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Nonlinear ELM simulations show three stages of an ELM event: (1) a linear growing phase; (2) a fast 

crash phase; and (3) following by a slow inward propagation phase until heating flux from core finally 

balances the ELM energy loss and the ELM is terminated. The pedestal profiles rebuild, so long as the 

heating power is maintained. The turbulence transport phase is a slow encroachment of electron 

temperature perturbation due to the ELM event into pedestal region. The inward propagation is mainly 

caused by the ExB convection. The relative cross-phase between density, temperature, and potential 

perturbations plays a major role in turbulent transport. Nonlinear simulations show that the electron wave-

particle resonances provide a relatively strong parallel damping effect on the electron temperature 

perturbation in comparison of Fig. 1(a) with (b) and can induce a relative cross-phase shift of smaller than 

π/2 angle between ExB velocity and the electron temperature perturbation for large electron temperature 

gradient, which yields a large spreading for electron. The relative phase for ions is about π/2 and has no 

turbulent spreading effect on it. Figure1 also shows that the quasilinear effects can reduce the inward 

turbulence spreading in comparison of figure 1(b) to 1(c). 

In order to improve the computational efficiency for a full ELM cycle with ELM dynamics, the 

basic set of dynamical equations has been separated into equations in the fluctuating and averaged parts 

over binormal direction. The averaged quantities (such as <P> and <>) are evolving on slow transport 

time scale and make no contribution to the averaged the ELM flux and the averaged quantity <P> 

contributes to ELM dynamics through the flattening of the background pressure profile, and that averaged 

the vorticity contributes through the velocity shear effect. The non-ELM radial transport of averaged 

quantities is determined ‘interpretively’ from their initial H-mode profiles by dividing the given transport 

fluxes at inner core boundary by the appropriate plasma gradients. The fluxes in parallel direction (along 

the magnetic field B) are assumed to be classical with flux limits. The basic idea of a coupling scheme is 

to pass the ELM radial energy flux =<Pkvr> to the averaged pressure and pass Reynold stress =<kvr> 
to the averaged vorticity, where vr is the fluctuating ExB velocity calculated from ELM fluctuation. The 

transport equations are of the form of a convection diffusion system and are evolving on large time steps. 

Similarly, the profiles used for the turbulence simulations are updated from an average over the previous 

transport iterations. 
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Fig. 1 The time evolution of turbulence intensity: (a) without Landau damping, with zonal perturbations; (b) 

with Landau damping and zonal perturbations; (c) with Landau damping, without zonal perturbations. 
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