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Stirring and Mixing of Viscous Fluids

e Viscous flows =
no turbulence! (laminar)

e Open and closed systems

o Active (rods) and passive
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A Simple Example: Planetary Mixers

In food processing, rods are often used for stirring.

[movie 1] ©BLT Inc
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http://www.math.wisc.edu/~jeanluc/movies/Pulled Hard Candy.wmv
http://www.blt-inc.com/cp_planetary_mixer.htm
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The Taffy Puller

This may not look like
it has much to do
with stirring, but no-
tice how the taffy is
stretched and folded ex-
ponentially.

Often the hydrodynam-
ics are less important
than the precise nature
of the rod motion!

[movie 2]
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http://www.math.wisc.edu/~jeanluc/movies/taffy.avi
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Experiment of Boyland, Aref, & Stremler

[movie 3]  [movie 4]

[P. L. Boyland, H. Aref, and M. A. Stremler, J. Fluid Mech. 403, 277 (2000)]

4/10


http://www.math.wisc.edu/~jeanluc/movies/boyland1.avi
http://www.math.wisc.edu/~jeanluc/movies/boyland2.avi
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Periodic Array of Rods
e Consider periodic lattice of rods.
e Move all the rods periodically as in Boyland et al. (2000):

ANENENES

e The stretching per ‘switch’ is logy, where y = 1+ /2 is the
Silver Ratio!

e This is optimal for a periodic lattice of two rods (Follows
from D'Alessandro et al. (1999)).

e Work with M. D. Finn (Adelaide).
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Silver Mixers!

e The designs with entropy given by the silver ratio can be
realised with simple gears.
o All the rods move at once: very efficient.

[movie 5]

References


http://www.math.wisc.edu/~jeanluc/movies/gears.mpg
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Silver Mixers

Four Rods

Conclusions

References

[movie 6] [movie 7]


http://www.math.wisc.edu/~jeanluc/movies/LegoExp\ topside\ view.avi
http://www.math.wisc.edu/~jeanluc/movies/LegoExp.avi

Six Rods



http://www.math.wisc.edu/~jeanluc/movies/silver6_line.mpg

Conclusions

Conclusions

e Having rods undergo ‘braiding’ motion guarantees a minimal
amound of entropy (stretching of material lines).

e We have an optimal design, the silver mixers.

e Need to also optimise other mixing measures, such as variance
decay rate.

Other topological aspects:

e Topology also predicts injection into the mixing region,
important for open flows.

e (Classify all rod motions and periodic orbits according to their
topological properties.

e Train track automata allow exploration of possible
pseudo-Anosovs, and can be used for rigorous proofs.
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