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Short description of possible research topics for a PhD: The airways are lined 
with a bi-layer annular liquid film consisting of mucus (elastoviscoplastic liquid) and 
serous layer (weakly viscoelastic liquid). When the film thickness is too high, liquid 
plugs can form preventing distal air exchange in human lungs. Such liquid plugs are 
typically observed among patients affected by chronic pulmonary pathologies (CF and 
COPD), and by respiratory diseases such as Covid-19. The aim of this project is to 
unravel how viscoelastic and viscoplastic effects interact, depending on the interplay 
between the three phases. This project further aims at studying the effect of 
deformability of the airway walls and, finally, to test the impact of surfactant 
replacement medical therapies. Numerical simulations will be carried out using the 
multiphase finite-difference/front-tracking in-house code developed by F. Romanò at 
Arts et Métiers, Lille [2]. Experiments will be carried out at IMT Lille Douai and IEMN 
under the supervision of A. Bahrani and M. Baudoin, respectively. Special attention is 
paid to the mucus rheology, experimentally reproduced by synthetic liquids, and to the 
liquid plug dynamics, characterized by flow visualization and μPIV in rigid or flexible 
capillary pipes. Finally, numerical simulations and experiments will be compared.  

                        
        
Required background of the student: Fluid Mechanics or Applied Mathematics 
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