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The fluid mechanics governing the escape or attack maneuvers of marine animals 
and birds, what we will call survival hydrodynamics, are of particular interest, 
because their recorded performance is truly impressive: Fish 30 cm long can reach 
accelerations exceeding ten times gravity acceleration in a fraction of a second, 
and small squids can reach burst speeds of 25 body lengths per second. Such 
performance forces us to pose some basic questions on underlying flow 
mechanisms that are not used in engineered vehicles.  A closely related issue is 
the ability of animals to sense the flow around them in order to detect and 
discriminate threats in environments where vision or other sensing is of limited or 
no use.
The ability of marine animals to detect their environment through pressure and 
velocity sensing is best exemplified by the blind cavefish that darts through 
cluttered cave environments in absolute darkness; and the harbor seal that detects 
the wake of prey up to 30 seconds after it has passed.  Survival dictated the 
development of such hydrodynamic sensing that is totally absent from engineered 
structures. Again, we are forced to pose some basic questions:  How detectable is 
a flow from a localized distributed array of sensors?  How can we detect flows 
down to 1 mm/s while moving at high speed?

Picture: Viscous simulation of a moving and rapidly deflating prolate spheroid demonstrates lack of flow paration and 
energy recovery resulting in ultra-fast escape.

In the talk, animal flow sensing and actuation are used as a 
source of inspiration to formulate basic problems and pose 
questions to help us investigate mechanisms which allow 
animals to develop their remarkable performance. In this 
manner, we arrive at some startling new mechanisms of 
actuation and sensing.

Picture: A velocity micro-sensor inspired by the shape of the 
vibrissae of the harbor seal allows detection of minute velocities. 
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Aurel Stodola (1859 – 1942) was a Professor in the 
Department from 1892 to 1929 and a pioneer in the area 
of technical thermodynamics and its applications in gas 
and steam turbines. He has also been credited with 
developing world‘s first artificial limb, the so-called 
‚Stodola  arm‘.
The Stodola Lecture is given by an internationally recog-
nized expert in the broad discipline of mechanical and 
process engineering, who is elected by the Department 
faculty and awarded the ETH Stodola Medal.

Michael S. Triantafyllou is the William I. Koch Professor 
of Marine Technology at the Massachusetts Institute of 
Technology. He is the Director of the Center for Ocean 
Engineering in the Department of Mechanical Engineering. 
He received his undergraduate degree from NTUA Athens 
in Naval Architecture & Marine Engineering (1974), and 
his graduate degrees, SM in Mechanical Engineering, SM 
in Ocean Engineering, and ScD in Ocean Engineering from 
MIT. 
He teaches and has published over 250 journal articles 
and refereed conference papers in the areas of biomime-
tics, dynamics and control of marine systems, and expe-
rimental fluid mechanics. He pioneered the development 
of science-driven biomimetic robots to study the basic mechanisms of flow control 
that lead to the outstanding agility of fish and cetaceans. The RoboTuna original 
design is at the Science Museum in London, while a second version of the robot 
is on exhibit at the MIT Museum. He is currently studying the physics of flow 
sensing in fish and marine mammals to achieve super-maneuverability in ocean 
vehicles through flow feedback control.
He has served as Associate Department Head in the Department of Mechanical 
Engineering (2008-2010), has been a Visiting Scientist at the Woods Hole Ocea-
nographic Institution since 1991, and a Visiting Professor at NUS Singapore, NTNU 
Norway, ETH Zurich, NTUA Athens, and Kyushu University.  He is Chairman of the 
Board of the National Technical University of Athens (2013-2017).


