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1 Introduction

Interaction of wind turbines wakes in farms affects the energy production and blade loads [1, 2]. The ability
to correctly predict wakes interaction between turbines and its effects is essential and also necessary to develop
control strategies. It requires extensive experimental resources or high-fidelity numerical codes to capture these
wide range of flow scales involving multi-physics phenomena.

Numerous wind tunnel wake interaction study have been conducted the past decades [3, 4, 5]. A recent one,
called TWEET-IE [6] and performed by the National Technical University of Athens (NTUA), aims to provide
a recent and extensive experimental results database to benchmark numerical codes. The experimental set-up
consists in two aligned laboratory scale three-bladed wind turbines under uniform low-turbulent inflow, as shown
in Figure 1. These two turbines are operated at different TSR to test different wake interaction conditions. This
TWEET-IE experimental set-up will be the basis of our numerical study in order to validate our numerical tool, a
Vortex Particle software, before going to real size wind turbines and possibly moving to the scale of small wind
farms.
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Figure 1: TWEET-IE experimental set-up reproduced numerically.

2 Numerical method

The present numerical simulations are performed using a three-dimensional unsteady Lagrangian Vortex Particle
Method (VPM) [7]. This method is based on the discretisation of the fluid into vorticity carrying particles. The
governing equations for this model are the filtered Navier-Stokes equations in their velocity-vorticity formulation
for Large-Eddy Simulation [8]. A recently developed lifting line (LL) approach provides radial loads along the tur-
bine blades, circulations, angle of attack and integrated power and thrust coefficients [9, 10]. A tip correction [11]
is applied on the loads to circumvent the limited influence of tip vortex on the true velocity due to particles velocity
smoothing [12, 10].
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Table 1: Turbines definition
D[m] Rj[m] Ly[m] z,[m] N, dr[m]
1.1 0.054 0496 082 30 0.033

Table 2: Cases parameter
Case | ori [rad-s™'] o [rad-s™']  dt[s]

1 41.68 60.11 1.5-1073
2 62.52 60.11 1.4-1073
3 72.88 60.11 1.2-1073
4 83.36 60.11 1-1073
5 104.41 60.11 8-1074
6 89.01 25.97 1-1073
7 89.01 36.34 1-1073
8 89.01 41.47 1-1073
9 89.01 50.68 1-1073
10 89.01 61.05 1-1073

3  Set-up

Table 1 presents the turbine model geometrical and numerical properties: rotor diameter (D), hub radius (Rj),
blade length (L), as well as the chosen space discretisation defined by the number of blade sections (Ns) and
associated section width (dr = L, /N). Numerically, turbines are submitted to an uniform laminar inflow of velocity
Us.. = 6.3m.s~!. This value is chosen based on the mean velocity at the turbine position [6]. VPM is unmeshed, so
no boundary is applied in the simulation. A limitation of the software will be the high experimental wind tunnel
blockage of almost 20%, which cannot be reproduced by our numerical code. Following [12, 10], the time-step
(dt) is chosen so that the maximum angular step (d@) between the two turbines is 5.0° per time-step.

4 Results

Power and thrust coefficients, both for the upstream and downstream turbines, will be presented for all configura-
tion presented in Table 2. Turbines interactions will also be analysed via velocity maps as it is presented in Figure 2.
Finally, fluctuations of power and thrust coefficients will also be presented to analyse the physical phenomena at
stake.
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Figure 2: Instantaneous velocity and vorticity map for Case I of Table 2.



W ESC Wind Energy Science Conference

24 - 27 JUNE | NANTES, FR 24-27 June 2025

Nantes, France

Acknowledgements

This work is supported by the French Agence Nationale de la Recherche (ANR) and the Normandy Region through
the Labex program EMC3 (ANR-10-LABX-09-01) and the WILIAM project. Part of this work was performed
using computing resources of CRIANN (Normandy, France) thanks to the grant 2003013.

References

[1] Pieter Gebraad, Jared J. Thomas, Andrew Ning, Paul Fleming, and Katherine Dykes. Maximization of
the annual energy production of wind power plants by optimization of layout and yaw-based wake control:
Maximization of wind plant AEP by optimization of layout and wake control. Wind Energy, 20(1):97-107,
January 2017.

[2] Paul Veers, Katherine Dykes, Eric Lantz, Stephan Barth, Carlo L. Bottasso, Ola Carlson, Andrew Clifton,
Johney Green, Peter Green, Hannele Holttinen, Daniel Laird, Ville Lehtomaiki, Julie K. Lundquist, James
Manwell, Melinda Marquis, Charles Meneveau, Patrick Moriarty, Xabier Munduate, Michael Muskulus,
Jonathan Naughton, Lucy Pao, Joshua Paquette, Joachim Peinke, Amy Robertson, Javier Sanz Rodrigo,
Anna Maria Sempreviva, J. Charles Smith, Aidan Tuohy, and Ryan Wiser. Grand challenges in the science
of wind energy. Science, 366(6464):eaau2027, October 2019.

[3] Filippo Campagnolo, Robin Weber, Johannes Schreiber, and Carlo L. Bottasso. Wind tunnel testing of wake
steering with dynamic wind direction changes. Wind Energy Science, 5(4):1273-1295, October 2020.

[4] Per-Age Krogstad and Lars Stran. Wind turbine wake interactions; results from blind tests. Journal of
Physics: Conference Series, 625:012043, June 2015.

[5] Jan Bartl and Lars Setran. Blind test comparison of the performance and wake flow between two in-line
wind turbines exposed to different turbulent inflow conditions. Wind Energy Science, 2(1):55-76, February
2017.

[6] V Pappa, F Campagnolo, S Tamaro, F Miihle, J Stegmiiller, A Croce, C Gromke, V Riziotis, C Bottasso,
A Sciacchitano, D Bouris, and M Manolesos. A blind test on wind turbine wake modelling based on wind
tunnel experiments: Phase I — The benchmark case. Journal of Physics: Conference Series, 2767(9):092053,
June 2024.

[7] Grégory Pinon, Paul Mycek, Grégory Germain, and Elie Rivoalen. Numerical simulation of the wake of
marine current turbines with a particle method. Renewable Energy, 46(0):111-126, 2012.

[8] G.-H. Cottet and Petros D. Koumoutsakos. Vortex Methods: Theory and Practice. Cambridge University
Press, Cambridge ; New York, 2000.

[91 M Roperch, V H C Mulakaloori, P Bénard, and G Pinon. LES on wind turbines by comparison of Vortex
Particle Method and Finite Volume Method codes. Journal of Physics: Conference Series, 2767(9):092038,
June 2024.

[10] M.-A. Dufour, G. Pinon, E. Rivoalen, F. Blondel, and G. Germain. Development and validation of a lifting-
line code associated with the vortex particle method software Dorothy. Wind Energy, 27(7):633-666, July
2024.

[11] Wen Zhong Shen, Robert Mikkelsen, Jens Ngrkar Sgrensen, and Christian Bak. Tip loss corrections for wind
turbine computations. Wind Energy, 8(4):457—-475, October 2005.

[12] Néstor Ramos-Garcia, Mads Mglholm Hejlesen, Jens Ngrker Sgrensen, and Jens Honoré Walther. Hybrid
vortex simulations of wind turbines using a three-dimensional viscous—inviscid panel method. Wind Energy,
20(11):1871-1889, November 2017.



