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Convection and rotation are prevalent influences on many geophysical flows,
such as the flows in the atmosphere and in the oceans. Also in turbo-machinery
and chemical process engineering such situations arise. A convenient model
for studying these effects is provided by rotating Rayleigh–Bénard convection
(RRBC) in a cylindrical container: a fluid enclosed by a rotating cylinder is
heated from below and cooled from above.

RRBC is geverned by several dimensionless parameters: the Rayleigh num-
ber Ra = gα∆TH3/(νκ), the Taylor number Ta = (2ΩH2/ν)2, the Prandtl
number σ = ν/κ, and, the geometry aspect-ratio Γ = D/H . Here D and H
are diameter and height of the cylinder, g is the gravitational acceleration,
∆T the temperature difference between the plates, Ω the rotation rate an-
tiparallel to gravity, and α, ν, κ are thermal expansion coefficient, kinematic
viscosity and thermal diffusivity of the fluid, respectively.

Here we present results from an experimental study of RRBC. Stereoscopic
particle image velocimetry (SPIV) is applied [1]. This measurement technique
provides the three velocity components as measured in a planar cross-section
of the flow domain. The setup is displayed schematically in Fig. 1. A closed
plexiglas cylinder of height and diameter H = D = 23 cm (Γ = 1) is filled
with water seeded with small polyamid tracer particles. A laser light sheet
illuminates a horizontal cross-section of the cylinder at half-height. Two cam-
eras are mounted above the cylinder at off-axis angles, to record the particle
motions in the light sheet plane. All parts, including cooling and heating units
for the cylinder, are placed on a rotating table. The experimental set-up allows
to monitor the flow in a window of roughly 9 × 12 cm.

In the measurements constant Ra = 1.1×109 and σ = 6.4 have been used.
The measurements were conducted in two different rotation regimes: the first
at very small rotation-rates (0 ≤ Ω . 0.03 rad/s, 0 ≤ Ta . 2 × 107), and the
second at larger rotation rates (up to Ta = 2.2 × 1010).

At low rotation-rates the entire domain is filled by a so-called large-scale
circulation (LSC). Hot plumes rise on one side of the cylinder, while cold
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Fig. 1. Sketches of the experimental set-up and the positioning of the cameras. A
square box filled with water surrounds the cylinder to ease optical access. The water
circulation chamber on top (with temperature sensor) is used to cool the cylinder
from above, while still being transparent.

plumes sink on the other. The LSC displays dynamics on widely varying time
scales, from an azimuthal oscillation with period of order one minute to sud-
den rotations and cessations at time intervals of several hours to a day [2].
The azimuthal oscillation is investigated as follows. In the interrogation plane
the LSC is organized into a few large parts of the flow domain with either
positive or negative vertical velocity w, cf. the velocity snapshot in Fig. 2(a).
The centroid of w in either the w > 0 or w < 0 regions is computed. The
angle φ between the positive x-axis and the line connecting these centroids
is taken as the orientation of the LSC. The centroids and the connecting
line are also indicated in Fig. 2(a). The time history and autocorrelation
of the orientation φ is shown in Fig. 2(b). The peaks in the autocorrela-
tion directly provide the oscillation period τ0 = (1.4 ± 0.1) × 102 s, which,
nondimensionalized as H2/(κτ0) = (2.6±0.2)×103, matches well with the re-
sult H2/(κτ0) = 0.084Ra0.50±0.01 = 2.8×103 of [2]. At very small but nonzero
rotation rates the LSC displays an anticyclonic precession, this motion is cur-
rently under study.
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Fig. 2. (a) Example velocity snapshot. Arrows represent the horizontal component,
while the greyscale is for the vertical component. The centroids and the orientation
line are also included. (b) Autocorrelation R(τ ) of the LSC orientation φ. Inset: time
history of φ.
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Fig. 3. (a) Velocity snapshot at Ta = 2.2 × 1010. (b) Root-mean square velocity
(urms, wrms) and vorticity (ωrms) as a function of Ta. The line segments on the
vertical axis indicate the rms values at Ta = 0.

The regime of strong rotation covers the Taylor numbers in the range 107 .
Ta . 2 × 1010. From velocity snapshots it can be concluded that horizontal
length scales decrease as rotation is increased. The convective plumes now
contain considerable vorticity. Fig. 3(a) displays a velocity snapshot at the
highest Ta = 2.2 × 1010 used. The attenuating effect of rotation on the tur-
bulence intensities can be observed in Fig. 3(b). The horizontal and vertical
rms velocity fluctuations are plotted as a function of Ta, along with the rms
value of the vertical vorticity component. These rms values are averaged over
the measurement area and in time. Both horizontal and vertical rms veloc-
ities become smaller under rotation, with a power-law drop-off that scales
as Ta−0.13±0.01. The rms vorticity is nearly constant at a higher value than
at Ta = 0. Only at very large Ta this value shows a decrease.

In this experiment the LSC of nonrotating convection was characterized in-
dependently, based on SPIV measurements. The oscillation frequency matched
well with previous results. The addition of a very small background rotation
causes anticyclonic rotation of the LSC; this is currently under study. At
higher rotation rates the LSC has fragmented into small, but intense vortical
regions. We observed a decrease of the turbulence intensities as well as a de-
creased horizontal length scale. Further investigations will include statistics
of the vortical plumes and properties of the convective turbulence, such as
structure functions.
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