
                                                                       

 
 

PhD: Elastic capsules and polymersomes in flow 
IRPHE, Aix-Marseille Université & Centrale Marseille, UMR CNRS 7342, Marseille 
Contact: G. Boëdec (boedec@irphe.univ-mrs.fr) , M. Leonetti (leonetti@irphe.univ-mrs.fr) 
Keywords : complex fluids, biomechanics, biophysics, microfluidics, fluid-structure coupling 
Financial support: acquired (ANR grant) 
 
 The living offers the opportunity to study the behavior of original phenomena in which 
basic mechanisms remain to be elucidated. Thus, the blood is a suspension of elastic objects, 
namely red blood cells, whose large deformability in the vessels gives it the rheological 
properties of complex fluid (Fahraeus-Lindqvist effect), and inherently multiscale. 
 The living is also a source of inspiration for designing new physical systems. Thus, there 
is now a wide variety of systems constituted of a closed membrane immersed in a fluid: vesicles, 
capsules, polymersomes, the colloidosomes ... Each object has its own elastic properties, in order 
to meet the multiple demands of engineering in the fields of cosmetics, food, pharmacy, biology 
... But they also provide a way to mimic the rheology of blood by targeting the best physical 
characteristics of the membrane to form models of living systems. 

Our group tackles these questions by way of experimental as well as theoretical-numerical 
investigations. 
 Here, the proposed subject is theoretical and numerical. It aims to better understand the 
coupling phenomena between the membrane of a capsule or polymersome and simple flows. A 
spherical capsule has the striking ability to buckle and thus to make wrinkles at the membrane 
due to the flow stress (fig. left). The polymersome membrane has a high 2D shear viscosity 
locating dissipation at membrane and not in the bulk as vesicles. This is peculiarly true when the 
characteristic size becomes small such as in the case of tubes and pearling instability (fig. right). 
We propose to address the problem of complex soft particles under flow. 
 

    
Experiments: A polymeric capsule moving along a small 
capillary from left to right. Wrinkles appear: straight lines 
(left) and shape modulations (right) revealed on a section. 

Simulations: Birth and death of pearls along the tether 
of a settling vesicle. Gravity is horizontal. 

 
 
 


