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Slow dynamics in a highly turbulent von Kármán swirling flow
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P.O. Box 177 E-31080, Pamplona, Spain.
Universidad de Navarra

In this work we present an experimental analysis of a
von Kármán swirling flow and the analysis of the slow
dynamics of the mean velocity field.

The experimental device consists in a cylindrical cavity
filled with water (Fig. 1). In the lateral walls, two pro-
pellers are placed which can rotate independently and
modified at will. The aspect ratio Γ = H/D has been
fixed to Γ = ../Abstracts/lopezcaballeromiguel/1. The
experimental Reynolds number Re = RVprop/ν defined
using the propeller’s rim velocity Vprop = 2πRpropf
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This number can be varied continuously in the range
Re ∼ 104 − 105

Figura 1. Experimental setup: (a) Section along the axis
of the cylinder. The cylinder is placed horizontally, inside a
tank. (b) Propeller used in the experiment. The arrow indi-
cates the rotation direction. (c) View of the equatorial plane.

The objective of this research is to determine the effect
of the fluctuations in the fluid flow. To achieve this goal,
we have characterized the flow in a model experiment (us-
ing water). This velocity field, determined only by the
hydrodynamics, has been used to find out the effect of
the fluctuations in the slow dynamics. We show that the
averaged velocity field of the turbulent flow bifurcates
subcritically breaking some symmetries of the problem
and becomes time-dependent because of equatorial vor-
tices moving with a precession movement2. This sub-
criticality produces a bistable regime, with a hysteresis
region for an extremely small range of parameters. Three
different time-scales are relevant to the dynamics, two of
them very slow compared to the impeller frequency1.

We have studied the different time scales of the system,
analizing the behaivour of a neutrally buoyant spheres
assuming that the density of the sphere is homogeneous.
Also we change the frequency of the impellers (1.58Hz -
7.92Hz) to explore another parameter of the system. We
follow this volume in a period of time and we compare
the results in different spatial scales.
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Figura 2. Scape time as a function of the frequency of the
propellers for four different size of spheres. In this graphic we
see how the scape time decay even if we use different spacial
scales.
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Figura 3. Scape time as a function of the size of spheres for
five different frequency’s in the propellers. We expected that
the scape time was the same for a different spatial scales and
for a certain frequency or if the scape time grow as a function
of the size of the spheres we could explain the behavior of one
of the small scales. But for this result we are searching an
explanation.

With this work we conclude that as we increase the
Re number the fluctuations inside the flow will increase.
Some results concerning the random inversions that ap-
pear in the flow remain unexplained.
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