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Abstract

Characteristics of recent typical designs of tokamak fusion reactors are described with an emphasis
on steady-state operation, thermal efficiency, burn control, structural material, and economics. More de-
tailed discussions of the design selection of reactor plasma parameters are given for current profile con-
trols, beta limiting phenomena (ideal and resistive MHD stability), and divertor (He exhaust, compatibil-
ity of high confinement with divertors). The report stresses the importance of continuous physics R&D

to realize specific design selections
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Table 1 Major parameters of typical fusion reactor con-

cepts [3,5,6].

SSTR SEAFP | ARIES-RS

Reactor concepts (Japan ,1990)| (EU,1995) | (Usa 1097)
Plasma current Ip 129M]_A 1 0748¥A 11.3MA
Toroidal field B : 8T
Major radius R m 9.4m 5.52m
Aspect ratio A 4.1 4.5 4
Elongation K g5 1.85 1.66 1.7
Normalized beta BN 3.5 3.5 4.86
Fusion power Pe 3GW 3GW 217GW
Current drive power Pool  60MW 75MW 100MW
Net electricity Pe | 1.08GW { 1.00GWe | 1.00GWe
Energy gain Q 50 40 20
Neutron wall load Py | 3MW/m2 | 2.1MW/m2 AMW/m 2

Fig. 1

Birds eye view of SSTR plant (site area 400 m x 450
m) [3]. Plant consists of fusion reactor building, turbine
generator building, power supply building, blanket
maintenance building, cryogenic building, etc.
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LIEND., BOBEBILR— 5 AR 720 DB
WAERETHLZ NS, NNBIOVY — AT R LF—F
#, ECCD ® ¥'— ARRHIHE % &2 & 55/ H#H o %
AEAREENS.

Fig. 21213, EEFCERAS YRS AT —7 01—
ZIRT.
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RETEH2T EIP CRMEOET2MRE 85 LT
w3 (SSTR T @ =50, SEAFP T Q =40).

B, EEBIF ITER D2 A MED2DIZZ i V¥ —
BHELEETIF2 LM ESNTWAE, RICFADEHE
ThbLTrE, BEMAF TRV F— RSz MK

Fig. 2 Power flow expected in the steady-state tokamak
reactor.

NI | -El ectronic Library Service



The Japan Society of Plasma Science and Nucl ear Fusion Research

Bl REDOBREIFRET L0 T 7 A< OB 3t

KPH Q~-200BEICTIFAZLIZLVMEDO NAIR
FOMUADWREE ZNEHETIEEY A XL 20
A NOBIFNC DB B T LR D.

T/, QEOKTI, —FHTHRENEEL LIF5Z
LB bDOD, BT S X< il & v BT
FEAD 5.

2.3 RO QELHRRTZ X~ EIH

BTFFECEEARIZI - CHOToRBERTETH S
A, BREIROBRERHNZ EIERTLIOTHS I H.

Fig. 41, 7NWV7 7 HTFMEOEE (TN 7 7 HF
LT NT 7 RCFINE + SRR D ) B AL F -1

0.5 T T T T T
&5 04 |- ARESRS He/ liq.Li cooled
g SEAFP  SSTR
T 03 |- :
>
[&]
&
:§ 0.2 [—
i
v 01 |
~
a

0 l ] l 1 |

0 10 20 30 40 50 60
Energy Gain (Q)

u}

ig. 3 Plant efficiency (Pnet/Pm) as a function of energy
gain Q with reactor design points. Phet is net elec-
tric power to the grid, and Py, is thermal output

power.
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Fig. 4 « heating fraction as a function of energy gain Q
with reactor design points.
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WCIREESH 50, HiREEN SIC/SIC DRBEIEFS
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Fig. 5 Neutron feedback control in JT-60U [9].

NI | -El ectronic Library Service



600 |’ 9,=100MPa  creep strain =1%
R 308 2 (Sm=1/304)
500 5 N 5
5400
o~
2 300 |
o ’.
2
g 200 |
~ L -
100 | - ff/f_/
0 __—_Brittle regime
0 5 10 15
Neutron Fluence (MWa/m 2)
Fig. 6 Irradiation softening, hardening, DBTT (Ductile Brittle

Transition Temperature) shift and creep characteris-
tics in reduced activation ferritic steel F82H [10].

[ TOBRIL % A BICEHAE LT D EHIREIXR500T 2L
TICHIBB N 5.

R, GEERE - BTEHEENE - BEr BT —%
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wmah, BEEEMET7 =91 MROEIRBEOHILxR L
LT, ODSTt (BRfb#o#ssdt) 12X o THIRMED
WEEN LR S, BEHEL LT600TLL
EdEBHEN TS, ODS 725 4 M, S4EN,
BERLEICGEEXH 0D, 72954 MER—-XT
B OUBICEONSDDE LTAENZEHERSL S
EHTELS., ODS 754 ML » ThHE:TFREE
TTH600C LU EOERERITRE L 2L, —KKkD
BRI CHVON TV SIRESRM (B 0 AHORE283C
/538C) TOT T vy bERETDWEEE & A [11].

2.5 HREEISSTR [11]

19904 1L SR e S 7z SSTR 13, B E ATk IA
DR 2MEERY, TANVF—IRE LTEZLEAITRE
HEDSEL D 2 WTEEMEASE V. R SSTR THE
%I BWR %31 % 212 SSTR I THE IR FME2 %
ETDLDCEZRLDTHS.

HAIIBDIFRICHEAZ L L LT, EERNTA—F
% Table 2 \Z7R T, ZORMIL, BiRBEERZ KR (27
K) THWwWAZ LIZLY, BEGHERESIELLELEDIT,
HRBAEROHBE L CVwa, T2, HEMC
ODS iz vy, —RAKPHEADOB VAL EEH TS
LI BDOTHD., BBILR—FEILSSTRICL B
BEBETEV BN=37IIHE L. FoORERBEHIIX
353 GW, #7143 GW, IEROERMIIIE 163 GW
Thb.
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Table 2 Major parameters of A-SSTR power plant [11].

Major radius (Rp ) 6m Average temp.  (<T>) 17keV

Minor radius (ap ) 1.5m | Average density (<n> ) 2.1)(1020m'3
s . Density peaking(n(0)/<n>) 1.5

Elongati 1.8 Yy peaxing

T <.)nga 1lon't ((295 ; 04 Effective charge (Zeff) 1.6
nangwianty %95’ "% | He fraction  (ng/ng)  10%

ilm@; ;Kf)'l.ld(\];p ) ﬁiﬂﬁ Fusion power (Pg,qion) 3.53GW
orot fa ldle ; v 20.5T Thermal power (Pﬂ1 ) 4.3GW

Max. field (B gy) o | Comentaive cp) oMW

Safety factor (dgs) 48 | g0 qriven (pbd))  2.5MA

Troyon factor(By) 3.7 Bootstrap (Ip(bt) ) 9.5MA

Toroidal beta (Bt ) 2.69% | H-factor for ITER-89PH 2.7

Plasma energy(Wp) 772MI| Av. neutron wall load Pn 4. 7MW/m2

290m
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Fig. 7 Plan and side views of A-SSTR [11].
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Fig. 9 Current profile control in the negative shear SSTR
[13].
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Fig. 8 Current profile control in SSTR [12]. Safety factor A i total ’
q(r), bootstrap current, neutral beam current, and < curent 1 E total current
electron collisionality v.* profiles are shown. § i
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— Fig. 10 Profile control in the advanced tokamak equilib-
B rium using negative shear [14].
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Fig. 11 a) Normalized beta as a function of toroidal mode

number n for positive shear case with and without
wall stabilization. b) Normalized beta as a function
of toroidal mode number n for negative shear case
with and without wall stabilization [15].
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Fig. 12 Long sustainment of high performance plasma af-
ter divertor modification in JT-60U [20]. (/,=1.5MA,
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Fig. 13 He ash exhaust experimental result in JT-60U with
and without divertor pumping [20].
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Fig. 14 Confinement enhancement factor as a function of
normalized density [20].
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