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¢ Principal 3D Effects in Tokamaks G

« Toroidal Magnetic Field Ripple
Periodicity oc Number of toroidal coils

. Test Blanket Modules, Ferritic Inserts, Toroidal Coil Quench
Periodicity typically n =1

« ELM Control — RMP Coils
Periodicity typically n =3 —4

» Spontaneous Internal Helical Structure Formation — typically
'Snakes’
Periodicity n = 1
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MOTIVATION (il
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« MAST Long Lived Mode resembles n=m=1 saturated helical mode

- As q,,, approaches unity, LLM appears and fast ions are expelled from
the plasma core (fast ions distribution represented by neutron emissivity)

eMAST frequency spectrum eMAST neutron emissivity

RM3 values for shot 26887, Mirnov,Bz,/XMO/OMAHA/ 1LZ
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¢ Introduction .(I)ﬂ-
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o Investigate 3D helical distortions.

Long-Lived Modes in hybrid scenarios.

Use MHD equilibrium approach. Compare with standard initial value
nonlinear stability.

Free boundary calculations to include RMP and ripple effects.

Fast particle confinement in static 3D equilibrium fields.

3D distortion in tokamak similar to SHAx in RFP.
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q@;» Equilibrium Description  IR¢ [l

(1) Assume standard tokamak coils (almost axisymmetric boundary)

0
d

(2) Solve for internal flux surfaces in equilibrium: 5 i =JxB-VP

- Relax axisymmetry constraint in the vacuum and plasma

« Two solutions possible. One axisymmetric, the other is helical, with
displacement amplitude O, = \/R (s =0)+ Zgl(s =0)/a
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¢ Magnetohydrodynamic Equilibria — 3D.(I)ﬂ-
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Impose nested magnetic surfaces and single magnetic axis

Minimise energy of the system

SRS =

)

Solve inverse equilibrium problem : R = R(s,u,v) , Z = Z(s,u,v).

Variation of the energy

8R 07
///dsdudv FR + Fy— 5 + F 5

8)\}

/Lﬂm’m+MX$Z ).

Use Fourier decomposition in the periodic angular variables u and v and a spe-

cial finite difference scheme for the radial discretisation.
VMEC/ANIMEC codes.

Implemented in the
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Fixed Boundary DIII-D Computations .(I)ﬂ-
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o (#) ~0.89% . I, =143MA ; Gmin ~ 1 near half radius
¢=m/3 ¢ =271/3
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Free Boundary TCV Computations .(I)ﬂ-
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e TCV coil system

e Toroidal coils modelled with 4 filaments carrying a total of 358k A

e There are 16 poloidal field coils that typically allow up to 238k A
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¢ TCV Profiles and Axis Excursion versus ¢,,,;, .(I)ﬂ-

o Pressure profile prescribed as p(s) = p(0)(1 — s)(1 — s%)

I, vs /s

q Vs /s OH VS dmin

<B>~0.6%

0.5 1 0 0.2 04 0.6 0.8 1 0.94 0.96 0.98 1 1.02
Vs Vs Ui

e Large helical core for 0.96 < ¢,,in < 1.01 for (3) > 0.6%
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Free Boundary MAST Computations .(I)ﬂ-
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e MAST coil system — 4 filaments per coll
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¢ MAST profiles .( W k-

o MAST profiles: pressure (p), toroidal current ({j - Vv)) and ¢ versus +/s.
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¢ MAST pressure distribution at the midplane .(I)ﬂ-

o “Axisymmetric’ Branch Helical Branch Helical Branch
o ripple no RMP + RMP

014
205

014
305

e Boundary modulation due to core snake structure is weak.
e External perturbation does not disturb helical core.
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¢ ITER 3D Helical Core Simulations .(I)ﬂ-

e Comparison of the magnetic axis displacement between the ANIMEC 3D heli-
cal branch equilibrium solution and the nonlinear saturated state evolved with
the XTOR initial value stability code (H. Litjens and J. F. Luciani, J. Com-
put. Phys. 227 (2008) 6944 ) of the axisymmetric branch equilibrium solution in a
fixed boundary ITER simulation.
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¢ MAST Fast Particle Guiding Centre Orbits .(I)ﬂ-

e Coordinate independent noncanonical phase space Lagrangian formulation of guid-
ing centre orbit theory (Littlejohn, J. Plasma Phys. 29 (1983) 111) implemented
in the VENUS-LEVIS code.
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¢ TCV Boozer mesh grid .(I)ﬂ-

e Boozer coordinate mesh grid shows distortions at the interface of the helical core
and the axisymmetric mantle
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<«# Summary (P |

« Axisymmetric tokamak systems: 2 solutions

e 2D axisymmetric branch

e 3D helical core branch

« Helical core predicted for

e hybrid scenario.

e standard scenario before first sawtooth crash (MAST).

« Reversed magnetic shear with ¢,,;» ~ 1 off-axis can trigger a core
helical structure solution similar to a snake.

« The predictions are relevant for the ITER hybrid scenario operation.
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¢ Conclusions G L

o Internal helical structures weakly modulate plasma-vacuum interface.

« External perturbations do not alter 3D helical core.

« Standard nonlinear stability calculation consistent with 3D helical
core equilibrium states.

« Helical core degrades fast ion confinement.
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