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Abstract

Currently, there is active interest in the research and development of helical systems. New large de-
vices using superconducting magnets (LHD in Japan and W7-X in Germany) are expected to produce
highly improved plasmas comparable to those recently obtained in the large tokamaks. Because current-
less steady operation is advantageous, these aggressive programs have accelerated several design
studies of helical-type reactors, which are promising alternatives to demonstration reactors.

A reference design for the Force Free Helical Reactor (FFHR) is presented, the main feature of which
is the force-free-like configuration of the helical coils. Another feature is the selection of molten-salt Flibe
as a self-cooling tritium breeder, which enhances safety. Demo-relevant engineering issues in the con-
cept definition phase are discussed.

Keywords:
helical reactor, reactor design, LHD helical device, force free coil, liquid blanket, current less plasma,

17.1 @JUBIC
RREZH CLADHNBEGCTADORAT I L%

EilHAb.
BIROANY A NVRO CADWRED, FEBRIPEE b

(stellarator) (JCIXIAFED TEDO +—F X, OF) 13,
BROEBERIA NI E basf T ARG VEEPS
%Y, MaAVEHEEFEILIEY 27—/ VRb D
A5[1]. ~nyF by, by (heliotron/torsat-
ron) 3FRE (EK) OMBETAF7IZL55DTHY
(2], BROFFRERIT AV & BERS I A VT
LBV TNV EEPREETHE. TNHBIV
L. Spitzer CK) [3112 & % 8 DB EH & T 5 N EBA
WMoY T v (heliac) &, HLADBRE&REILL
72~1) 7 A (helias: helical advanced stellarator) [4]
ERBLTANYANR =T ALIEENT VD, b Hv
JRE DEREN R E NI T I ATERELEE LN
author’s e-mail: sagara@lhd.nifs.ac.jp

947

A=z (BlE LCITER) ICHARTHEBEICHISED
HEIHDLLDOD, NI IBBRESRBEREIE EE
EHEWTWLBRT A A9 7 a vl#Ee @wibicBL
TiE, BEALLIDON=FVEBZTBY, N HILHR
BEIFOBBE T M~ 7 BEHEELBELLDOT
o.M, BT ANVEZRICHICER RS FDO
7o, BREEAXE, 7507y POBRFRRED L%
BIAEMIC R B, LIzh T, NI VEIBEEIEOE
B~DOREIL, MUADOEELWEL LB, B
ELCOFEARPEEDOREIRAEOREICH L. 79X
< E & REER - KEER - TR A 2 V2 &L 7S5
YIVATABLIOFREEMEHCET 5 HREIE, b

NI | -El ectronic Library Service



ZENZIZIZHB LM CTE 5.

ZITiE, ZRAOERE FREORHEMIT L L
LI, RAPREEDTVBEAY A b o v EGREER
FFHR (Force-Free Helical Reactor) % #%&H6l& L TR
L, SHOFBELBHTS.

17.2 ANVANWFRDN—5ARENRDER

19524F0 8 DFA S E 5N IV ROERE &R
i, L970ER D 5 0 b A v 7 KBEBRO% D, Cleo (38),
L B X O Uragan (I[HV #), Wendelstein () D 2
75 L —4% &, Heliotron (H) 40K ) —XBLO
T 72 SR/ RISETE I X o TR D R 2Tk, b
AL CRBEFIPYDTREEINLICES/. &
{2 Heliotron 248 D& FE % R, 19804 H 6 DA
U hVREROVSERES ) &7 o 72, FFEII8MFITIX
HE7TAVHECAYFT O Y by Blo ATF
(Advanced Toroidal Facility) A&k &#, 19944 F T
BEL 7.

IO LX) HREBIREN S, 198MFEICIEE Y AT A
EHEIL VX B HRRKOANY 4 ba B LHD (K
BN A VER, Fig D) BEEAIVERARETFERT (5
BEART) ICTHBSING], PELSBDI998E3 A
3IHIZ7 7—A M A% HKL, 5 A13HIZIESE 1
HA 7 VEREKRT L. SBIEERSGFICESL ST X
<, 1B EOREERELOET. FLUTH
LHD D ~1) 7 A BEEEBEEY 27— 2 4 VKD
W7-X (Wendelstein 7-X) HERIARKBICHT > T3
[4,6].

AN AV ROBEHEAIIIHTEETHE R 82D 5
2, BURADEHIIIO L5 A E (magnetic island)
DERZRET 5 7% EOBMA S, —BRICRKETRSAEE

Support'mg’ R . . = .
Structured SC Helical Coil Cryogenic
Suppdrt ing Post
Fig. 1 Large Helical Device (LHD).
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Table 1 Design parameters of conceptual helical reactors.
Heliotron-H T-1 UETOR-M MSR CT6 | HSR FFHR-1 MHR-S SPPS
Main field coils 2 3 (modular)| 3 (modular)| 2(modular) 2 50 (modular) 3 2(modu1ar) 32(modular)
Toroidal field periods 15 20 | r6 | 6 6 5 18 - 10 4
Major radius 21m 29.2m 241m | 20.2m 6.57m 20m 20m 165m | 13.95m
Average plasma radivg  1.8m 2.3m 1.7m 1.8m 1.74m 1.6m " 2m 2.35m 1.6m
Toroidal field on axis| 4T | 5T 55T 6.4T 6T 5T T12T ST 4.95T
Average beta 6% 3.54% 5% 4% | 470% 4-5% 0.70% 5% 5%
Fusion output 34GW 4.3GW 5.5GW 4GW 1.8GW 2-3GW 3GW 3 SGW 2.29GW
T-breeder Li,0 | Li Li17Pb83 6Li17Pbs3 Flibe | Li
Structure material SUS HT-9 | HT-9 JLF-1 v
References 7,8 9 10 11 12 13 15,16 17 18
1974-1982| 1978 | 1981 1981 1989 - 1992 - 1995- | 1996- | 1997 |
Kyoto-U MIT Wisconsin-U | Los Alamos s | ORNL IPP—Garching‘ NIFS NIFS UCSD
Princeton
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Fig. 2 The blanket and shielding structure in FFHR.
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Fig. 3 Schematic illustration of the FFHR system layout.
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