Studies on impurity Seeding in a Tokamak Plasma: D:TH/P8-4

Simulation and Comparison with Aditya-U Experiments

N Bisai, Shrish Raj, Vijay Shankar, Tanmay Macwan, Kaushlender Singh, Suman Dalui, Harshita Raj, Ritu Dey, Nandini
Yadava, Malay Vikas Choudhuri, Ranjana Manchanda, Jayesh Raval, Umesh Kumar Nagora, Kaushal Patel, Rohit Kumar,

Suman Aich, Rakesh Tanna, Joydeep Ghosh, and A Sen

Institute for Plasma Research, Bhat, Gandhinagar 382428, India and Homi Bhabha National Institute (HBNI), Mumbai, 400094, India

Corresponding Author: nirmal@ipr.res.in

Abstract ______________________________|2Dsimulationdata

« Effects of N,, Ne, and Ar impurity seeding in Aditya-U tokamak plasma using 0D and 2D models Lens
are presented. 8 - o
« 0D model gives relative abundance of multiply charged states of the impurity ions and estimates £ a4 : : 2
non-coronal radiation cooling. 3 s - I
« 2D model equations couples the interchange plasma turbulence in the edge and SOL regions [3,6-7] 0 = e s = 28
with the impurity gas and ions self-consistently. T
 Impurity ions fluxes in the presence of different magnitudes of the interchange driving mechanism ill| =g 2
are studied. A change of the inward (negative) flux suggests the turbulence induced inward motion. : -
« Radiation energy loss behaves intermittently with time that is in line with the interchange plasma R} e
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turbulence and Is consistent with experiments. W) 1e—3
A few of these simulation results are compared with the Aditya-U results.

FIG. 2: Temporal evolution of spatial averages of n, Te, and Ne ions species.

Background Thed\{ert/cal dotted lines indicate the start time of gas and termination of the
seeding.

* Impurity seeding Is Important as It reduces heat load on the plasma facing Im
materials, provides radiative improved confinement, and disruption mitigation In
future tokamaks [1,2]. 10

le19 species radial flux le18

* 0D and 2D numerical simulations using Fortran and BOUT++ codes, respectively . I
' -5
using input parameters related to Aditya tokamak. = o
0.6 1 Tiaar
» More realistic non-coronal equilibrium model [1,5] has been used in 0D and 2D. £ £ ¥
 The negative fluxes of the impurity ions and the intermittent nature of the radiation § L § f
loss are not been explored earlier. Therefore, these are the most important and new 02 e
results in this work. 0.0 _ o
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p J 5 e 5 FIG. 3: Radial profiles (a) and radial fluxes (b) of different N ions. The vertical
d?; DVin+g (Te GZ - n 8; n,@—j = (V| J|le) /e + Sn + Se, lines indicate the positions of LCFS.
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G is impurity density, and G is ith ionization sate. Other symbols are described in FIG. 4: Radiation cooling from Aditya and Simulations. Both are intermittent.
Ref.[6,7]
Estimation of the amount of impurity seeding Conclusions
Using plasma density and impurity continuity equations the amount impurity eSimple theoretical estimation of the seeding rate is consistent with the
seeding is estimated: . Aditya experimental seeding rate.
T eThe self-consistent coupling between interchange plasma turbulence and
n G

impurity seeding (N, Ne, Ar) gives two important results, (1) negative

For nitrogen, neon and argon gases D ~v2, /n{ov);,y,. Using edge T, = 16 fluxes of impurities (inward), and (2) intermittent radiation cooling.

eV,n =5 x 10" /m?, (ov);yy, from Amjuel databases G/n~0.09%, 0.14%, The inward propagation of the impurities is much faster than the diffusive
and 0.6% respectively. In Aditya-U these are about 0.1% that is close to the processes. Mainly governed by the turbulence.
theoretical estimation. eIntermittent radiation cooling fluctuates with a frequency range 5-20 kHz

0D simulation results (non-coronal radiation power) both in the 2D simulations and Aditya experiments.
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