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RESUME

This work addresses the development of a multi-objective optimization framework for helicopter rotor blades
using high-fidelity simulation models. In particular, objective functions corresponding to hover and forward
flight are considered. Two solvers are used to predict the rotor performance: the comprehensive rotor code
HOST and the Computational Fluid Dynamics (CFD) solver elsA. The first research axis of this work is the
characterization of the accuracy of each available prediction method.

The influence of considering the blade elasticity, the rotor trim and/or simplified aerodynamics is
characterized for each flight case using wind-tunnel data. As a result, a numerical framework adapted to the
optimization is developed. The second part of this work concerns the formulation and development of
techniques adapted to the multi-objective optimization of rotor blades in hover and in forward flight.
Innovative algorithms based on competition (Nash Games) and cooperation

(Multi-Gradient Descent) are presented as alternatives to traditional multi-objective approaches.

In order to reduce the simulation costs, a surrogate-based framework is developed, including a multi-fidelity
strategy to predict the rotor performance in forward flight. These techniques are finally applied to a realistic
rotor, considering trimmed elastic CFD computations in the forward flight case and rigid blade CFD
computations in the hover case. The results are subsequently analyzed, demonstrating the potential of these
techniques to obtain realistic designs realizing interesting

trade-offs.
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