
ABSTRACT

Large volume toroidal dust cloud structures that rotate in both the
azimuthal (i.e., about the cylindrical axis) and poloidal (i.e., about the
toroidal axis) directions have been observed in the Naval Research
Laboratory's Large Volum e Dusty Plasma Experiment (DUPLEX). The
DUPLEX plasma is an argon dc glow discharge operated at pressures
ranging from 50 to 300 mTorr and voltages ranging from 500 to 1000 V.
Detailed measurements of the rotational velocities of the 1 micron
alumina particles are made using the Auburn University Particle Image
Velocity (PIV) laser system [E. Thom as, Jr., Phys. Plasmas, 6, 2672
(1999)]. The size, shape, and rotational characteristics of the toroidal
cloud depend sensitively on the neutral pressure and discharge voltage.
Examples illustrating the morphology, formation of central voids, and
disruption of the cloud will be presented.
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Particle Image Velocimetry (PIV)

• Two frequency-doubled Nd:YAG lasers (λλλλ  = 532nm)
• 30 ns pulse width;
• Emax = 25 mJ/pulse
• Synchronized laser and camera allow user-selectable ∆∆∆∆tlaser.
• [0.4 µsec ≤≤≤≤ ∆∆∆∆tlaser ≤≤≤≤ 30 msec]

DUPLEX Chamber

• The DUPLEX chamber is used to produce a large volume dc glow
discharge in argon.

• Dust particles are placed directly on the cathode and become levitated
in the volume between the anode and cathode.

• DUPLEX is believed to produce the largest volume laboratory dusty
plasmas.

Chamber characteristics:
• Height = 80 cm
• Radius = 40 cm

Particle characteristics:
• Aluminum oxide
• 1 micron diameter
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SUMMARY

• Very large dusty plasmas (≥≥≥≥ 30 cm) have been produced in a
laboratory experiment.

• New, long-range (≥≥≥≥10 cm), periodic transport phenomena are
observed in this system.

• Pressure and voltage have a significant effect on cloud
morphology.

• Void-like structures have been observed in dc glow discharge
dusty plasmas.

• For more detailed analysis of particle motion see adjacent
poster by B.J. Christy, et. al. Rotating Toroidal Dust Clouds in
the NRL Large Volume Dusty Plasma Experiment: II. Analysis.

WHAT’S NEXT?

The physics underlying the resulting formations of the clouds
is not well understood.  Analysis of the data will continue so
that these mechanisms may be known.
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Dust Source Arrangements

• When creating dust sources various patterns were used to
characterize the effect of dust source placement had on
particle transport.

• Three basic layouts were used :
  A) A single source in the center of the cathode with for

others arranged in a square pattern around it.
  B) Two sources near one another
  C) A single source at the center of cathode

• Regardless of source arrangement rotating clouds are always
present. The baseball mode and Long Range Transport are
observed with layouts A and B.

Other Observations

• After using a mask to ensure no dust overspray, clouds were
found in areas other than those above dust sources.

• A low density cloud fills the volume of the chamber,
extending from the cathode to 35 cm above the anode.

• Some rotating clouds have low density, void-like centers.

• To ensure rotation was not caused by air flow around the
cathode the gas feed was rerouted to enter f rom the top of the
chamber. Rotating clouds are present in this arrangement as
well.

• Upon turning laser sheet horizontal clouds are seen to form a
rotating torus around the dust source.

EXPERIMENTAL CONDITIONS

• Pressure = 150  - 300 mTorr
• Voltage = 500 - 1000 V
• Cathode - Anode separation = 17cm
• Dust arrangement

   The arrangement of the dust sources on the cathode may effect
the potential structure in the chamber.

RESULTS PRESENTED
• Images characterizing the eff ects of pressure and voltage

variations on cloud morphology.

• Plots characterizing velocities of dust particles.

BASIC OBSERVATIONS

• Rotating clouds - Observations of 2-dimensional
transport in the plane of illumination.

• “Baseball” mode - Highly organized dust cloud
structures.

• Long range transport (≥≥≥≥ 10 cm) - Long distance
flows of particles from one region to another.

Long Range Transport

•  A small dust cloud forms  in a location far (~10 cm) from
a dust source.

• Once the cloud reaches a certain size it then  floats
towards the dust source where it is absorbed by the
preexisting cloud over the dust source.

• This phenomenon has a periodicity where, as one cloud
was absorbed, a new one would grow at its original
location. The period was over a few minutes.

• In the photographs below, the dust sources are 4 inches in
diameter.

• The mechanisms underlying the transport is currently
not understood.

Cloud forming behind the main dust source.

The same cloud joining a larger cloud.

Rotating Clouds

Two-dimensional dust
cloud structures as a
function of pressure
and anode bias
voltage. Note changes
in cloud size and
shape as parameters
change.

Spatial reconstruction
of two-dimensional
velocity vectors using
PIV diagnostic. I t is
generally observed
that there is a strong
rotation in the vertical
plane.
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“Baseball Mode”

1000 V 900 V 800 V

P = 250 mTorr
V = 1000 V

Sequential images of baseball mode varying
with voltage at P = 250 mTorr.

Still image of cloud illuminated by
Nd:YAG laser in a background of
an Argon glow discharge.

Particle velocities obtained
using PIV equipment.

Contour plot of particle
velocities.

• Highly structured dust clouds are often observed in DUPLEX.

• These are often characterized by regions with signif icantly reduced dust densities.

• Unidirectional particle flows are often observed.

Dust cloud exhibiting a void-like center.
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Model of DUPLEX
chamber.  The
anode, cathode, and
a representation of
a dust cloud.
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