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Summary GYSELA [Grandgirard 2016] QuaLiKiz [Citrin 201
Objective: Find a reduced description for turbulence in tokamak plasmas * GK Vlasov (3D) + Q.N * GK quasi-linear solver
Method: Analysis of GYSELA simulation 3D output * GLOBAL = full torus, full-f * LOCAL = flux-surface, linear
> What are turbulent vortices’ dynamics? = How to reduce the description? * Shear = Self-organized profiles, flows < Profile-driven
Results: = » Ad-hoc saturation rule

« Zonal flows act as toroidal motion, and zonal shear acts as radial motion - Baseline for linear effects

« Zonal shear yields stationary tilt of turbulent eddies

* Pressure-potential phase shift distribution is narrow, around quasi-linear value

» QuaLlliKiz linear prediction in qualitative agreement with GYSELA simulation i D = (— v+ ,uB) 1 Foq 7
GYSELA w — k"U" — NWp Teq

Turbulent motion due to zonal flows iIs toroidal Zonal flow shear leads to no visible strain of turbulen

Question: How does turbulence move? Question: How is turbulence shaped?

Minimize [ |p(t + At, X¥) — ¢p(t, ¥ + ¥(t,r)At)|?RdOdp > v(t, 1) = <aw/aﬁ> Minimize [ |¢p(r + Ar, %) — ¢ (r, % + 5(t, r)Ar)|?RdOdp > sPP(t,r) = <ak"”/ak9 (p)
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- turbulence is stretched 100 = =

QuaLiKiz linear response is valid in the most active It

QuaLiKiz run with GYSELA time-averaged profile +1 X stddev(R /L)

Shear sign affects turbulence
- QualLiKiz predicts region r/a < 0.4 as quiescent (stable or y < 10™%w,.),
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[Hinton 1990] ia

Flow time-scales suggest coherent non-linear dynamic
s Dynamical timescales QuaLiKiz phase agrees with GYSELA dynamics [Casati 2009]
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