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PHD subject : Turbulent transitions in fusion plasmas

o Context : Preparation of the ITER experiment
@ Purpose : Increase the performance of a Tokamak by improving plasma confinement

@ Goal of the thesis : Understanding of the Low-High transition observed in Tokamaks
which improves confinement
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The tokamak (toroidal camera with magnetic coils)

Magnetic confinement : Fuel heated and maintained confined by magnetic fields in a
chamber : tokamak, stellarator, RFP

Inner poloidal field coils
(primary transformer circuit)

Outer poloidal field coils

Poloidal magnetic field
(for plasma positioning and shaping)

Deuterium-tritium plasma confined by
a toroidal and inhomogeneous magnetic
field

= Drift problem : Particles derived to
: the edge of the chamber

/ Toroidil fidd coils — — A poloidal magnetic field is added

Resulting helical magnetic field
Toroidal magnetic field

Plasma electric current
(secondary transformer circuit)

Produced power of 500MW for 50MW of power introduced

— efficiency ratio Q = 10
Plasma maintained at 150 million degrees for at least 400 seconds : neutral beam
injection, radio frequency heating (ion and electron cyclotron resonance heating)
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L-H transition

ASDEX experiment,1982
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L-mode : H-mode
Transition between two confinement
states, Low confinement and High %]
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turbulent kinetic energy

Dramatic decrease of the turbulence in H confinement
= Energy confinement time multiplied by two = Better energy efficiency

Some phenomena have been observed :
@ Decrease of the turbulent transport, particularly at the edge of the plasma.
o High temperature gradient at the edge of the plasma.

= Formation of an Internal Transport Barrier (ITB)

Main explanations

@ Shear flow induced by the electromagnetic flow.

@ Formation of zonal flows
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Our proposition
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We propose to study a transition between two- ' i
dimensional turbulent states in axisymmetric o5 ]
flow _: 2D2C and 2D3C W-Ith two and three 0 s
velocity components respectively (PHD subject CiC,

of Z.Qin)

Transition between two 2D turbulent states
related to the anisotropy of an imposed forcing

Poloidal
F7 plane

Goal :recover this transition in a toric geometry
and find a relation with the loss of confinement
observed in tokamaks
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Numerical study

Study of a two-dimensional system (r,6) with

Magnetic

three velocity components (r, 8, ¢) : The flow is feld s  Magneti
studied in a poloidal cross-section of a tokamak
modelled as a disk

T Poloidal
U = Upol + Uor avec Upol = Uy + ug et Ugor = Uy Torcidal field Plagma currer Cross section

V.
Numerical tools

B8: yianehonng

le: 2578 Time:1.8

Numerical simulations with Nek5000 (spectral
element method)
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Choice of the forcing

Navier Stokes equation + forcing F = Fpo + Fior :

1
7 + (u.V)(u) = _;VP + vAu + F

DB: cyld.nek50

@ Scalar field T(r) such that Cveles6afs
oT

ot + (u.V)(T) =kAT + 5(r)
with S(r) source term

@ Poloidal forcing induced by the scalar
field

Fool = ¢ T(r)er — Brecor X Upol

o Toroidal forcing at the same place :

w5y R
Ftor = Ct <B(rmin7 rmax)“d) - T .(;;y) R
Scalar field T(r)
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Visualisation of the flow

Friction retor X Upo added :

DB: stfcyld.nek5000 DB: stfcyld.nek5000
Cycle: 1743 Time:147.377 Cycle: 4230  Time:36.6869.
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Transition

Highlighting of the transition with the evolution of the parameter v = E;/E,
Variation of the anisotropy of the forcing (£ =~ ¢;/cp)

Transition from a 2D2C state (Et/E, = 0)to a 2D3C state (2D3C)
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Visualisation of the transition with the energy
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Visualisation of the flow

Structures of the flow are modified during the transition

DB: stfcyl4.nek5000
DB: stfcyld.nek5000 " ime:
Cycle: 4230 Time:36.6869 — Cycle: 1010]  Time:7 42852
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Stream function field in H mode Stream function field in L mode
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Next step

Toroidal perturbations generated by the scalar field
Idea : violation of the axisymmetry = T slightly advected by the toroidal
oT  ug 0T oT

WYNT) =g+ 55 gy
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Link with the LH transition

Introduction of a scalar field © in the center of the disk.
Study of the relation between this scalar field's temperature and the anisotropy of the
forcing.

Consistent results : drop of the temperature in L mode
= Weaker confinement for E,/E, > 0

EUEP:‘O 0
Et/Ep=3.05 —— |

Temperature

L L
0 0.2 0.4 0.6 0.8 1

Distance axiale

Radial profile of the temperature in L mode and H mode
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Link with the LH transition

Drop of temperature can be linked to the transition to the 2D3C state caracterised by
E./E,
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Relation of v and the temperature of the tracer at the center of the disk with the control
parameter &.
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Conclusion

@ A 2D2C-2D3C transition occurs in a toric geometry

@ This transition can be related to a loss of confinement in a torus

v
Perspectives

o Improvement of the forcing

@ Spectral study of energy transferts (GHOST)

@ Spontaneous generation of zonal flows ?

o Hysteresis?
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