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Fig. 1. Dependence of the cooling factor of tungsten on the
electron temperature. The red curve represents the fitting
results we adopt here, and the black dots denote the calcu-
lated results based on the data provided by ADASP.
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Table 1. Typical ITER-like parameters used in
this work to quantify the evolution of electron tem-
perature.
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Fig. 2. Profile of electron density (black squares), initial
profile of electron temperature (blue circles) and the profile
of safety factor (red triangles) with typical ITER-like para-

meters.
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Fig. 3. Profile of T: at different times during the fast TQ stage for typical ITER-like parameters with different tungsten concentra-
tions: (a) cw =03 (b) cw =6.7x 1074 (c) cw = 1.6 x 1073 (d) ¢y =3.3 x 1073
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Table 2.  For the typical ITER-like parameters, the timescale of fast TQ, 790-20 with different tungsten impurity concen-

trations.

Cw 0 3.3x10*

6.7x10* 1.6x10°3 3.3x10°3

Tg0-20,/mS 1.709 1.646

1.589 1.458 1.284
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Effects of radiation from tungsten impurities on the thermal
energy loss during the fast thermal quench stage of major
disruption in tokamak plasmas’
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Abstract

Recent studies based on the PLT, EAST, WEST, ASDEX-upgrade, JET and other tokamaks have shown
that the accumulation of heavy impurities in the core regime is unavoidable, which may lead to the degradation
of the plasma confinement and even trigger the major disruptions. The plasma thermal energy loss during the
major disruptions mainly occurs during the fast thermal quench (TQ) stage. However, there is no
comprehensive physical explanation for the scaling of the timescale of this stage. Tungsten as high Z impurity,
which will be used as the wall material in International Thermonuclear Experimental Reactor (ITER), has
strong radiation power, and may affect the thermal energy loss during the fast TQ. This work considers both
the thermal diffusion induced by the stochastic magnetic fields and the radiation from tungsten impurities as
the dominant thermal loss mechanisms in this stage, and construct a one-dimensional model of electron
temperature evolution in tokamak plasmas. We numerically calculate and analyze the evolution of the electron
temperature in this stage with the typical ITER-like parameters, and here are our main conclusions: 1) The
order of magnitude of the fast TQ timescale is mainly determined by the level of thermal diffusion. However,
the radiation from tungsten impurities can quantitively influence on the timescale of fast TQ and the electron
temperature in the late phase of fast TQ. The higher the tungsten concentration, the shorter the TQ timescale
and the lower the electron temperature it will lead to in the late phase. Both the numerical and analytical
results show that the timescale is approximately linear with the tungsten impurity concentration. 2) Based on
the evolution of the global energy loss and the global power loss during the fast TQ, it can be found that the
global thermal energy loss via the radiation from tungsten impurities is much smaller than that via the thermal
diffusion induced by the stochastic magnetic fields during the early phase of fast TQ stage. However, in the late
phase of fast TQ stage, the global radiation power can be comparable to or even greater than that of the global
thermal diffusion power. This is also the reason why the electron temperature in the late phase of fast TQ
decreases as the concentration of tungsten impurities increases. Therefore, the contribution of the radiation from

tungsten impurities to the thermal loss cannot be ignored in the late phase of fast TQ.

Keywords: tokamak, major disruption, thermal quench, tungsten impurity radiation, evolution of the electron

temperature, thermal energy loss
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