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Experimental Study on Turbulent Transport in a Rotating Fluid
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A new experimental approach to understanding of turbulent transport has been progressed using a
turbulence driven in a liquid crystal cell (ElectroHydroDynamics (EHC) turbulence). The turbulent
transport properties in EHC turbulence is dominated by the diffusive process driven by the turbulence,
which agrees with that in normal fluids (Navier-Stokes systems) within the acculacy in the experiment. In
the case with rotation, a nonlinear coupling appears in low wave-number regime. The preliminary results

and future plans are presented.

1. Introduction

Turbulent transport is a very general subject in
a wide area of physics researches. Most of
phenomena that we are interested in are very
complex ones associated with  structure
formations in turbulence. In the cases torus
plasma experiments, some structures appear in
turbulence due to “symmetry breaking” such as
gravity, temperature gradient, density gradient,
intensity gradient of turbulence, rotation, velocity
shear, magnetic field, etc [1].

In this paper, the turbulent transport using
ElectroHydrodynamic Convection (EHC) is
presented. The preliminary results and future plan
are discussed.

2. Experimental setup

The EHC is a convection motion driven by the
electric field in a liquid crystal, where the gravity
and the temperature gradient in a Rayleigh Bernard
convection (RBC) system can be replaced by the
electric field alone. When the electric field is
increased, the EHC becomes turbulent as shown in
Fig. 1, which is the same feature as RBC with
stronger buoyant force. The Rayleigh number and
the Prandtl number can be controllable

independently in this experiment.

The size of liquid crystal cell used in this
experiment is 10 mm x 10 mm, and the thickness of
the cell is 50 um. The diagnostic is 2 dimensional
microscope image. The transparency pattern
represents the velocity field perpendicular to the
cell. The flow dynamics in the EHC turbulence is
captured by a CCD camera. The spatial resolution is
1024 x 768, and the frame rate is 30 fps.

The EHC cell and the diagnostic system can be
rotated with a rotary stage. The rotation speed is
continuously controlled from 0 rpm to 180 rpm.
Therefore the Rossby number is also controllable
independently.

3. Results

Here we discuss about the experimental results of
turbulent transport with symmetry and without
symmetry. In order to evaluate turbulent transport
properties in laboratory frame, small particles (6um
in diameter) with the mass density identical to the
liquid crystal are mixed in the liquid crystal. The
particle tracing technique were applied to the movie.
Figure 2 shows the particle orbit in the EHC
turbulence. The particle was observed to move
randomly depending on the turbulence. In order to
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Fig. 1 The snap of EHC turbulence. The color contour indicates the velocity in the Z direction
(parallel to the line of sight). The V/ V& is a bias voltage normalized by the critical voltage
with which the liquid crystal starts a convection motion.

clarify the transport property, the relation between
traveling distance and time duration are statistically
compared. It was identified that the particle
transport is dominated with diffusive property, in
which the <I> is proportional to t°°, in the case of

symmetry breaking. In the conference of Plasma
Conference 2014, the recent results and perspective
of this experiment will be discussed.
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highly developed turbulence (high Rayleigh number
regime). The effective diffusivity defined by Dess =
<I>2/t increases with Rayleigh number (V/V.)? with -300
a power of ~0.85. It is noted that the transport 'g‘
characteristics observed in EHC turbulence 3. -350}
experiment is identical to the turbulent transport in ;
Rayleigh-Bernald turbulence in the Navier-Stokes = 00l
systems. o
Recently, the experimental study on the *UZ;
turbulent transport in the rotating systems has been O -450}
started. In order to identify the effects of rotation on o
the properties of turbulence and the turbulent 500 , , , ,
transport, the turbulence spectra in time and space, 350 400 450 500 550 600

nonlinear coupling were examined. In the
preliminary experiments, no clear change was
observed in the frequency and wave number spectra,
and the enhancement of the nonlinear coupling
evaluated by the bi-coherence was observed in the
low wave number regime.

4. Concluding remarks

In order to extend our understanding on the
turbulent transport in complicated systems, the
experimental study on the turbulent transport in the
rotating frame has been started using the EHC
turbulence at NIFS. The common characteristics of
turbulent transport between EHC turbulence and
normal fluids (Navier-Stokes system) was identified,
which indicates the possibility that the experiments
using EHC turbulence show general features in
turbulent fluids. The nonlinear coupling of the
turbulence was observed to be enhanced by the
rotation. Systematic investigation of the effects of
rotation done in future will reveal many
fundamental characteristics of turbulence with

Position x [um]

Fig.2. An example of particle orbit moving randomly
in the EHC turbulence.

Acknowledgments

The authors would like to thank Dr. S. Kai
(Kyushu Univ.), Dr. S. Tsuneta (JAXA) and
Professor K. Itho for their fruitful discussions and
comments. This work was supported by NINS
Program for Cross-Disciplinary Study and JSPS
KAKENHI Grant-in-Aid for Exploratory Research
(23654072, 26610194).

References
[1] P. Diamond: IAEA Fusion Energy Conference 2008,
TH/1-1.



