
Global gyrokinetic simulation of microturbulence in W7-X and LHD

J.H. Nicolau1, H.Y. Wang1,2, I. Holod1, J.Y. Fu1,2, J. Bao1, G.J. Choi1, Z. Lin1, P. Liu1,

D. Spong3, X.S. Wei1, Y. Xiao4

1 University of California, Irvine, CA 92697, USA
2 Fusion Simulation Center, Peking University, Beijing 100871, China

3 Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA
4 Institute for Fusion Theory and Simulation, Zhejiang University, Hangzhou 310027, China

Global  gyrokinetic  simulations  using  GTC code  [Z.  Lin  et  al.  Science  (1998)]  show  that

electrostatic ion temperature gradient (ITG) eigenmode structure in W7-X stellarator is localized

to some magnetic fieldlines or discrete locations on the poloidal plane, which is due to the mirror-

like  magnetic  fields  varying  strongly  in  the  toroidal  direction  that  induce  coupling  of  more

toroidal n-harmonics to form the linear eigenmode, in agreement with EUTERPE simulations [H.

Y.  Wang  et  al.,  submitted  to  Nuclear  Fusion  (2020)]. GTC  nonlinear  simulations  show  that

regulation  by  self-generated  zonal  flows  is  the  dominant  saturation  mechanism  for  the  ITG

instabilities in both LHD and W7-X stellarators. The effects of zonal flows appear to be more

prominent for the W7-X than the LHD in reducing the radial correlation length and the thermal

transport.  Furthermore,  in  the  W7-X  simulation  with  zonal  flows,  the  nonlinear  spectra  are

dominated by low-n harmonics, which can be generated both by nonlinear coupling of high-n

harmonics and by linear toroidal coupling of these low-n harmonics with large amplitude zonal

flows. 

GTC simulations of zonal flow dynamics find that the relaxation process of an initial zonal

flow perturbation  exhibits  a  damped  geodesic  acoustic  mode  (GAM) oscillation  and  a  lower

frequency oscillation (LFO) before reaching a steady state with a residual zonal flow in the LHD.

On the other hand, the zonal flow damping in the W7-X only exhibits the LFO oscillation, which

is generated mainly due to the helical magnetic inhomogeneity that gives rise to helically trapped

particles. The GAM oscillation is not visible since it is strongly damped because of the small

safety factor q~1.1 in the W7-X. When the radial wavelength of the zonal flows decreases, the

zonal  flow residual  level  increases  and the  damping of  GAM and LFO oscillations  becomes

stronger.

47th EPS Conference on Plasma Physics P2.1070


