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Non-linear MHD modelling of pellet triggered ELMs in JT-60SA
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Introduction Previous simulations of pellet triggered ELM

 Pellets in JT-60SA Transition from no-ELM to pellet ELM triggering during pedestal build-up

/« JT-60SA is a fully superconducting tokamak device jointly designed, built and r :
exploited by Japan and Europe [Barabaschi P et al. 2019 NF 59 112005], ) Motivation and Aim of the work

presently being commissioned. . When injecting deuterium pellets into type-I ELM simulations at different phases during pedestal build up, a “lag-time” is observed:;
* Pellet injection will be used for the operation of JT-60SA in order to control the pellet injections at earlier stages leading no ELM crash while the pellet injections at later stages trigger ELMs.

density profile and the ELM frequency. o _  Qualitative comparison to respective experimental observations from [PT Lang et al, NF 44, 665 (2004)] are performed.
* The conceptual design for the JT-60SA pellet injection system has been carried | |, joREK simulations were improved by including realistic plasma background (diamag. + ExB) flows based on simulations of type-|

out [P.T. Lang et al., Fusion Engineering and Design 123 (2017) ] in the .
framework of the joint research activities for the preparation of the tokamak ELM cycles in ASDEX Upgrade [Cathey A. Hoelzl M. et al., NF 60 124007 (2020)].

exploitation [Giruzzi G et al. 2020 Plasma Phys. Contr. Fusion 62 014009] * Forthe present set-up, a spontaneous ELM appears at ~16 ms. |
« Pellets are injected at different time points during pedestal build-up [Futatani, Cathey, Hoelzl, et al., NF 61 (2021) 04604 3].
\ Motivation of the work 6 10 , - —T T 2 . —
/« It is essential to estimate the pellet condition to trigger the ELM and the fueling 4 /,ﬂ 5 U R R s 14 ms ms 7N
efficiency in the relevant plasma scenarios, from theoretical and numerical point g Pe ped (kPa) ~ T, —oms .
of view. 0 //x g 6 =
« JOREK, the non-linear MHD (magnetohydrodynamics) simulation code, has 300 . o 4 —4ms
been performed to analyze the plasma MHD response by pellet injection in JT- 8 = (2ms
60SA. ; /’\ 2| \
* This work aims to improve the understanding of physics process involved in EL i e ped (10°m9) 0 ' ' ) '
. . . . . . . . 0.8 0.85 0.9 0.95 1 1.05
control by pellet injections in order to provide estimates of pellet injection 0 2 4 6 8 10 12 14 16 18 T
performance for JT-60SA. o e N
n  First simulation of “lag-time
- The injected pellet conditions are the same for all injection timings; 0.8x102°D [atoms/pellet], injected from high field side (HFS)
Non-linear MHD code : JOREK with an injection velocity of 560 ms-1.
. JOREK has been developed with the specific aim to simulate ELMs [Huysmans, - T_here IS a sharp transition in the peak of the integra’Fed power load i)nto the divertor targets between cases where no ELM is
NF 2007, Czarny JCP 2007, M Hoelzl et al 2020 NF. sub, arXiv:2011.09120]. triggered (. <12 ms) and the case where an ELM s triggered (ty, = 212 mS)-
See www.jorek.eu for more information. 25 e IS S | 3
] non-triggered : triggered e S 51+ 1.5x1020D pellet
—domain with closed and open field lines, X-point . l Jol[Outer divertor] T * o = C1rcle:0.8><1020D o
] ] ] g — Inner divertor . é Cross : 0.4x10°°D .’..‘ e o Triggers an ELM > 8 ms
—non-linear reduced MHD (and full MHD) in toroidal geometry = 5 oy S5 0.85102D collat
gl ] @ ' * 0.8x elle
 Density, temperature, electric potential (perp. flow), 3 ' 3 * g = 0 o | P
. . = | = 0 B3 | O « Triggers an ELM > 12 ms
parallel velocity, poloidal flux 5 10 g 2. Transiton ¢ &
.. ;.: 3 z 01 R ms &2 (15 <107D) Sy |+ 0.4x1020D pellet
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Y T X . i
- Mach one, free outflow at divertor target . Y akakdl k | \ e M x Never triggers an ELM
Magnetic field and velocity field T ‘ 0 5 | 10 15 122128 24R 123 % 5 10 15
B = (I;O) &+ (1>W( )xé U =—RVu(t) X €, + V| (t)é time [ms] Time [ms] Injection timing [ms]
. a . [ ]
Density 5= -v-un+v- (0.9 +5, Spontaneous ELM in JT-60SA
o 5) =—p0-VT —T3-Vp—ypIV -7+ V- (k1 V. T+ VT) + Sr

The MHD stability has been analysed with single-n simulations (n=10) varying the plasma parameters such as resistivity and viscosity.
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Poloidal momentum =, .v.. [R ( oo = P VI = VD) + T x Bl >] . aﬁg;[;”dgﬁd - The simulations are performed with n=3.6x10-8 [Qm] while the Spitzer resistivity is 1.8x10° [Qm].
_ ov - ’ . . .
Parallel momentum 5 (o5 = ot 93 - v(1) + 7 5 + uasv) provided by M. HoelzI |- The simulations have been performed without plasma background flows.
Poloidal flux Ri%—f = n(T)V - (%vw) —B-Vu (reduced resolution) 1. The particle loss is 4.21 % in 1 ms, and the energy loss is 5.5 % in 1 ms. The JOREK simulations show the large particle/energy
Boundary conditions : Ideal wall condition on surfaces parallel to losses caused by the natural ELM.
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magnetic field, Bohm condition: Parallel flow = sound speed 8
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Realistic pellet ablation model (NGS model [Gal, NF(2008)]) is implemented in g g 4! ! Los 3 _
JOREK: E —Total :;6205_ —Total y :Zj % <§
- Pellet moves at fixed speed and direction ~ N’ = 4.12 x 106 . 7133 . 5,0-33 . 7164 2 102 |—Inside of Separtrx £ 0| [lnside of Separatrix . s S >
- Pellet is modelled as an adiabatic localized t|me varylng denS|ty source g | | | | g [0.2 %
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g0 203 | | Pellet injections in JT-60SA
202} 202 time
50.1 5o.1 ] - The pellets of 0.8x10%°D and 1.5x102°D sizes are injected into the pre-ELM plasma equilibrium which is prepared from CRONOS
% (9100 6200 6300 6400 6500 6600 6700 6800 :: 892 064 0.96 0I98 1 162 164 ScenariO SimUIatiOn.
time [1 5] 7 Normalized Flux - The pellet ablation time is ~500-700 us according to the injected pellet size. The pellets reach the full ablation in the pedestal region.
Profile of pellet ablation rate in JT-60SA obtained by JOREK simulation. (See figures in “Pellet model : Neutral Gas Shielding (NGS)”)

. - The pressure contour plot on the last flux surface during the pellet triggered ELM shows the very localized expansion of ballooning
JT-60SA ELMy H-mode equ:llbrlu mode structures along the magnetic field lines together with the expansion of the pellet cloud (shown by black-band).
- The target plasma equilibrium is reproduced from the calculation of ELMy H- The ELM is triggered during the pellet ablation, and some of the pellet particles are released from the plasma before the pellets reach

mode, high current and high power scenario (5.5 MA, 41 MW, single null  thefull ablation. The energy loss due to the pellet triggered ELM is 0.32 % in 0.2 ms. It is expected to be much smaller (~ 20 %)
divertor) by a CRONOS simulation. compared to the natural ELM, however these simulations are still to be seen as preliminary.

. The pressure profile shows that the location of the pedestal top is at ¥\=0.93, - Pelletinjections into the 27 kPa pedestal pressure plasma which corresponds to post-ELM condition do not trigger an ELM.
55.5 kPa as shown with the dashed-line.
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