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Profil et compétences recherchées  
In the last year of a Research Master or Engineering School, you have a strong background in fluid 
mechanics. Some notions in aeroacoustics and optimization methods would be a plus. You are interested in 
research and innovation in aeronautics. You are familiar with digital programming best practices and have 
notions of Python and Fortran. You demonstrate a good sense of critical analysis and autonomy, as well as 
excellent oral and written communication skills in English. Proficiency in French would be an advantage for 
everyday communication in the workplace, but is not mandatory. 

Présentation du projet doctoral, contexte et objectif 
According to the World Health Organization, sustained exposure to unwanted noise is now considered as a 
major source of environmental pollution, possibly leading to serious health issues. This leads the transport 
industry, and especially aircraft manufacturers, to incorporate noise constraints at early design phases. In 
this context, shape optimization methods are of particular importance to aid the conception of more silent 
vehicles. 

Traditional parametric studies, which consist in seeking an optimum in a series of designs by varying a set 
of shape parameters, quickly become prohibitive as the number of shape parameters is increased, a fortiori 
if costly CFD computations are involved in the evaluation process. By contrast, the adjoint method presents 
a computational cost that is independent from the number of design variables, and thus appears as an 
attractive tool for shape optimization [1]. Indeed, this method allows to obtain, for a moderate computational 
cost, the sensitivities of one (or several) objective function(s) with respect to the design variables, and thus 
to provide the gradient descent directions to an optimization algorithm. 

In the last decades, this method has gained in popularity among the computational fluid dynamics community 
and allowed some improvements in the aerodynamic performance of various systems. At ONERA for 
instance, some work carried out on the ERATO helicopter rotor has led to a substantial improvement in the 
global aerodynamic performance by choosing the rotor figure of merit as the objective function to be 
maximized [2]. On the other hand, the use of this method with an acoustic objective function is considerably 
scarcer in the literature. Although encouraging preliminary results have been obtained at ONERA for shape 
optimization of propeller blades [3], a current restriction is that the acoustic objective function, based on 
physical modelling, is somehow too specific to propeller noise and is therefore not adapted to another system. 

This constitutes the main motivation for the present PhD position. It consists in developing a general 
framework aimed at performing aero-acoustic optimizations of any noise source by using the adjoint method. 

To do so, the well-established Ffowcs-Williams & Hawkings integral equation [4] will be employed. Indeed, 
this equation provides a theoretical framework that allows expressing, from the knowledge of the 
aerodynamic field on a control surface enclosing all the noise sources (typically provided by a CFD solver), 
the acoustic field at any listener position outside of this surface.  

The main technical objective of this thesis is then to develop, validate, and finally employ a FW-H solver, 
along with his adjoint. For this purpose, the work will be organized as follows. First, the candidate will conduct 
an exhaustive state of the art of the aeroacoustic integral equations (and their adjoint, if any) developed in 
the literature, and select the most appropriate one, notably with respect to the existing CFD adjoint solvers 
capabilities at ONERA. Then, he/she will implement the formulation adopted by applying state-of-the-art 
programming techniques such as automatic differentiation (AD). This step will require particularly meticulous 
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work, not only in the documentation and writing of the code, but also to guarantee a high level of 
computational efficiency of the solver. The direct solver will be thoroughly validated against elementary 
acoustic sources for which the analytical solution is known, and then on a more complex case, such as a 
propeller in a subsonic axial flow. The adjoint solver will also be validated by comparing the sensitivities it 
provides to sensitivities computed by using finite-differences. Finally, the aero-acoustic optimization of an 
innovative propulsion system, such as the Open Rotor and Stator (ORAS) architecture, will be performed. 
First, an acoustic-only objective function will be contemplated. Then, aerodynamic constraints will be added 
to the optimization problem. Finally, a multi-points optimization will be performed, considering for instance 
both takeoff and cruise conditions.  
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Aerodynamic optimization of the ERATO rotor using the discrete adjoint method. (Figure extracted from Dumont et al. [2]) 
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