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ADITYA-U an Ohmically heated, med. size, toroidal graphite

limiter tokamak has been upgraded for carrying out

experiments with shaped plasmas in open divertor geometry

Parameters Design Achieved

ParametersCircular plasma Shaped plasma

Major radius (R) 0.75 m 0.75 m 0.75 m

Minor radius (a) 0.25 m 0.18 - 0.22 m 0.25 m

Plasma Shape
Circular-tor. limiter D shaped Circular-tor. limiter

Toroidal Field 1.5 T 1.5 T 1.35 T

Plasma Current 250 kA 150 kA 135 kA

Plasma Duration 300 ms 300 ms 190 ms

Electron Density 4.0 x 1019 m-3 5.0 x 1019 m-3 4.0 x 1019 m-3 10%

Electron Temp. 500 eV 500 eV-1 keV 300 eV  30% 

Ion Temp 200 eV 300 eV 140 eV  30%

Elongation 1 1.1-1.2 1

Triangularity 0 0.45 0

Plasma equilibrium reconstruction with equilibrium

code IPREQ

SN and DN configuration in ADITYA-U can be made

possible by introducing two sets of new PF coils

Addition of Divertor coils are possible if the Vacuum Vessel 

of ADITYA Tokamak is modified by circular cross-section
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ADITYA dismantled ADITYA-U operation started - Dec.16ADITYA tokamak operated for 25 Years

Three sets of divertor coils

Aux. Divertor Coil (Inner)Main Divertor Coil (Inner) Outer Divertor Coil

Graphite Toroidal belt 

Limiter 

Isometric view of Limiter 

& Divertor

Safety and poloidal ring 

Limiter

 Major Diagnostics installation

 Calibration of in-vessel magnetic diagnostics

 Baking heaters installation and vacuum vessel baking

AIM: To carry out experiments such as disruption and runaway 

mitigation  studies relevant to future fusion machines 

Measured error field (a) total (b) Bz 

component due to OT coils in ADITYA-U
Error Field Measurements:

 Magnetic field coils are accurately

positioned with a precision

tolerances of ± 1 mm during

commissioning of ADITYA-U.

 Error field:
𝐵𝑒𝑟𝑟

𝐵𝑇
~ 5 − 7 × 10−4

(nearly ½ to 1/3 of the error-field

values prevailing in ADITYA)

RESULTS

Breakdown obtained in every 
discharge without single failure 

Wall Conditioning:

 Continuous GDC for long hours (~12 h)

 Low parameter discharge pulses in

ECR plasma back ground

 Vessel Baking ~1300 C

 Base pressure of ~ 9 x 10-9 Torr

 A novel concept of Pulse GDC instead

of continuous to reduce H2 recycling.

Ratio of Graphite surface Area in ADITYA-U and ADITYA ~ 5 

ADITYA (poloidal ring limiter at one toroidal location)

ADITYA-U (toroidal ring limiter) 

Initial current rise 

rate reduces by 

half in ADITYA-U

CIII roll over time 

increases by factor 

of 2 in ADITYA-U

More (Twice) Volt-sec 

required for Burn-

through in ADITYA-U   

Due to 

increased 

graphite 

surface 

area 

High fill-pressure 

is required in 

ADITYA-U

Break-down 

generated Runaway 

electron eliminated 

in ADITYA-U

FFB coils, current 

direction, parameters

Schematic of  horizontal plasma 

position control modelLFFB = 55 µH.

RFFB = 12.6 mΩ.

Reflected voltage=5.8

V/1 kV OT voltage

Tresponse ~ 1 ms

Power supply: ± 2kA

/200 V

Typical ADITYA-U discharges with real-time closed loop plasma position control

 FPGA based PID controller

in closed loop configuration.

 Adjustable P, I and D values

with deep learning.

 Control stability checked, to

obtain stable position O/P,

minimum oscillations and

fast response.

 The required coil current and

polarity are assigned through

measured plasma position.

Plasma Facing Components (PFC)

Sonic H2 gas puffing boost up the

chord average electron density ~ 4

x 1019 m-3 corresponding to central

peak density of ~ 6.7 x 1019 m-3

Significant RE flux when the Chord 

averaged density < 1.5 x 1019 m-3

Significant reduction in RE flux when the 

Chord averaged density > 2.0 x 1019 m-3

 Increase in radiated power and decrease in H

observed with Ne puff at 42 ms.

 Almost four to five folds jump seen in soft X-ray

signal indicating rise in plasma electron density.

 Electron temperature from soft X-rays also

showed significant rise after Ne puff.

 The effect of neon gas puff sustains almost 25

ms duration after switching of the neon puff.

High RE content 

NO HARMONICS

• Single frequency

• One MHD mode

2/1 or 3/1

Low RE content 

HARMONICS

Runaway Removal Event 

In a single Discharge

High Hard X-Ray

Single mode appears

Sudden decrease in Hard X-Ray

Multiple Harmonics appear

Decrease in MHD frequency 

related to amount of gas puffed

Supported by BOUT++ code

The tearing modes frequencies

are determined by the electron

drift wave frequency, ɷ*= ky Te /e

B Ln. Ionization of the neutral gas

can reduce Te and increase Ln.

In presence of Gas puff

 Significant decrease in

MHD rotation frequency

SUMMARY: 
 The first Indian tokamak ADITYA (a=25 cm, R=75 cm) with limiter configuration, has been upgraded to ADITYA-U with diverter configuration and an additional graphite toroidal belt limiter. After successful commissioning of ADITYA-U, hydrogen gas

breakdown has been achieved in more than 2000 discharges without a single failure.

 Successful development and implementation of real time position control. Achieved wider pressure window and significant reduction in runaway electrons (REs) in ADITYA-U tokamak as compared to ADITYA tokamak.

 The chord average electron density boost up ~ 4 x 10^19 m^-3 corresponding to central peak density of ~ 6.7 x 10^19 m-3 has been achieved for the first time in ADITYA-U.

 Analysis of drift tearing mode dominated discharges reveals presence of multiple harmonics. Observation of MHD frequency and amplitude modulation by periodic gas puffs. Evidence of dominant role of MHD in REs loss in experiments with MHD

amplitude modulated by periodic gas puffs.

 Significant reduction of REs by application of SMBI has been observed. Radiative improved modes with Neon gas injection has been achieved and studied in ADITYA-U.

An SMBI, to enable deep

neutral penetration

inside the plasma,

installed on the low field

side of ADITYA-U.

With a Laval nozzle

(shown with yellow

arrow) of throat

diameter 0.25 mm.

Copious hard X-rays spikes

can be seen without SMBI

A sudden jump in SXR

indicating sharp rise in density

Significant reduction in the RE

observed from HXR

A ~5% decrease in Ip seen

following the SMBI pulse

REs reduction by SMBI

correlates with tearing

modes rotation frequency

 In #31263, freq. reduction is

much sharper as compare

to #31264. REs reduction is

substantial in #31263 as

compare to # 31264
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