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Transport in a tokamak is turbulent
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Confinement

Exhaust

(machine size!)

(Durability of plasma facing

components, ICRH coupling, …)

ASDEX Upgrade

tokamak

W. Zholobenko, Ph.D. thesis, Global Braginskii turbulence simulations 

across the edge and scrape-off layer of diverted tokamaks

• Global (‚full-f‘) fluid plasma

model (extended drift-

reduced Braginskii)

• Diffusive neutral gas model

• FCI discretisation: locally

field-aligned (sparse

toroidally), but does not 

require 𝐵pol for global metric
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outboard mid-plane profiles

W. Zholobenko et al 2021 Nucl. Fusion 61 116015

Validation vs AUG #36190 attached L-mode

𝑃heat ≈ 500 kW



➢ Shape not bad, but too larger by factor ~2

➢ SOL: 𝑒 𝐸𝑟 𝒕≈ −3𝜕𝑟 𝑇e 𝒕

➢ 𝐂𝐑: 𝐸𝑟 𝒕 =
𝜕𝑟𝑝i

𝑒𝑛
+ 𝑢∥𝐵𝜃 +

𝑚i

𝑒
𝐮 ⋅ 𝛁𝐮 ⋅ 𝐞𝑟

validation collisionality scan

➢ Strong dependence on collisionality in edge and SOL

➢ 𝐒𝐎𝐋 𝐸𝑟 reduces as divertor cools down

➢ near SOL 𝐸𝑟 × 𝐵 shear remains, but vanishes in far SOL
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AUG radial electric field

W. Zholobenko et al 2022, „Filamentary transport in global edge-SOL 

simulations of ASDEX Upgrade”, NME 2023W Zholobenko et al 2021 Plasma Phys. Control. Fusion 63 034001



H-modes: ELMs must (and can) be avoided in reactors
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T. Eich et al NME 12 84 (2017) E. Viezzer et al NME (2022), submitted

RMPs

exhaust

compatible



GRILLIX offers high resolution of turbulence across the X-point
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M. Bernert et al 2021 Nucl. Fusion 61 024001

GRILLIX simulations of attached L-mode ASDEX Upgrade

The high resolution of turbulence around the X-point is particularly 

promising for investigating the X-point radiator scenario.

W. Zholobenko et al 2021 Nucl. Fusion 61 116015


