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/ Basic Tokamak Variables

« Cylindrical and local coordinates for a tokamak

Current
Coil

Particle
Trajectory

Poloidal
Direction

I
]
’- Toroidal
Cr) Direction
]

Plasma

 Aspect ratio: Ry/a ~ 3-5
ex) KSTAR: 3.6, ITER: 3.1




Basic Tokamak Variables

 Plasma equilibrium parameters

ZA

» Elongation: «

» Triangularity: 0

» Squareness: ¢




Basic Tokamak Variables

 Plasma equilibrium parameters

R =R, +acos(@-Jsin 6)
Z =kasin 6




/ Basic Tokamak Variables

 Plasma equilibrium parameters
121497 1150.0000
ﬁ 121516 1150.0000
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« OQuter and inner squareness: Co,i

What is the squareness?

s ] R=R,+ acos(9+sin +5sin 6’)
Z = kasin (¢9+ g, SIn 26?)
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Basic Tokamak Variables

- Safety factor g = number of toroidal orbits per poloidal orbit

 General definition

Bco
q= § ——ds
R0 Be
Integral is along a closed path enclosing the minor axis and lying on
a specific magnetic surface; thus g is a surface quantity.

2
o5 = 08" B, f f : describing the role of plasma shape
Rl A
2 2 3 . -1
o _Lri’(r20; -1.263) (L7 0.65A ) JRS—
2 L-a7)

ITER Physics Basis, Nucl. Fusion 39 2169 (1999) o
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0 §E|-§I:I|-2| &4 - Elongation
E7taF Z2t=0fo| MHD QtHME 7|&
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(toroidal field, aspect ratio 1178 Al)
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g-profile

St safety factor= elongations

Uos

Advanced scenario

 Baseline scenario

LHybrid scenario

Ul —

Normalised radius
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- Safety factor, beta SLHO| 25 elongation

SU7t #ag.
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o Sct=019| A4 - Triangularity
- Triangularity= safety factor SCHO|| 2f7+ 7|0
- By limit SLHO| 7| O
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Right before A

Normalized pressure
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o St=019| A4 - Triangularity
- Divertor plate0f O/ X|= heat load SLHS| R0 Z A&
- ELM MO0 2o = A8

£ Type | ELM (Safety factor 3.9, Triangularity 0.2)
g 3 0.6 prrrr T
© M ; Type I O ]
o 05¢ .
=" I > : ]
e~ ‘c 04F o :
538 Ot %0.35— Type | ]
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S ol Safety factor
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Cf. Type II ELMs

- confinement not degraded, relatively small impurity accumulation,

lower heat load on divertor
- at high triangularity and in a high safety factor regime




Turbulent
magnetic
fluctuations

Blue: New

—— coincide with #66476
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Time (s)

® ELM behaviour constant over pulse
® \ery fine scale activity - distinct ELMs almost indistinguishable
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4  ASDEX Upgrade

: <n.,>/ngy :
0.0t T
0 1 2 3 4 5 6 7
Time (s)
®* No sawteeth, good confinement, and gy~ 3.5, T, ~ T,

A,

<n.,>/ngy ~ 0.88, averaged over 3.6 seconds (~ 50 7).
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Bootstrap Current

Externally driven
Current




o A FEt=0Oro| E% it Hofof Cligt 1
- X217t A S &, A e|™ 3 OF parameterol Mo AH
HEE= A4

e

Controlled variables

Controlled actuators Toroidal magnetic field *
Toroidal & F;Ias_r*r_ma EUFL&H; Ip *
i osition and shape
poloidal —| Magnetic field |— 2orion ane snap

magnetic field Major radius R*

coils Minor radius %

ellipticity c*

triagularity S *

divertor configuration,
. (impurities)
. Electron
. Current profile
NBI. RF | ‘ Heating I_ P temperature
ower
P Electron density » Neuton . :
Gas injection - Stored energy » 9°NSTEONTEE :
: Particle lon temperature  Ragdiati * >
Pellet fueling adiation power ’
Neutral pressure I '
Divertor pumpingH

Q * netge Ti (Ti< 10keV)

Particle Ash, Impurity . —
exhaust exhaust ‘ Energy multiplication factor

. _ _ Kinetics control
Feedback control variables in JT-60
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- ideal MHD(us), Ol X| RdH|(s), ™F =i A|ZH~100 ),
XS Z2H(~1000 s)2| FHE 2 Al 40| =X
_ _ Sec.
10-3  10-2 10-1 100 101 102 103 104 109 106

" .......I " ....“‘I " .......I
MHD Energy confinement  |Current diffusion

ELM’s - Disruptioj |C-b|oom| |Coo|ing of P.F.C.| Total thermalization
|Partic|e confinemenﬂ W\_Iall inventory Erosion |
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- Burning plasma simulator 7i 20| 52%.
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NTM (Neoclassical Tearing Mode): ECH/CDE T & actuatorZ TH]
RWM (Resistive Wall Mode):
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— conducting wall 282 — blanket A0 3 A &S &
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