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Multi-Device Dimensionless Scaling of Neoclassical
Tearing Mode Beta Limit' R.J. LA HAYE, General Atomics, R.J.
BUTTERY, H.R. WILSON, Euratom/UKAEA Fusion Association Cul-
ham, S. GUENTER, MPI f. Plasmaphysik, G.T.A HUYSMANS, Jet
Joint Undertaking (now at CEA, Cadarache) — To extrapolate the neo-
classical tearing mode (NTM) beta limit to reactor grade tokamaks, a
multi-device database has been compiled from Asdex-Upgrade, DIII-D,
and JET. The key issue in predicting the NTM beta limit is the relative
scaling of the “seed” island wg to the threshold island wyy,. For sawtooth
induced m/n = 3/2 NTM, the relative threshold island width is taken
from the polarization/inertial model? as wey, /7 o pivg'/?(e, v) where g is
a function of collisionality v = v;/€ewe, that increases from 1 at low v to
¢ 3/2 > 1 at high v. The relative seed island scaling, allowing for the dy-
namics of geometrically coupled perturbations as a function of magnetic
Reynolds number S,3 is taken as ws/r o< 85 S™% o p2v® for v = /2.
Thus the scaling of wg/wy, o pf’ffluo‘ with pi. depends critically on
whether « § 1/3. Best fits of experimental data will be presented.
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OFTEN THE FIRST LIMIT ON BETA IN HIGH CONFINEMENT ELMING H-MODE

e (=1 sawtooth induced m/n =3/2 NTM; beta decreases by up to 30%
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HELICALLY PERTURBED BOOTSTRAP CURRENT
CAN EXCITE NEOCLASSICAL TEARING MODE
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[1 Modified Rutherford Eq. with Wy esh = €12 pg; the ion banana width

w Wseed/Wihresh 2 2
o Bo crit= [FATI(EV2L L] (Mihresh) [ Wthreshlwseed)}  Wihresh >> W

L] if WeegMWinresh = constant > 1, Bg, crit O Winresh/f 1 i

L1 if WgeedWihresh < 1, Be, crit — ©, i.€. plasma remains metastable

15 m/n = 3/2
A'r=-3
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DIMENSIONLESS SCALING MODEL

*  Winresh from polarization/inertial model (Wilson, et al., 1996)
(0 Winresn/t TP ix 92(v,€) with g = (1+Cov)/(1+C3v) for v = vilew,, and Co/Cq = £-3/2

— wglr O (xgx ¥ Op ¥3for xg O Xgonm and X, 0 Cew™
.. Fitzpatrick et al., incomplete pressure flattening

*  Wgeeq from dynamical coupling model (Hegna et al., 1999)
Oy B e AC

* x g Ygo-a
HIJE f ,/\ES 0BgS ™, athd

rel. sawtooth amp. geometric mx1l dynamic shielding at g = 3/2 skin layer
a function of S? coupling increases with mag. Reynold's no.

B Wseed 0

— SO Bl/z/pl* VU Weeeq/r P 30 O(fory o2

1/

= constant for a = 1/3 and fixed v
Wthresh

— o > 1/3 would be favorable for a reactor-grade tokamak
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EXAMINE DIMENSIONLESS SCALING IN AUG, DIII-D AND JET

AUG

DIll-D

JET

ASDEXUpgrade

e LSND, ELMing H-mode, q95 2 3
e Sawtooth induced 3/2 NTM database
o Extrapolate to proposed ITER/FDR
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CONTOUR PLOTS OF DATABASE FOR SAWTOOTH INDUCED 3/2 NTM

e A common separable power law of form Byc U pf(* (vi/sooe*)y

— Does not represent the scaling, thus o # 1/3

e [ U pjxis support for polarization/inertial threshold model

AUG & DIII-D “Medium Size Tokamaks”
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BEST FIT OF DATABASE TO PHYSICS MODEL HAS a = 4/9
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[] Seed island decreases faster with p;, than threshold for a = 4/9
— stabilizes at very low pj,, high S, i.e. Wgaeg/Winresh < 1
...nom op pt is stable for ITER/FDR
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CRITICAL BETA FOR NTM DEPENDS ON
RELATIVE SCALING OF wgeed TO Wthreshold

Wseeg/l decreases in dynamic shielding model at higher S

— Wgpeg/t 0 S 003 (at fixed v)

Wihresh/I Cp i« from polarization/inertial model

WseedWihresh O pi«13 (at fixed v)

— Favorable for ITER-FDR, i.e. at small pj«

[ | Seed may be too small to excite NTM

... but depends on the difference of large extrapolations
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