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Abstract
Various cases of phase turbulence in convection layers heated from below are

reviewed. In several cases a close connection between the onset of phase
turbulence and the existence of a heteroclinic orbit in a reduced system of
equations can be found. New results are presented for phase turbulence in
the case of centrifugally driven convection in a rotating cylindrical annulus.

1 Introduction
Phase turbulence is observed in many extended fluid systems that are char-
acterized by supercritical or only weakly subcritical bifurcations from the
uniform basic static state under steady external conditions. A large number
of bifurcating solutions usually exists in the neighborhood of the critical value
of the control parameter and the mathematical problem can be considered as
an unfolding from a bifurcation point of infinite codimension. In the absence
of a variational principle guaranteeing a unique asymptotic state the compet-
ing modes often give rise to a spatio-temporally complex state. In particular
the phases of the flow at a given location appear to vary in a chaotic fashion.

The standard methods for analyzing pattern forming instabilities apply
to large aspect-ratio systems, which can be idealized as infinitely extended.
Therefore a description in terms of Fourier modes in dependence on two-
dimensional wave vectors k is natural. In particular near onset of convection,
i.e. when the main control parameter R, such as the Rayleigh number in
Rayleigh-Bénard convection, is slightly beyond its critical value, almost per-
fect periodic patterns like rolls (characterized by a single wave vector), but
also squares (two distinct wave vectors) or hexagons can be obtained. Be-
sides the nearly periodic pattern, experiments often exhibit persistent spatio-
temporal dynamics. Snapshots of the patterns in this case show local roll
patches corresponding to wave vectors varying with respect to their direc-
tion while the absolute values of the wave vectors are nearly constant. The
discontinuities in the wave vector field like grain boundaries or immersed
point defects (dislocations) trigger the dynamics of the patterns. The notion
‘phase turbulence’ or ‘weak turbulence’ has been introduced for such states
in distinct contrast to more fully developed turbulence.
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Properties of Turbulence

Chaotic time Decay of spatial Broad wavenumber  Inertial range,
dependence correlations spectrum fractal structure

e —
Dynamical Systems
few degrees of freedom,
e.g. convection in a box

Phase Turbulence
many degrees of freedom, nearly degenerate bifurcation,
e.g. convection in extended layers with rotation

Classical Turbulence
Interaction with boundaries, e.g. turbulent pipe and
channel flow; thermal convection at high Rayleigh numbers

Asymptoticf'l\&rbulence
Inertial range scaling, .g. atmospheric flows and other high Reynolds number systems

Table 1

Phase turbulence is thus a phenomenon that exhibits certain properties of
fluid turbulence while others are missing. The reduced complexity of phase
turbulent systems can therefore provide examples in which certain aspects of
Auid turbulence can be studied in a relatively simple setting. Table 1 may
serve to illustrate the place of phase turbulence within the general field of
fluid turbulence.

One way of elucidating the mechanism of phase turbulence is the explo--
ration of the stability of periodic patterns in the R-k-space. In fact, in the
most important and representative cases phase turbulence originates from the
nonexistence of stable periodic states immediately above onset. Historically
the first example has been convection in a rotating Rayleigh-Bénard layer.
Kiippers and Lortz (1969) realized that all steady solutions describing con-
vection flows in a horizontal fluid layer heated from below and rotating about
a vertical axis are unstable when the rotation parameter {1 exceeds a critical
value. They concluded that some kind of turbulent motion must be realized
as a result. In later studies a close connection of the time-dependent states
with a heteroclinic orbit was recognized (Busse and Clever, 1979a) and simple
models based on this idea (Busse, 1984) could explain the experimental ob-
servations (Busse and Heikes, 1980; Heikes and Busse, 1980) quite well. Since
then the system of rotating convection has become a favored example for the
study of spatio-temporal chaos in pattern forming systems. Both experimen-
tal investigations (Zhong et al, 1991; Zhong and Ecke, 1992; Bodenschatz

























































