An Experimental Analysis of the Characteristic
Behaviors of an Impedance Pump

Thesis by

Anna Iwaniec Hickerson

In Partial Fulfillment of the Requirements
for the Degree of

Doctor of Philosophy

California Institute of Technology

Pasadena, California

2005
(Defended April 28, 2005)



i

© 2005
Anna Iwaniec Hickerson

All Rights Reserved



1l

For my hubby, Kevin, with all my love.



v

Acknowledgements

I would like to thank all the people who supported me throughout graduate school
and the writing of my thesis. Special thanks go to my advisor, Prof. Mory Gharib
for his insight, inspiration, and motivation and my committee — Prof. Mory Gharib,
Prof. John Brady, Prof. Joel Burdick, and Prof. Michael Dickinson — for their time,
expertise, advice and direction. Additional thanks go to all the members of the group.
Through fun times and hard times, it felt as though we were a family, without which
the experience would be empty.

My heartfelt thanks go to my parents for showing me the value of education
through reason and example and to my friend Jeanne, for being with me through the
hardest times of growing up, letting me be the geek that I am, and telling me about
a small school in California I might be interested in.

Lastly, I would like to give thanks to the Fehrer Fellowship for providing financial

support for my research.



Abstract

When a fluid-filled pliant tube is connected to tubing of a different impedance, a net
flow in either direction can be induced by periodically compressing the pliant section
asymmetrically from the ends. An experimental analysis of the characteristic behav-
iors of such a pump has been done demonstrating interesting results not predicted by
prior analytical and computational results. Measurements show a complex non-linear
behavior in response to the compression frequency, including distinct resonance peaks
and reversals in flow direction. Ultrasound imaging provided a unique view of the
tube wall and flow within, allowing us to visualize the wave propagation and reflec-
tion. Measurements include transient responses, resonant responses, and bulk flow
behaviors for a variety of configurations. Net flow rates can exceed the volumetric
displacement done by active compression demonstrating that, as a first approxima-
tion, this pump can have a higher efficiency than peristaltic pumping. Elasticity has
been shown not to be a necessary factor in stimulating net forward flow.

Results from this study have helped show that a zebrafish (a model for human
cardiac development) may utilize impedance pumping to drive circulation in early
embryonic stages prior to valve formation as opposed to peristaltic pumping as was
once thought. Additional research is being conducted to develop a micro-scaled ver-
sion with applications in medicine, heat transfer, lab-on-chip technology, and micro-

mixing.
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