. Y o
"‘ !’ (‘*-aﬂ

OV/4-3Ra: Overview of SST-1 Upgrade &
Recent
Experiments in SST-1

OV/4-3Rb: Overview of Recent Experimental
Results from Aditya Tokamak

Presented by:

Subrata Pradhan

Institute for Plasma Research
India

Oct 18, 2016(Tuesday), Kyoto]450-1515



~(@"_ Contributors: OV4-3Ra:

S. Pradhan, Z. Khan, V. L. Tanna, U. Prasad, Y. Paravastu, D. C. Raval, H. Masand, Aveg
Kumar, J. R. Dhongde, S. Jana, B. Kakati, K. B. Patel, M. K. Bhandarkar, B. K. Shukla, D.
Ghosh, H. S. Patel, T. J. Parekh, I. A. Mansuri, K. R. Dhanani, A. Varadharajulu, Y. S.
Khristi, P. Biswas, C. N. Gupta, S. George, P. Semwal, D. K. Sharma, H. K. Gulati, K.
Mahajan, B. R. Praghi, M. Banaudha, A. R. Makwana, H. H. Chudasma, M. Kumar, R.
Manchanda, Y. S. Joisa, K. Asudani, S. N. Pandya, S. K. Pathak, S. Banerjee, P. J. Patel, P.
Santra, F. S. Pathan, P. K. Chauhan, M. S. Khan, P. L. Thankey, A. Parkash A, P. N. Panchal,
R. N. Panchal, R. J. Patel, G. I. Mahsuria, D. P. Sonara, K. M. Patel, S. P. Jayaswal, M.
Sharma, J. C. Patel, P. Varmora, G. L. N. Srikanth, D. R. Christian, A. Garg, N. Bairagi, G. R.
Babu, A. G. Panchal, M. M. Vora, A. K. Singh, R. Sharma, H. D. Nimavat, P. R. Shah, G.
Purwar, T. Y. Raval, A. L. Sharma, A. Ojha, S. Kumar, N. K. Ramaiya, V. Siju, M. V.
Gopalakrishna, A. Kumar, P. K. Sharma, P. K. Atrey, S.V. Kulkarni, K. K. Ambulkar, P. R.
Parmar, A. L. Thakur, J. V. Raval, S. Purohit, P. K. Mishra, A. N. Adhiya, U. C. Nagora, J.
Thomas, V. K. Chaudhari, K. G. Patel, S. Dalakoti, C. G. Virani, S. Gupta, Ajay Kumar, B.
Chaudhari, R. Kaur, R. Srinivasan, A. N. Sharma, K. J. Doshi , D. Raju, D. H. Kanabar, R.
Jha, A. Das, D. Bora & SST-1 Team

Contributors: OV4-3Rb:

R. L. Tanna, J. Ghosh, P. K. Chattopadhyay, Harshita Raj, Sharvil Patel, P. Dhyani, C.N.
Gupta, K.A. Jadeja, K.M. Patel, S.B. Bhatt, V.K. Panchal, N.C. Patel, Chhaya Chavda,
Praveenlal E.V, K.S. Shah, M.N. Makawana, S.K. Jha, M.V. Gopalkrishana, K. Tahiliani,
Deepak Sangwan, D. Raju, Umesh Nagora, S.K. Pathak, P. K. Atrey, S. Purohit, J. Raval, Y.
S. Joisa, C.V.S. Rao, M. B. Chowdhuri, S. Banerjee, N. Ramaiya, R. Manchanda, J. Thomas,
Ajai Kumar, Kumar Ajay, P. K. Sharma, S.V. Kulkarni, K. Sathyanarayana, B.K. Shukla,
Amita Das, R. Jha, Y.C. Saxena, A. Sen, P.K. Kaw, D. Bora and the ADITYA Team. 2




OV/4-3Ra: Overview of SST-1 Upgrade & Recent
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A Up-gradation in SST-1 since 2014 (PFC)
A Recent Experiments in PFC equipped SST-1 & Future plans




TF magnet

PF magnets Central solenoid

Pumping duct

vessel

Thermal shield

Cold mass
support

Divertor pump

Machine support

Foundation

Parameters Values
Major radius 1.1m
Minor radius 0.2m

SS surface area

of W 75 m?
Exposed surface

area of PFC 40 m?
Plasma species Hydrogen
Volume enclosed 16 m3

by PFC

Ultimate vacuum ~1.03 10'8
in VV mbar
Operating 5.03 10'°
pressure range mbar (max)

Steady State Heat Flux (First

wall Comp.)

Main Baffle 0.25 MW/m2
In / Outboard 0.25 MW/m2
Passive Stabilizer

In / Outboard 0.6 MW/m2
Divertor Plate

In / Outboard 1.0 MW/m2

Poloidal Limiter

SST1 up-gradation (phasd): Assembly &
installation of Plasma Facing Componen

[S
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1@ Up-gradation: Plasma Facing Components in SST-1

Top-MBAF g

& o

Top-IDP

Top-IPS

Inter-
connecting
ring

Top Vertical
port

Bottom

(SS 304L)

Spacer
(Alumina)

Bush

(Alumina) —a

Bolt
(SS 304L)

Vertical port

Clamp
(SS 304L)

Spacer
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Bolt & Nut
(SS 304L)
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Poster: Oct 20: EX/P5-33: Raval

Top-Supply Header for
MBAF-IDP-IPS

Top-Return
Header

op
Interconnection
Dipe

Bottom-Supply

Header for ODP-OPS

PFC Module

Inboard Divertor Plate (IDP): 480 Nos. of GT, 32 Nos of Inconel supports

Outboard Divertor Plate (ODP): 1024 Nos. of GT, 32 Nos of Inconel support

Inboard Passive Stabilizer (IPS): 256 Nos. of GT, 32 Nos of Inconel support

Outboard Passive Stabilizer (OPS): 960 Nos of GT, 16 Nos of Inconel support

Main Baffle (MBAF): 1024 Nos. of GT, 32 Nos of Inconel support

Isolation requirements: 1IMWisolation across support location of IPS and OPS
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Qualification and Prototyping of PFC in SST-1
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Error & % Error in Photogrammetry measurement relative to ECDS

3D CATIA model is superimposed on the scanned surface of
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20 30 40 50 60
Identification number of the point

Measurement Validation relative to ECDS

Assembly on SST-1 Prototype

AAssembly (combination of Photogrammetric &
ECDS) : 0.5 mm for 500 mm and 1.9 mm for 1600 mm
of length.

A All PFC copper alloy back validated to: 7 bar and in >
270 C 00 200 400 600 Yi?'gé)(i"mml)OOO 1200 1400 1600
ATolerances achieved in assembly of PFC is ~ °5mm.

Alsolation >1 MW

Temperature (in deg C)

~——BAF14T,12T
BAF2B,98
BAF 88,118
BAF1T, 6T
ODP9B, 118
ODP1T, 5T
1DP1B, 28
IPSST, 8T

Baking of PFC in excess of 250 C for qualification and h%/draulic
scheme validation




Integrated Flow Super Sonic Molecular Fast Reciprocating Probe
Diustribution System B [eeiien (4D, System (FRPS)
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Fast Imaging Exp.

AScanning length:
Modification in the flow - ~1.2 degree divergence || R=1.250 m to 1.352 m.
distribution system with a laser beam and || Aprobe velocity: 1m/s
towards flow uniformity with fast imaging. Astroke : 20mm.  °
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Typical Shot# 8301 in SST-1
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SST-1 Plasma flux surface(wy),Plasma current (Ip),Radial shift (AR), Vertical field current (l,), Ohomic
Discharge current (lp;) Poloidal Beta(p),Inductance(li) & Stored energy( Wd) for Shot no : 7708
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‘;@1 Diagnostics results for typical Shot# 7698 in SST-1
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MHD Characteristics in SST-1 plasma
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Fig. (a) Calculated W (Island width) with exponential fit (red)

during interval156-157ms

A Dominant mode frequency associated with

tearing mode 5.%Hz .
A Tearing mode: m2 n=1

A ldeal time scalex)=0.7us , Resistive diffusion

time (a)=0.2654, Resistive time scalg)c

1586us and Time scale for non linear growth|c

mode @ B~670us

A Island width (W) saturates at disruptiorB€m

A Estimated growth rate 450s? (during time

interval 156-157ms )

-Poster- EX/P5-30-6 MHD Phenomena and DisruptliE@an | @h £l astmar i6bst iJcs Dhn ngSE, M. 20Réh A nd
Bhandar kar , S. RQO8 201B)ZH80et . al F

-Study of MHD activities in SST-1Pl as ma 6, J.

Dhongde, M.




Disruption scenario different phases

Physical Processes
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jR&Mode Locking observations at higher density discharge : sii688
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‘;@L Fluctuation induced Edge Transport Zonal flow, Drift waves
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A First Wall components have been successfully integrated in-8ST

A SST1, equipped with First Wall now is an “experimental
superconductinglokamak?

A ECH predonization assisted SSTohmic standard typical plasma
parameters are 110kA at1.5T (g=2.6), T_e-200-250eV,
n_e~10"19.

A Standard disruption phenomena with preursers, MHD activities,
NTM modes, Mode lockingtc have been observed &
characterized.

A Interesting electrostatic andnagnetostaticfluctuation induced
turbulence have been observed including signatures of zonal flow
and drift waves in SST edge plasma.

A SST1 plans for plasma with improved densities and temperatures
In multi-second durations in future with active control and LHCD

19
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@{ OV4-3Rb: Overview of Recent Experimental results of
4 R ADITYA Tokamak

Machine Parameters:
Major Radius: 0.75 m
Minor Radius: 0.25 m
Toroidal field: 0.757 1.25T
Peak loop voltage: 20 V
Fuel Gas: Hydrogen |
Operating Pressure: 0.81 1.0x10 torr LIMITER
Vessel Volume: 2.0 m3
Surface Area: 20 m?

MAJOR AXIS

Pumping System:

2 TMPs (2000 I/s each),
2 Cryopump (3500 I/s)

|
R g
VACUUM VESSEL PLASMA
20

Base Pressure ~ 3.0 x 108 torr
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j@; Machine preparation- High current long pulse Shots
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