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Numerical simulation of thermal quench triggered
by density source in HL-2A
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Magnetic flux surfaces are abruptly destroyed and the plasma is no longer confined during thermal quench
[1]. For a representative unmitigated disruption occurring in ITER with full deuterium-tritium (DT) perfor-
mance, about 350 MJ of thermal energy and up to 1 GJ of magnetic energy may be released to the divertor
and first-wall (FW) surfaces during several milli-seconds, leading to serious damage of the device [2]. Since
occasional disruptions might probably be unavoidable in future fusion reactor, the realization of disruption
mitigation is of crucial importance.
The mainstream methods of disruption mitigation system (DMS) include Shattered Pellet Injection (SPI) [3]
or Massive Gas Injection (MGI) [4]. The location and uniformity of injected material deposition can affect the
mitigation efficiency. To clarify the effect of MHD-modes-induced-transport on the injection penetration, we
simulate the thermal quench (TQ) during the pre-disruption phase triggered by pure deuterium (D2) injec-
tion at different fixed deposition location employing three-dimensional (3D) non-linear reduced MHD code
JOREK. Attention is focused on the characteristics of MHD activity and particle transport responding to the
externally injected density source. Results exhibit evidently different n=1 mode dynamics and variation of
plasma density profiles, depending on the location of D2 deposition (LoD) relative to the magnetic surface of
q=2.
When LoD is outside the q=2 surface, the m/n=2/1 mode tends to be dominant and mainly couple with the
m/n=3/1 mode. Magnetic stochasticity firstly happen in the m/n=2/1 island region and then expanding out-
wards. But when LoD is inside the q=2 surface, the m/n=1/1 mode tends to be dominant, and magnetic
stochasticity firstly occur in the m/n=1/1 island region then the core plasma density greatly increases. The
LoD is also found to be strongly linked to the growth rate and maximum dominant mode amplitude during
the TQ, and consequently affects the TQ duration and the current spike amplitude.

[1] T.C. Hender, J.C Wesley, J. Bialek et al., ITER Physics Basis Chapter 3: MHD stability, operational limits
and disruptions , Nucl. Fusion 47, S128–S202 (2007).
[2] E. M. Hollmann, P. B. Aleynikov et al., “Status of research toward the ITER disruption mitigation system”
, Phys. Plasmas 22, 021802 (2015).
[3]D. Hu, E. Nardon et al., “JOREK simulations of Shattered Pellet Injection with high Z impurities”, 45th EPS
Conference on Plasma Physics, P4.1043.
[4] E Nardon, A Fil et al., “Progress in understanding disruptions triggered by massive gas injection via 3D
non-linear MHD modelling with JOREK”, Plasma Phys. Control. Fusion 59, 014006(2017).

Speaker’s title
Ms

Speaker’s email address
husl@swip.ac.cn

Speaker’s Affiliation
Southwestern Institute of Physics, Chengdu

Member State or IGO
China, People’s Republic

Primary author: Dr HU, shilin (Southwestern Institute of Physics)



Co-authors: HU,Di (BeihangUniversity); Prof. LI, jiquan (Southwestern Institute of Physics); HAO, guangzhou
(Southwestern Institute of Physics)

Presenter: Dr HU, shilin (Southwestern Institute of Physics)

Session Classification: Posters

Track Classification: Mitigation


