
 

  

 
 

 
Aeroacoustic black holes for the reduction of sound emissions and                 

fine particles in the atmosphere: Numerical and experimental study 
 
Names of thesis director and co-director: Cédric Maury – Teresa Bravo 
Tel: 04.84.52.42.04. 
E-Mail: cedric.maury@centrale-marseille.fr   teresa.bravo@csic.es 
Web: https://laboratoire-mecanique-acoustique.fr/membre/67-cedric-maury 
 https://www.itefi.csic.es/en/staff/bravo-maria-teresa 
 
Laboratory: Laboratory of Mechanics and Acoustics (LMA UMR 7031, Marseille, France)  
https://laboratoire-mecanique-acoustique.fr/ 
 
Funding: acquired (3 years) 
Type of funding: Fundation A*MIDEX – Initiative of Excellence – Aix-Marseille University 
Start date: October 1st, 2024 
 
Summary of the research work: 

The goal of zero emissions in the transport and energy sectors is the key to achieving an urban environment 
that is more resilient to climate change and with a lower impact on the health of the population. This notably 
involves reducing two factors: noise emissions and the emissions of ultrafine particles into the atmosphere from 
vehicles and industrial infrastructures. 

This dual objective is part of the multidisciplinary international research project AERMES: “Aero-acoustic 
metamaterials for the reduction of noise and aerosols in the atmosphere” (n° AMX-22-RE-AB-157) funded by 
the AMU A*MIDEX foundation, bringing together the Laboratory of Mechanics and Acoustics (LMA), the 
Spanish National Research Council (CSIC) and the Institute for Research on Non-Equilibrium Phenomena 
(IRPHE). 

The objective of this doctoral thesis is to simulate, optimize and characterize the performance of silencers 
such as aero-acoustic black holes (ABH) in order to effectively attenuate sound emissions while improving the 
agglomeration of fine particles into aerosols of larger size, readily filtered by traditional techniques. The idea 
is to exploit the effective slow-down of sound waves entering the ABH, in order to produce nucleation zones 
of the ultra-fine particles convected by the flow. 

The study will be based on modeling (Finite Element Method, Lattice Boltzmann Method) and global 
optimization methods (particle swarms), which enabled to reveal the trapping and total dissipation of 
acoustic waves within ABH structures, experimentally validated on an acoustic test bench. The simulation of 
this effect is illustrated in the Figure above. The thesis tasks will be as follows: 

• to analyze under which conditions the ABH effect is robust to the presence of low Mach number 
flows. 

• to understand the particle agglomeration mechanisms induced by the trapping and slow-down 
of acoustical waves. 

• to optimize the geometric shape of the silencer to maximize the ABH effect and particle 
agglomeration while minimizing the pressure and viscous drags. 

• to design and validate an eco-friendly ABH prototype on an aero-acoustic test bench. 
 
 



 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 1. Top: LBM simulation of the ABH effect (left) and interior view of an acoustic ABH (right) – Bottom: 
particle agglomeration diagram (left) and aero-acoustic test bench (right); 
 
Candidate profile: Holding a Master 2 or a post-graduate engineering school diploma, the candidate will 
have skills in acoustics and fluid mechanics as well as an interest in computational modelling and 
experimental methods. Good level in English (read, spoken, written). 
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Professional insertion after thesis : 
- Public: teaching and/or research in universities, engineering schools, research organizations (CNRS, 
ONERA, etc.). 
- Private: research & development and/or consulting companies in transport, energy and environmental 
sectors.  
 


