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It is crucial to avoid large edge-localized modes (ELMs) to achieve high confinement steady plasma operation
state. While the radiative impurities are necessary for achieving divertor detachment especially for the future
tokamak [1], it is also found to have essential effects on ELM control [2]. Therefore, the mechanism how
impurities affect the dynamic of ELMs is of great concern. Simulation studies based on “indirect” effects of
impurities, such as radiative cooling, profile regulation and fuel dilution, have been considered in the linear
instability analysis [3-5], which is insufficient to explain the complicated ELM behaviors observed in experiments
[6, 7].

In this work, a systematical simulation study of the dynamical effect of impurities on pedestal stability, ELM
evolution and turbulence transport is carried out. The simulations are performed using BOUT++ six-field two-
fluid module [8], where the impurity model developed by Li et al. [9] (for studying the impurity dynamics in
ELM-free QH-mode) is integrated. The simulations are implemented with self-consistent #n = 0 electric field and
parallel current evolution according to Seto et al.’s work [10, 11]. In addition, electron inertia is also considered
for self-consistent current dissipation in fast magnetic reconnection.

The nonlinear simulation results of the ELM size based on EAST equilibrium (shot #91616, ¢ = 6s, ELM
suppressed) are shown in Fig. 1. It can be seen that, ELM can be completely suppressed only when including the
vorticity shear @ due to impurities, which reflects the essential role of impurity dynamics in ELM suppression.
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Figure 1. Time evolution of pedestal energy loss (ELM size) with different impurity effect: original model without impurity
effect (solid black curve); only dilution effect of impurity considered (purple dashed curve); both dilution effect and vorticity
shear due to impurities considered (dotted red curve).
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Figure 2. Time evolution of ELM size with different impurity densities. Ion and electron densities are varied accordingly to
keep the same initial total pressure Po = Pio + Peo + Pimpo.
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A scan of the impurity density is further performed. As shown in Fig. 2, when the multiplier of impurity density
is below 0.7, the ELM size is large, while when the multiplier of impurity density is above 0.9, the ELM size is
obviously reduced and the effect becomes significant with the increase of the multiplier. It implies that there is an
impurity density “threshold” for ELM suppression, which is qualitatively consistent with experiment result in HL-
2A [7].

The impurity effect on the ELM dynamic process is further explored in the Rimp — (pedestal) 7. plane, where Rimp
is the impurity density ration defined as mimphimp/mpnp. As shown in Fig. 3, four regions can be identified in the
Rimp —T% plane according to the difference of the “two-stage burst” [11] feature (see the pink curve for “0.8Nimp”
in Fig. 2, where the first stage is at ~ 600 74 and the second at ~ 1700 za). It is found that the first stage is related
to linear trigger of peeling-ballooning (P-B) mode and the second stage is nonlinear triggered due to the drift-
tearing mode [12]. According to the shift of operation point among different regions, the different effect of
impurity on the ELM evolution can be understood.
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Figure 3. The Rimp — Te plane is divided in to four regions by the stability boundaries of P-B mode (red dashed curve) and
drift-tearing mode (black dashed curve). The feature of ELM dynamic process in the four regions are: I. Two-stage burst (blue
circles); II. First burst only (red stars); 11I. Second burst only (vellow squares); 1V. ELM firee (purple triangles).
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