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Helical Systems: Evolution of helical systems research

+——+——+—+—+—+—+>

1950 1960 1970 1980 1990 2000 2010

Heliotron-D Heliotron-E

Helical winding

High shear
Built in divertor

Heliotron Large Helical Device (LHD)

Optimized Heliotron (1998)

High or Medium
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Helical Systems: Nested magnetic surfaces observed in recent helical devices

LH D Motojima et al., Nucl.Fusion 40 (2000) 599.

=+ 2 mm accuracy of helical windings
B=025(T), R_=3.75(m)

- Calculation

05

Jaenicke et al., Nucl.Fusion 33 (1993) 687.

Z (m)
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KEIAYHJLEEE (Large Helical Device: LHD)
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Heliotron configuration of K ... . e
|=2/m=10 field period :
| All superconducting coil system
Coil major radius 3.9m
Plasma major radius 3.42-4.1 m
Plasma minor radius 0.6 m
Plasma volume 30m 3
Toroidal field strength 3 T

ax _ Magnetic Surface _155_
Ergodic Layer t

Divertor Line

Poloidal Coil ./

Vacuum Vessel

Plasma

Supporting
Structure

Cryostat
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Establishment of integrated physics model
IS required to bridge over the gap

Normalized gyro radius

p*¥c T | aB

10-2 ¥, i

Collisionality

Vb”‘ocn/T2

*
< ~1/10
103 V-
- Reactor’f
O'Illz.é..a.s 10‘30.1.2..3.4.5
BEA) BT/ B B (%)

Gyro-Bohm nature in confinement

is preferable

xocp®

Collisionless (Long mean free path)
high B is an important issue

eXx. effect of stochasiticitv

(Sl
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Establishment of integrated physics model
Is required to bridge over the gap

Magnetic Reynolds Number : S

3/2 D
aBT  p
d=t,lt,« —
- Al,-_nle_ v %k k2
i b P

Role of resistivity
=» Resistive interchange mode

Growth rate of resistive mode
(B.Coppi, NF (1966))

7/ o S—l.r’_s

Pay careful attention to extrapolation
v is reduced by 1/6 7

Note: LHD cannot realize a plasma with full dimensional similarity
= Integrated physics model with reliable predictability

which bridges over the gap of nhon-dimensional parameters
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04 |
0 NBI power (x50 I\/IW)
(1019m
51 ebar
0 ; gas puff (z-ji.u.)

10°- neutral pressure (Pa) !
. -_ﬁ—— i
modlfled dlvertor

unmodified %jiver’tor
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time (s)

| Machine Pressure (Pa)  n. (10”m™)  Discharge mode

Alecator 3-6 20-40 ohmic
C-Mod 6-12 20-40

DIII.D 0.5-7 5-9 ELMy H
ASDEX-U 0.2-0.7 79 ELMy H
JET 0.02-0.25 5-7 ELMy H

Nucl. Fusion 39(1999)2413.
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