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ABSTRACT 

Ultrasound offers a unique ability to whisper forces into microscale environments and echo 
programmable responses in cells and fluids. In this talk, I will present two complementary 
advances that illustrate how ultrasound fields can orchestrate matter within microfluidic 
systems. First, I introduce Programmable Acoustic Standing-wave Transfection (PAST), a 
platform that creates dynamically tunable acoustic potential landscapes to transiently 
permeabilize cell membranes and drive diffusion-based intracellular delivery. By cycling cells 
through controlled hydrodynamic and acoustic stresses, PAST enables reversible pore 
formation, carrier-free biomolecular transport, and high post-treatment viability, offering new 
opportunities for precision therapeutics and mechanistic studies. Second, I will discuss our 
discovery of how fluid viscoelasticity can be used to enhance, suppress, or even reverse 
acoustic streaming in microchannels. By expressing the competing viscous, inertial, and 
elastic contributions through a unified Streaming Coefficient, we reveal the critical conditions 
under which acoustic flows reorganize, including the emergence of viscoelastic shear-wave-
mediated transitions. Together, these studies demonstrate how subtle acoustic cues whispers 
and echoes can pattern particles, modulate transport, and engineer fluid-structure 
interactions, underscoring the potential of acoustofluidics for next-generation drug delivery 
and microfluidic control. 
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