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Introduction: In this research, we present a study on the flow rate of the gas and the duty cycle of the cur-
the manner in which induced longitudinal (axial) and rent supplied (defined as the relative percentage of
lateral (radial) shear flows differ experimentally when time spent in each polarity) the dust cloud can be
stimulated in a three-dimensional (3D) complex trapped at varying positions along the main tube of the
(dusty) plasma produced in the PlasmaKristal-4 (PK4- PK4-BU. Using the collimated manipulation laser at
BU) at Baylor University. high power (>5 W) a shear flow within the complex
In this case, a shear flow is established via ra- plasma cloud can be induced for examination.

diation pressure from a collimated infrared laser (i.e., a Camera

manipulation laser) incident upon a suspended cloud of g_“. M

melamine formaldehyde (MF) spheres held in a DC Vanipulation Laser - urfination Laser
plasma. configuration 1 Ne gas flow ®

A proper understanding of the shearing effect
created within this complex plasma [1-5] is an im-
portant first step to exploration of the complicated
shearing dynamics present in the rings of Saturn [6] as
well as our understanding of the dynamics of other
astrophysical systems such as cometary tails [7], pro-
toplanetary shockwaves [8] and lunar dust swirls [9].

In particular, this study is helping clarify the
manner in which shear flow damping varies within the
broader context of relative direction with respect to
cloud structure and other internal flows. Both the ex-
perimental technique and initial data analysis will be
discussed along with an examination of how the exper-
imental parameters can be modified in order to study
the directional dependance of shear flow forces in mi-
crogravity conditions using the PlasmaKristal-4 (PK4)
aboard the ISS.

At a fundamental level dusty plasma shear
flows produced on earth and in orbit have been used to
examine shear viscosity [1-5], crystal melting [1,3], the
system coupling parameter [1,2] critical shear stress
[4], grain clustering [3,4], non-newtonian behavior as
observed in a dusty plasma liquid [4], and atomistic
behavior of liquids and colloids [1]. Shear melting for
2-D systems has also been shown to be anisotropic [3];
however, work in the PK4 and PK4-BU to date has
primarily examined shear flows longitudinally aligned
with the tube [5]. Thus, the natural extension of this
work is to examine both the longitudinal and trans-
verse shear flow in the PK4-BU in order to determine
possible anisotropic behavior.
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Figure 1: Schematic diagram of the PK4-BU.

All primary data was collected using two high
speed cameras, a Single Photron Mini 5247 and a
Basler 6033, which allows the motion of the MF parti-
cle cloud as illuminated by a 532 nm laser to be rec-
orded in detail. A 532 nm band gap filter was installed
on both cameras to eliminate background light from
the plasma bulk and the radiation produced by the 808
nm manipulation laser.

A primary benefit of using the PK4-BU is the
ability to collect data from more than one camera angle
(i.e., the cameras may be positioned in both the vertical
and horizontal directions) while employing significant-
ly faster frame rates than possible for the PK4 on the
International Space Station (ISS).

Having multiple viewing angles helps us bet-
ter understand the 3-D flow of the dust cloud — one
relevant example is the vortical motion observed en-
compassing the entire cloud in the horizontal view, but
not from the vertical view.

This may only be observed at higher frame
rates since these are essential to reducing the ‘streak-
ing’ of the dust particles shown in Figure 2. As can be
seen, this streaking effect creates numerous difficulties
in trying to quantitatively analyze the data. Streaking
particularly affects the ability to perform particle
tracking with the majority of particles unoberservable
after one or two frames when a frame rate of 75 FPS or

Experiment: The PK4-BU which consists of a pi .
slower is used.

shaped cylindrical quartz glass vacuum tube in which
dusty plasma may be created and viewed is shown in
figure 1. The dust cloud is formed by dispensing mi-
cron-sized dust particles into a capacitively coupled
polarity switching (500 Hz) DC plasma. By adjusting
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Figure 2: Sample area of a single frame from the

Basler 6033 operating at 75 FPS.

Once properly analyzed, this data will enable
us to study the interparticle forces that drive shear
flows from an atomistic level, and determine how far
into the body perturbations due to these shear flows
propagate. This is essential for understanding force
damping in models of various astrophysical systems.
This data may also provide a better understanding of
shear flows in dynamic 3D systems in both gravity and
microgravity and new experimental procedures on how
best to delve deeper into the shearing phenomena ob-
served in dusty plasma systems in microgravity using

the PK4 aboard the ISS.
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