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Microflows of complex suspensions 
 

Complex fluids are ubiquitous in nature and industrial applications. Their non-Newtonian 

character is due to microscopic objects suspended in simple fluids. Under flow these objects are 

oriented, rearranged or deformed leading to a macroscopic response of the material. The 

behavior of suspensions of complex particles, like anisotropic or deformable objects is still not 

well known and in particular, the link between the microscopic properties of the suspended 

particles and the emerging macroscopic properties is still lacking. 
 

 
 

A) Microfluidic flow and fabrication platform: 

Particles are fabricated directly inside microfluidic 

geometries to obtain perfect control not only on the 

shape but also the orientation and concentration. 

Flow can then be applied to the microchannel and 

the transport dynamics can be directly visualized.  

B) Model particles. Model fibers fabricated by (a) 

projection lithography, (b) self-assembly of magnetic 

colloids, (c) polymerization of actin filaments. (d) Ring 

from projection lithography and (e) nanoparticles 

spiral (courtesy A. Crosby, UMass). (f) Microswimmer. 

E-coli bacteria (f). The scale bar represents 10 m. 
 

We have recently built a micro-fabrication and flow platform (Fig. A) implementing different in 

situ particle fabrication techniques, ideally suited for the study of the transport and deformation 

of these model particles under flow. We now have access to a large range of different particles 

(Fig. bB) that can easily be visualized under a microscope.  

Here we propose to take advantage of this platform to study the complex trajectories of 

individual particles in given microfluidic flows as a function of the particle properties. Particles 

with increasing complexity can be used, going from spherical, to anisotropic, to deformable or 

even active particles. Theoretical predictions indicate that complex particles can migrate across 

streamlines and can accumulate at given distances from the channel walls. This opens new 

possibilities to design microfiltration or separation devices, for example in biomedical 

applications. The understanding of the interaction of individual particles with given flows is also 

the first step to understand collective particles dynamics and eventually the macroscopic 

signature of the microscopic structure of these particles. 

In the present internship we suggest to study the individual trajectories of selected particles in 

simple flows (as Poiseuille flow geometries), taking into account their specific interactions with 

the flow. The internship can be followed by a PhD thesis, where collective particle motion could 

be addressed. Furthermore the macroscopic flow properties of these complex suspensions could 

be investigated, using micro-rheometeres developed in our group.  
 

Condensed Matter Physics:  NO     Macroscopic Physics and complexity: YES 

Quantum Physics:  NO    Theoretical Physics: NO 
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