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Dusty plasma is a system consisting of micron-sized
particles in the presence of conventional electron-ion
plasma. These particles become negatively charged
due to a high flux of electrons as compared to ions. As
the bare charge of the dust particles is shielded by the
plasma species, they interact with a shielded Cou-
lombic interaction known as the Yukawa or Debye-
Hiickel potential for the case of un-magnetized plas-
ma. These charged particles levitate in the strong
electric field region near the sheath of the plasma and
form clouds. The coupling strength between the dust
particles is defined by a dimensionless parameter
known as the Coulomb Coupling parameter which is
defined as the ratio of electrostatic potential energy at
mean separation to the average kinetic energy. The
coupling strength of the dusty plasma, for cases of the
same screening length, can be controlled by judicious-
ly changing the charge and temperature of the dust
particles, which depend on the background plasma
parameters. A higher coupling strength corresponds to
longer spatial correlations of dust particles. Therefore,
the phase of a dusty plasma can be changed from fluid
to solid by controlling the extent of spatial correlations
(shorter to longer). In a recent experiment conducted
in the newly commissioned device at IPR, it was ob-
served that two counter-rotating vortex structures were
spontaneously formed. Further analysis of experi-
mental data revealed
that a vertical tempera-
ture gradient is formed in
the dust cloud. It was
found that the vortex
structures formed only
when a temperature gradient in the dust cloud was
established in the vertical direction. Furthermore, it
was also noted that the strength of these patterns
increases with an increase in the temperature gradient.
This strongly suggests that these vortex structures
may arise from the convection phenomenon in the
dusty plasma[1]. In order to supplement the experi-
mental observations, a set of molecular dynamics
simulations are performed on ANTYA.

The molecular dynamics simulations solve the coupled
equations of motion of the particles in one or many
force fields using the velocity verlet algorithm. As the
solver of the simulations advances the velocities and
positions in time, an entire 6N+1 dimensional phase
space of the dynamical can be numerically obtained.
Therefore, MD simulations have been found useful in
obtaining kinetic information about dynamical systems
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Molecular dynamics simulations are performed to study
the effect of temperature gradient on convective pat-
terns in bounded dusty plasma as observed in a recent-
ly conducted laboratory experiment at IPR.
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Fig. 2: The velocity vector field plots from the simulations with different temperature gradients. The arrows indicate the direction
of mean velocity in a cell and fill colour denotes the magnitude of vorticity

[2],[3]. In the present study, MD simulations are per-
formed to support the experimental observation of con-
vective pattern formations using Large-scale Atomic/
Molecular Massively Parallel Simulator (LAMMPS) code
[4] with hardware acceleration on ANTYA. Two P100
cards from the GPU compute nodes of ANTYA were
utilised to run the simulations for N=16000 particles
These simulations are carried out in a rectangular do-
main of dimension and Lyand L,. The inter-particle force
field is set to be of the Yukawa interaction, which is rep-
resented by the Debye-Huckel potential. The dust grains
are modeled as point-like charged particles with mass

Mp. The boundary

conditions are
selected to be
reflective  along

the y direction to
mimic the effect of
strong electric
field of sheath. A confining field is applied along x direc-
tion to prevent the particles from diffusing outward. The
number of particles N, temperature T_D, and charge
Q_D dictate the Coulomb Coupling parameter (I') of the
dusty plasma. These simulation parameters are chosen
in such a manner that the Coulomb coupling parameter
matches its value estimated in the experiments.

In order to simulate the effect of the temperature gradi-
ent, two regions, namely hot and cold, are created in the
bottom and top part of the simulation box, respectively. In
Fig. 1, the hot region is represented by red colour,
whereas the cold region is by blue colour. The tempera-
ture gradient is induced in the system by maintaining the
particles of the red region at a higher temperature (Th)
and particles of the blue region at a lower temperature
(T.) as compared to the average temperature of the bulk.
The process of maintaining a given temperature in a
region is done by introducing a drag/source term in the
equations of motion of the particles. The simulations are
conducted in the manner described below. First, the
particles in the simulations domain are equilibrated to
achieve a spatially uniform temperature. Once the sys-
tem achieves a desired temperature (corresponding to
the experimentally observed Coupling parameter), the
particles in the red and blue regions are taken to the
temperature Ty and T, respectively. This is followed by
starting a production run of the simulations, which rec-
ords the velocities and positions of the particles at regu-
lar intervals. The fluid quantities are calculated from the
MD trajectories by performing a grid average of Ny x N,

cells over the simulation domain. Here, Ny and N,
denote the number of cells in the x and y directions,
respectively

The vorticity field plots from the simulations are plotted
in Fig. 2 for three different values of temperature gra-
dient in the system. The parameter & shows the
extent of temperature gradient which is defined as 6 =
(Ty - T)/(Tp) where (Tp) denotes the average temper-
ature of the system . The arrows in the figure show the
direction of velocity of the fluid element, whereas the
fill colour denotes the magnitude of the local vorticity.
In the case where the temperature gradient is absent,
the velocities of fluid elements are randomly oriented
as expected. Once the magnitude of the temperature
gradient is increased, a small cluster of vorticities
starts to appear, which clearly indicates the circulation
in the velocity field. The circulation emerge in the form
of two counter-rotating vortex structures as shown in
Fig 2. A further increase in the magnitude of tempera-
ture gradient beyond this point results an increase in
the vorticity of structures. These results of the simula-
tions are inline with the observations from the experi-
ments over range of discharge conditions.
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Part 2 : Unlocking HPC Potential: A Practical Tutorial on HPC PICTURE OF THE

Deploying Docker Hub Containers seamlessly with Singularity MONTH
In the second part of this series, this article delve into the practical steps of leverag- 0.3 : 140
ing ready-made containers from Docker Hub (can be accessed from here) with Singu-

larity in HPC settings. With Singularity and Docker containers pulled, this article fo- 120

cuses on commands and examples that streamline the process, ensuring efficient
deployment of applications. .

100
80

# Load singularity module available in ANTYA >
[user@login1 ~]$ module load singularity/3.5.3/3.5.3

60

-0.1 40

Step 1: Downloading container from Docker Hub. For Instance, a ready
made Tensorflow container has been pulled from Docker Hub —0.2

# Pull Tensorflow container from Docker Hub in following format docker://container:tag

—-0. -20
[user@login1 ~]$ singularity pull docker://tensorflow/tensorflow:2.8.0-gpu 03702 01 00 01 02
# A SIF file will be created from docker container in users’ pwd which user can verify and
use to work with image file in future without need to pull container again.
1.5
NOTE: Sometimes newer tags may not work in current environment. Therefore try to pull
older tags which are still compatible with current environment. 1.0
it could be a source of failure during build process 0.5
~ 0.0 1
-0.5
-1.0
-1.5

-0.3 -02 -0.1 0.0 0.1 0.2 0.3
X
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A zoom-in view of a reconnecting
current sheet (site of magnetic re-
connection, formed when two mag-
netic flux tubes coalesce) showing
colormap of out-of-plane current
density Jz (left panel) and [l.u
(divergence of velocity, a measure of
plasma compressibility, right panel)
at the time of maximum reconnec-
tion rate. Compressibility effects are
found to be the strongest in the vi-
cinity of the reconnection site. The
simulation are carried out using MPI-
AMRVAC solver using a mesh grid
Step 3: To open shell associated in the container environment of 4096x2048 in Antya cluster.

er2@login2 ~

Step 2: Use the Image file to run the script (Directly)

# To directly run the executable from container
[user@gn04 ~]$ singularity run --nv tensorflow_2.8.0-gpu.sif python test.py

# To open shell and work in interactive mode

NOTE: Multin for Singu-
[user@gn04 ~]$ singularity shell --nv tensorflow_2.8.0-gpu.sif o ultinode Support or $ gu

larity Containers

Singularity> python

>>> jmport tensorflow as tf

>>> print(tf.__version__) Generally, some ready made open
2.8.0 source containers may not support mul-
>>> print(tf.config.list_physical_devices('GPU')) ti node execution. There are some exter-
[PhysicalDevice(name="/physical_device:GPU:0', device_type='GPU'), PhysicalDevice(name="/ nal provisions which can be used to

physical_device:GPU:1', device_type='GPU')] span containers on multi node. Hence
- H

users are advised to submit singularity
NOTE: Users are advised to submit job using batch job script submission. Kindly use the container jobs on single node. The pro-
command mentioned while using interactive mode in job script for execution. visions will be discussed in future arti-

cles.
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