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Deformation and transport of flexible fibers in micro-flows 
 
The dynamics of flexible fibers immersed in a viscous fluid play an important role in 
many technological and biological processes. They are at the origin of biofilm 
streamer formation, flagella motion of micro-organisms and define the rheology of 
fiber suspensions. It is known that flow induced fiber deformation is an important 
determinant on fiber transport but the direct link has yet to be established as a 
function of the fiber flexibility and the specific flow properties.   
We propose to study experimentally the case of a freely flowing fiber in a confined 
micro-channel. When the fiber is rigid, its dynamics is dictated by its orientation, 
which can lead to complex trajectories such as oscillations of the fiber between the 
channel walls (see top row in the figure). For more flexible fibers,  hydrodynamic 
forces can in addition deform the fiber (see bottom row in the figure). 
 

 

Here we propose to study the combined effect of the fiber anisotropy and flexibility 
on its transport using chosen flow geometries. In particular, a rapid expansion of the 
flow leads to a compressive stress in the direction of the flow, hence potentially to the 
buckling of the fiber. Both the buckling instability and the post-buckling evolution of 
the filament have yet to be explored in confined flow geometries. 
 
Condensed Matter Physics:  NO     Macroscopic Physics and complexity: YES 
Quantum Physics:  NO    Theoretical Physics: NO 

Transport and deformation of confined fibers in micro-channels; on all pictures the flow is from 
left to right. Top row: oscillations of a freely transported fiber. Bottom row: Deformation of an 
anchored fiber [Wexler, JFM, 2013], a suspended fiber [Duprat, Lab Chip, 2014], and deformation 
of a fiber passing through a constriction [Berthet, PhD, 2012]. 


