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(TOkamak Prediction and Interpretation Code System)
. Fortran 90

. IBM SP3, Compaqg(Dec) alfa WS, PC Linux, SGI Origin

. Graphic library : GDIib + Eagle
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( mesh: 50-400)
p=(P(p)/P(1))%> (0<p<1)
on, 7 , 2 on.
Y &p(v (Vo) $j+ S

(1) Chang & Hinton model

(2) Hinton & Hazeltine model

(3) Matrix Inversion Hirshman & Sigmar model
(4) NCLASS (Houlberg)

(1) Kadomtsev
(2) Romaneli n 1 model



MHD . MEUDAS (mesh: 128x128, 256x256, 512x512)

2D Grad-Shafranov eq.
Fixed or Free boundary, or FCT

22334

. Hirshman & Hawryluk model (or NCLASS)

Bootstrap
Matrix Inversion Hirshman & Sigmar model
(or NCLASYS)

NBI : Stix or 1D or 2D Fokker-Planck eq.

NBCD : Mikkelsen model (Stix & 1DFP)
Polevoi (ASTRA) model (2DFP)

ECH/ECCD : Ray tracong and Relativistic Fokker-Planck eq.




: Monte-Carlo

. Full charged impurity ion
or IMPACT (fluid eqgs. + NCLASS)

. Given profile or Calculated from carbon Lz(Te)
or IMPACT

. Fehlberg model or Parks model (including ExB drift)

MHD . Sawtooth : Kadomtsev model

Tearing mode : Cylinder model for stability index A

Modified Rutherford eq. for island width
Bollooning mode : Stability analysis

SOL / Divertor : IMPACT or five-point model ( )




Modified Rutherford equation
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Polarization EC

L,=q/(dad/dp), ps: Rational surface position
W : Magnetic island width in p coordinate, A'(W) : Cylindrical model, o = (m/p,)?
W, : Finite y,/y, effect (R.Fitzpatrick, Phys. Plasmas 2(1995)825.)

W, : Validity limit of the model, W, =£0-°p,; assumed (H.Reimerdes, LRP 700/01(2001).)

jec : Averaged EC current, jec = lgc/na2 )< >
Nec - Efficiency calculated on assumed island structure .. =
(C.C.Hegna and J.D.Callen, Phys. Plasma 4(1997)2940.)




ECH/ECCD CcO d e (K.Hmamatsu, et al., Plasma Phys.Control. Fusion 42(2000)1309.)

EC ray trajectory . Standard ray tracing method

Profiles of driven current and heating :
Relativistic Fokker-Planck eq.

Example :
Fundamental O-mode wave of 110 GHz
No modulation in phase with island rotation
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IMPACT (IMPurity Analysis Code for Tokamak plasma)
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Fluid transport eqgs. +




( Ref. : N.Hayashi, et al., J.Nucl.Mater. 266-269 (1999)526. )
Stagnation point
Stagnation point

< ; SOL | | _
| “ Divertor region A (FO—O) Divertor region B
| \  Throat A SOL ThroatB /
| ' .
| soL / ] P
| current ® i = Z
| A o (along B)
| | I -
Throat ~ XX Throat SSOL WSQL SdiVWdiv Particle &
Divlbrtor A /D Divertor B P . > >  energy
Inside plate  Outside plate Lgv  lstag LsoL-lstag  Laiy  Source/sink

Heat flux ‘| e j\\ _

e System of model is divided into four regions, i.e., two SOL regions and
two divertor regions.

e Fluid equations are integrated along B in each region and reduced to a set
of nonlinear algebraic equations with physical variables at the five positions.

e All the quantities are those in a magnetic flux tube the nearest to the separatrix.



Asymmetric equilibrium with current

High/Low recycling (symmetric) equilibrium
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Tearing stability, sawtooth
Parameters : | D =1.5 MA, BT =35T,R=32m, a=08m, V=60 m3, Kk =1.5, 0=0.1

n,=1.0x10° m> T,=18keV, T, =1.3keV, 8, =0.1, W, =0.4 MJ, P, =0.7 MW

(Ohmic plasma)
Sawtooth : Kadomtsev model
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Density and pressure profiles within O<p<p. L g5

are redistributed. ( f Before _, f After)
Sawtooth period : 200 ms

Tearing stability index A" : Cylinder model 0
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NBI before sawtooth

Tearing stability
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Typical JT-60SC Parameters :

1,=3.0 MA, By=3.8 T, R=2.9 m, a=0.85 m, Pg;=30 MW, ng=4.2x 1019 m3,

To=6.4 keV, Ti= 7.5 keV
02— T—T—— Diffusivities : Empirical model
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|
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D, = %o = £ = 0.06(1+ 29°)(1+ P °°) M /s

Flattening effect : Amplified diffusivities inside island
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ECCD

NTM

NTM is fully stabilized by EC current on the island center.
Off-center EC current can decrease island width, but not fully stabilize NTM.
EC current moves rational surface through background current profile modification.

— Decrease stabilizing efficiency of EC
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Graphic lib.

goto Implicit none



