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Outline

� Low dimensional chaos

� Pattern Chaos

� Spatiotemporal chaos
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Lorenz Model

PX D ��.X � Y /
PY D rX � Y �XZ
PZ D b .XY � Z/

b D 8=3 and � is the Prandtl number.

�Classic� values are � D 10 and r D 27.
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The Butter�y Effect

The �sensitive dependence on initial conditions� found by Lorenz is often

called the �butter�y effect�.

In fact Lorenz �rst said (Transactions of the New York Academy of

Sciences, 1963)

One meteorologist remarked that if the theory were correct, one

�ap of the sea gull’s wings would be enough to alter the course

of the weather forever.

By the time of Lorenz’s talk at the December 1972 meeting of the

American Association for the Advancement of Science in Washington,

D.C. the sea gull had evolved into the more poetic butter�y - the title of

his talk was

Predictability: Does the Flap of a Butter�y’s Wings in Brazil set

off a Tornado in Texas?
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The Lorenz model does not describe Rayleigh-BØnard convection!

Thermosyphon Rayle igh-Benard Convect ion

Also: Rititake homopolar dynamo
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Small system chaos
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Theoretical Context

Landau (1944) Turbulence develops by in�nite sequence of transitions

adding additional temporal modes and spatial complexity

Ruelle and Takens (1971) Suggested the onset of aperiodic dynamics

from a low dimensional torus (quasiperiodic motion with a small

number N frequencies)

Feigenbaum (1978) Quantitative universality for period doubling route

to chaos
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Some Experimental Highlights

Ahlers (1974) Transition from time independent �ow to aperiodic �ow at

R=Rc � 2 (aspect ratio 5)

Gollub and Swinney (1975) Onset of aperiodic �ow from time-periodic

�ow in Taylor-Couette

Maurer and Libchaber, Ahlers and Behringer (1978) Transition from

quasiperiodic �ow to aperiodic �ow in small aspect ratio convection

Lichaber, Laroche, and Fauve (1982) Quantitative demonstration of the

Fiegenbaum period doubling route to chaos
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Larger System Chaos

In �large� systems presumably the chaos becomes higher dimensional.

We might divide up the phenomena into two classes:

Pattern chaos global properties of spatial patterns are important, perhaps

induced by boundary effects

Spatiotemporal chaos statistical aspects of local units are more

important (0!1)

In either case we might be interested in

� the mechanism of the dynamics

� characterizing the dynamics
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Pattern chaos: convection in intermediate aspect ratio
cylinders

G. Ahlers, Phys. Rev. Lett. 30, 1185 (1974)

G. Ahlers and R.P. Behringer, Phys. Rev. Lett. 40, 712 (1978)

H. Gao and R.P. Behringer, Phys. Rev. A30, 2837 (1984)

V. Croquette, P. Le Gal, and A. Pocheau, Phys. Scr. T13, 135 (1986)
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� First experiments: 0 D 5:27 cell, cryogenic (normal) liquid He4 as

�uid. High precision heat �ow measurements (no �ow visualization).

� Onset of aperiodic time dependence in low Reynolds number �ow:

relevance of chaos to �real� (continuum) systems.

� Power law decrease of power spectrum P.f / � f�4

� Aspect ratio dependence of the onset of time dependence

0 2 5 57

Rt 10Rc 2Rc 1:1Rc

� Flow visualization (Argon, 0 D 7:66)
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(from Ahlers 1974)
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(from Ahlers and Behringer 1978)



Back Forward

Benasque PHYSBIO 2003: Pattern Formation in Rayleigh-BØnard Convection - Lecture 3 16

Gao and Behringer (1984)
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Croquette, Le Gal, and Pocheau (1986)
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Numerical Simulations

(Paul, MCC, Fischer and Greenside)

� 0 D 4:72, � D 0:78, 2600 . R . 7000

� Conducting sidewalls

� Random thermal perturbation initial conditions

� Simulation time � 100�h
� Simulation time � 12 hours on 32 processors

� Experiment time � 172 hours or � 1 week




