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ñSamvidhan Diwas (Constitution Day)ò, is observed on 26           

November every year, to commemorate the adoption of the        

Constitution of India. On 26th November 1949, the Constituent   

Assembly of India adopted the Constitution of India, which came 

into effect from 26th January 1950. 

A pledge taking ceremony was organized at IPR as a mark of        

celebration on 26 November 2025. The pledge was solemnized by 

IPR staff members lead the Director and the Acting Chief           

Administrative Officer, both in Hindi and English. 

The staff members passionately took the pledge, reaffirming  their 

allegiance to the constitution and upholding the Nationôs integrity.  

IPR Staff members taking the Constitution Day pledge on 26 Nov 2025 

Samvidhan Diwas (Constitution Day) 2025 

Director, Dr. Tapas Ganguli and ACAO, Ms. Supriya Nair                

administering the pledge 
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ìD EMC3-EIRENE plasma-neutral transport simulations  

A sharp and structured scrape-off layer (SOL) forms in inboard-limited tokamak plas-

mas, where magnetically confined hot plasma is exhausted onto a limiter surface. 

The plasma flows developing in this narrow boundary region play a decisive role in 

determining edge conditions and influencing intrinsic toroidal rotation. In Aditya-U 

tokamak plasmas, these SOL flows are predominantly driven by strong parallel pres-

sure gradients sustained by the limiter sink, leading to acceleration of plasma along 

magnetic field lines to near-sonic velocities. 

Using extensive 3D EMC3-EIRENE plasma-neutral transport simulations, the pre-

sent study reconstructs the flow structure in inboard-limited Aditya-U discharges. 

The simulations quantitatively reproduce a finite intrinsic toroidal rotation in the edge 

region and its systematic reduction with increasing edge density, consistent with the 

reduction of plasma rotation velocity in Aditya-U, measured using C5+ impurityôs 

Doppler-shifted radiation. 

By comparing low- and high-power SOL conditions representative of phases with 

and without impurity injection, respectively, the study demonstrates that intrinsic ro-

tation originates from SOL pressure gradient generated parallel plasma flows. Impu-

rity injection cools the edge, reduce temperature gradients and, in turn, the radial 

electric field Er. When ErxB flows weaken, they no longer counterbalance the gradi-

ent generated flows which then become measurable.   These results highlight the 

central role of limiter-driven SOL physics in setting intrinsic edge rotation in inboard-

limited tokamak plasmas. 

The published work titled ñStudy of radial field dependent flows in inboard lim-

ited Aditya-U plasmas using EMC3-Eirene simulationsò is authored by Arzoo 

Malwal, Devendra Sharma, Bibhu Prasad Sahoo and Y¿he Feng, published in Nu-

clear Fusion, Volume 65, 116011 (2025) 

Full-Text: https://iopscience.iop.org/article/10.1088/1741-4326/ae08cc   

Confinement-driven structural transitions in a dusty plasma crystal 

Structural transitions in dusty plasma crystals are typically induced by 

altering parameters such as pressure, RF power, or magnetic field 

strength. In contrast, this work demonstrates a structural transition in 

a dusty plasma crystal without modifying the plasma parameters. The 

structural change is generated experimentally by smoothly tuning the 

confining geometry of the lower electrode.  To ensure that the plas-

ma conditions remain unchanged during this process, we measure 

the dust charge and screening length in another experiment by add-

ing one-one dust particle into the system. These measurements con-

firm that variations in channel width do not affect the plasma parame-

ters. We then employ an emissive-probe-based sheath potential pro-

file measurement to investigate the underlying cause of the transi-

tion. The probe results show that changing the channel width modi-

fies the local confinement potential and alters the sheath dynamics, 

which in turn drives the reconfiguration of the dust crystal structure.  

(a) Schematic diagram of the experimental device 

CCDPx. (b) Shows the top view of the lower electrode 

featuring a central channel of width d, where particles 

are confined in a linear arrangement. 

Figure: (a) Plasma parallel flow veloci-
ty for different experimental shots 
(with an estimated error of ~1 km s

ī1
 

in measurements), shown alongside 
simulation results. 
(b) Radial profiles of electron and 

edge toroidal velocity. Stronger gradi-

ents in both parameters are observed 

Figure (a) 

Figure (b) 

To validate the experimental results, the anisotropy parameter obtained from the emissive probe measurements is incorpo-

rated into a molecular dynamics (MD) simulation through an anisotropic trapping potential. The simulated structures repro-

duce the experimentally observed transitions, thereby providing a consistent physical picture linking the confinement-induced 

sheath modification to the resulting structural changes in the dusty plasma crystal. 

The published work titled ñConfinement-driven structural transitions in a dusty plasma crystalò is authored by Sushree 

Monalisha Sahu, Ankit Dhaka, Pintu Bandyopadhyay, Abhijit Sen, published in Springer Nature Scientific Reports, 15, 

41053 (2025)  

Full-Text: https://doi.org/10.1038/s41598-025-24973-x  

https://iopscience.iop.org/article/10.1088/1741-4326/ae08cc
https://doi.org/10.1038/s41598-025-24973-x


 

о 

41st DAE Safety & Occupational Health Professionals Meet (DAE-SOHPM), 2025 

Institute for Plasma Research (IPR) and the Atomic Energy Regulatory Board (AERB), jointly organised the 41st DAE Safety 

& Occupational Health Professionals Meet 2025 at AMA Ahmedabad during 17-19 Dec 2025. The meeting was focused on 

the Theme óRecent Trends in Occupational Safety and Health Managementô. The meet brought together over 350 delegates 

from DAE units and aided institutions, reaffirming DAEôs commitment to a strong safety culture. 

Glimpses of the Inaugural Session 

Group photo of the 41st DAE SOHPM 2025 Local Organizing Committee  

Group photo of the participants of 41st DAE SOHPM 2025 
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Doctoral Research Spotlight 

An engineering study of concepts for heat extraction and power conversion from moderate 

sized tokamak fusion reactors by Piyush Prajapati 

Publications:  

 

1] Piyush Prajapati, S. P. Deshpande, P. N. Maya, H. L. Swami and Deepak Sharma, ñThermal analysis of HCSB blanket 

concept for a moderate sized tokamak fusion reactorò, Fusion Science and Technology (2024) 

2] Prajapati Piyush, Paritosh Chaudhuri, Shrishail Padasalagi, Shishir Deshpande ñDesign and Comparison Study of Steam 

Generator Concepts and Power Conversion Cycles for Fusion Reactorsò; Fusion Engineering and Design 161 (2020)  

3] Piyush Prajapati, Shishir Deshpande, ñPower Conversion from Spherical Tokamak Test Reactor with Helium-cooled and 

Water-cooled Blanketò Fusion Engineering and Design 176, 113024 (2022) 

Realization of fusion energy requires demonstration of conversion of thermal power produced by nuclear fusion to net electri-

cal power, however, currently this seems possible only for large reactors like DEMO. While not focused on net electricity pro-

duction, the moderate-sized, low-power reactors can establish a robust technical foundation for DEMO. Hence, a fusion pilot 

plant is needed to identify and fill the R&D gaps on the way to DEMO. In this thesis work, the problem of heat extraction from 

the blanket and its conversion to electricity has been studied for a configuration with R=3 m, A=2.7 and Pf = 200 MW,           

Q = 2.8, pulse length of 3000s and dwell time of 1000s[1]. For heat extraction from moderate sized tokamak reactor, a novel 

solid breeder blanket concept is introduced. The entire outboard blanket system consists of 18 poloidal sectors with each 

sector containing 7 twin-modules. A twin module represents a toroidally separated pair of identical blanket module (BM),   

using a unique arrangement of radially stacked breeder/multiplier zones in a 'C' shaped configuration. This concept optimizes 

heat extraction efficiency, ensuring uniform coolant outlet temperatures of 

~500ÁC from the blanket. A 1-D, multi-region, time-dependent heat diffusion 

equation is solved to simulate the thermal transient behaviour of the blanket 

module during pulse and dwell time. The helium flow and breeder/multiplier 

thicknesses are optimized to ensure that the temperature of each material is 

within the operational limits.  

 

The results obtained have been verified using  ANSYS transient simulation. 

For power conversion studies, preliminary       design parameter of the steam 

generator and heat exchangers have been estimated [2]. A crucial problem is 

to obtain steady power from a pulsed source. Using a pulsed power source for 

steady-state power generation necessitates an intermediate Energy Storage 

System (ESS). HITEC molten salt as a candidate for the ESS has been adopt-

ed. The heat received during the pulse from the blanket, first-wall, and divertor 

is stored and used to drive the power conversion cycle. To examine this, a 

study of steam Rankine cycle, and S-CO2 Brayton cycle has been performed 

to find out optimization       parameters and values [3]. Based on the chosen 

parameters, the SCO2   Brayton cycle exhibits slightly higher thermal efficiency 

compared to the   Rankine  cycle. Rankine cycle efficiency with helium cooled 

blanket is about 42.2%, whereas it is 35.3% with water cooled blanket concept. 
Piyush Prajapati 

Figure: Basic schematic of the Power Plant Figure: Schematic of the power conversion cycle 
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Large Cryogenic Plant and Cryosystem Division (LCPC) Division 

The LCPC Division is involved in the development of helium refrigerator-cum-liquefier (HRL) plant and its components which 

can be useful for fusion machines needing high magnetic field superconducting magnets for confinement of high temperature 

(~few tens of crores of degree centigrade) plasma. HRL plant for tokamak machine needs a high end technology as it       

involves complex cryogenic technology, simultaneous cooling at various temperature levels, continuous operations for few 

months and large scale cooling power. LCPC division took up this as a challenge and opportunity for technology               

development. It involves various developments like, high efficiency compact plate-fin heat exchangers, Helium gas purifier, 

bimetallic pipe joints, metallic filters for filtration of particles of few micron sizes, helium turbines, flow meters, temperature 

sensors, liquid helium level sensors, liquid helium transfer lines, liquid helium dewar, oil coalescers, helium compressor and 

oil removal systems, Automatic warm gas management system, Cold box system, Controls and automation of complete 

plant. Such developments not only benefit the HRL developments in our country but also gives boost to various room       

temperature technologies. Design, prototyping and assembly of components, sub-systems, systems, plant with thorough and 

stringent tests at all these levels led to the successful test of Indigenous HRL plant having ~90% indigenous content with 

cooling at 3 different levels: 1) 600 W refrigeration at 18 K, 2) 200 W refrigeration at 4.5 K, and 3) 80 ltr/hr helium liquefaction 

rate in Mar-2023. At present, plant reinstallation at new location (new R&D lab) is going on. Recently this division has been 

combined with SST1 cryo division and named as CTD (cryogenic technology development) section. 

These following are the major developments made by the LCPC Division: 

Cold Box System of HRL plant 

The developed HRL plant has main 2 systems: Helium compressor and oil removal system (CORS) and cold box system 

(CBS). CBS houses all cold components (mainly 7 compact plate-fin heat exchangers, 3 Helium turbines, one 80 K helium 

purifier, six Cryogenic valves, cryogenic helium flow meter, etc.),  required for production of very low temperature (-268.5
0
C) 

liquid helium within a vacuum chamber. It takes helium gas at flow rate ~60 g/s from compressor at pressure 14 bar from 

compressor. Complete architecture of the cold component layout within the vacuum chamber were designed and analyzed   

and implemented in-house. 

Assembly inside cold box after MLI wrapping 

Compact plate-fin heat exchangers 

All 7 (3 types) vacuum brazed Aluminium plate-fin heat exchangers (PFHE) of the indigenous cold box have been designed, 

manufactured, tested completely indigenously. Five are of 2-stream type (Helium/Helium), one is of 3-stream type (He/He/

He) and one is of 2-stream type with boiling LN2 and He streams. These PFHEs were designed for helium flow rate of ~30 g/

s as prototype for 1 kW plant. As performances were 

good, these could be used for flow rate of ~60 g/s for 

present indigenous helium plant. Fins and other parts 

are made of aluminium alloy-Al3003. These have fins of 

thickness 0.2 mm, serrated type, serration length 5 mm, 

fin height 3 to 7 mm, fin density up to ~800 fins/m 

(these parameters are near to international PFHE pa-

rameters).  The Helium leak rates, internal (stream to 

stream) and external (to the atmosphere) are less than 

< 5 x 10
-5 
mbar ltr/s. 

The tested thermal performance is quite nearer (within 

3% deviation) to the designed thermal effectiveness. 

Helium cold box with its support 

structure  
Top of cold box 

Different type of plate-fin heat exchangers  
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Helium Compressor and oil removal system 

Automation System of Helium CORS 

For HRL plant operation, automated helium CORS 

is required to have controlled and stable discharge 

pressure and suction pressure in a closed cycle. 

This automation systemôs control logic has been 

developed in-house. Based on this logic and user 

set pressure values, PLC (programmable logic    

controller) system drives different pressure control 

valves of CORS to maintain nearly stable discharge 

and suction pressure, within Ñ100 mbar  during    

different off-nominal and nominal operations.  The 

automation mimic diagram is shown below, using 

which operator can reset different parameter from 

the computer screen. 

Compressor and Oil Removal System (CORS)  

CORS is to provide compressed and oil free helium at a medium pressure ~14 bar to CBS and gets helium from CBS at ~1.2 

bar. CORS circulates helium in closed loop with CBS and it can also operate independently in closed loop without circulating 

helium to CBS.  This has been developed by converting an open loop air compressor to closed loop helium compressor. In 

this conversion process main involvements are development of PPB (parts per billion) level oil removal system, automatic 

warm gas management system to operate in closed loop with nearly constant discharge pressure and suction pressure. Of 

course leak tightness is primary requirement. 

GC for PPB level oil measurement in helium gas  

Mimic Diagram of CORS for automation  

Large Cryogenic Plant and Cryosystem Division (LCPC) Division 

80 K helium purifier and filters 

Impurities, like, H2O, O2, N2, Ar, etc. in the helium gas should be very low, < 10 PPM (parts per million) before it enters the 

helium turbine in which, due low temperature ~35 K, these can freeze and damage  turbine, which rotates at few lakhs of 

RPM. Hence, pure helium is used for helium plant operation. Still, to be on safer side, internal to the cold box, helium purifier 

based on charcoal adsorption concepts, at ~80 K and at ~20 K 

are installed. In our indigenous plant, only 80 K purifier has been 

installed, which gives high purity ( < 5 PPM impurity ) helium gas 

at its outlet, while inlet impurity is ~500 PPM with   helium flow 

rate ~60 g/s at pressure ~14 bar.  20 K purifier will be required for 

long duration  operation in liquefaction mode. Design,                

optimization, manufacturing, testing and assembly into the plant 

have been done completely  indigenously. Metallic filters which 

can filter down to 3 micron particles have been developed        

indigenously and used in the plant with above mentioned  helium 

flow condition.  

Cryogenic Micro-mesh filters 
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Indigenous cryogenic long stem control valve  

PPB level oil impurity measuring equipment: Gas Chromatograph 

Lubricating oil content in discharge helium gas, which goes to cold box from compressor should be as less as possible, in the 

order of few PPB (parts per billion), else, at cryogenic temperature it will freeze and clog the process flow paths inside the 

cold box. Indigenously with the help of an Indian industries, oil removal system which can filter oil down to ~50 PPB has been 

developed. An oil content measuring gas chromatograph has been developed indigenously and further improvement is in 

progress, which can measure oil content with accuracy of few tens of PPB in helium gas. This is called as THC (Total       

hydrocarbon) analyzer and based on the concept of flame ionization detector. It can take helium gas automatically along with 

plant operation and gives the oil content values.  The complete system is automated and works continuously without any 

manual intervention.  

Group photo of LCPC Team: Sitting from left to rightðMithun Kumar, Balaram Mohanty, Ashutosh Pandey,             

Prashanth Guguloth. Front Row Standing from left to rightðOmkar Chandratre, Haresh Dave, Ananta Kumar Sahu (Division 

Head), Prashant Singh, Priyanka Brahmbhatt  and Rajnikant Bhatasana.                                                         

Second Row Standing from left to rightð Geeth Raj Rachamalla, Nawratan Kumar and Hitesh Kavad 

Large Cryogenic Plant and Cryosystem Division (LCPC) Division 

Temperature sensor, LHe level sensor and cryogenic control valve         

Developments 

Cryogenic temperature sensors, like silicon diode and Cernox (zirconium Ni-

tride) alongwith temperature monitor have been developed and tested down to 

~20 K. Arrangement to measure its performance down to 4.5 K is in progress. 

Cryogenic control valves having long stem, thermal intercept, bellow-sealed 

have been developed by the help of Indian industry as shown in the figure. 

Two channel monitor for cryogenic temperature  

The LCPC division has trained more than 70 postgraduate and undergraduate students through various academic projects 

as a part of various component and subsystem development activities of HRL plant. This helped significantly for thorough 

and detailed design, analysis, prototyping and testing activities for the plant and many of these students are now serving 

within India and abroad. 

Figure: Silicone diode and Cernox type Cryogenic Temperature Sensors 
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Colloquium at IPR 

Colloquium #345 was organized on 01 Dec 2025 at IPR. The colloquium talk was delivered by Prof. Avinash Khare,           
Department of Physics and Astrophysics, Delhi University, New Delhi. The title of the talk was ñThermionic Divertors for 
Tokamaksò   

Read the abstract: https://www.ipr.res.in/documents/colloquium345.html 

Audience attending the colloquium talk 

Dr. R. Ganesh Introducing the speaker 

(L) Dr. Paritosh Chaudhuri, Dean R&D introducing the speaker. (R) Prof P C Mishra delivering his talk 

Prof Avinash Khare delivering his talk 

Colloquium #346 was organized on 02 Dec 2025 at IPR. The colloquium talk was delivered by Prof. P. C.                  
Mishra, Dean (Research), School of Mechanical Engineering, KIIT, Bhubaneswar. The title of the talk was ñTowards a 
shared vision for plasma research: strengthening IPRïKIIT scientific linkages ò 

Read the abstract: https://www.ipr.res.in/documents/colloquium346.html 

https://www.ipr.res.in/documents/colloquium345.html
https://www.ipr.res.in/documents/colloquium346.html

