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-Context and objective

Normalized radial profiles of the fluid energy source for the flux-driven regime (dotted green line) and fluid vorticity source (dashed orange line). Initial density radial profile of 𝐷 + for the vorticity source case (dashed blue line) and the strong gradient case (dashed red line).

𝐸 × 𝐵 poloidal velocity radial profile of 𝐷 + for the vorticity source case (dashed blue line) and the strong gradient case (dashed red line). 

  SPC-EPFL Neoclassical(NC) convection [1] → W/Ar accumulation Radiation loss → Disruption Transport Barriers(TBs) → Stop impurity transport GYSELA (5D full-f Gyrokinetic) [2] in flux-driven regime allows for self-consistent modelling; NC/Turbulent transports present
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  a) 𝜒 𝑇 𝑡𝑢𝑟𝑏 as a function of 𝐸 × 𝐵 shearing. (b) Final T radial profiles for vorticity (dashed blue line) and reference (dotted green line) cases ➢ 𝐸 × 𝐵 shear → reduced heat diffusivity 𝐵 𝜑 -𝑣 𝜑 𝐵 𝜃 3. 𝑏 ➢ Higher 𝜕 𝑟 𝑛 → 𝜕 𝑟 𝑃 ⊥ → 𝐸 𝑟 → 𝑣 𝜃 𝐸×𝐵 , turbulent structures sheared ➢ Also: higher 𝜕 𝑟 𝑛 stabilizes ITG modes Reduced turbulent heat diffusivity in high 𝜅 𝑛 region ➢ Turbulence cannot grow in steep gradient region ➢ Imposed barrier at 𝑟/𝑎 = 0.75 Turbulent heat diffusivity 𝜒 𝑇 𝑡𝑢𝑟𝑏 as a function of time in the core (𝑟 ∈ 0,25: 0,6 , solid black line) and steep gradient region ( 𝑟 ∈ 0,25: 0,6 , dashed orange line).

➢➢➢

  Smooth « flat » density profile initially ➢ Steep gradient placed at 𝑟/𝑎 = 0.75 ➢ Initial T profile → 𝜂 = 𝜅 𝑇 𝜅 𝑛 = 3 , except for steep gradient case ➢ 𝐷 + ions in BP regime ➢ Different velocity profiles created ➢ 1 lobe (vorticity) vs 2 lobes (steep gradient) ➢ Steep gradient → shearing present from 𝑡 = 0 Vorticity source → activated after UTG modes saturation 4a -Barrier threshold 5a -Impurity transport 4b -Gradient stabilization Total particle flux-surface averaged fluxes for helium and tungsten for the vorticity and reference cases. Red vertical line indicates vorticity source position. Neoclassical particle flux-surface averaged fluxes for helium and tungsten for the vorticity (dashed -BP and dotted -PS blue) and reference (solid -BP and dashed-dotted -PS green lines) cases. Turbulent particle flux-surface averaged fluxes for helium and tungsten for the vorticity and reference cases. ➢ Vorticity source injects poloidal asymmetries: BP flux is enhanced ➢ Source needs to be improved ➢ Thermal screening effect; impurities outside the barrier are repelled ➢ Steep gradient is not satisfying ➢ Neoclassical theory does not match ➢ Semi-permeable barrier where impurities outside can enter but cannot get out afterwards guillaume.lo-cascio@univ-lorraine.fr 3 -Initialization 5b -Impurity transport Reference case: ➢ He flux is outward, maximum at 𝑟/𝑎 ≈ 0.5 ➢ Ar and W fluxes are inward → core contamination ! Vorticity case: ➢ All fluxes inward inside the source, outward outside ➢ Ar and W fluxes unchanged for 𝑟/𝑎 ≤ 0.5 Reference case: ➢ BP (PS) flux inward for He (W) Vorticity case: ➢ BP ↗ due to 𝜕 𝜃 Π ∥ term (𝑆 Ω asymmetry) ➢ PS ↗ for W : Thermal screening 𝜕 𝑟 ln 𝑁 𝑖 -0.5𝜕 𝑟 ln 𝑇 𝑖 [5,6] Reference case: ➢ Strong in He, weak in heavy impurities [1] Vorticity case: ➢ Lower turbulent intensity [4] ➢ Negative flux: 𝜅 𝑛 < 0 Total, turbulent and neoclassical particle flux-surface averaged fluxes for helium and tungsten. Red vertical line indicates steep gradient position. GYSELA flux compared to theoretical flux for tungsten. BP and PS components are also plotted. Theoretical flux for tungsten compared to the thermal screening and impurity gradient terms. ➢ He (W) is turbulence(neoclassically)driven ➢ Steep gradient stops turbulence locally ➢ Steep gradient generates inward neoclassical convection Theoretical flux computed using [5,6] with simulation profiles Theory and GYSELA do not agree ➢ PS flux is expected to be higher ➢ Impurity density asymmetry dominates thermal screening 2a -Vorticity source Conclusions BP: Banana-Plateau / low collisionality transport PS: Pfirsch-Schlütter / High collisionality transport 𝑆 NC Turbulent

Two approaches 2b -Steep density gradient
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