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Motivation: dusty plasma experiments — open territories

Gas discharge Dust (small solid particles)
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Motivation: dusty plasma experiments — open territories

Since the early years of research on strongly coupled dusty plasmas, hydrodynamics (among
other branches) has always appeared to be one of the topics that might be impacted by dusty
plasma research, allowing rapid progress in the understanding of various phenomena.
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Chain folding

(g) Dusty plasma analogues: (a)
i nonlinear waves and (b), (c)
shocks (Merlino et al., 2012),
(d) dust grid pattern in external
magnetic field (Thomas et al.,
2015), (e) 2D honeycomb
monolayer (Max Planck
Institute), f) electrorheological
dusty plasma (PK-4 lab), (g)
folding of filamentary structures
. (Hyde et al., 2013).
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Motivation: dusty plasma experiments — particle transport

Boundary layer

If it were H,0...

~2000 km/h

~30nm

G. E. Morfill et al., Phys. Rev. Lett. 92 (2004) 175004.



Motivation: dusty plasma experiments — particle transport

Inter-penetration

G. E. Morfill & A. V. Ivlev, Rev. Mod. Phys. 81 (2009) 1353. V. I. Molotkov et.al., Int. J. Microgravity Sci. Appl. 35(3) (2015) 320302.




Motivation: dusty plasma experiments — particle transport

Complete madness
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M. Schwabe, M. Rubin-Zuzic, S. Zhdanov, A. V. Ivlev, H. M. Thomas, and G. E. Mofrfill, Phys. Rev. Lett. 102 (2009) 255005.



Motivation: dusty plasma experiments — particle confinement

Narrow channel

(a) (b)
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G. E. Morfill & A. V. Ivlev, Rev. Mod. Phys. 81 (2009) 1353. Wei-Yen Woon et al 2003 J. Phys. A: Math. Gen. 36 6103
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More recent experiments

PHYSICAL REVIEW RESEARCH 2, 033404 (2020)
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Microfluid research

However, the interdisciplinary breakthrough in this research branch is still waiting to
come: the main difficulties are in the interpretation of the measured data, as it is
problematic to distill the manifold of forces acting simultaneously on the dust
particles.

[E.g., Lorentz force, gravity, radiation pressure, drag forces, thermophoretic force, ...]

In recent years microfluidics became a hot topic; the flow in narrow channels is of
interest for high-tech applications in the fields of biology, chemistry, physics and
environmental science. The flow in straight channels are usually assumed to be
laminar and the dynamics is over-damped. So far the behavior of tracer particles
(regular or irregular in shape) were used to analyze flow properties. Dusty plasmas
provide new possibilities to understand microfluidic flows.



Microfluid research
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Microfluid research
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Microfluid research

Osmosis
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Lab-on-chip (LOC)

Transport of fluids can be

active (e.g., by peristaltic pumping)
or

passive (enabling simple design)
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L

Hydrostatic
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Microfluidic
Approaches

’ Vacuum/Diffusion/Permeation

Narayanamurthy at.al., RSC Adv., 2020, 10, 11652, DOI: 10.1039/d0ra00263a



The experiment: large area CCP

This experiment was carried out in the new “large
area discharge cell” of the CASPER laboratory at
Baylor University.

The experiment uses a 16-inch flat horizontal
electrode powered with 13.56 MHz RF electrical
signal. The vacuum chamber and the upper
horizontal mesh with adjustable height serve as
grounded electrode for the argon gas discharge.
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metal disk

dust cloud
push laser

A single layer dusty plasma in the strongly coupled liquid phase
was formed. To induce particle flow through a narrow channel,
two metal disks were placed symmetrically on the powered
electrode and indirect laser manipulation was applied to prevent
the introduction of another unknown force onto the particles
transiting through the channel.



The experiment: formation of the microchannel
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Superposition of 7 subsequent frames
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Time-averaged distributions: particle density

For every case, 8,000 video frames @ 60 fps with a resolution of 512 x 2048 pixels were
recorded. The spatial resolution was 62.8 pixel/mm. Coarse and high-resolution distributions of
particle densities, velocities and accelerations were determined.
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Time-averaged distributions: velocity (1 lane)
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Time-averaged distributions: acceleration (1 lane)

acceleration amplitude: peaks in the
bulk, thermal motion
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Time-averaged distributions: velocity (3 lanes)

directed motion
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Time-averaged distributions: velocity (3 lanes)
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Summary

III

Using the “classical” plasma crystal experimental arrangement
(low power, plane-parallel RF discharge in some inert gas + monodisperse solid particles),
and forming a stable single layer ensemble the system can be well approximated by a one-
component plasma model.

Introducing indirect laser manipulation, the force balance remains simple (electrostatic + friction)
and the microscopic insights can be useful to derive universal conclusions.
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