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The motion of waving or rotating filaments in a fluid environment is a common element in many 

biological and engineered systems. Examples at the microscale include chains of diatoms moving 

in the ocean, flagella of of individual cells comprising multicellular microbial colonies, as well as 

engineered helical nanorobots designed to deliver drugs to tumors.  Complex fluid environments, 

such as networks of polymers, can have dramatic effects upon the dynamics of microorganisms as 

they move through mucus or tissues.  In this talk we will present mathematical and 

computational insights into these viscosity-dominated flows.  Our modeling approaches will vary 

from detailed models that capture flagellar material properties and wave geometry to minimal force-

dipole models that represent a flagellum by a single point.  We will investigate a few intriguing 

systems, including helical filaments that penetrate, break, and move through a polymeric 

network, the journey of extremely long insect sperm flagella through tortuous female reproductive 

tracts, and the hydrodynamic performance of shape-shifting Choanoeca flexa colonies.
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