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Flexible swimmers: boundary interactions and collective effects 
 
Summary of lab's interests: The PMMH “Swimming and Flying” team led by R. Godoy-
Diana and B. Thiria has been working for a few years in the physics of bio-inspired 
locomotion such as flapping flight and undulatory swimming. 
 
Summary of the proposed project: Undulatory swimming occurs in nature in many 
different systems that range from the microscopic realm of flagellated or ciliated organisms, 
to the locomotion of large aquatic vertebrates. These biological systems are all sources of 
inspiration for the design of artificial systems. In the microscopic scale, biomedical 
applications abound for artificial microswimmers, which could be used with several 
bioengineering purposes, for example, as targeted drug delivery systems. The idea of a swarm 
of self-propelled swimmers being able to perform a task inside the human body is certainly 
appealing, and recent works that have used the magnetic field of MRI scanners to drive the 
oscillation of a swimmer give such applications an appearance of plausibility. However, a lot 
of questions remain open, especially concerning the interaction of an artificial swimmer with 
its environment (confined pathways, viscoelastic fluids, ciliated walls) or the collective 
dynamics inherent to a group of swimmers. In the present project we propose to tackle some 
of these questions experimentally, using a novel setup with magnetically-actuated millimeter-
sized elastic swimmers. In particular, we will focus on swimmer-swimmer interactions, 
swimmer-wall interactions, and many-body collective dynamics. We aim at addressing the 
fluid-swimmer-boundary interaction by tracking the full time-resolved deformation 
kinematics of each swimmer. 
 
Required background of the student: The present project on the dynamics of elastic 
swimmers lies at the interface between fluid mechanics, fluid-structure interaction, elasticity, 
biology and bio-inspired robotics. Ideally we are looking for a physicist or engineer with 
strong experimental skills and an appetite for multi-disciplinary work. 
 
Representative publications of the group: 
- Ramananarivo et al. PNAS 108 (15): 5964-5969 (2011). Rather than resonance, flapping wing flyers may play on 
aerodynamics to improve performance. 
- Ramananarivo et al. J. Roy. Soc. Interface 10: 20130667 (2013). Passive elastic mechanism to mimic fish-muscles action in 
anguilliform swimming. 
- Raspa et al. Phys. Fluids 26: 041701 (2014). Vortex-induced drag and the role of aspect ratio in undulatory swimmers 

 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 
Condensed Matter Physics:  YES     Macroscopic Physics and complexity: YES 
Quantum Physics: NO    Theoretical Physics: NO 


