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Traveling wave equation for undulatory swimming.
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Fish in a Kármán vortex street



 = 11 cm
f = 2.2 Hz

 = 11 cm
f = 4.0 Hz

 = 20 cm
f = 2.2 Hz

Strouhal number = (L*f) / v
 = v/f

Kármán vortex street



no cylinderKármán gaitwith cylinder

The Kármán Gait



Digital Particle Image Velocimetry



Digital Particle Image Velocimetry
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Digital Particle Image Velocimetry

Akanyeti and Liao J. Exp. Biol. 2013a,b



Muscle activity



swimming Kármán gait

Muscle activity



Kármán gaiting saves energy
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Dead trout swimming

Beal, Liao et al. Journal of  Fluid Mechanics 2006







Drift Feeding



Feeding in unsteady flows 
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What is the role of the flow sensing 
lateral line system? 



Can the lateral line optimize swimming?



Pressure sensing



high speed camera

fish model

yaw

heave
mounting rod 

+ force transducer

flow



Soft robotics

Akanyeti, Putney, Yanagitsuru, Lauder, Stewart and Liao PNAS 2017



Thrust correlated to unique pressure profiles

Akanyeti, Thornycroft, Lauder, Yanagitsuru, Peterson, and Liao Nature Communications 2016
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Thrust correlated to unique pressure profiles

Akanyeti, Thornycroft, Lauder, Yanagitsuru, Peterson, and Liao Nature Communications 2016



Summary

How and why do fish swim in unsteady flows?
- adopt Kármán gait to save energy
- depends on feeding behavior

What is the role of the lateral line system?
- LL recognizes optimal swimming



Behavioral complexity 

100% 50%75% 50%

Kármán gaitingentrainingbow wakingswimming
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