Master-level internship, 6 months, 2021
ECL (France) - Universiteit Twente (The Netherlands)
Numerical study of wind farm noise propagation
in the environment
Context
The generation of renewable energy is a key challenge facing our society today and wind energy
plays an increasingly important role as a sustainable source. Estimates for 2020 suggest that up
to 24% of EU energy could be supplied by wind energy by 2030, that is 10% more than today.
As such, wind energy will provide a major contribution towards the goal formulated in the Paris
climate agreement of reaching 32% of the renewable energy in the EU by 2030. [1] One of the
major obstacles to its development is wind turbine noise, which affects both residents [2] and
wildlife [3] in the area. Current regulations lead to operation of certain existing installations at
reduced power, decreasing their efficiency considerably, while the choice of a site for new wind
farms is difficult.
There is therefore a need to accurately predict wind farm noise propagation in the atmosphere, in order to increase the understanding of its mechanisms for noise mitigation, but also
for reliable surveying of the acoustic impact of new projects. Different elements need to be
taken into account, as illustrated in Fig. 1a. Indeed, meteorological effects such as wind, turbulence or temperature variations with altitude or time have a significant impact on the flow, and
therefore on sound propagation. The presence of wind turbines also affects the flow, as shown
in Fig. 1b. Furthermore, ground elevation and impedance variations can also have a significant
effect, both on the flow and directly on the reflection of acoustic waves on the ground.

Figure 1: (left) Illustration of mechanisms affecting wind turbine flow and noise [4] and (right)
wind farm flow simulated with an LES, with low velocity regions in blue [5].

Proposed work
The objective of this internship is to investigate the propagation of wind farm noise and its
variability in different meteorological and topographic conditions.
To do so, an existing acoustic propagation code based on the parabolic equations (PE) will
be used [6]. This code allows the use of ground profiles with variable elevation and impedance.
An example is given in Fig. 2a. In addition, flow fields computed using Large Eddy simulation
(LES) will be used as inputs to the acoustic propagation code, in order to investigate the
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difference in noise levels depending on meteorological conditions, while also taking into account
flow variations due to the wind farm itself, especially the wakes represented in Figs. 1a and 2b.
Existing data will be available, and the intern will also be able to simulate flow-fields under
other conditions using LES.
Finally, depending on time constraints, a method based on the linearised Euler equations,
more costly than the PE method but allowing to relax some its hypotheses, can be set up and
the results of both methods compared.

Figure 2: (left) Sound pressure level (dB) generated by a wind turbine on the left boundary,
in the presence of a hill and (right) normalised velocity deficit for different positions of a wind
turbine in the vicinity of a hill [7].

Research units
This internship is proposed in cooperation between the Acoustic Center of the Laboratoire
de Mécanique des Fluides et d’Acoustique (LMFA) at Ecole Centrale Lyon (ECL) in France
and the Physics of Fluids group of the University of Twente in the Netherlands. As such, the
internship will take place in either of these two research units depending on the candidate’s
choice, as well as on the evolution of the Covid-19 pandemic.
In the context of this internship, the LMFA will share its expertise in atmospheric noise
propagation, particularly with PE methods and the resolution of the linearised Euler equations.
The Physics of Fluids group will bring its experience in wind turbine flow and LES simulation.
Candidate profile
The candidate should be in the final year of a Master’s program, or equivalent, with a specialisation in acoustics and/or fluid mechanics. Programming skills are required, particularly using
Matlab, and knowledge of Fortran is also welcomed.
Supervisors
- Ariane Emmanuelli : Physics of Fluids, University of Twente (previously at LMFA, ECL)
- a.b.k.emmanuelli@utwente.nl
- Didier Dragna : Acoustic Center, LMFA, ECL - didier.dragna@ec-lyon.fr
- Sébastien Ollivier : Acoustic Center, LMFA, ECL and Université Lyon 1 sebastien.ollivier@ec-lyon.fr
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