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Engineer diploma or second year Master specialized in fluid mechanics.
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Présentation du projet doctoral, contexte et objectif

Maritime transport represents 3% of global greenhouse gas emissions, comparable to aeronautical sector
(Cammas, Mehnert, et Pichon 2020). Wind assisted propulsion is a promising solution to address the
objectives from International Maritime Organization (50% of reduction by 2050). It can reduce fuel
consumption by around 5% to 20% on existing ships et until 80% for new ones specifically designed for that
(Cammas, Mehnert, et Pichon 2020; Hussain et al. 2018).

Various prototypes are being developed using flexible sails (e.g. TOWTS), inflatable sails (e.g. WISAMO -
MICHELIN), rigid sails (e.g. AYRO) and rigid sails foldable (e.g. SOLID SAIL from Chantiers de I'Atlantique
and ENSTA Bretagne). These sails will have to resist and to perform well in the turbulent and gusty wind
existing at sea. To achieve these two objectives, we need to be able to take turbulence into account in the
design of these systems. We focus on rigid sails which are equivalent to the wings existing in aeronautics.

On the previous example, turbulence changes the properties of the flow, which become highly unsteady. The
turbulence unsteadiness has a direct effect on the spatial and temporal variations of the aerodynamic forces
generated locally on the wings.

The problematic of interaction between turbulence and airfoils is also present in aeronautical applications
such for Vertical Take Off and Landing vehicules (VTOL) which evolve in the atmospheric boundary layer
where a rate of turbulence between 10% and 15% is measured (Veiga Rodrigues et al. 2010). The lifting
surfaces interact by the atmospheric turbulence but also with the highly turbulent wakes behind the
propellers. These interactions need to be understood and require experimental and theoretical research for
that.

Objective of the thesis:

- Assess the turbulence impact on the aerodynamic forces local fluctuations for different wind propulsion
configurations or airfoils configurations. In particular, we will focus on a scale-by-scale analysis (Kolmogorov
1941; Mucke, Kleinhans, et Peinke 2011; Valente et Vassilicos 2015; Yao et al. 2024) to understand how the
different turbulent scales impact the fluctuations of local aerodynamic forces. These results may be used in
the future by start-ups and industries to design new wings for a given unsteady wind, and anticipate structural
problems (fatigue, deformation and vibration).

- The turbulence intermittency will also be measured and analysed as it may impacts the fatigue loads of the
wings as it does for wind turbines (C. M. Schwarz et al. 2018; Carl Michael Schwarz, Ehrich, et Peinke 2019;
Bock et al. 2024; Gontier et al. 2007; Miicke, Kleinhans, et Peinke 2011). Therefore, the intermittency should
be measured and related to the performance of existing turbulent models used in simulations.

- Propose dedicated geometric modifications of the wings to take into account unsteady effects.

- Carry out highly resolved PIV (Particle Image Velocimetry) measurements of turbulent flows around wings
models to assess the performance of numerical simulation turbulent models for these applications. The
purpose is also to relate these models with the physics of the turbulent energy cascade (Germano 2007b;
Brun, Friedrich, et Da Silva 2006; Cimarelli et Angelis 2014).
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The research direction will also evolve depending on the results obtained and the initiatives from the PHD
candidate.
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