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Abstract 
Flows at low Reynolds numbers are dominated by viscosity, governed by the linear and time-reversible 

Stokes equations. In this regime, actuation and sensing mechanisms that rely on inertial effects lose 

much of their effectiveness, motivating the development of alternative approaches that instead exploit 

viscous effects. Understanding physical processes in these environments is important for applications 

such as microfluidics and microscale pump, swimmer, and sensor design. Copepods are small aquatic 

organisms that effectively generate feeding currents, swim, and detect suspended particles by 

oscillating their appendages. Drawing inspiration from copepod biomechanics, this dissertation 

develops minimal models and scaled tabletop experiments that demonstrate flow generation, 

locomotion, and particle detection in the low Reynolds number regime. First, we demonstrate that 

asynchronous oscillations of rigid rods generate swirling flow fields and net fluid transport, establishing 

a minimal system for pumping and mixing in highly viscous environments. Second, we demonstrate low 

Reynolds number swimming using rigid arms and show that only asynchronous oscillatory motion with 

distinct orientation angles generates net displacement, which is enhanced near bounding walls. Third, 

we demonstrate pressure-based imaging of an inert sphere suspended in a highly viscous fluid, 

enabling object detection and image reconstruction from pressure signals alone. Together, these 

studies show that simple rigid-body oscillations can achieve flow generation, locomotion, and particle 

detection at low Reynolds numbers, providing a foundation for studying more complex systems and 

motivating the design of pumps, swimmers, and sensors for microfluidic and other viscous-flow 

systems. 
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