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Fluid systems are known to undergo series of changes of
macroscopic states when they are driven far from equilibrium. A
typical example is convection system where fluid is confined
among two parallel boundaries and heated from below. As the
temperature difference is increased, the system changes from a
quiescent state, steady convective structure, oscillatory,
chaotic, and so on. The bifurcation route to chaos were pretty
much clarified for a system whose horizontal size is comparable

(1)

to the vertical dimension Whea the horizontal size 1is
extended one-dimensionally or two-dimensionally, the spatial
degree of freedom contributes to increase the effective number of
dynamical variables, and the bifurcation sequence of the system
becomes more complicated.

It is, therefore, questioned whether the behavior of a
spatially extended system can still be efficiently looked at as a
deterministic dynamical system; or should it be more effectively
treated as a statisfical system. The spatio-temporal chaés is a
name for the complex behavior of spatiélly extended systems
including fluids taking the former view point. This brief note

overviews the recent works on spatio-temporal chaos of fluid

systems driven far from equilibrium.
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S.Sato et. al.(z) showed that fluids in a one~dimensionally
extended rectangular tﬁermal convection cell whose aspect ratio
is 15x1 exhibited an inhomogeneity in oscillatory strength and
dimension of chaotic attractors when the controll parameter 1is
relatively low. . Whethe: the localization of activity is
intrinsic or caused by a boundary ‘effect remained unclarified
there. Recently T.Kato et.al.(s) undertook a similar experiment
using an annular cell to avoid boundaries. They found that the
localization of oscillation strength is intrinsic and related to
the deformation of the underlying periodic structure.

At higher control parameter regions, spatio-temporal
intermittency, which is a mixed state of laminar and turbulent
domains is, generally obserbed . It was predicted, first by
K.Kaneko(4) based on numerical simulation‘of coupled map lattice
model aod later by H.Chate et.al.(5) based on numerical
simulation of .a phase equation,.that turbulence is achieyed in
one-dimensional system by spatio-temporal intermittency.

The experimental evidence was provided first by S.Ciliberto
et. al.(s) and later by F.Daviaud et.al.(7). They have shown
that the spatio-temporal intermittency shows an interesting
statistical behavior. It was found that the number of laminar
region of a given laminar length is a power of the length and
that the exponent behaves similar to the second-order phase
transition. The experimental results are parfially in accordance
with the numerical simulation of the model systems. S.Ciliberto
et.al. tried to construct a thermodynamics of spatio-temoral

chaos based on these experimental observations(s).
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Spatio-temporal chaos has also been studied in two dimensional
system. As two-dimensional experimental systems, electro-
hydrodynamic convection phenomena of nematic liquid crystals is
often used because of the time constant faster than the ordinary
thermal convection. The phenomena was introduced into physics
community by Kai et.al.(g) as the one‘which shows variety of
interesting pattern formation. The electro-hydrodynamic
convection of nematic liquid crystal shows a more complicated
bifurcation diagram compared to the thermal convection(lo).
Howéver, one may simply say that the system undergoes from a
quiescent state to a regular parallel role.state to a fluctuating
parallele role state by choosing a proper experimental parameters
Then, after some complicated states one can reach a two
dimensional oscillating latfice state.

Here, two problems may be relevant. One is how to understand
deterministically the fluctuation and defec¢ts in the vparallel
roll state. Theoretically, it 1is shown that the spatially and
temporally slow variable just above a bifurcation point can be
described by a Ginzburg-Landau type of equation with complex
coefficients. Furthermore, for.a phenomena in which only phase
variation, not phase variation, is relevant, the complex GL

(11) | phis

equation is reduced to Kuramoto-Shivashinski equation
equation should be useful to descpibe a phenomena such as
fluctuating parallel role Qf'convection structure.

P.Coullet et.al.(lz) have made a large scale computer.
simulation on the GL equation with complex coefficients. Their

results showed that as soon as the phase stability condition 1is

broken the amplitude variation occurs and from time to time zero
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amplitude spots appear and create pairs of defects. It may mean
that phase-turbulence without defects may be not stable. Recently
H.Chate is carrying out simulatioﬁ over wider parameter
space(13), so the situation will become clearer in near future. A
clear result by experimental research is also needed.

The second point is self—organization of e;vpacemaker which
emits target pattern of phasewaves in an oscillating grid lattice

(14). This phenomena is interesting in two aspects. One is

state
that it is similar to the pacemaker of Belouzov-Zhabotinski
system, yet it is intrinsic in the sense that it is created
without any spatial inhomogeneity. The second is that the emitﬁed
wave is spatially bounded. It was experimentally verified that
the convection pattern is spatially expandede in the pacemaker

region. Recently H.Sakaguchi(15)

and indépendently F.Daviaud
et.al.(16) derived phase equations based on coupled equations of
oscillatory field and underlying spatially periodic structure

proposed by P.Coullet et.al.(17).

Detailed experimental
measurement by M.Sano et.al.(ls) verified that the theory
well explains experimental results. However, the physical

coupling mechanism between the oscillatory field and the

underlying convection structure is unknown at present stage.

Spatio-temporal chaos is after all a deterministic view point
for complex phenomena. In other words; according to this Viéw
point, the complex phenomena is a.collection of yet unknown
orders. It would be interesting to know how far one can continue

this view point to understand turbulence. On the other hand
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biological system is certainly complex but génerally considered
to be in a complex ordered state. The research to understand the

(19)

li?ing state is also considered to be along the same line

with the present subject.
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