Volume 45, 2020

PRINT ISSN 0379 0479
ONLINE ISSN 2349-2120

Volume 45, 2020

INDIAN JOURNAL OF
A yearly journal devoted to
Cryogenics, Superconductivity and Low Temperature Physics
INDIAN JOURNAL OF

Published by
Indian Cryogenics Council

Supported by
Science and Engineering
Research Board

Proceeding (Part-B) of
Twenty Seventh National Symposium on Cryogenics and
Superconductivity (NSCS-27)

November, 2020

New United Process, New Delhi 110028; Mob.: 9811426024

Hosted by
Indian Institute of Technology (IIT), Bombay, Mumbai
January (16-18), 2019

November, 2020

VOLUME 45, 2020

PRINT ISSN 03790479
ONLINE ISSN 2349-2120

INDIAN JOURNAL OF CRYOGENICS
A yearly journal devoted to Cryogenics,
Superconductivity and Low Temperature Physics

Published by
Indian Cryogenics Council

Supported by

Proceeding (Part-B) of
Twenty Seventh National Symposium on Cryogenics and
Superconductivity (NSCS-27)
Hosted by
Indian Institute of Technology, Bombay
Mumbai
January 16 – 18, 2019

November, 2020

Indian Journal of Cryogenics
(A yearly journal devoted to Cryogenics, Superconductivity and
Low Temperature Physics)
Chief Editor: Prof. T.S. Datta (Cryogenic Engineering Centre, IIT, Kharagpur)
Editors: Prof. R. Karunanithi (IISc, Bengaluru) , Prof. H B Naik (SVNIT, Surat)
Prof. T.K. Nandi (IIT, Kharagpur)

Editorial Advisory Board
Cryogenic Engineering

Superconductivity & Low Temperature Physics

Prof. K G Narayankhedkar (MGMCET, Mumbai)

Prof. R Srinivasan (Ex , RRI, Bangalore)

Prof. Sunil Sarangi (IIT, Bhubaneswar)

Dr. T.S. Radhakrishnan (Ex. IGCAR, Kalpakkam)

Prof. Y C Saxena (Ex. IPR, Gandhinagar)

Dr. R.G.Sharma (IUAC, New Delhi)

Dr. R K Bhandari (Ex. VECC, Kolkata)

Prof. Nagarajan (CEBS, Uni.Mumbai)

Prof. Kasthurirengan (IISc, Bengaluru)

Dr. Upendra Prasad (IPR, Gandhinagar)

Dr. Anindya Chakraborty (BARC, Mumbai)

Prof. P. Chaddah (Ex DAE-UGC CSR, Indore)

Prof. G Venkatrathnam (IIT, Madras)

Prof. R Singh (Ex, University of Hyderabad)

Prof. Kanchan Choudhury (IIT, Kharagpur)

Dr. Nisith Das (VECC, Kolkata)

Dr. V. Narayanan (LPSC/ISRO, Valiamala)

Prof. V. V. Rao (IIT, Kharagpur)

Prof. Sonal Desai (CKPCET College, Surat)

All the papers received for publications in “Indian Journal of Cryogenics” are reviewed by a large
number of Professors, Scientists and Engineers from Universities, Government Institutions and
Corporate Sectors across the country in an honorary capacity. Papers are also sent to experts
abroad for reviewing.
Communication regarding submission of papers should be addressed to:
Prof. T.S. Datta		
Prof. M.D. Atrey
Chief Editor, 		
President
Indian Journal of Cryogenics 		
Indian Cryogenics Council
Cryogenic Engineering Centre,
OR
Dean (R&D) and Professor
IIT, Kharagpur		
IIT, Bombay
tsdatta59@gmail.com		
matrey@iitb.ac.in
icc.iuac@gmail.com		
icc.iuac@gmail.com
Phone: +91 9818947190		
Phone: +91 9833617522
For detailed information please visit our website: http://www.indian-cryogenics.com/

Indian Journal of Cryogenics

(A yearly journal devoted to Cryogenics, Superconductivity and Low Temperature Physics)
General information:
A)

Papers received for publication are reviewed independently by two or more referees and
based on their reports the editorial board takes a decision whether to accept the paper
as-it-is or reject it or to publish it with minor corrections as per the recommendations of
the referees. Papers may as well be returned to the authors with the recommendations
from referees for carrying out additional studies or analysis. Such papers are considered for
publication in the next issue of the journal.

B)

IJCS is the only Indian journal which publishes research work in low temperature physics,
superconducting materials, superconducting magnets and the cryogenics. IJC gives utmost
importance to the publication of articles on cryogenic engineering. The Editorial Board
encourages work on indigenous development of cryogenic and superconducting magnet
systems as import substitutions and publishes in IJC.

C)

As per the decision of the Editorial Board we started publishing one review article (by
invitation) in each volume of the IJCS beginning with Vol. 41. These articles are invited
from peers with long experience in the field of superconductivity, low temperature physics,
cryogenic engineering or covering the status of major cryogenic related projects in India.

D)

All the manuscripts should be prepared strictly as per the Journal Template available in the
ICC website: http://www.indian-cryogenics.com

E)

In general, the title should be short and crisp, abstract should not exceed 150 words and
should reflect the main results, new findings being reported in the paper. Please do not write
introduction in the abstract. Abstract submitted for the abstract book of the symposium need
not be repeated in the manuscript. All the figures and illustrations should be very clear and
readable.

F)

Any illustration, figure or a table if taken from a published work should be credited and
acknowledged so. The responsibility for getting copyright permission for using such
illustrations lies solely with the author(s). The journal or the editors, chief editor or the editorial
board members will not be responsible for any copyright violation.

G)

Indian Cryogenics Council has an agreement with Indianjournals.com for publishing IJC
online. Vol. 37 onward are now available online. Fellows and members can access all the
papers in these issues, free of charge, through a log-in procedure. Following are the current
rates for subscribing print version as well as the online version.

1. Printed copy and online version
2. Online version only
3. ICC members
4. Foreign : Online version only
				
Print & online versions

:
:
:
:
:

Rs. 5000/Rs. 4000/Free online access
$225/$250/-

For subscriptions & payment, please contact: www.indianjournals.com
For enquiries and other information related to Indian Journal of Cryogenics please contact:
Prof. M.D. Atrey
President
Indian Cryogenics Council
IIT, Bombay
matrey@iitb.ac.in
icc.iuac@gmail.com

Dr. Soumen Kar
Secretary (Technical), ICC
Inter- University Accelerator Centre
New Delhi-110067
kar.soumen@gmail.com
icc.iuac@gmail.com

PREFACE
The 27th “National Symposium on Cryogenics and Superconductivity” (NSCS-27) was organized
by the Indian Cryogenics Council and the IIT Bombay during 16-18th January 2019 at IIT Bombay.
We added a few new features to the symposium first time, such as conducting Short Introductory
Courses on Cryogenics and Superconductivity for students, researchers and the teachers as a part
of the Pre-Symposium Workshop on 15th January 2019, Industry-Academia panel discussions,
and a Symposium App for quick accessibility to all the events during the symposium. Two themes
selected for Pre-Symposium Workshop were (i) Cryocoolers and (ii) Superconducting Magnets
and Materials. The Course Instructors for Cryocoolers were Prof. H. B. Naik of SVNIT Surat and
Prof. Kasturirengan ex. IISc Bangaluru. The Course Instructors for Superconducting Magnets and
Materials were Prof. V. Selvamanickam of Houston Uni. USA and Dr. R. G. Sharma of IUAC, New
Delhi.
The pre-symposium workshop was attended by around 90 young researchers. The symposium
portal had around 520 users who signed up. About 280 participants from across the country attended
the symposium. We received a total of 191 abstracts out of which 171 were accepted after a
critical peer-review. These selected abstracts were categorized into oral and poster presentations
based on the reviewers’ suggestions. The symposium organizing committee ensured that none of
the oral sessions was cancelled or altered. All the papers slated in a oral session were presented
by the authors who had confirmed their presence to the organizers well in advance. This way all
the oral sessions were carried out without the absence of any oral presenter. Poster sessions were
conducted in 2 slots. Each oral session was preceded by plenary and invited talks. A total of 13
invited speakers presented their research work in their respective research areas. Plenary talks
were delivered by very eminent scientists which included Prof. Venkat Selvamanickam, Dr. T. S.
Datta, Dr. Ziad Ahmad Melhem and Dr. P. P. Kulkarni.
For the ease of knowing the symposium schedule details, a symposium app was developed
and made available to the participants. This proved to be helpful to the participants in getting
information about various sessions, plenary talks, and short courses. The feedback received
shows that the participants found the app extremely useful.
An industry academia panel discussion was conducted with industry experts and research
scientists. The discussion gave an opportunity to the young researchers to know the expertise
and strength of the Indian industry and interact with them.
The ICC Lifetime Achievement Awards for the year 2018 were given away to Shri P. K. Kush and
Prof. R. Nagarajan. Most of the papers presented were very rich in research contents and were of
high quality. This symposium was a successful one and has set high standard for future conduct
of NSCS. As many as 20 industry booths were put-up during the symposium which were kept
open all through the symposium. Not only this, most of the industry persons remained present
throughout the duration of the symposium and interacted with the participants.
The Organizing committee extends heartfelt gratitude to all the speakers, participants, exhibitors,
and volunteers, for making the symposium a grand success.
Prof. M. D. Atrey
Chair NSCS-27
Department of Mechanical Engineering
IIT Bombay, Mumbai

Prof. Himanshu Bahirat
Co-Chair NSCS-27
Department of Electrical Engineering
IIT Bombay, Mumbai

EDITORIAL
I am happy that Volume 45 of “Indian Journal of Cryogenics” (IJC) is out within 2020 though a bit
late because of the treacherous COVID-19. Most of you would know that the Indian Cryogenics
Council (ICC) started the publication of IJC in the year 1976 and it is a matter of great satisfaction
for the entire ICC fraternity that IJC continues to be published year after year and on time. Credit
for this goes to our young researchers who show great enthusiasm in publishing with IJC. It has
been our endeavour to improve the quality of the papers published in IJC. Significant improvement
was brought about during last few years by my predecessor Dr. R G Sharma who enforced a
stricter review by two independent experts. In the event of conflicting reports by the two referees or
if the results were found a repetition of the old data, the Editorial Board stepped-in. He also started
the publication of one review article by invitation in each issue of the IJC starting with Vol 41 written
by the peers who acquired life long experience in their area of expertise.
This issue contains 29 papers presented at the 27th National Symposium on Cryogenics and
Superconductivity (NSCS-27) at IIT Bombay, Mumbai during January 2019 and submitted for
publication in IJC. Out of a total of 92 papers presented at the symposium and submitted for
publication in IJC, 37 papers were published in Vol 44, 2019. About 30 % of the papers submitted,
were rejected on the recommendation of our referees. Several articles appearing in this issue
belong to very active groups engaged in important national projects in the field of cryogenics
and applied superconductivity. I take this opportunity and thank all the reviewers profusely for
providing their services which always help us to bring the journal issues on time.
This issue has a review article titled “High TC Superconducting Power Devices- An Overview”
written by Prof. V Vasudeva Rao from IIT. Kharagpur. Prof. V Vasudeva Rao is an eminent
academician, working in this field for decades. His earlier work on Superconducting Magnetic
Energy Storage Device with LTS and the present work on HTS Motors and Cables is well known to
the Indian Cryogenic Community. Hope this article will encourage our young researchers to work
in this fascinating field. Our sincere thanks to Prof. V Vasudeva Rao for accepting our request on
writing this review article.
I would like to extend my sincere thanks and regards to my colleagues in the journal Editorial Board.
My special thanks to Prof. Milind Atrey, President (ICC), Dr. Soumen Kar, Secretary (Technical),
ICC and Ms. Tania, Secretarial Assistant (ICC) for their whole hearted support and contribution
in publishing this volume. I also thank Dr. R G Sharma for his guidance and advice on critical
decisions. Finally, I thank the entire readership of the journal to whom we owe our existence.
We place on record our gratitude to SERB (DST) for its support to the publication of this Journal.

November, 2020

T.S. Datta
Chief Editor
IIT, Kharagpur

Although the work reported by the authors in the journal is believed to be true and accurate at the time of publication,
yet neither the author(s) nor the editors, the chief editor nor the printer accepts the responsibility for any omission,
error or inaccuracies that might have been made. The journal and the editorial board does not make warranty,
express or implied for the material reported in this issue.
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High Tc superconducting power devices- An overview
V Vasudeva Rao
Cryogenic Engineering Centre, Indian Institute of Technology Kharagpur
E-mail ID: vvrao@cryo.iitkgp.ac.in
Thirty years after the discovery of High Tc Superconductivity (HTS), the power devices based
on HTS tapes are finding their applications in electrical engineering, due to their technical
advantages such as negligible losses and compact geometries. Power grid authorities of
several countries including India are exploring to integrate these devices in conventional
power grids. With the recent advances in fabrication of long (km level) HTS tapes and
development of efficient cryo-refrigerators (KW capacity), it is expected to realize these
superconducting technologies in power sector, in a cost-effective manner. The present review
paper describes the working principles and present status of different High Tc superconducting
power devices such as HTS Cables, HTS-SMES, HTS-SFCL, HTS motors/generators and
HTS Transformers along with their indigenous development.
Key words: HTS Tapes, HTS-Cable, SMES, SFCL, HTS Machines

INTRODUCTION
100 years after the discovery of Superconductivity
by Kammerlingh Onnes, the superconducting
materials have entered into public life
through various electrical power devices,
Superconducting Quantum Computers and
high field electromagnets for nuclear and
medical applications. These materials are
broadly classified into two types, namely Low
Temperature Superconductors (LTS) and High
Temperature Superconductors (HTS). While LTS
materials are cooled by Liquid Helium (Boiling at
4.2 K), the HTS materials are cooled by relatively
inexpensive Liquid Nitrogen (Boiling at 77 K) for
maintaining superconductivity. In LTS materials,
mainly NbTi and Nb3Sn became very popular as
they are available in long wire form (hundreds of
kilometers) and can carry very high current (105
A/cm2) even at very high magnetic fields (5 to 10
Tesla) without losing superconductivity. Similarly,
in HTS materials, considerable research
is in progress on three materials, namely
BSCCO-2223, BSCCO-2212 and ReBCO-123
superconductors in tape form. The powder-in-

tube deformation process combining silver or
silver alloy with either BSCCO-2223 or 2212 is
used for manufacturing 1st generation (1G) HTS
tapes. ReBCO-123 tapes are manufactured by
coated conductor method (2nd generation - 2G)
by compositing nickel-based substrate with
ReBaCuO-123 (Re-Rare earth element, mostly
Yttrium ‘Y’). Figure 1 shows cross-sections of
1G and 2G HTS tapes.
For electrical power applications, the HTS
materials should meet several engineering
requirements such as sufficient continuous

Figure 1: Cross-sectional view of HTS 1G
and 2G Tapes- Courtesy AMSC
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Jet and shock characteristics of collapsing cavitating bubble in
cryogenic environment
Arpit Mishra1, Joydip Mondal1, Arnab Roy2, Rajaram Lakkaraju3, Parthasarathi Ghosh1
Cryogenic Engineering Centre, Indian Institute of Technology, Kharagpur, India
Department of Aerospace Engineering, Indian Institute of Technology, Kharagpur, India
3
Department of Mechanical Engineering, Indian Institute of Technology, Kharagpur, India
E-mail ID: arpitm.iitkgp@gmail.com
1

2

To study the dynamically changing interfacial structures due to the collapse of the cavitating
bubble, and the mechanism whereby forces large enough to cause damage are brought to
bear against a rigid wall is still somewhat obscure in cryogenic liquids. Study of individual
collapsing bubbles is still a cornerstone to understanding the erosive damage process. The
high impact pressure resulting from jet water hammer effect and collapsing shock waves
due to collapsing cavitating bubble has advantages in stone fragmentation, shock wave
lithotripsy and can erode the curved hydrofoil, and can alter the blade profile of any turbomachinery. In this paper, a collapsing cavitating bubble near straight solid surface dipped
in cryogenic fluid has been investigated numerically using compressible framework for
different standoff distances. Different jet characteristics, i.e. jet velocity and shock effects
etc. have been recorded to quantify the damage and compared with room-temperature fluid
combination i.e. air-water.
Key words: Bubble dynamics, Water hammer, Cryogenic, Jets, Shock impact

INTRODUCTION
Since the latent heat for cryogenic fluids is
considerably lower than that of water with a
steeper slope of the Clausius-Clapeyron curves.
It vaporizes with a minimal amount of heat
flux from the environment forming a gas-liquid
two-phase flow [1]. In many cryogenic fluid
handling equipments, liquid-embedded vapor
cavities are ensued due to localized pressure
reduction below vapor pressure. These cavities
usually comprise number of vapor bubbles
which might interact and can violently collapse
in high pressure regions of an accelerated flow.
Impulsive force of these collapsing cavitating
bubbles in the vicinity of the rigid boundary can
lead to significant erosive damage. Naude &
Ellis [2] experimentally validated the evidence of
microjets of 100-1000 ms-1 during the collapse
of a cavitating bubble. Hancox & Brunton [3]

have shown in the experiments that bubble
collapse results in multiple jet impacts at a
speed of 90 ms-1 can even erode stainless steel.
Soon after, Plesset and Chapman [4] reported
that asymmetries triggered by the presence of
a solid wall could produce cavitation damage
by the impact of the liquid jet. Fujikawa and
Akanatsu [5] stated that pressure generated
due to bubble collapse is more significant than
water hammer pressure. Phillip & Lauterborn
[6] interpreted from their experiments that
pressure waves produced due to the collapse of
vortex ring are the foremost source of erosion.
Chahine et al.[7] observed that the collapse of
bubbles revealing themselves with the emission
of shock, and it is not possible to define the
aggressiveness of cavitation erosion on a purely
hydrodynamic basis. Tomita et al.[8] explained
that jet and shock both carry damage potential,
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Helium Re-condenser for 1.5T Zero-Boil-Off (ZBO) MRI cryostat
Ravikant Paswan1, N.K. Suman2, Vijay Soni 2, Sankar Ram T 2, S .K. Saini 2, M. Kumar2,
Joby Antony2, Rajesh Kumar2, R.G. Sharma2, M.K. Moharana1, Tripti Sekhar Datta3, Soumen Kar2
National Institute of Technology, Rourkela
Inter University Accelerator Centre, New Delhi
3
Indian Institute of Technology, Kharagpur
Email ID: kar.soumen@gmail.com
1

2

Superconducting MRI magnet is the most exhaustive commercial application of
superconductivity and helium cryogenics. Cryocooler based Zero-Boil-Off (ZBO) technique
is inevitable for the present-day scanner. An MRI cryostat for a 1.5T MRI magnet has been
designed with the ZBO technique using a fin-based helium recondenser. A cryocooler based
test rig has been developed to characterize the performance of the helium recondenser made
of OFHC copper. A two-stage GM cryocooler is used to cool the thermal shield and the helium
recondenser. Four liters of liquid helium has been produced using the same heat exchanger.
The recondensation test of the heat exchanger is performed up to 6 psi of bath pressure.
At 1psi, the recondensation capacity is found to be~ 1.5W. This paper briefly discusses the
experimental details of the recondensation test along with an analytical calculation.
Key words: Zero-Boil-Off, Helium-Recondenser, Cryocooler

INTRODUCTION
Most of the applications related to
superconductivity require liquid cryogens. The
MRI magnets are generally made of Niobium–
Titanium (NbTi) superconductor having a
critical temperature of 9.2 K, so liquid helium
(LHe) is the best applicable cryogen for the
MRI application. MRI magnet operates at LHe
temperature (4.2 K) and produces a highly
homogeneous magnetic field at the iso-center
of the scanner. The superconducting magnet of
the scanner is housed in the helium cryostat.
Like many other resources on the earth,
helium gas is also limited and conventional
MRI cryostats need regular refilling of liquid
helium due to its continuous boil-off, that goes
out of the cryostat, which eventually consumes
a large quantity of helium and increases the
operational cost of the scanner. Presentday MRI scanners are equipped with the
Zero- Boil- Off (ZBO) technique to avoid this

frequent refilling. ZBO technique operation
is achieved by the implementation of in-situ
recondensation of helium vapor inside the
cryostat. Recondensation is achieved by a
fin-based heat exchanger (HX) maintained
at a temperature slightly below to the boiling
point of the LHe using a two-stage 4.2K GM
cryocooler[1]. A fin- based helium recondenser
has been developed for the ongoing project of
1.5T a superconducting magnet for the MRI
magnet system.
A cryocooler based test rig has also been
designed and developed to study the performance
of the recondensation capacity of the fin-based
heat exchanger. The helium bath of the MRI
cryostat is generally operated in the range of 1-3
psi. A PID based pressure stabilization scheme
has been used in the experimental test rig to
study the pressure stabilization through the
helium recondenser inside the helium bath. This
paper briefly describes the development and the
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Design of self-centering support system for 1.5 T MRI cryostat
Navneet Suman1,2*, Arshad Noor Siddiquee2, Sankar Ram Thekkethil1, Vijay Soni1
Ajit Nandwadekar1, Santosh Sahu1, Manoj Kumar1, S.K. Saini1, R.G. Sharma1,
T.S. Datta3 and Soumen Kar1+
Inter-University Accelerator Centre, New Delhi, India
2
Jamia Millia Islamia, New Delhi, India
3
Indian Institute of Technology, Kharagpur, India
E-mail ID: *navneet.suman1145@gmail.com. +kar.soumen@gmail.com
1

Present-day whole-body MRI scanners are of “zero boil-off” type which hardly need liquid
helium refill. To realize this requirement, the cryostat housing of the superconducting magnet
system and many several sub–systems need highly innovative design. This includes the
state-of-art design of the support system for the large cold mass (~ 4 tons) meeting the
stringent requirements of minimum heat input to the LHe-bath, possessing high strength to
take care of the high thermo-mechanical stresses, heavy load, transportation and keeping the
magnet center unaffected through self-regulation. In this paper, we report coupled thermomechanical and modal analysis of the support system, performed using ANSYS to study
temperature deformation and stress in the support assembly. The design includes mechanical
strength, minimum resonant frequency, heat load calculations, maximum pretension force
and allowable accelerations for the maximum pre-tension. The design incorporates carbonglass (HS carbon) rods supporting nearly four tons cold mass during assembly, shipment
and the normal operation of the MRI magnet.
Key words: Self-centering, Support system, MRI cryostat

INTRODUCTION
A whole body MRI (Magnetic Resonance
Imaging) is the only imaging technique which
produces clinical high-resolution images of
different body organs and tissue, without the
use of any invasive procedure or ionizing
radiation (such as X-rays in CT scan).The
basic requirements of an MRI scanner are a
large superconducting magnet producing highly
homogeneous field, better than 10 ppm in a field
of view of 45-50 cm and high temporal stability,
better than 0.1 ppm/hr. For high homogeneity,
we have designed a 8 discrete coil magnet with
a warmbore of 1 m of diameter . The temporal
stability is attained by operating the magnet
in persistent mode for which superconductor
to superconductor joint technology, with

almost zero resistant, has been developed.
Having achieved these two objectives the next
challenge is the design of the liquid helium
cryostat which houses the magnet coil system
(cold mass) which is massive at about 4 tons
(including magnet weight, Helium vessel weight
& Liquid Helium). The MRI cryostat houses the
1.5T multi-coil superconducting magnet having
magnet weight of about 2 tons. To have sufficient
operational margin, for all practical purposes
the cold mass has been considered to be 4
tons of cold mass for FEA simulation. The MRI
cryostat in turn has several basic prerequisites.
The MRI magnet and the LHe vessel has to be
firmly supported from the outer vacuum can
(OVC) using low conducting and high strength
supports. These supports must with stand high
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Two-phase flow in cryogenic systems is very common due to unavoidable heat inleak and
low boiling points of cryogenic fluids. Although it may be detrimental to transfer lines, fluid
handling equipment, etc., the flow conditions can be utilized for controlled erosion and particle
fragmentation instead. In this study, the erosive effects possible during vapor formation are
identified for a circular material target placed in the vicinity of bubble-array in a cryogenic
environment (gaseous nitrogen or GN2 bubbles in liquid nitrogen or LN2). The physical
effects observed during the interaction include shockwaves due to fast bubble-expansion,
liquid jet-hammering, and lateral shear of the surface. The flow-field analysis is conducted to
evaluate the typical magnitudes of these phenomena. Results indicate fluid-hammer pressure
of 33 MPa as well as jet impact velocity of 48 m/s, which may be sufficient to dent BCC
metals at LN2 temperatures. Further, the values obtained for air bubbles in water are also
compared. This study can help to understand better the erosive effects of multiple bubbles
for prospective applications.
Key words: Cryogenic, Jet hammer, Lateral shear, BCC metal, Streaming

INTRODUCTION
It is well-known that cryogenic fluids are
susceptible to heat inleak leading to the
formation of multiple interacting bubbles in a
quiescent liquid. Two-phase or more particularly
simultaneous presence of such vapor-liquid
in cryogenic systems might not always be a
nuisance. If controlled properly, the same vapor
bubbles can be made to interact, leading to
several physical effects. This necessitates the
study of bubble interaction in cryogenic systems
both at the numerical and experimental level.
Bubble interaction is associated with the
generation of jets and shockwaves[1] besides
the subsequent bubble collapse. The resulting
non-periodic fluctuations in velocity and pressure
in the ambient flow-field, known as streaming[2]
few flow visualizations or measurements of the

velocity fields have been conducted. In this
paper micro-PIV (particle image velocimetry,can
generate localized shear. Particle disintegration
by this method can be eco-friendly and nontoxic and hence elicits further investigation.
Such a study can also partly address some of
the most caustic issues in two-phase flow in
cryogenic systems and use it for productive
purposes like that utilized in cryogenic grinding/
cryomilling [3].
MOTIVATION & OBJECTIVE
Bubble interaction has already been examined
analytically, experimentally, and numerically[4,5]
the laser is focussed by a parabolic mirror,
resulting in a plasma of unprecedented
symmetry. The ensuing bubbles are sufficiently
spherical that the hydrostatic pressure gradient
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Effect of ring and porous plate gas sparger on injection cooling
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Short term storage of cryogenic liquid is possible by injection cooling. In this process the
liquid is subcooled by injecting a gas through the liquid. Evaporation of liquid into the gas
causes subcooling of the liquid, thereby reducing the boil-off loss of the liquid. The rate and
extent of subcooling depends on the bubble dynamics and, heat and mass transfer between
gas and liquid. Sparger design (type of sparger, number of holes and hole diameter) is an
important parameter which dictates the bubble hydrodynamics and hence, the heat and
mass transfer between gas and liquid. The effect of sparger type (Porous and ring sparger)
on cooling performance of injection cooling has been studied at different gas superficial
velocities. A mathematical model based on lumped parameter approach has been developed
and simulated for this purpose. Liquid subcooling was achieved for both the types of sparger.
However the rate and extent of liquid subcooling was higher for porous plate sparger. Increase
in superficial velocity up to a certain value caused the subcooling rate to drop for ring sparger.
Key words: Evaporative cooling, injection cooling, gas sparger, gas holdup, heat
transfer coefficient, mass transfer coefficient, gas bubbling, terminal velocity

INTRODUCTION
Storage of cryogenic liquids for extended period
of time is a challenge as the liquid cryogens are
prone to easy boil-off due to their low boiling
points and heats of vaporization. Storage life of
cryogenic liquids can be extended by adopting
methods like thermodynamic cryogenic sub
cooler (TCS) [1], liquid densification [2] and
subcooling of cryogenic liquid by gas bubbling
[3]. Among them cryogenic liquid subcooling by
gas bubbling also known as injection cooling, is
a simple method due to the involvement of less
mechanical moving parts and it is preferred in
applications where less amount of subcooling is
required. Liquid oxygen (LOX), liquid nitrogen
(LN2), liquid argon (LAr),liquid air, water were
subcooled by injecting helium, hydrogen, argon,
oxygen, air and neon gas.
The mechanism and schematic of injection
cooling system are shown Figs. 1(a) and 1(b)

respectively. In Injection cooling a preferably
insoluble and non-condensable gas is bubbled
through the liquid. Due to the difference between
the saturation pressure of the liquid and partial
pressure of the liquid vapor inside the gas
bubble, liquid evaporates into the gas bubble,

(a)

(b)

Figure 1: (a) Schematic of injection cooling system
(b) Mechanism of injection cooling process
[4].
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Cryogenic fuel tanks are subjected to external thermal loads which raise the temperature
of the fluids thereby leading to convection currents of warmer layers of fluid from the wall
boundaries to the liquid-vapour interface. The heat in-leak into the tank causes an increase in
the mass of high temperature fluid termed as stratified propellant mass. Stratified propellant
mass is considered a penalty for launch vehicles. Hence, accurate prediction of formation of
stratified propellant mass and methods to nullify it in a cryogenic tank is important. Results
indicate lower temperature for liquid layers when a non-condensable gas is used. Some
variations in the temperature of top liquid layers with respect to pressurant gases are also
observed.
Key words: Cryogenics, Thermal Stratification, Multi-phase Heat Transfer,
Noncondensable Gas

INTRODUCTION
Cryogenic fuel is stored typically in large insulated
tanks. These tanks are subjected to external
thermal loads like ambient and aerodynamic
heating which raise the temperature of the
stored fluids thereby leading to convection
currents of warmer layers of liquid moving from
the tank wall to the liquid-vapour interface. This
upward movement of warmer fluid layers can be
due to buoyancy. The continuous heat in-leak
into the tank leads to an increase in the mass
of the high temperature fluid termed as stratified
propellant mass.
High temperature stratified propellant mass
cannot be used to in pump as it results in
cavitation, which leads to flow fluctuations and
hence is undesirable. This unused propellant
is a penalty on payload of launch vehicle.
Hence, the accurate prediction of formation of
stratified mass is crucial in the design phase of

the cryogenic fluid system used in the launch
vehicle. Various methods to reduce stratified
mass have been employed and studied in the
past.
The present study deals with experimental
measurements of liquid-vapour interface stored
in containers during pressurization and thus
determination of formation of stratified mass of
liquid propellant. Liquid nitrogen is used as the
cryogenic fluid during the experiment.
During the draining process of the tank, the
liquid must be kept at a constant pressure in
order to maintain the required constant mass
flow rate which is required depending on
flight parameters. For a tank of fixed volume,
the easiest method is to pressurize the tank
externally. Gas can be continuously supplied
into the ullage space.
Over the years, many experiments have been
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The Pre-Series Cryoline (PTCL) is a representative segment of ITER torus & cryostat
cryolines with the same cross-section (1:1) and roughly 1:5 scale in length. It was tested in
ITER-India Cryogenic Laboratory, IPR, Gandhinagar to verify the thermal and mechanical
performances. To evaluate the thermalization of 80K thermal shield installed in PTCL, the
temperature of twenty critical locations was recorded during the PTCL test. Steady state
measurement of PTCL test shows that the average temperature on a thermal shield was ~5K
higher and the heat load at 80K was ~104W higher than the estimated values by numerical
analysis. The detailed investigation was performed to determine the possible causes of
variance between estimated heat load and experimental heat load. The study result shows
that transverse radiation is very critical for heat load at 80K.The revised heat load result
obtained from numerical analysis considering transverse radiation with conduction (220.67W)
differs only two percent from PTCL experimental heat load. Paper summarizes the PTCL
experimental heat load at 80K and the effect of transverse radiation due to the bare surface
of fixed supports, vacuum barriers, and sliding supports.
Key words: ITER Cryoline, thermal shield, heat load, sliding support, Multi-layer
insulation

INTRODUCTION
The Pre-Series Cryoline (PTCL) was
manufactured in the workshop of INOX India
Pvt. Ltd. and tested at ITER-India Cryogenic
Laboratory (IICL), Institute for Plasma Research
Gandhinagar as a risk mitigation plan before the
approval of the final design of ITER cryolines
[1]. The PTCL is a 28 m long representative
ITER torus & cryostat cryolines with the same
cross-section (1:1) and roughly 1:5 scale in
length including main line (ML) and branch line
(BL). PTCL consist of five different segments
(elements) joined together having six process
pipes enclosed inside Outer Vacuum Jacket
(OVJ) of DN 600 size as shown in Figure 1

[2]. To intercept the thermal radiation heat load
from room temperature to 4.5 K process pipes,
a conduction cooled 80K Thermal Shield (TS)
made of Aluminum (1050A) with thickness 3 mm,
and outer diameter 482 mm was designed and
implemented in the PTCL. The TS was covered

Figure 1: PTCL during the installation phase
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Generally, the pressure inside the propellant tank has to be maintained within the acceptable
limits to avoid cavitation at the pump inlet. Heat and mass transfer processes occurring
inside the tank has a considerable effect on the amount of pressurant gas entering to
pressurize the tank. Ullage collapse leads to an increase in mass and mass flow rate of
pressurant. Experimental data on tank pressurization is limited because of the enormous
costs of performing large scale tank experiments using cryogenic fluids under controlled
conditions. In this paper, collapse factor or pressurant gas mass has been investigated for
certain combinations using Epstein and Anderson’s correlation and dimensional analysis
and compared with the available experimental data. In some cases, operating pressure is
kept constant while, in other cases, inlet gas temperature is kept constant. Combinations
of pressurant and propellant like GH2- LH2, GN2-LOX, GHe –LOX are taken into account.
Key words: Collapse factor, Pressurant gas, Propellant, Analytical, Epstein

INTRODUCTION
The most commonly used fuel for space
missions is liquid hydrogen because of its high
specific impulse when reacting with oxygen.
The propellant is continuously injected from
the storage tank to the pump inlet of the rocket
engine, and the pressurant gas is admitted
into the ullage space of the propellant tank to
maintain the operating pressure of the propellant
tank and to avoid cavitation at the pump inlet
[1]. Knowing the amount of pressurant gas
required for pressurizing the propellant tank, the
flow rate from a pressurant storage tank to the
propellant tank decides the pipeline sizes, types,
and quantity of valves and other necessary
components in the subsystem of pressurant gas.
The ground testing of rocket engine components
and sub-assemblies are immensely important
because of the cost reduction and reliability. The
operational and manufacturing cost of ground
test facilities is high [2].

Because of heat transfer from pressurant
gas to propellant region and tank walls, there
is a temperature drop in the ullage region
of tank, which in turn results in an increase
in the mean density of the ullage gas and is
called as ‘ullage gas collapse.’ The amount of
pressurant gas is given by a factor known as
the collapse factor. Collapse factor is defined
as the total mass of pressurant gas transferred
into the cryogenic propellant tank under actual
conditions divided by the total mass of this
gas transferred under ideal conditions, which
has high importance in the field of designing
the pressurant gas subsystem [3]. In the year
1962, Gluck, D. F., and J. F. Kline predicted the
amount of pressurant gas mass for cylindrical
tanks for GH2-LH2 and GHe-GH2 combinations
by applying energy balance equation and
compared with the experimentally found values
[4]. The criteria for which the mass values are
compared are forms of pressurizing liquids,
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A Superconducting (SC) resonator (QWR) designed to operate at 113.6 MHz with geometry
beta of 0.055 is under development for the post-acceleration of Rare Isotope Beam (RIB) at
VECC, Kolkata. The QWR section of the post accelerator is composed of two cryostat module
each containing four hermetically sealed QWRs having separate vacuum from cryostat. Each
QWR module will accelerate beam up to q/A=1/7 with accelerating gradient of 5.0 MV/m
in CW mode. In this paper, the design of the QWR has been reported considering issues
like sufficient operational margin, beam dynamical requirements, mechanical fabrication,
etc. The simulations performed with FEM code show that the tuning system can adjust and
compensate the frequency drift due to external vibrations and helium pressure fluctuation
during operation. In order to minimize the undesirable beam steering effect due to vertical
component of electric field, studies has been made to optimally position QWRs inside cryostat.
Key words: Superconducting cavity, QWR, Beam acceleration

INTRODUCTION
Superconducting Quarter Wave Resonators
(QWR) of 113.6 MHz with geometry beta (β)
of 0.055 is under development for the postacceleration of Rare Isotope Beam (RIB)
[1-2] at VECC, Kolkata. Both the resonance
frequency and optimum β of the cavity is
chosen considering the upstream LINAC part
of VECC RIB system. The QWR section is
composed of two rectangular cryostat modules
each containing four hermetically sealed QWRs
having separate vacuum from cryostat. Each
QWR module will accelerate beam of q/A³ 1/7
with accelerating gradient of 5.0 MV/m in CW
mode so that 0.5 MeV/u energy gain is achieved
by each cryomodule housing four QWRs.
Detailed design of QWR has been carried out in
collaboration with TRIUMF Laboratory, Canada
to optimize the geometry considering issues like

sufficient operational margin, beam dynamical
requirements, mechanical fabrication, etc.
The important aspect of this design work
has been the optimization of the geometry
to achieve small values of the ratio Ep/Eacc
and B p/E acc, where E p, B p and E acc are the
peak value of RF electric field, peak value of
RF magnetic field and the accelerating field
along the axis of the accelerating channel of
the resonator respectively. Further, a stable
resonant frequency of a superconducting cavity
is desired. The reasons that leads to frequency
fluctuations are fluctuation of liquid helium
pressure, Lorentz force detuning, mechanical
vibrations, etc. The RF and mechanical coupled
analysis using 3D CST-Microwave studio and
ANSYS was used to predict the deformation
of the cavity wall under different operational
scenarios and resulting frequency shift.
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S. Sathish Kumar, Abhik Bhattacharya, Ramachandra, Madheswaran M,
Ramesh Naidu V, P. Govindan and Deviprasad Karnik
U.R.Rao Satellite Centre (URSC), Bangalore-560017, Karnataka, India
E-mail ID: sathishs@ursc.gov.in
A long distance cryogenic transfer line,100m long, was designed and commissioned to
interconnect six distantly located Liquid Nitrogen (LN2) storage Dewars, using super insulated
pipes. Various technical aspects such as the pressure drop, the cool down time, heat-in-leak
analysis and different insulation types were studied in detail for the realization of this transfer
line. A novel approach was adopted for the theoretical calculation of cool down time. The same
was also determined experimentally and compared. Vent valves were installed along the line
at appropriate locations to relieve excess pressure and facilitate free flow of LN2 during the
initial cool down. Safety measures like pressure relief valves and rupture disks were provided
to avoid excess pressure build up in closed sections. Since its commissioning, 10,00,000
litres of LN2 have been transferred successfully with about 84% transfer effectiveness and
the performance of transfer line was found to be in-line with our analysis.
Key words: Cryogenic transfer lines, Super Insulated Pipes, LN2, cool down time

INTRODUCTION

which was the earlier practice.

This paper discusses about design and
implementation of a 100m long high effectiveness
cryogenic transfer pipe line for the interconnection
of existing six Dewars located at distant places.
This cryogenic transfer line was very essential
to transfer LN2 from the Thermovac (TVAC)
area to the Large Space Simulation Chamber
(LSSC) area and vice versa during emergency/
peak require-ments. Moreover, any excess LN2,
left out after satellite tests in LSSC, can also be
transferred to the TVAC area for regular tests
and thus the wastage of LN2 due to evaporation
can be avoided. Also, this arrangement paves
the way for the Conditioning and the Purging
of annular space with GN2 and the Precooling
of the 1 million litre Dewar, lasting 48 hours
independently, without any need for holding
the LN2 tankers till the completion of cool down,

Various parameters like pressure drop, heat inleak etc., have been considered for designing
the transfer line. All the necessary safety
measures, conforming to ASME standards
have been observed. Till date, more than two
and half lakh litres of LN2 have been transferred
successfully from a 50kL Dewar to a 125kL
Dewar which are 100 metres apart with 84%
transfer effectiveness.
FACTORS CONSIDERED FOR THE
REALI-ZATION OF THE TRANSFER LINE
Three pipe sizes namely 1” NPS, 1.5” NPS and
2” NPS with schedule 40 were chosen for the
purpose of analysis. The following technical
assumptions were made.
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The superconducting magnets of the Low Energy Beamline are of superferric type. The
cooling of the magnets will be done by a liquid Helium bath. Thermal shield and 4K cold mass
will be cooled by one common circuit of helium flow. The main constraint for the cooldown is
to limit the thermal stresses of the components. In order to satisfy this condition, a gradual
cool-down should be performed in order to maintain a small temperature gradient. For
cooldown helium flows into the system at a pressure of 16.7 bar. Helium is supercritical at
this pressure. The work presents the mathematical model for transient heat transfer. The
mathematical model is then solved numerically and the temperature evolution of the cold
mass studied. Effect cool down rate of helium and the mass flow rate on the maximum
temperature difference and the cool down time is studied.
Key words: Superconducting magnet, Cryogenics, Heat transfer, cool down

INTRODUCTION
The Super-FRS cryostats will be linked to the
cryogenic feed boxes via “Jumper-Connections”.
The feed boxes provide a common insulation
vacuum and thermal shielding for the process
pipes that the transfer the cold helium into and
out of the cryostat [1].
For the cooldown, two different configurations
are possible [2].
Configuration A: Cooldown of the thermal
shield and the 4 K cold mass of individual dipoles
from 300 K to 60 K in two separate loops of
helium flow.
Configuration B: Cooldown of the thermal
shield and the 4 K cold mass of individual dipoles
in series from 300 K to 60 K in one common
circuit of helium flow.
Wamers and co [2] argued that, compared with
configuration A, the number of control loops for

configuration B is reduced by 50%, because of
just one flow stream instead of two streams at
different return pressures and temperature. The
cryogenic flow distribution is also simplified and
expected to be more reliable. Based on their
work it is decided that configuration B will be for
magnet
cooldown
flow
area and hence, this configuration
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A mathematical model for the characterization of fluid transients in cryogenic
propellant feedlines
Arjun Garva, Keerthi Raj Kunniyoor and Parthasarathi Ghosh
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A mathematical model formulated based on the method of characteristics is presented in the
current article to predict fluid transients occurring due to the sudden closure of the valve in
cryogenic propellant feed systems. The applicability of the developed model was evaluated
by comparing its predictions with the results available in the literature for cryogenic fluid as
well as for water. From the results, it was found that the dampening of the pressure wave
largely depends upon the modelling of unsteady friction. Further, the mathematical model
was used to investigate the effect of valve closing strategies viz; instantaneous, concave,
linear and convex closure on the fluid transients. It was observed from the study that the
peak pressure of the oscillations could be reduced by use of linear closure of the valve.
Key words: Fluid transients, cryogenic feedlines, method of characteristics, valve
closure laws, mathematical model

INTRODUCTION
A sudden change in flow conditions in a fluid
network may generate a surge followed by
oscillations in pressure, which travel at acoustic
speed. This phenomenon is known as a fluid
hammer [1], as it generates hammering like
force on fluid network devices along with loud
banging noise. Valve closure/opening, pumping
operation and turbine failure are some of the
reasons behind the change in flow conditions.
Fluid hammer (commonly known as ‘water
hammer’), which occurs due to rapid valve
operation has great importance in the design
of propellant feed system for space vehicle
[2]. When the velocity of the fluid in the pipe is
reduced due to sudden closure (tc < 2L/a) of
the valve, the kinetic energy possessed by the
fluid is converted to pressure. The maximum
amplitude of pressure oscillations due to this
retardation may go beyond the safe operating
limits of the fluid system producing detrimental
effects on pipelines, valves, pumps and other

fluid network devices. Sometimes, due to the
oscillations, the pressure in the system may go
below the vapor pressure of the fluid resulting
cavitation. Additionally, cryogenic environment
involves evaporation of fluid if feedlines are
poorly insulated, which increases the pressure
oscillations further in feed lines [3]. Apart from
the space applications, fluid hammer can also
be observed in many other applications which
include thermal and nuclear power plants [4],
hydro-power plants and water distribution
systems. Fluid transients are generated in the
propellant feed system during the starting and
shutdown of the flow due to the opening and
closure of the valve. It is challenging to maintain
the inlet conditions of the rocket engine due to
these transients. Moreover, the pressure surges
can lead to undesirable thrust at rocket engine
inlet. Hence, it is essential to accurately predict
the effect of fluid hammer for the structural
integrity and correct design of the cryogenic
propellant feed system of space launch vehicle
to avoid undesirable effects.
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Augmentation scheme of 80 K helium test facility to 65 K using
sub-cooled liquid nitrogen
Hitensinh Vaghela, Ketan Choukekar, Pratik Patel, Vinit Shukla, Anuj Garg,
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The recent trend of High Temperature Superconductor (HTS) developments and HTS
based applications has led to the exploration of various method for achieving cryogenic
temperature suitable for the HTS applications. Liquid nitrogen (LN2) is a widely accepted
choice for HTS applications, however, there is always an urge to reach a temperature lower
than 77 K (normal boiling point of LN2) for wider usage of HTS using LN2. In a way forward
for creating test facility for HTS and other cryogenic tests, an existing Prototype Cryoline
(PTCL) test facility at ITER-India cryogenic laboratory (IICL) has been augmented to deliver
80 K helium for small scale experiments and tests at 80 K. The facility is proposed to be
further augmented to achieve 65 K by sub-cooling of LN2 by bath evacuation method. The
paper describes the details of the augmentation of the IICL. The LN2 sub-cooling system
and its integration to the 80 K helium system have been proposed with supporting process
analysis. The equipment sizing of the proposed LN2 sub-cooling system has been inferred
based on the process calculations. It is shown that 65 K helium at application end can be
achieved with the proposed scheme.
Key words: 80 K helium, sub-cooled liquid nitrogen, process simulation, test facility, HTS

INTRODUCTION
The usage of high temperature superconductor
(HTS) is becoming more prominent due to less
operating cost and possibly to avoid the usage
of liquid/supercritical helium as a cryogenic
fluid [1], [2]. The HTS development needs
a cryogenic facility to provide the required
cryogenic temperature for its qualification and
characterization. The operating temperature
range of HTS is typically 30 K to 130 K. One
can utilize sub-cooled liquid nitrogen (LN2)
to reach near to its freezing point 63.2 K to
cover the temperature range 63 K and above
for certain class of HTS. There could be
several arrangements to achieve the lowest
temperature using liquid nitrogen (LN2) as a
cooling medium. Anbin Chen et al. [3] have
deployed GM cryocooler based LN2 cooling

scheme which can attain temperate in the
range of 66-69 K to test 400 kW radial-axial
flux type HTS synchronous motor. S Yoshida et
al. [4] developed a prototype sub-cooled LN2
circulation system for HTS power equipment
using Neon Turbo-refrigerator. Fan et al. [5]
have achieved sub-cooled nitrogen down to 65
K by means of bath evacuation to test the HTS
power cable. Figure 1 schematically shows the
various methods for achieving sub-cooled LN2
at the conceptual level, i.e., (a) bath evacuation
based (b) cryocooler based and (c) Brayton
refrigerator based method.
In order to develop such a cryogenic facility
using LN2 sub-cooling, an 80 K helium system
at ITER-India cryogenic laboratory, which
was originally designed and developed for
the prototype cryolines (PTCL) test, has been
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Experimental investigations on high-frequency thermoacoustic engine
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In Current work, experimental investigations are carried out on a high-frequency
thermoacoustic engine used for driving a pulse tube cooler. During the course of work, two
different working gases namely Helium and Nitrogen, two different lengths of engine stack,
two heater housing configurations and two different configurations of the ambient heat
exchanger are experimentally tested and almost four times better performance in terms of
pressure amplitude is observed with the combination of better component configurations for
the current experimental setup. All the while, the performance of the engine is assessed by
pressure amplitude and onset temperature only. Moreover, this experimental work provided
better guidance for designing and fabricating an efficient engine used to drive the pulse
tube cooler.
Key words: High-Frequency, Experimental Investigations, Thermoacoustic Engine,
Pressure amplitude, Onset Temperature

INTRODUCTION
Thermoacoustic technology has been the area
of interest in recent years due to its structural
simplicity, high reliability, ability to use low-grade
heat, no moving components, etc. One of its
many applications is a thermoacoustic engine
(TAE) driven pulse tube cooler (PTC) also known
as TADPTC. There has been a lot of work going
on in this area and much advancement has been
achieved. One of the earliest high-frequency
TADPTC was tested by Godshalk et al. [1] in
1996 and they recorded the lowest temperature
of 147 K. A Chinese group of W. Dai et al. [2,
3] is also having encouraging work in this area
and achieved the lowest no-load temperature
of around 63 K.
The theory of thermoacoustics is well established
and quantitative engineering approach to the
design of the thermoacoustic refrigerator is
given by Tijani [4]. But a simpler approach for the

design of thermoacoustic engines was lacking
until Desai et al. [5] presented design guidelines
for TAE stack where a TAE stack can be
optimized for performance. The performance of
a TADPTC system depends on the ability of TAE
to produce effective acoustic power in terms of
pressure amplitude. Hence current work is kept
limited to improving the output of TAE in terms of
pressure amplitude (𝑝𝑝0 ) and onset temperature
(𝑇𝑇𝑜𝑜𝑛𝑛𝑠𝑠𝑒𝑒𝑡𝑡 ) by parametric investigations. In TAE,
higher pressure amplitude and lower onset
temperature are advantageous. Pressure
amplitude is the maximum deflection in pressure
to mean pressure. It is an indication of acoustic
power and higher the pressure amplitude more
the available acoustic power. Onset temperature
is the temperature at which the system starts
to oscillate. When a thermoacoustic engine
will have lower onset temperature, it will start
oscillating and producing acoustic power earlier
in terms of hot end temperature.
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Thermopneumatic analysis of single stage gifford-mcmahon cryocooler
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The thermodynamics, fluid mechanics, pneumatic and dynamic aspects of a single stage GM
cryocooler is governed by a set of non-linear differential equations and have been solved
to estimate the performance parameters by using finite volume method. The influence of
waiting time of the rotary valve on the refrigeration power and COP has been investigated.
Longer is the waiting time means both valves will be closed for a long period, this increases
the irreversibility inside the expansion space and, thus, decreases its performance. It is
observed that refrigeration capacity and COP attain its maximum value at about 20° and
80° of waiting time respectively. It is also found that the refrigeration power and COP of
the straight-line shaped opening is higher than that of square opening. The results may be
needful for the effective design of rotary valves of a GM cryocooler.
Key words: GM cryocooler, COP, refrigeration capacity, rotary valve

INTRODUCTION
The mechanism of formation of cooling effect
in a GM cryocooler is based on the GiffordMcMahon thermodynamic cycle [1]. A typical
refrigeration temperature of 45 K can be easily
achieved in a single-stage GM cryocooler with
reasonable refrigeration capacity, which makes
it suitable for many industrial applications,
e.g. liquefaction of gases, cryopumping,
cooling of heat exchangers in hybrid GM/JT
cryocoolers etc. Owing to its numerous industrial
applications, several investigators introduced
different design and simulation approaches
to estimate its theoretical performance and
suggested possible means to enhance its Carnot
efficiency [2-10]. Nevertheless, efficiency of GM
cryocooler is a function of several geometrical
and operating parameters. A conventional GM
cryocooler consists of a helium compressor and
an expander (regenerator, displacer and cold
heat exchanger). The compressor compresses
the helium gas from a low pressure to high
pressure and supplies to the expander. Both

the compressor and expander are connected
with each other through a rotary valve. The
expander of the GM cryocooler is kept inside
a cryostat. A rotary valve is having a stationary
plate and a rotating block. The rotary block is
rotated over the stator plate through a driving
motor (stepper motor). As a result of this, the
holes present on the surface of the stator plate
and the holes of the rotated block will remain
in contact with each other for small duration in
each cycle, and a flow passage will be created
between them to pass the working fluid. During
the rotation, the rotary block will connect the
expander to the suction and discharge pressure
lines of the compressor alternatively. The highpressure helium gas flows from the compressor
to expander during the forward stoke (i.e. when
expander is connected with HP line, 𝜑1 in Figure
1), and from expander to compressor in reverse
stroke (i.e. when expander is connected with
LP line, 𝜑3 in Figure 1). During the operation, a
situation occurs at which both compressor and
expander will be disconnected from each other
in a cycle and this period is called as waiting time

Indian Journal of Cryogenics

doi: 10.5958/2349-2120.2020.00018.7

Vol. 45, 2020

Design and investigations on rotary valve for GM type pulse tube cryocooler
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The rotary valve is one of the key components of GM-type pulse tube cryocooler and
the cooling performance of GM-type pulse tube cryocooler depends on the rotary valve
performance. In order to get better cooling power during steady-state operation of GM-type
pulse tube cryocooler, the pressure ratio should be sufficiently high. The efficient rotary
valve design should provide such a high-pressure ratio during the operation at steady state
condition. The investigations are aimed at getting better pressure ratio and hence better
cooling power. The present work involves the design of a rotary valve for two stage pulse tube
cryocooler for 20 K applications based on the mass requirements at steady state operation
and valve timing with the help of numerical modeling. With 3.65 pressure ratio,18.52 K no
load temperature and 1 W cooling power at 19.51 K was obtained at optimum valve timing
without using any rare earth materials in second stage regenerator.
Key words: Rotary Valve, Pulse Tube Cryocooler, Gifford McMahon

INTRODUCTION
Low-temperature cooling requirements in ground
applications like superconducting magnets,
cryo-pumping, and infrared detectors need
the use of valved cryocoolers. The absence of
solid displacer at the cold region in GM type
pulse tube cryocooler (PTC) has got added the
advantage of vibration free operation and high
reliability in comparison to the GM cryocooler
with solid displacer. All GM type cryocoolers
require the use of a rotary distribution valve to
generate pressure pulse or waveform to create
oscillating flow in a cold head to produce the
cryogenic cooling. The development of a rotary
valve is an important part of any GM type
cryocooler and the performance of the entire GM
type cryocooler depends on the performance of
the rotary valve.
Mill et al. [1] proposed two different types of
rotary valves and one of them is contact type

i.e. classical rotary valve which has a statorrotor contact for pressure wave generation.
Normally pulse tube cryocooler of GM-type
employs classical rotary valve with stator and
rotor pressed against each other to create the
flow area. The present work deals with the
classical rotary valve. Kulkarni et al. [2] proposed
the design of a rotary valve for GM type Pulse
Tube Cryocooler and explained the design of
the contact type rotary valve. But there was no
consideration of choked flow condition during
pressure change. Wang et al. [3] studied the
effect of timing ratio of injecting to rejecting
on GM type Pulse Tube Cryocooler’s cooling
temperature. He changed the timing ratio by
changing the dimensions of slit of the rotor but
no mention of stator design in his research
work. The frequency and nature of pressure
pulse have a direct effect on the cooling
process. The square waves are more effective
compared to a sinusoidal wave. But in practice,
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Case study of sintered regenerator performance in StirLIN-4 nitrogen liquefier
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Stirling liquefier works on Stirling cycle to produce cooling effect. Sintered Regenerator is
a key element of Stirling liquefier which directly affects the liquefier performance. Sintered
regenerator is a regenerative heat exchanger where heat from the hot fluid is intermittently
stored in a thermal storage medium before it is transferred to the cold fluid. The sintering
process bonds together tangent metal surfaces at their points of contact without the addition
of any filler metal or bonding agent. It is necessary to maintain regenerator porosity for
optimum performance of liquefier. Hence Preliminary study has been carried out to find
the properties of SS wire mesh matrix, how it is sintered, problems causing degradation
of sintered regenerator performance. The main objective of this paper is to study different
methods of maintaining sinter regenerator porosity for optimum performance.
Key words: Stirling Cycle, Liquefier, Sintered Regenerator, Heat Exchanger, Wire mesh

INTRODUCTION
Stirling liquefier works based on Stirling
cycle to produce high cooling effect on the
cold head of the cooler. Sintered regenerator
is heart of Stirling liquefier, performance of
sintered regenerator directly affects the liquefier
performance [2]. Sintered regenerator (shown
in Figure 1) is a regenerative heat exchanger
where heat from the hot fluid is intermittently
stored in a thermal storage medium before it
is transferred to the cold fluid. Sintering may
be defined as a thermal process that induces
diffusion bonds. The sintering process bonds
together tangent metal surfaces at their points
of contact without the addition of any filler metal
or bonding agent. The system operating on
Stirling cycle has highest theoretical efficiency
possible for any practical thermodynamic
system. A sintered regenerator is used in Stirling
cryogenics Netherlands 4 Cylinder Liquid
Nitrogen liquefier plant [1]. It is observed that one
of the four regenerators is clogged/blocked after
about 26,000 working hours of the system, the

temperature and pressure of cryocooler cylinder
was substantially higher than other cylinders.
This was directly affecting the production of
Liquid Nitrogen and since the temperature was
very high may affect the drive mechanism of
the Stirling Nitrogen Liquefier. Keeping this in
mind, the study has been carried out on different
methods of removing oil and other impurities
from the sintered regenerator. This paper is
intended to study the solutions for the blockage
of sintered regenerator.
REGENERATIVE TYPE HEAT
EXCHANGER
A heat exchanger is a device in which the warm
fluid gets cooled due to heat exchange with the
cold fluid [3]. In most of the cases, the process
of heat exchange occurs at a constant pressure.
It can either be a regenerative or recuperative
type of heat exchanger depending on the kind
of heat exchange between the fluids. In a
regenerative heat exchanger, a matrix is used
as an intermediate heat exchange medium
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Porosity and heat transfer characteristics analysis of stirling cryocooler
regenerator using darcy permeability and forchheimer coefficient
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Darcy Permeability and Forchheimer Coefficient are important parameters considered when
flow through a porous media and oscillatory flows are studied. Both of these terms are due to
micro scale or pore scale flow phenomenon which results in macroscopic pressure gradient. In
this paper calculation of Porosity and Heat Transfer characteristics of Stirling cycle Cryocooler
using Darcy Permeability and Forchheimer Inertia Coefficient, as a function of Wire Diameter
is presented. The basic objective of this work is to optimize the current regenerator at TIFR
by predicting porosity and heat transfer characteristics solely by using the geometry. CFD
simulation study of pressure/temperature/velocity along the length of the Regenerator have
been done by using Porous model in ANSYS R15.0 and the porosity of Regenerator was
calculated using REGEN 3.3 Numerical Analysis Software for Regenerators.
Key words: Porous Regenerator, Stirling Cryocooler, Porosity, Darcy Permeability,
Forchheimer Coefficient

INTRODUCTION
Stirling cycle Cryocooler operates on reverse
Stirling cycle and produce refrigeration from
work. Machines that operate on Stirling cycle
ideally have an efficiency of that of Carnot
cycle. Regenerator is a crucial element of
the cryocooler and the performance of the
cryocooler depends directly on that of the
regenerator. The regenerator is a storage-type
heat exchanger. The heat transfer surface or
elements are usually referred to as a matrix in
the regenerator. Regenerator matrix is made
up of stacks of finely meshed screens through
which gas flow back and forth. Fluid is in direct
contact with the heat transfer area. Heat is
stored and released by the material periodically.
These mesh screens have high heat transfer
capacity and generally is made of steel. Ideally
the exit temperature of the gas is the same as
matrix temperature. However due to frictional
and inertial losses the temperature of exit gas

is more than the fixed matrix. The performance
of the Stirling Cryocooler regenerator is affected
by the inertial effects due to oscillatory flow.
Hence we will have to consider the viscous
effect and inertia effect in the governing
equations of the regenerator. Therefore it is
essential to analyze the regenerator matrix,
geometry, porosity and material along with
the thermal and flow characteristics of the
regenerator for its optimization using numerical
analysis. The two coefficients that characterize
the momentum balance in the porous media
are Darcy Permeability which is a measure of
viscous effect and Forchheimer Coefficient, a
measure of inertia effect. The Stirling engine
used in the TIFR, liquid Nitrogen plant is the
Beta configuration. In this configuration there is
a single cylinder with a hot end and a cold end.
A piston and a displacer is placed inside the
cylinder. The piston and the displacer is usually
driven 90 degrees out of phase.
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Performance analysis of conduction cooled HTS based magnet coil
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Development of cryocooler technology makes it possible to have conduction cooled
superconducting magnet system. We have designed and fabricate a laboratory-scale
conduction -cooled pancake type High Temperature Superconducting (HTS) magnet at VECC.
Kolkata. It consists of fifteen number of double pancake coils each inserted between copper
plates which is mounted on a cold-plate made of OFHC copper and thermally connected with
the cold head of the cryocooler. Each pancake coil is individually tested at liquid nitrogen
temperature prior to assembly. The magnet is successfully cooled, energized and carried
out different performance tests. The paper describes the results of measurement and its
performance has been analyzed to enhance the magnetic field.
Key words: HTS magnet, Current lead, Magnet quench, Conduction cooled

INTRODUCTION
The continuous improvement of High
Temperature Superconductor (HTS) and cryocoolers facilitate the development of several
HTS magnets for different applications [1-2].
These magnets can operate over a wide range
of temperatures and can be cooled through
conduction which has many advantages for its
convenient operations. We have designed and
fabricated laboratory- scale conduction cooled
HTS magnet. It consists of fifteen number of
double pancake coils, each inserted between
copper plates and thermally integrated with the
cryocooler. The whole system requires careful
design and fabrication [3, 4]. The experimental
apparatus consists of two cryocoolers, one for
the sample cooling and another for cooling the
magnet cold mass [5]. Since coils are cooled
through conduction, thermal stability of the
HTS coil is very important and depends on joint
resistance, index loss and heat inter-coil in-leak
through the current leads and support structures.
If excessive heat is introduced or generated in
the coil, quench or burn-out occurs.

The HTS magnet is successfully cooled and
energised to carry out various performance
tests. The paper describes general features
of apparatus, different measurements and
performance analysis to enhance magnetic field
by increasing magnet current.
Experimental apparatus
The apparatus consists of a cryostat integrated
with two close cycle cryocoolers, a removable
sample-mount, a HTS based current leads, and
magnet coil. It is about 1.2 meter long, 600 mm
in diameter and is placed on movable table as
shown in Figure 1. A central port having diameter
of 250mm at the top lid is used for mounting
the sample using a centre stick for removal and
installation manually. The sample space (70mm
φ × 250 mm) is surrounded by an iso-thermal
copper shield having uniform distribution of
temperature. Two numbers of Gifford MacMahon
(GM) refrigerators with water cooled compressor
systems are used for cooling sample mount and
magnet respectively. The cryocoolers act as heat
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I-V characterization of HTS tape under tensile stress using cryogenic
UTM along with FEM analysis
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An indigenous Cryogenic Universal Testing Machine (C-UTM) capable of creating tensile

ar Nayek, Abhay Singh
Gour and V.V. Rao
strain in 2G HTS tape under superconducting state is developed. Stress-strain property of

superpower make SCS4100 HTS 2G tape is measured using this and were used for FEM
analysis. A suitable instrumentation was done to measure I-V characteristic (4-Probe method)
entre, Indian Institute ofofTechnology,
HTS 2G tapeKharagpur
under tensile strain using developed cryogenic UTM. I-V characteristics of
*ankit5088@gmail.com 2G HTS tapes is used for developing HTS 2G tape based devices such as cables, motors,
generators, Superconducting Fault Current Limiters(SFCL) and Superconducting Magnet
Energy Storage(SMES).
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Figure 1: Composite structure of HTS 2G tape[1]

The
overall
mechanical
strength
of HTS
Figure
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substrate and reinforcements. Due to high

cables, motors, Superconducting Current
Fault
Limiters (SFCL) etc., which reduces weight,
power
losses
and
volume.
During

of mechanical forces, moments and stresses
affects the critical current of super-conductor
tape thereby deteriorate the performance of
HTS devices. Electromagnetic and mechanical
stresses in HTS tape are application dependent
which will affects the value of critical current of
HTS tape. Hence, it is necessary to know the
critical current variation along with stress while
developing the superconducting power devices.

Many people has tried to experimentally find
out the effect of strain on I-V characteristics of
HTS 2G tape [2]deformation-textured substrates
of pure Ni, Ni-5-at. %-W, and Ni-10-at. %-Cr-
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The discovery of high temperature superconductors (HTS) led to a breakthrough in the
development of superconducting power equipments. Now, in addition to liquid helium, other
cryogens like helium gas, neon gas, liquid nitrogen (LN2) etc. can also be used for cryocooling purposes. Among all the cryogens, liquid nitrogen is most abundantly available with
the least cost. The liquid nitrogen serves as a cryogen and also acts as insulation for high
temperature superconducting power equipments working at high voltages. Hence, it becomes
essential to characterize the power frequency breakdown strength of LN2for designing the
HTS based power devices. In the present work, to evaluate the breakdown strength of LN2 at
power frequency (50 Hz), a test setup has been designed and developed for characterizing
the power frequency breakdown strength of LN2 at atmospheric pressure using standard
test procedures and the results are presented.
Key words: High Tc Superconductor, Electrical Breakdown, Liquid Nitrogen, HTS
Power Devices

INTRODUCTION
Recent developments in High Tc Superconducting
(HTS) materials are encouraging the
development of HTS based power devices
which can operate at temperatures around
77 K. HTS based power devices like HTS
Cables, HTS Transformers, HTS Fault Current
Limiters etc. are being designed considering
Liquid Nitrogen (LN2) as the cryogen. The bulk
power transmission using HTS technology at
high voltage levels makes it compulsory for
all the equipments and apparatus working at
high voltage level to be tested at these voltage
levels before put to use. In HTS based power
devices, the LN2 serves as cryogen for cooling
the HTS tapes and also acts as good insulating
material during high voltage operations. The
electrical breakdown characteristic of LN2is
one of the essential parameters for designing
the HTS based power devices [1]. With the

advancement in materials technology, it is
possible to design and develop cost effective,
low loss, highly reliable (with extended life)
and high performance compact insulation
structures appropriate for HTS technology.
The electrical power network operating at
high voltage levels experiences even higher
voltages during lightly loaded conditions and
switching events. Sudden switching on or off
and energization and de-energization of power
equipments may cause voltage surges in the
system. Also for insulation coordination which
is based on impulse characteristics determined
for a standard voltage wave (1.2/50 µs), it is
essential to know the insulation strength of
all the equipments operating at high voltages
for non-standard voltage waves. Above all, in
a cryogenic system employing liquid nitrogen
as cryogen as well as insulating media [2],
it becomes indispensable to first assess the
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Characterization of SS-Laminated 2G-HTS tapes for SFCL applications
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Second-generation (2G) HTS tape with stainless steel (SS) lamination is found suitable in
limiting the fault current. The feasibility of tape to be used in SFCL has been characterized
by AC conditions. DC measurement has been done to measure critical current (Ic) and the
quality index (n), which signifies the quality of the superconductor. The prospective fault
currents at various voltages (20Vrms, 40Vrms, and 60Vrms) have been measured. Amodular
SFCL unit has been developed using 75cm of HTS tape. The SFCL unit limits the fault current
by about 7 times within 160 milliseconds and the corresponding recovery time recorded is
8.5 seconds. This paper briefly explains the test results of the AC characterization of SSlaminated HTS tape.
Key words: 2G-HTS Tape, SFCL, Critical Current, Recovery Time

INTRODUCTION
Faults in electrical systems are rising due to the
natural growth in demand, increased distributed
generation, and increased interconnecting
network. In an electrical network, due to sudden
variation of load, a large amount of current (Fault
Current) starts flowing through the circuit. As
a result, the safety of the electrical equipment
becomes critical and the protection is quite
challenging in these cases. Fault Current
Limiter (FCL) acts as a protection device in
limiting these faults very effectively. Though
the conventional FCLs could limit the fault
current level to the safe level in a short time,
it has certain limitations. Therefore, there is
a need for good FCL which has the following
characteristics such as small impedance in
normal operation and high impedance in fault
operation, self-activation, fast and automatic
recovery, compact in size, fail-safe, and costeffective. Superconducting Fault Current Limiter
(SFCL) fulfills all the above criteria thus provides

an efficient solution in limiting the faults. Liquid
Nitrogen (77K) cooled Second generation (2G)
high temperature superconducting (HTS) tapebased SFCL provides a good solution to limit
the faults in the electrical network.

Figure 1: The basic architecture of SS-laminated
2G-HTS tape

During a fault, the growth of its impedance limits
the fault level current to a safe limit level within
a very short time (<0.2 sec). The temperature
rise of the HTS tape during a fault is almost
an adiabatic phenomenon. Due to the Ohmic
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Quench characteristics of superconducting magnets of
low energy beam line for FAIR facility
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Quench analysis of quadrupole and sextupole of FAIR magnet has been carried out through
OPERA Quench solver. The peak temperature and maximum voltage generation within
the coil have been evaluated. If the peak temperature and voltage exceed the certain limit,
it will damage the electrical integrity of insulation and even melt down the conductor. The
various protection schemes have been used to reduce the peak temperature and voltage
drop to ascertain permissible limit for safe and trouble free operation of the magnet. The
role of quench back on transient parameters like current and temperature has also been
carried out in this paper.
Key words: Superconducting magnet, Quench simulation, FAIR

INTRODUCTION
The low energy beam line of FAIR SuperFRS will be used for advanced spectroscopy
experiments with exotic nuclear beams of low
energy and high precision experiments with
energy- bunched beams. The Super-FRS is
characterized by high momentum acceptance
and large angular acceptance of the secondary
beams requires large apertures superconducting
magnets. The quench analysis of Quadrupole
and sextupole of low energy beam line for
FAIR facility have been carried out through the
opera quench solver. The peak temperature
and voltage generation within the coil are the
important parameters for the safe operation
of the superconducting magnets. If voltage
generation and peak temperature exceeds the
certain limit, it will impair the electrical integrity
of the insulation and even it will caused the melt
down of the coil. [1]. The variations of critical
transient parameters like peak temperature,
peak internal voltage generation within the coil
have been assessed during quench process.
The quench protection schemes and its effect on

peak temperature and voltage generation have
also been discussed in this paper.
Descriptions of the FAIR magnet system
The quadrupole and sextupole is used in energy
bunch section for generation of high magnetic
field under the usable aperture. The maximum
and minimum field gradient of quadrupole are
10 T/m and 0.5 T/m respectively. Therefore,
the coils will have to produce the high magnetic
field. As, a result, the coil cross-section is large
(44.6mm×91mm). The effective length of the
quadrupole magnet is 800 mm. The maximum
field gradient of sectupole magnet is ±20 T/m.
The required field quality of ± 5×10-3 has been
achieved for the entire field range up to ±20 T/m.
The effective length of sectupole magnet is 500
mm. The schematic view of the quadrupole and
sextupole assembly has been shown in Figure
1. The ampere-turn ratio in quadrupole and
sextupole are 440000 and 86240 respectively.
NbTi wire-in channel type conductor has been
used in quadrupole magnet and sextupole
magnet. The conductor used for the coil is
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Optimum location of R-SFCL in an IEEE bench-marked four-machine,
two-area test system
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Increased demand of power generation capacity in distributed electrical power systems
has led to an increase in fault current levels exceeding the maximum designed short-circuit
ratings of the switchgear. In this work, we have modeled a HTS based R-SFCL using E-J
characteristics of the superconductor and implemented at various key locations in a smart
grid. A Graphical User Interface (GUI) of MATLAB is developed to evaluate the effectiveness
of the proposed method on an IEEE benchmarked four-machine two-area test system. Three
phase faults of different ratings are studied with and without SFCL at various key points of
the smart grid, monitoring the power flows. Such studies on optimum location of SFCL are
important to maximize the effectiveness of fault mitigation in an extended network of Power
Grid.
Key words: R-SFCL; HTS; Simulink; Fault; Quench; Power system

INTRODUCTION
The increase in fault occurrence due to
increased system capacity induces severe
damage in electrical power system by damaging
the insulation strength of electrical devices
and machines. This fault current may exceed
the rating of existing protective devices such
as circuit breakers. Until now, many devices
such as split-bus bars, transformers with
higher impedance, and fuses have been used
in industry to reduce the peak value of fault
currents. However, the use of these devices
gives the limitation in that they can damage the
reliability of the power system or increase power
loss [1] A high-temperature superconducting
fault current limiter (SFCL) can be an alternative
to the above conventional devices. In other
words, the SFCL improves the transient stability
of the power system by suppressing the level of
the fault currents in a fast and effective manner.
Moreover, even though it is the one of protective
devices, it provides the system effective damping

to improve its dynamic response, similar to the
other power controllers such as power system
stabilizers or dynamic reactive compensator. It
also has the additional advantages of causing
no power loss in a steady-state condition without
any system contingencies and providing an
effective operation with auto recovery property
within 0.5 s in case of a fault [2]-[6].
In the past three decades, many studies on
the application of high-temperature SFCLs to
electric power systems have been carried out,
and various types of SFCLs have been designed
until now [7]-[9]. Moreover, the SFCLs with
good performance are currently being made in
industry [1]. Various factors are required to be
considered for selection of SFCL rating, optimal
location of SFCL and their protection of SFCL
under quench conditions.
This paper focuses on the determination of the
optimal location of the SFCL to a Multi-Machine
Power System (MMPS) for symmetrical triple
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Actively shielded magnets such as MRI magnets experience high operational stress due to
various forces acting on it.An accurate prediction of the various stresses during operation
and its effect on the final magnetic field is crucial for the proper design of an MRI system. In
this paper, the contribution of different forces in the final operational condition of the magnet
is discussed. Based on thesimulations, the required winding stress for each coil is estimated.
In cases where winding stress alone cannot manage the magnetic stresses, over-binding is
also provided to nullify the effects of stresses due to the higher Lorentz forces.
Key words: MRI, Superconducting magnets, Stress, Lorentz forces

INTRODUCTION
An MRI scanner, which uses a high field
superconducting magnet, is one of the most
universal diagnostic tools available for clinical
diagnostics. MRI scans enable radiologists to
obtain a cross-sectional image of internal organs
and tissues inside the body while being a noninvasive and painless process. MRI magnets
are usually built in an axially symmetric and
axisymmetric multi-coil configuration with 6-12
discrete coils instead of a single solenoid. This
multi-coil design turns out to be cost-effective
because the quantity of conductor needed
in this configuration is much lesser than that
needed in a solenoid design. The most stringent
requirement of the MRI magnetis the spatial
field homogeneity of ±5 ppm in a field of view
(FOV) of 45-50 cm at the center of the magnet
and the temporal stability of 0.1 ppm/hr or less.
The desired field homogeneity is achieved by
the coil design along with the passive shimming.
The temporal stability, on the other hand, is
achieved by operating the magnet in persistent

mode. This, in turn, needs all the conductor
joints to be of near-zero resistance (10-13-1015
Ω). All modern-day MRI magnets are actively
shielded, where two or more number of shield
coils with current flow opposite to the current
flow of the primary coils are used to restrict the
fringe fields outside the magnet. Compared
to a single solenoid magnet, this multi-coil
magnet, however, has a higher peak field on the
conductor since the active shielding compresses
the flux lines in between the primary and shield
coils. This magnet typically is operated at
higher currents that are in the range of 300700 A, which combined with a higher magnetic
field, creates a high Lorentz force resulting in
large stresses on the coils. Further, the pretension applied to the superconducting wire
during winding and the thermal contraction
because of the cool-down of the magnet to
4.2 K also lead to higher mechanical stresses.
These stresses inevitably will cause strains
eventually deforming the magnet. Consequently,
there will be a degradation of homogeneity
in the FOV introducing artifacts in the image
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Critical current density and pinning mechanism in Hetero structure of
Bi-2212 and MgB2 superconductors
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The systematic studies on hetero structure of Bi-2212glass ceramic and MgB2 superconductors
are reported. Bulk multilayer superconductors were prepared with varying thickness of
MgB2 layer. X-ray diffraction and dc magnetization studies confirm the presence of both
superconducting phases in hetero structured samples. Critical current density is found to
be maximum in bilayer sample of Bi-2212 and MgB2 superconductors. In tri-layer sample
inverted anisotropy in Jc is observed because of multilayer growth process. The Jc at high
magnetic field is attributed to different pinning mechanisms.
Key words: High Tc Superconductors, Bulk multi layers, Surface Morphology, d.c.
Magnetization, Critical current density, and Pinning mechanism.

INTRODUCTION
Hetero structures of superconductors
with metal, insulator semiconductors and
superconductors have been studied in the
recentyears [1-3]. Hetero structures of two
superconductors are interesting in view of their
high field applications. Structural and chemical
compatibility between oxide matrix and pinning
phase enables strong vortex pinning and open
up the possibility of growing superconducting
super lattice structures[2]. Multilayer growth
method enhances the possibility of high field
applications with high critical current density (Jc)
in all configurations. Anisotropy in Jc, defined
as the ratio of Jc parallel to the ab plane (Jcab)
and Jc parallel to the c-axis (Jcc), is found to
decrease in artificially engineered super lattices
ofpnictides [1] and YBCO [2, 3]. The high Tc
BiSCCO-2212 superconductor has complex unit
cell structure, in which some of the atoms form
Oxygen deficient pervoskite like structure while
other appears to be in rock-salt structure. The
diverse physical properties of materials in the
pervoskite and related compounds make this

family a good choice for assembling Heterostructures and for studying and exploiting
interfacial phenomenon. Superconducting
superlattices of Bi-2212 with various number of
Bi-2201 were studied extensively by Eckstein et
al [4] and concluded that the pairing interaction
is responsible for the high-TC superconductivity.
It is essentially two dimensional, very little
coupling between adjacent high Tc unit
cells is necessary for the formulation of the
superconducting condensate. The superlattices
of YBCO and non-superconducting PBCO
resulted in reduced superconducting transition
temperature because of parasitic effects in
YBCO [5]. Multilayer growth of NbN on top of
Nb layer resulted in enhancement of effective
first penetration field of Nb layer compared to
single Nb layer [6].
In this paper we present the artificial pinning
engineering through formation of Hetero
structures of Bi-2212 glass ceramic and MgB2
superconductors. Such hetero structuresare
not reported in the literature. The critical current
density measurements and vortex pinning
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To enhance robustness of automated Temperature vs parametertype of measurements in
a cold exchange gas based sampletemperature control system, a second control loop is
being addedto compensate for pressure variations. For this purpose, a methodfor indirect
estimation of He gas pressure has been devised andtested. The method depends upon
the property that in the closedloop sample temperature control system, the heater power at
thesteady state changes with the partial pressure of the cold Heliumgas
Key words: Pressure estimation, Automation, Cryogenic Measurements

INTRODUCTION
At IUAC a Helium exchange gas based Variable
Temperature Insert[1] is being used for low
temperature sample characterization. An
automatic system for measurement of electrical
parameters of small samples as a function of
temperature is built around the system has been
used along with acontrol and characterization
facility [2] for low temperature sample electrical
property characterization. An accurate system
for automatic measurementsof temperature
dependence of parameters like hall effect
andresistivity was also developed later[3].
A simplified layout of the system is illustrated
in Figure 1. The automated measurements
system works by setting the desired temperature
set points one by one on a cryogenic PID
temperature controller, waiting for temperature
stabilization at every set point and running the
measurement algorithm at every temperature
set point post stabilization. It has, however,
been observed that whilemaking automatic
variable temperature measurements forwide
temperature ranges, the heater is sometimes not
able toraise the sample temperature beyond a

certain temperature due to a change in the heat
transfer properties of the Helium exchange gas
at higher temperatures.

Figure 1: The temperature control system and the
measurement automation scheme is built
around the Variable Temperature Insert
which uses Helium gas as the cooling medium

As a result, the sample temperature does not
reach the set point and the PID control loop
indefinitely waits for the sample temperature
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This paper deals with the development of capacitance and diode-based void fraction
measurement sensors for cryogenic two-phase flow in a flexible cryogenic transfer line (20.5
mm ID and 3 mm long) designed and fabricated in-house. Most of the capacitance sensors
are prepared on the inner glass tube. These sensors can be subjected to breakages while
handling and also making end connections for these sensors are not easy. So, an attempt
has been made to develop void fraction sensors by avoiding glass tubes. Simple capacitance
and diode-based sensors are designed and calibrated for experimental studies on two-phase
flow. Numerical analysis has also been done for liquid nitrogen (LN2) and nitrogen gas (N2)
flows in the transfer line using ANSYS fluent software and validated with experimental results.
Key words: Cryogenic, Void fraction, Capacitance sensor, Diode sensor, Liquid
nitrogen

INTRODUCTION
Cryogenic fluids are used in a wide range
of applications such as in oil and gas, food
processing, medical, biotechnology and
aerospace industries etc. Transfer of cryogenic
fluids from the storage Dewar to the end
applications is a daily occurrence in laboratories
and industries. Vacuum or super-insulated
transfer lines are efficiently used to transfer
cryogens with minimal evaporation due to
heat transfer. Because of the heat transfer and
the nature of the flow, most of the time, twophase flow occurs during the transfer process.
It is essential to know the void fraction in the
developed transfer line. Void fraction(VF) is
defined as, the fraction of the transfer line
volume that is occupied by the gas phase.
Several methods are available to measure the
void fraction, such as quick-closing valves,

radioactive attenuation, hot wire anemometry
and electrical impedance methods [1]. However,
these sensors are not easy to use for cryogenic
fluid because of the complex nature of the flow.
Also, to our knowledge, not much open literature
is available on void fraction measurement
methods for cryogenic two-phase flow [2]. The
present studies deal with the development
of simple capacitance and diode-based void
fraction sensors for cryogenic two-phase flow.
Capacitance sensors are more popular due to
the advantages that it possesses in proximity
detection, material analysis, liquid level sensing,
etc. Capacitance sensors are most commonly
used sensors in void fraction detection because
of effortless, low power consumption technique
and accuracy in measurements [3, 4]. Most
of the capacitance sensors are prepared on
the inner glass tube which needs particular
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