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Tokamak edge plasma: a turbulent fluid

Edge plasma = region of plasma impacted by solid wall and associated
boundary condition

Turbulence
(~Rayleigh Bénard)
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Two key issues for ITER: Confinement and
Power exhaust

Power exhaust

cross field tl;ansport
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Objective of my Ph.D. thesis: understanding
how magnetic geometry impacts turbulence
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High collisionality in edge plasma
v* o« nT ~3/2

allows fluid approach in numerical

modelling

TOKAM3X model
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The shape of turbulent structures follows
magnetic geometry

Plasma strongly anisotropic — v, >» v,

Turbulent structures quasi-aligned on magnetic
flux-tubes B - dS = const

— structures radially stretched where poloidal
field B? is low, near X-point ﬁ
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Turbulence in the divertor helps spreading
the heat flux

Experimental result: heat flux profile flattens increasing the “divertor leg length”
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Interpretation following simulations: turbulence in the divertor is responsible!

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA

RISERVATO AL PERSONALE DELLUUNIVERSITA D1 BOLOGNA ENON PUQ ESSERE UTILIZZATO Al TERMINIT DI LEGGE DA ALTRE PERSONE O I'ER FINI NON ISTITUZIONALI



=

vertor geometry increases the stability of
the system
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CONCLUSIONS

» First simulations of turbulence in the tokamak edge plasma with X-point

geometry have been run with TOKAMS3X, a 3D fluid turbulence code

» Turbulent structures are quasi-aligned to magnetic field, leading to

radially elongated structures near the X-point, similarly to experiments

» Turbulence can help the spreading of the density profile (related to the

heat flux one) at the targets

» The geometry of magnetic field lines in X-point configuration stabilizes

turbulence, leading to an increased confinement
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Back-up slides
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TOKAM3X model

Mass conservation 9N + V. ((F —]||)E) + 7. (N(tg +ugg)) = Sy + DyVEN

Parallel momentum

conservation W

== — F - — — .
Vorticity oW + 7. (W_b) +V.(Wiig) = V.(Ntibg — Niigg) + V. (Jyb) + Dy ViW
conservation N
Ohm'’s law mNJy = VN — NV, &

R Drift Waves

. s (1 (< ViN

Vorticity definition | =y, (BZ <|7lq> lT)) Kelvin Helmholtz
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Here isothermal version, , 6 =m/2
no neutrals

Bohm conditions in |l direction in the SOL ]
Improved, in order
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Periodic in ¢ asymmetries

> i 1D 20 Periodic in 0 for closed field lines
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Turbulence evidence at Low Field Side of Tore Supra
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Flux expansion impacts turbulent ExB fluxes

Flux expansion

VY0, mp 1
fx(grl/)) - ﬁl/)(@,l/i) VII) X 2o BO

Macroscopic consequence on ExB fluxes proportional to flux expansiontt!
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X-point topology

Multi-domain decomposition - Flexibility to simulate any magnetic
configuration (Limiter, Single-null, Double-null, Snowflake)

Example: Divertor single-null domain decomposition

Subdomains are solved in parallel = Improving code performances
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