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Fig. 1. Normalized poloidal magnetic flux in the simulated

region.
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Fig. 2. Pressure (a), parallel current density and safety
factor profiles (b) with pedestal height 8 = 6.0 x 10~ 3and
pedestal width A, = 0.088.
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0.066, 0.077, 0.088, 0.099 and 0.110.
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Fig. 11. ELM size corresponding to different pedestal structures and safety factor profiles: (a) f; are 2.0 x 1073, 2.5 x 10~ and
3.0 x 1073, Ay = 0.066, 0.077, 0.088, while safety factor profile is the g3 profile in Fig. 8(a); (b) B is 3.0 x 103, Ayis 0.088,

while safety factor profiles are the g3, g4 and g5 profiles in Fig. 8(a).
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Fig. 12. Evolution of pressure perturbation in the frame of normalized poloidal flux ) and toroidal angle ¢ with pedestal height
Bt = 3.0 x 1073 and pedestal width Ay = 0.088, while safety factor profile is the g4 profile in figure 8(a).
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Fig. 14. Toroidal Fourier analysis of the perturbation with different pedestal structures and safety factor profiles.
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Abstract

HL-2A tokamak achieved the first ELMy H-mode discharge operation in 2009 under divertor configuration,
and many experimental and simulation researches have been carried out to investigate the pedestal
magnetohydrodynamic (MHD) instability. However, there are still few studies on the effect of pedestal structure
on MHD stability. Therefore, based on HL-2A experimental parameters, equilibria with different pedestal
structures are generated by using TOQ code, and the MHD stability of the equilibria is simulated by using the
BOUT++ three-field module. The linear simulations show that reducing the pedestal height, increasing the
pedestal width, reducing the pedestal current density and reducing the ion density in the pedestal can improve
the MHD stability of pedestal. Using the theory of dispersion relation, the simulation results are explained.
Under the premise of MHD stability, the maximum pedestal heights corresponding to different pedestal widths
are found, and the data are fitted to obtain an empirical formula that can predict pedestal height, and on this
basis, considering the kinetic ballooning mode theory, pedestal height and width are predicted simultaneously.
The effect of the pedestal structure on the MHD mode structure is investigated, it is found that the pedestal
height can affect the radial width of the mode. Nonlinear simulations show that the pre-growth of instability is
affected mainly by a single dominant mode, and the growth of the dominant mode to a certain size will cause
the collapse of the pedestal and the eruption of the edge localized mode (ELM). The variation of ELM size after
ELM eruption is synchronized with the evolution of the dominant mode. Generally, equilibria with larger linear
growth rates have larger ELM sizes and a wider range of pedestal collapse in nonlinear simulations. In this
work, the scanning of the pedestal data focuses mainly on the width and height of the pedestal, and other
parameters such as small radius, toroidal magnetic field, plasma current, and the pedestal safety factor values
will be changed in the future based on the work in this paper, with the aim of enriching the HL-2A pedestal
database and predicting the pedestal structure more accurately. Finally these results will be integrated under
the HL-2A integrated platform, which in turn will provide a reference for HL-2A tokamak H-mode experiments

and integrated simulations.
Keywords: HL-2A, pedestal height, pedestal width, MHD stability, ELM
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