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Progress of Plasma Performance
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Bad Cuneatting

28 TIA - BRGF SR 2005 £ 4 A5 DRIG-244.
Al — ST MO REDAE—MAST & NSTX- |

Tabla 1 Parametars achieved in NSTX and MAST.

NaTX MAST

R (m) (.25 (.85

4 {my) .68 (.65

A 127 L3

K 25 245

8§ 08 05

To (MLA) 15 L35

Br(T) 06 (.52

Prp (MW) 7 3

Fre (MW) & [LLITEW) 0.6 (EC/EBW)
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Figore &. The achieved values of (a) iy vs. plasma
internal inductance, and (b) Py vs. pressure peaking factor
for NSTX in the 1999 through 2002 research campaigns.
The lighter peints are data obtained in the 2002

campaign. Beta and internal inductance is determined
with EFIT code analysis of magnetics data.
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GA group Proposal

19" TAEA Fuslan Energy Conference, Lyan, October 22

Design [nnovations of the Next-Step Spherical Torus Experiment and
Hpherical Torus Development Path , M. Ono, et al., IANEA-CN-94/FT/1-4

= Industively
L. si=tained
{0=2, HH = 1.4)
TT0=10, HH = 23

MNS5T
[~ cHI OH Coil Limited

TF Coil Limited

A

Filat Plant

R, =0am

i =075 m

Mg =t0im

Ag+a=18m

Pr =814 MW

PH gr = 160 MW

Qa2 1.7

Power Plant

FI'E =0Em

a =20 m

Ry, =28m

Eu +a=4d0m

Pe = 5000 MW
1 i]-:ulm: = 2100 MW

Fig. 1. An 5T power plant is 23 times the

lincar dimension of an §T pilot plant. Both
cases Tor A = 1.4, neutron wall load at the
hlankel & MW/, By = 62%, [lp = 148, [}
=04, K =31

- MNeon-lnductively Man-lndunatively
- Asalsted Mot wop sustamad
(Q=0.25, HH = 1.4)
L {Q=0.9, HH = 1.4)
1 1 L1 1 ¥ 1 1 1
5 10 20 40 40 50 B0
: Flat Tap Duration (sec)
Fig. 1. ST development path Fig. 2. NSST Operating Design Points
N5TX “NSST syl
R{m), a{m) 0.83, 0.65 L5, 0.94 15-20.1-14
B (T).1(s5cc) 0.3-06,5-1 [1-26,50-5 | I.L-26 sicady stale
Ip (MA) <15 5-10 =10
I{, ﬁ m E'?1- uﬁ :’j-., - U.S
TABLE |



R N A= 7 P EE
ARTES-ST(K[F)
Parameters of ARTES-ST (8/98)

%S]DE':[ ratio A Elevatiy Waw af ARES-3T Fower Care

Major radius 3 2 m R % } R l]

hr.l':ld1

Minor radius
Plasmaz clongation, ¥, 3.7 K" 3 Fl % t
Plazma triangularity, 8, 0.7 = 'I 1
Plasma current 29 MA
Toroidal [ 548,
Toroidal field an axis 3T
Fusion power 2880 MW
Ave neutron wall load 4 MW/m?
Fecirculating power 500 MW
( TF Joule Josses 311 MW i*

Met electric oulput 1000 MW

19" IAEA Fusion Energy Conference, Lyon, October 2002
The Sperical Tokamak Fusian Power Plant , H.R. Wilson, ct al,, IAEA-CN24/FT/1-5

Eaciiiier
Plasma napreet ggis
Aiajor radiss
Piasmn clonsmtian
Plasma triangulasity
Plaama curresnt
Pressure drivven cuisfinl
Cenire rod carent
corralised beta
Condinzmenl relative fa IFESE(v.2)
Currgnt drive pévwer
Bafcor factor am axis gnd at edge g, gs
Enceoy conlingemens time
Electron density : Wolume nverage
Temperaturg : Valiime AN

Total fusion poswar
ez cleeirieal power

Averape negtron wall lasding

S e = - -
Tabie 1 Power Plaoi Faramslers Figare 1 3D View of Fower Core




Detobes- 2001

R E v F >

RFP & Tokamak®d
Tahle cu- Roversed-field pinch deviees m :I.'Z% ﬁ]\"ﬁ? CD tt&

Maior  Mina Torida e P g R G ]

radius radius current [

Location Name Operation® R (m) a {m} {MA) L i RRAHEITR

First generation

Culham HETX-1 197078 1.0 0.06 0.3

Fadug ETA-BETA-] 197477 [} 0105 0.1 ;

Los Alamo ZT-1 1970-T74 0.34 0.05 0.25 FoxT Baw  BH

ETL, Takvo TPE-1E, M 197574 0.5 .1 .15

Mapoya STP-1{M) 012 .04 (N ] ﬁiﬁﬁ BF

Represenlative second ralion devices - =1, =

Cullam HETX- 1B 1981 080 025 05 Tom2MA (B ks Ip=2MA oo (/ans

Puclua ETA-BETA-Il  1979-90 (.65 012 0.28 \4 b A 400

Log Alamos ZT-40, 40M 1951 L. L 0.20 .44 Ar S

ZA, San Diego OHTE 1081-58 L2 0,19 0.5

Univ. of Tokyo  REPUTE-I 1934 0,82 (.20 0.24 a ar

ETL, Tsukuba TPE-LBM(20) 1992 0.75 VN 0.2

Magoya STP-3(M) 19R3 0,50 0] 017 I'-Efl'ﬁ"..ll-g- HoL £

Stockholm Extrap T 1988 0.5 0,08 0.06 BB HE Ho4#
Extrap T2 1994—date 1.2 0,18 0,25 1 : 1} HEiR |

Sichuan S5WIP-EFP 1489 .48 .1 012 § 0 K

Mepa-ampere devices ' L ] : ; g

Harwell ZETA 195768 1.5 0.5 0.8 ab 4l

Padua RFX 19919495 20 0.45 1.2

Wisconsin MST 1986—dale 1.50 0.52 0.6

Teukuba TPE-RX 199k-date  1.72 0.45 0.5 (13§

B FHZR TEESRRON LOED FRIAERS (2001
"Yeur of stoct-up ond (where knewn) end of operatiow. ELH) AkEE
TOHTE refurhished,

FStopped by a fice i the power supplies. Operation is due to restart in 20034,
§Desipm value.
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SATHN=-F
A E1AE (BRETSEATIN-TLLT)

A Rfa=1.72/0 451, =05 MA (EREFTMA),

T EESR ~ 100 ms

A SE o L TRIEE AT EIR TR, i
#, AERHREVE. Full-metal wall,

A 1999538 & U RFPRIGEI L

W]

A Dep. Phys., U. Wisconsin

: ' R, U.
A BBAVERD Y Jb—F(REE~10) A\ Consorzio RFX (CNR, U. Padova,

AR/a=1.5/0.5,1 =0.8 MA (iB% ENEADREH)
a = = - i I
0.SMATEE) | WEmBM - soms - Fes 1 20BROHEH

A . A EFREKORFP
AEERE. >, MY IS TESE

Z AR/a= 2+0m.45, I, =1 MA (BiHE
A 19895 & | EiERbE ), K& ms
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A (1)

B e
® TITAN(Krakowskifih)

— F. Najmabadi et al., Proc. 15th SOFT, Vol.2

(1988} 1779.

— EK. W. Conn, et al., Froc. 12th Int. Conf.
Plasma Phys. and Controf. Nucl. Fusion Res.,
MNice, 1988, Vol.3 (1988) 315.

— A. Krakowski, Fusion Tech., 20 (1991} 121.

g L

TITAN-I Bifparameter
[

R/a 2.9 .7 0.60 {m)
A 6.5

BY AR A%

! 17.8 (MA)

Ta T; 9.5 /10,0 (keV)
Mg, 1 9.33/8.93 {1020/m?)
By 0.22

T 0.69 (s)
RS 2.3 (GW)
PHETEES T 18 (MW/m2)
S TF 4.6(MW /ma)

* PEBICIG L TFirst wall3E#, helicity injection|= & & &5

EBERE

45

7

October-2001

RFPIFExET(2)

*RFPDIFE LTH parameter

study

— EHBE—, 75X - BRePEE 77
(2001)793.=» BB ~(xopm / B0

R
R/a 13 / 1.5 (m)
A 8.7
L Eic AR
I, 25 (MA)
T(0} 20 (keV)
Ba 0.2
ookl 2.2 (m=/s)
EREEth 3 (GW)
it EE 3 (MW/m2)

® EE{LRFPEDHZE (Nebelft,

on going)

— Self-similar decay (~ dynamo free) k3
burning phase&F-0 pumpinglz & 58BH S >
“phasel & &4 E R iRHE
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Table 3.1 Major second-generalion landetm-mireor devicss

' Central el Flugs
Lacation Mame Year L{m) B (T) Heating ., Healing Anchors Bermarks
Taukuba GAMMA-10 1923 G 0.5 NBIICRH 3 NBI/ECRE d-pales ingide plugs  Bffectively axisymmetrc
Livermore  THX-U 1952 3 0.3 MNBIICRH 2 WRIJECRH d-pales as plug Potential dislnibution
Comiral
MIT TARA 1984 . 3 0.2 ICEH 3 NBIECRIT  4-poles cutside plugs  Stahilization hy
—~ [okey divertor/ponderomotive
Migmora RFC-3H-M 3 .35 ICRE .l ICHH Cusps as pheps ICRF-sustained tandem
mode
Madizon Phaedrus-B 1987 3 0.4 ICRII | [CRH 4-poles inside plugs  Ponderomaotive
slabilization; feating
: Tings
Eyolo HIEI 1.4 0.1 ICRH i ICREH Mone Pondromotive
stabilizrdon
Movosibirsk AMBAL-M 0 [962 13 0.45 b NELECRIL Cusps Fully axisymmetnc
Livermere  MFTF-B [ogs 20 )] ICRH/ICRH 12 ICEH/ECRH Mol put inlo operation

Novosibirsk(O i+ FYD = —:-—EEI

- GOT {Gas Dynamic Trap)
« GOL-3 (Multi-mirror)
+ AMBAL-M{Tandem Mirror)



H=<1 0DRRMNT AN
(ySEME—K; Fof) b LomE - RFEFHEALCAD
(iR A E— B 1EEL EORETFERNIVY A F RE

“}EHWGHH K | x r!(ii) %‘qﬁm_”

Sloshing NBI'+ T/ B —
Bmmeﬁﬂﬂécﬂa z %T@% Q'\"H) ég
Fl]as#EﬂH — - %%
L5 : :
= % 1 Nk .
£ 0[P &5 feo | BRAERTET  Ti=15keV
= wE '_ ’ 'nl"in 5 e a
2 Without Plug ECH _ . il o
B - \ 5kV = o I Ti=15kev
< I S
=2 g D T
® M TIME (s}

HR10FTAZIT—

286G &y
Machine Length ‘rﬂsﬁfhg f—"r
3y

Barrier

14




1

GDT DEVICE, RECENT RESULTS AND FUTURE PLANS FOR GDT UPGRADE

Tahbls 1 The parmmaters of GDT device.

Paramster Sraloe
MdirTor o mirmoe destatss Tm
hinpretic Geld: at midplans max (28 T
in mirmors 25-I5T
Target placma: density 3-20 llilul:m'-1
radivs at the midplanc =1¥em
electron lemperatucs Up to 130 ¥

Meutral beams: snerey

13-17.53 ke¥

pulse ducstion 1.1 ms
mjeohon power Max 4.1 BW
']
injection wngls 43
LI
Drensity of fast ions all m
Mean enecoy of fasl fons B 10 keeW
Maximal plosmo B 4%
Table I1I
GDT-upprads | GOT 2002
Electron temperature | 250-300 &V Muax 130eY
Bulk plasma denaity | 44 100w | 4 100w
Tast jon density 2T 10 mT 107
bdean energy 10-15keV B-L0keV
Bulk plasma P 40% =205

A Jvinow, G.F. Abdrashitow, A% Anikeey,
P.A.Bapryansky, B P Deichuli, AN Eirpushav,

A orepanoy, A A Lizunoy, ‘l.-".’-.-’.!-'[a.t:ilngir.

8.V Murakbtio, A Yy Smirnev, A A, Fouey

Budber Institute of Nuclear Plhysics, 630090 Novosibirsk,
Russia; +007-3833-304-125

8 14 5 17 16 13 15 ? : 15 16

Fig.1 The GI3T layout: 1- vacuum vessel; 2-expander end tank; 3«cusp tonk; 4-end
bank; S-mirror coily; 6-cusp coils; 7- coils; B-plasma pon; $-pdditional plasma gung .
[0-plasma dump; 11-neutral beam injectors; 12-beam dumps; [3- liner; 111-::;]335.1.;;-;
coila; 15-coyopumps; 16-Ti-getar pumps.

TRANSACTIONS OF FUSION SCIENCE AND TECHNOLOGY — VOL. 43 JAM. 2003
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Fig.2 Axial profile of D-D fusion product yield in GODT,



m AT/ N el

HGRPBEAL (Ficld Reversed Configuration :FRC)

meble 4.2 FRCs in operation arcund 1590

I

Location Mame Length [z} Diameter (m)
_ Eurchatov Institute TOR ] L.50 0.20
T-L 083 .18
Los Algsios . FEX-C 200 0.40
. FEXM-C/LEM 2.00 (.60
Milieo UTniversity WUCTE-IIT 1.50 .23

Osaka University OCT n.5e 0.154
PIACE 100 .12
FIX 100 .40
Spectez Technaology TRX-Z 1.00 0.20
LEX 4,50 0,80
University of Washinpton HBEOM 2.00 0.20
L85 E-0 044
A7 x0T wY

Table 4.3: Some representative spheromalk devices

Year of irst  Containment  Plasma ring © Formation

Location Mama aperation diameter {m) current (kA) _scheme
Princeton E-1 1983 4065 350 Indnctive

Loz Alamaos  COTX 1954 .63 300-s00 Conxial source

 Maryland P3-1-P5-3 1983 Theta pinch

. Magoya BPACVIT" 0.3 0 RER

" Dsaka CTOC-I, I 1980 075 ok Coaxial souroe
Himeji FACT 1987 Current fzed

- Tokyo T5-3f 0.45 75 Inductive

. blanchester SPHEX 198E 1.0 I Crixial source

P Central conducting rod,
-~ Y Central Ohmic-heating traneformer coil.

S
-BERFFXT
» D3He o CEREER SR

BAOFEHR
s CT ABTIC & B b A v 9 EAOBE S
SR yODE (BEEYXET L7 LORERE)
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extarnal mirror field

region of closed fisld ines

Figure 4.10. Compact tores embadded in a mirror feld.

Bl

Crrny Cosorr Coarsiar

Her Exosic Poer ; Prg LA ' (ecmn Derairy 5120307 m?
Fumion Power: By .79 Ow Dansry Ralss ! q,"_'.l'- a 1.3%

Porwtr o THOEG 03s o Averaged Tempersiura B1F Te¥W

Fower @ CEHC LIE Ow Mlagncliz Ficld 314°T

. PFrower = IEL'!| Coraencr oer oW Arciaged Bch Value osE

Firdt Wek Radio LB m [ EEs Pustons Rstraed [ARTHIIZ 01| Ploums Radius = Lengss  16E & = 22.7 m
Heal Flun M HMwWim Flizme Current 18 MA
Wl Lo of Mewsrass 010 MW m!l ' Efnrgy Confincmani Times 6. ET a2

Fig.2.The whele view of D-"Be fueled FRC reactor ARTEMIS-L composed of
Formetion mection, burning section; and direct energy convertecs.
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Tabde 4.4 Intermalconduclar devces

(B Mumnber Eum af rieg Clarzzal
Lotatian CInme Year' - {em} af Tings Supparl currents kA) feed B (D
Livermors Lewitron EFED Al L Levitaled 150 Lindsierive —
SCL 1971 Al | Levitated 160 Supercindwsting 0.3
Seockholm Fi ~12E1" 16 i Mdechanical Leads —
Bnn Diggo Cietopols 1445 &3 4 Mechamical 4 Iudisslave 0.H
Cheadregale 1558 63 F) Mechanical 400 Indeclive Ll
Wistonaln Cwtapels 10EE 43 4 Mechanica| 00 Leads —_
Crlopals 1870 140 4 Lavitabed 1300 Imfuctive .01
Garching Ociopole W-5 1965 43 4 Mechanical nd I o.pe
Caak Ridpe Crundeapedi 1968 an 2 Levitaled L] Inductive
Cultnm Clizras L96G )] 2 M echanicn] B Tnduchwe. —
Sphiex 1958 12 i Werhanical 45 Leads 1.1
Levilran 1674 i 1 Lavitated o Bupesconducting a.x
JAERI IFT-1 435 L Mexhrizical 50 Lexds 0.1e
Primceton Gpheratar Ii5-o2 325 t bechsnies| n Leada 0.1
2p-3 19e3 g L Mechanical Supercondocting
L5P 1970-T1 di i Ercvitabed 25 Supercondwecting 0.1
i1 L1916 T 1 Levilaled i Suprreonduwcting .4
Los Alamps Quadmpals as 3 Mechanieal Lends —
L=ningrad Tomado-3 1990 3 & 4] 1 spherical spirals exoli widls & flaess 1.5

" yeag of #arl-up and (whene krawn) and af oneratian.

B RS

« KXE MIT/Columbia ; LDX {Levitated Dipole eXperiments)

leoil =1.3 MA
« HZE ®WmAE - Proto-RT (lcoil=10kA),

Mini-RT (lcoil=50kA,

BBREEAA )

WEost
- 1970 RO ES

- RIF4 75 X7 LADHEE. MHD XEE

- 2000 EEHDERE

c BAOHE, EGN—F¥ T FAT
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m"* Hut Flatma | Floating Supsrcanducting
| Cipola Magnet {F-Call
Charglng Coll - |
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'ftur nnent&d trends

T_Tandem Mirrors

} ﬁhhﬂl‘ufﬁ«'lﬂ experiment (Tﬁukuha Japan).
- 'Basic achievements: quasi-steady operation, MHD-stability, thermal barrier and potantial barrier formation,

- éhppresslan of loss-cone modes and improved longitudinal plasma confinement.

| 2. Levitated internal ring based toroidal systems
ﬂﬁ!«:ﬁﬂﬁﬁﬂzﬁy physical concepts of LDX (MIT&Columbia Univ., USA) and-
MIHAGE (RRC Kl Russia) have been developed;

' = -1 FRC-like plasma equilibrium,

- = ostability.with respect to global, interchange and balloohing modes,

= = study of anomalous transport is in progress, recent results show an

. enhanced but acceptable transverse plasma losses.

IE: I-1_L..1I-h1 THpadr ¥ ".:|I-1' ezl Draily Chpars lon

Lxperimental study LDX facility has started the operation in 2001, = -

Fopuine i ol (70}

Neutrnn source oriented trends:

el Gas, Dynamic Trap (GDT)

'Physical concept of GDT-based highly intensive D-T neutron source (NPl Novasibirsk, Russia):
‘total injection power __ 60 MW, neutron flux _ 2 MWV, neutron exposed aria - =0.5 ri?).
Experiments at GDT facility confirm the basic concept of the plasma confinement..

2. Linked Mirror Neutron Source [LMNS)
Physical concept of LMNS has been jointly proposed and developed in by IFS UT and RRC KI. The main advantage
of LMNS is an improvement of the power efficleney vy to 25-30% and extension of the neutren exposed area up

Lo 2.3 m-

£ach1 of the above concept 1as its specific advantages,
but o one is so comprefiensively developed as a fﬂfﬁ?ﬁ?ﬁk .f5
k. 11- "‘ ” ’..;'5‘ . - 'r:-. o o '_- - YLE
By E.F Velikhov at International Symposium  Burning Scicnce on ! H R

Al Tokyo, Jaonunary 24, 2002




