¢ Without Lifting
Lifting Upward
Lifting Downward | |

Row Number

Taken froml. Li et al., 2023%Vind Energy Science

Delft
I U Del t University of
Technology

Universityof A REN EWABLE
B  ((Oa



LES study-turbulence -

t = 0.00D /ux

Wind energy harvesting parts: AD =
Lifting-Devices: AL 4/D 19
Inlet: Synthetic turbulence
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Effects of inflow turbulence with LES

A Comparing the available power within the projection areas of MRSLs
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Effects of inflow turbulence with LES

A Comparing the available power within the projection areas of MRSLs
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- Regenerativavind farm with a by c MRSL
- Lagrangiamparticletrackingwith heliumilled soapbubble
- Againfound MRSldramaticallypromoteswakerecovery




Aerodynamic scale mode of MRSL

Up-Washing  Without-Lifting  DownWashing Measuring

Thrust + Lift
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Thrust and lift measured . 4
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Out Door test ZUDelft
Real wind turbines TR U T
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