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TECHNOLOGIES FOR
NEW INDIA@7S

ITER Cryodistribution & Cryoline (CDCL) Package: Completion of Installation Works

Installation works in B50s (Building 51,52 and Area-53) have been completed for the Group-Y cryolines and Group-W warm-
lines, supplied and installed by M/s INOX India Pvt. Ltd. A small ceremony was organized at the ITER site in France to cele-
brate this milestone. All Group-Y cryolines have attained the required vacuum level of better than 5 x 10 mbar at room tem-
perature and are ready for cool-down. With these cryolines integrated, the ITER cryoplant is now ready for commissioning.

(Top) Interface connections at 80K compressors in B50s (Bottom) Site tour at the occasion of end-of-installation ceremony



Radiography Inspection of Samples Using IECF Device @ CPP-IPR

Inertial electrostatic confinement fusion (IECF) device is a multi-radiations source that produces copious amounts of neu-
trons, protons and X-rays and, therefore, it finds applications in different fields. The central gridded electrode of IECF acts as
a cathode in the conventional operation and the neutrons are the basic product due to the fusion of lighter ions. However, on
reversing the polarity of the central gridded electrode, x-ray emission takes place due to the electron-anode interactions.

The continuous x-rays emitted from the CPP-IPR IECF device have been used recently for radiography of electronic compo-
nents as well as biological samples. An X-ray pinhole camera having a 200 ym diameter was used for imaging of the x-ray
emitting zone. Photograph (g) clearly illustrates that the x-ray emitting zone is from the six-number gridded wire anode.

( ) Photograph of a USB plug (a)
g and it's radiography images at
(b) 25 kV, (c) 35 kV, and (d) 45
kV applied voltages. Radiog-
raphy image of the little finger (e)
and with the ring on the finger (f).
The knuckles of the finger bone
can be visualized in (e). (g)
shows the x-ray emitting zone
using pinhole imaging technique
when a six gridded cylindrical
anode is used.
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Adieu to Retiring Employees

Two staff members of IPR superannuated from service on 31-August, 2021. They were, Shri Chet Narayan Gupta (Date of
Joining : 28-Feb-1985), who was Scientific Officer-H in the Aditya Upgrade Operations Division, and Shri J. M. Gandhi
(Date of Joining : 03-Dec-1986), who was Technical Supervisor-A in the Water Cooling division. On behalf of all the staff
members of IPR, FCIPT, ITER-India and CPP-IPR, we thank them for their dedicated services to IPR and wish them a hap-
py, healthy and fruitful retired life.

(L) Shri J. M. Gandhi and (R) Shri C. N. Gupta who retired on 31—August—202‘|‘

IPR has developed a novel apparatus for production of atmospheric-pressure plasma using microwaves, and this has been
granted an Indian patent. This low-cost system is also simpler than conventional systems, since there is no need for
matching components like isolator, circulator and sub-tuner for matching the source to the plasma. This system can be
used in a variety of industrial applications, such as microwave plasma arc in coal gasification, waste disposal, diamond
synthetization, and sterilization of biomedical tools/equipment.
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2 Ms Pratibha Gupta and her mother
¢ Mrs Kokila Gupta were invited as
@l dignitaries for 102" Vikram Sarabhai
Jayanti celebrations at PRL on the
12" August 2021 in PRL main cam-
wi pus in Navrangpura. The celebra-
tions started with garlanding and
offering of rose petals to Dr.Vikram
A. Sarabhai’s statute by Sarabhai
family and dignitaries. This was then
followed by tree plantation by
: Sarabhai family, dignitaries, staff
| and family, and new entrants to
mark the birth anniversary of Dr

3 Vikram Sarabhai.




The World Environment Day 2021 : Prize Distribution

The World Environment Day 2021 was celebrated at IPR by organizing various competitions for staff members and their
family members. Owing to the COVID protocols, the Prize distribution ceremony for the winners of WED-2021 competitions
was held on 23 August 2021. Only the winners and/or their representatives were invited. The Dean (Administration) and
Staff Club President gave away the prizes. The prizes were themed on cultivating the green culture, the indoor decorative
plants, peace lilies were given as gifts to the winners as well as the judges.
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Distribution of the WED-21 prizes to the winners and judges

Visit of JS-R&D (DAE) to IPR

Joint Secretary (Research & Development) JS(R&D) of the Department of Atomic Energy, Smt. Sushma Taishete, visited
IPR during 26-28 August 2021. During her time at IPR, she visited several labs, including Aditya, SST, FCIPT, ITER-India
Labs as well as some of the experimental setups in the new laboratory building and interacted with IPR staff. She also vis-
ited the site of the proposed permanent DAE exhibition to be set up at the Gujarat Science City.

|

JS R&D (DAE) at the HHFTF laboratory at IPR



Visit of JSR&D (DAE) to IPR
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Images from visit of JS R&D (DAE) to various laboratories at IPR, ITER-India and FCIPT




Erection, Testing and Commissioning of Automatic Power Factor Correction (APFC) 11
System at IPR

Automatic Power Factor Correction System of rating 1600 KVAr at 11kV was successfully installed at IPR. The main purpose
of automatic power factor correction (APFC) system is to help correcting the excess reactive power generated by inductive
loads in the electrical distribution network. With an efficient use of this device, the electrical network can improve efficiency
by reducing losses and reduced apparent power demand charges. Thus APFC is used to improve the power factor, whenev-
er required, by switching ON and OFF the required capacitor bank units automatically.

In IPR, all the low voltage lighting distribution panels have their own capacitor units to compensate the reactive power. This
particular APFC system is designed to compensate the reactive power generated by the experimental loads viz Tokamak
Aucxiliary systems and coil power supplies.

The APFC is mainly equipped with automatic power factor controller, vacuum contractor switch, series reactor and power
capacitor units. Each step consists of HT HRC fuse for protecting the capacitor bank, the vacuum contractor switch is fol-
lowed by fuse and series reactor is followed with switch and the capacitor unit. The highly accurate current and voltage trans-
former are used for measuring & protection purpose.

There are four stages of capacitor units two of rating 500 KVAr and two of rating 300 KVAr. Each unit of power capacitor
consist with a discharge resistor that will reduce the residual voltage to 50V after five minutes when the power is disconnect-
ed from the unit. Each capacitor unit consist of three units of single phase capacitor with very low losses and heat dissipation
quality. These capacitors have long life and extremely stable electrical characteristics.

The capacitor banks draws high inrush current during switching and hence they consists of series reactor ( 2x23KVAr and 2
x 29 KVAr) which limits inrush current, resonance and protections the capacitor bank during switching. These reactors also
suppresses the harmonic levels.

The microprocessor based APFC relay controls the power factor (p.f) by giving signals to switch ON or OFF the capacitors.
Calculation of power parameters is based on stored sampled data of voltage and current inputs by the APFC relay. When p.f.
falls below setting, the capacitors are switched ON. The relay will determine the correct amount of capacitors required at any
time for maintaining target p.f. by switching in and out capacitors accordingly. The performance of the APFC System is found
satisfactory and is helping in reduction in Energy Bill.
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Images of the APFC system installed at IPR



Activities Under “Azadi Ka Amrut Mahotsav”

The webinar Programmes conducted by Outreach Division during the month of September 2021 under the auspices of 75 years of Inde-
pendence are as follows;

Date Institution Programme Participants

L D College of Engineer- 2-day webinar on plasma, its applications 100 students of BTech (multiple

2-3 Sept, 2021 ing, Ahmedabad and fusion for BTech students streams) and 3 teachers

D KV Arts and Science  2-day webinar on plasma, its applications 70 students and 3 faculty mem-

Bl S, S College, Jamnagar and fusion for BSc/MSc students bers

Guijarat Refinery English
23-Sept-2021 Medium School, Vado-
dara

1-day webinar on plasma, its applications

and fusion for Plus 2 students (O etz ee) i {eaerar

Kotak Science College, 2-day webinar on plasma, its applications

23-24 Sept-2021 Raijkot and fusion for BSc students

60 students and 2 teachers

The Azadi Ka Amrut Mahotsav On-line Colloquium series began in Sept, 2021. This series of popular science lectures
aimed at students is proposed to continue till August 2022.
m

~”
. The first talk in the series was a popular talk on 3rd September, 2021 by Dr. S. Sunil of IPR
" entitled “LIGO : An Observatory for Detection of Gravitational Wave".

The second talk in this series by delivered online on 17th September 2021 by Prof Avinash
Khare of the Sikkim Central University entitled "Gravitational collapse of dust in molecular
clouds: Approach based on thermodynamics and Virial theorem"
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Participants from (Top) D. K. V. A&S. College, Jamnagar and (Bottom) GMREM School, Vadodara attending the webinar
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HPC Corner: Studies on Impurity Seeding in Tokamak Plasma

Plasma-surface interaction is an unavoidable situation in all fusion grade tokamaks. The hot plasma when interacts with the
wall causes serious damage to the vessel. To minimize the interaction, the concept of limiter, and divertor came into the pic-
ture to help in a substantial reduction in wall damages. These plasma-limiter/divertor interactions result in the formation of
two regions inside the tokamak named as Edge and Scrape-off-layer region (SOL). The most serious problem which arises
due to this interaction is that of high particle and heat flux to the material plates of the plasma-facing components (PFCs)
from a very small area in the scrape-off layer (SOL) region of a tokamak plasma. Impurity seeding of low Z and medium Z
impurities like Neon, Nitrogen, or Argon has been proposed as an effective strategy for the reduction of these high particle
and heat fluxes on PFCs. To find the best strategy, a detailed understanding of the dynamics of these impurity ions in plasma
is required either through performing experiments or simulation studies. Impurity seeding experiments for these gases are
being performed/planned in Aditya-U tokamak. To find the best seeding candidate, simulation studies are also being per-
formed where the plasma-impurity interaction equations involving a large number of processes such as electron impact ioni-
zation, radiative recombination, molecular dissociation (for Nitrogen), etc. need to be modeled.

In this work, a two-dimensional (2D) numerical simulation of the impurity seeding for nitrogen gas has been done using
BOUT++ code in the edge and SOL regions of a tokamak plasma by solving a set of 2D partial differential equations. All the
parameters used in the simulation belong to ADITYA-U tokamak. The energy flux with and without nitrogen gas is shown in
Figure 2 (30% reduction in the energy flux after the nitrogen gas is introduced). The simulation results suggest that for the
high gravity case, the inward and outward transport of plasma increases. The runtime of simulation is approximately 10
hours for 16 cores of the ANTYA HPC cluster.
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(Top Left) Sketch of a Limiter and Divertor configurations. The confined plasma (core-edge) is separated from SOL by
the LCFS (also called separatrix). (Top Right) The flux decreases in the SOL region in the presence of nitrogen seeding.
The vertical dotted line indicates edge-to-SOL transition region. The inset plot indicates the magnitude of energy flux in
log scale for x = 0.04-0.05 m. (Bottom) Nitrogen gas is found to radiate locally about 20-30 kW/m3 of incoming power
near LCFS as shown here. This local radiative tendency of nitrogen indicates that nitrogen seeding does not contaminate
the tokamak core plasma much. (a), (b), (c), and (d) are taken at 0.55 ms, 0.60 ms, 0.65 ms, and 0.70 ms, after the gas
puff, respectively. The vertical dotted line indicates the edge-to-SOL transition region.



Past Events @ IPR o
Dr. Turaga Sairam, Jawaharlal Nehru University, New Delhi, gave a talk on "lon induced molecular dynamics and devel-
opment of deceleration facility at IUAC" on 27th August 2021
Dr. Arkaprava Bokshi, Institute for Plasma Research, Gandhinagar, gave a talk on "Single and two fluid studies of the
tearing mode instability in tokamaks" on 2nd September 2021
Dr. Infant Solomon Vinoth, PSED-FCIPT, Institute for Plasma Research, Gandhinagar, Gujarat, gave a talk on "Copper
Oxide coating on Fabric and Yarn using Magnetron Sputtering for Antibacterial Applications" on 3rd September 2021
Dr. S. Sunil, Institute for Plasma Research, Gandhinagar, gave a talk on "LIGO: An Observatory for Detection of Gravi-
tational Wave" on 3rd September 2021, (Colloquium #304)
Dr. Mukesh Ranjan, gave an invited talk on "SERS-based detection for Food, Agriculture and Medical Science Applica-
tion" at a webinar on lon Beams in Sensor Development, Inter-University Accelerator Centre (IUAC), 7-8 September
2021
Dr. Mumtaz Ali Ansari, Indian Institute of Technology (BHU), Varanasi, gave a talk on "Dual-Band Operation of Relativ-
istic Backward Wave Oscillators with Gaussian like Output for Directed Energy Weaponry Applications" on 8th Septem-
ber 2021
Dr. Tejal Barkhade, Central University of Gujarat, Gandhinagar, gave a talk on "Effect of Iron Content Titanium Dioxide
Nanoparticles on Potential of Mitochondrial System" on 10th September 2021
Dr. Manishkumar K Singh, Indian Institute of Technology (BHU), Varanasi, gave talk on "Oxidation and Hot Corrosion
Behavior of 904L Super Austenitic Stainless Steel" on 17th September 2021
Prof. Avinash Khare, Sikkim Central University, Gangtok, gave a talk on "Gravitational collapse of dust in molecular
clouds: Approach based on thermodynamics and Virial theorem" on 17th September 2021, (Colloquium #305)

Upcoming Events

1st International Conference on Additive Manufacturing and Advanced Materials (AM2-2021), PDEU, Gandhinagar, 4-6
October 2021. https://sot.pdpu.ac.infam2.html

74th Annual Gaseous Electronics Conference (GEC2021), Huntsville, 4-8 October 2021 http://www.apsgec.org/gec2021/
Joint ICTP-IAEA Virtual Workshop on Atomistic Modelling of Radiation Damage in Nuclear Systems, 4-8 October 2021
http://indico.ictp.it/event/9547/

16th Cryogenics 2021: IIR International Conference, 5-7 October 2021 https://www.cryogenics-conference.eu/
cryogenics2021/

Workshop on Waste Management for Fusion, |IAEA Headquarters, Vienna, Austria, 6-8 October 2021 https://
nucleus.iaea.org/sites/fusionportal/Pages/Waste.aspx

10th Vacuum and Surface Sciences Conference of Asia and Australia & Chinese Vacuum Society Congress 2021
(VASSCAA-10), Shanghai, 11-14 October 2021 https://iuvsta.org/event/vasscaa-10-cvs-2020/

25th International Conference on lon Beam Analysis & 17th International Conference on Particle Induce X-ray Emission
& International Conference on Secondary lon Mass Spectrometry (IBA/PIXE & SIMS 2021), 11-15 October 2021 http://
iba2021.iopconfs.org/Home

19th European Fusion Theory Conference (EFTC2021), Europe, 11-15 October 2021 https://indico.cern.ch/
event/934747/

National Topical Conference on Chandra’s Contribution in Plasma Astrophysics, JNU, New Delhi, 19-20 October 2021
https://www.jnu.ac.in/node/159894323

Mega Conference of Science Communicators: Indian Independence Movement & Role of Science, New Delhi, 20-21
October 2021 https://swavigyan75.in/mega-conference-science-communicators

7th International Conference on Superconductivity and Magnetism (ICSM 2021), Turkey, 22-28 October 2021 https://
ieeecsc.org/event/icsm-2021

20th International Conference on Fusion Reactor Materials (ICFRM-20), Granada, Spain, 24-29 October 2021 https://
www.icfrm-20.com/index

67th International Symposium & Exhibition, American Vacuum Society, Charlotte, North Carolina, USA, 24-29 October
2021 https://avs67.avs.org/

Know Your Colleague

Ms. Himabindu M joined IPR as a Scientific Officer-C in November 2007 in First wall group of
SST-1. She contributed to work related to leak testing of vessel modules, sectors, magnet sys-
tem baking channels and thermal shields at their operating conditions and also developed the
data acquisition system for vacuum vessel baking. She later worked on the computational anal-
ysis of coupled plasma and neutral transport in the Scrape-Off Layer region of SST-1.

In order to address the power exhaust scheme and target heat loads in the tokomaks,
she successfully conducted studies on Standard Divertor (SD) of SST-1, advanced diverter
configuration X-diverter (XD) of different Diverter Index (DI) and ADX (Advanced diverter Exper-
iments) using the SOLPS5.1and SOLPS-ITER . She is presently working as Scientific Officer-E
in Multi-Disciplinary division of IPR, working on the FDTD (Finite Difference Time Domain) cal-
culation of Impedance and radiation calculation of monopole antenna, salt-water and plasma
antenna.
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Help Fight The Covid-19 Pandemic

&

Wash Your Hands frequently Ensure Social Distancing Always WEAR a Mask
With Soap At ALL times When you go outside

4 Avoid touching your eyes, nose and mouth ¢ Inform Office immediately if you or any family
¢ If you have fever, cough and difficulty in ‘member tests positive

breathing, seek medical care early ¢ Follow SMS - Social Distancing : Mask : Soap/
¢ Stay informed and follow advice given by Sanitizer
your healthcare provider 4 Strictly follow social distancing while outdoors,
N especially at work.
N

A
Please get yourselve&/accinat- - TTET 34 3T B HIfdS -19 F
ed against Covid-19 VAN T T hTahRuT HRATd

For your safety and for the safety of your co-workers, ensure that you always use
Arogya Setu App
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