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Long life blanket
and wide maintenance ports

BNSYS 5.6

1. Simplified support structure e g e,

Oy -21.725 sTEp=1

with wide maintenance ports v 221
due to FF concept.

2. Neutron wall loading ~ 1.5 MW/m?Zis a
key for long life or replacement free
blanket.
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Three candidates are proposed
to increase blanket space >1.1m

(2)
Reduction of the inboard Improvement of the symmetry
shielding thickness of magnetic surfaces
by increasing the current densit
at the inboard side of the helical coils
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Three candidates are proposed

&>

to increase blanket space >1.1m

Design parameters LHD | FFHR2 [FFHR2m1|FFHR2m2 (3) O p t| 0f] | Zat| 0)f Of reacto I
Polarity I 2 2 2 2 .

Field periods m 10 10 10 10 SZze areund Re of 16:m
Coil pitch parameter Y 1.25 1.15 1.15 1.25

Coil major Radius R. m| 3.9 10 140 | 17.3

Coil minor radius ac m| 0.98 2.3 3.22 4.33 15 ———————— 200
Plasma major radius R, m| 3.75 10 140 | 16.0 1

Plasma radius a, m| 061 | 1.24 | 1.73 | 280 [ J=25~33A/mm? blanket space > 1 m

Plasma volume Vp m*[ 30 303 | 827 | 2471 - I,=1.3~15MW/m?2 —

Blanket space A m| 012 | 07 11 ] 115 | ' ] <
Magnetic field B, Tl 4 10 6.18 | 443 | ~ 1150 @
Max. field on coils Brnax T| 9.2 14.8 13.3 13.0 mo | a
Coil current density i MA/m? 53 25 266 | 32.8 .10 - [
Magnetic energy GJ 164 | 147 | 133 | 118 | & =
Fusion power Pe GW 1 1.9 3 O ] O
Neutron wall load T, MW/m? 15 | 15 | 13 Z; 1100 ©
External heating power Pe MW 70 80 100 O | m
o heating efficiency N 0.7 0.9 0.9 - —
Density lim.improvement 1 15 15 - 5
H factor of 1SS95 240 | 1.92 | 176 g Sr =
Effective ion charge ~ Zes 140 | 134 | 135 | [ | =
Electron density n,(0) 10"19 m* 274 | 267 | 190 | = TCC (total capital cost) 190 =
Temperature T(0)  keV 21 | 158 | 161 | o ]

Plasma beta <B> % 16 | 30 | 41 - P, (fusion output) FFHR2mM2

Pl_asma conduction loss P. MW 290 463 | FFHR2mM1

Diverter heat load Iy, MW/m? 1.6 2.3 FFHR2 I

Total capital cost G$(2003) 4.6 5.6 6.9 0 e P 0

COE mill/kWh 155 | 106 | 87 5 10 15 20

(Cost evaluation based on the ITER (2002) report) Coil major radius R, (m)
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ITER based cost analyses show

Similar weights and costs between Helical and
Tokamak reactor magnet systems (FFHR2m1)

B Strands Conduit @ Radial Plate
B Coil Case @ Winding
Weight ton Cost B Yen
0 5000 10000 15000 0 50 100 150 200

Helical Coill Helical Coill

Poloidal Coil
Supps. & Others

16,000 ton Poloidal Coil
Supps. & Others

) ITER TF
ITER CS
ITER PF

ITER TF
ITER CS
ITER PF

+ 10,200 ton
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IDB Ig_nition Scenario with SDC

Conventional design

n, T parabola profile: (1-x2)

1.210%",

e — 1102
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T(0) (keV)
Design parameters FFHR2m1| SDC
Fusion power Pr GW 1.9
Density lim.improvement 15 7.5
H factor of 1SS95 1.92
Electron density ne(0) 10720 m’ 2.4 9.8
Temperature Ti(0) keV 15.8 6.27
Effective ion charge Zeff 1.48 1.52
Plasma beta <p> % 3.0 2.5
Energy confinem. time | tg S 1.9 4.7
Bremsstrahlung loss Ps MW 57 248
Plasma conduction loss | P MW 282 96
Heat load to firstwall | Ty, | MW/m’ 0.06 0.25
Heat load to divertor Tav | MW/m? 1.6 0.54

0
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New control method
in a thermally unstable regime

Preperienal=zinteqgraen=Dervative (IPlD) conirel
e enror off the fusion pewer With an eppesiie

sion of e(P)=- (P,-Pyicans stabilize the thermal
Instability threugh fueling.

1 ¢ d(’D‘, (PJ,)
SDT(") = SUTU{GDT(P;)+ EJ‘UEDT(P[)d‘r + T.: di G_fo(")
1.2 107" : e =20 S(t)=0
= g0l —NEC K@ vy 115 = DT
g% _—---NEOLMTW :Z ¢ i Sp1(t)<0
15 E—.
0
2

Time (s)

B Ignition boundary

SpT inceases
-(Pio-Pr >0

Constant P{g line

‘_
SDT decreases
-(Pfo-Pf)<0

Pfo < Pt

O. Mitarai al. Plasma and Fusion Research,
Rapid Communications, 2, 021 (2007) .

T, 1g=3 ~ 5
Ty ITe=2 = 6

But,
effiectively.
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10 huraing
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o~ 8100 L
E L
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1 102" |operating
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100
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0
0 5 10 15
T(0)(keV)

13/ 22




Neutron wall loading is ave. 1.5 MW/m?2
and peaking factor < 1.3

W cases ol neutron SoUrces

Evaluated using the recently develeped 3D

- - 014} .
REUtrenicss calculation: sy/stem: fior nen: S ool 4 Helieal sourcs
5 5 3 S UlZr n
axisymmetric helical sysiems < ol ]
s lon density: noc (1-r2)
T. Tanaka et al. 21th IAEA (2006) 5 008t Temperature: Toc(L-%) .
T r ax. lemp.: e
q cell2 | Z 00 (r) o n2+<gv>(T) |
7\ ° 2 Quick feedback ° oal P
o e .
=7 between 3D CAD S ool
o B
and 3D Monte-Carlo O R SO~ o
code MCNPS5, ) 50 100 150 200 250
. using numerical Position (cm)
Quadrangular mesl helical equations. _
prepared in Fig. (). | E::Sr:evl\iliglc::foti)llanket
Shield: / - Max. l_.8
JLF=1 (70 vol%)[Helical Goil] 40 o \ S for helical
B4C (30 vol) | _ breeder source
. '*\E::;:; Total TBR I\ L ((Max. 2.0
: ) area -
Vit ;;cm >1.1 for uniform
& thick _source
p-Lg Dreeder
60 cm Average 1.5
Neutron thick
source shield i
Flibe+Be breeder: or Li breeder: FII’SF wall of blanket 0
Flibe (54 vol.%) + Li (83 vol.%) + at divertor area
Be (32 vol.%) + V-alloy (17 vol.%) . .
JLF=1 (14 vol.%) (8L enriched A, W S gy (unit : MW/m?)

(No ®Li enrichment) to 35%)
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(@) Base design of
- CICC magnet system

S. Imagawa et al., in this conference.

Table 1. Design criteria for CIC conductors based on Nuclear heating in FFHR2m1

ITER-TF coils. ~10 :

Items Design criteria TTER-TE "E —B— geutron+Gamma _

F — 0 —-—e--

Max. cooling length (m) < 500 39() =10 —I* . amma

Current (kA) < 100 68 E @Et'mes ]

Maximum field (T) < 13 | 1.5 .Eﬂo

SC current density (A/mm?’) < 300 273 §10-z [ i

Coil current density (A/mm?) = 30 20.3 <

SC material for HC Nb3Al (*1) Nb3Sn Bqo2l ]
(&) E

(*1) "react and wind" method can be adopted by managing > i ]

strain during winding within about 0.5% L[ ——

o = = o -20 0 20 40 60 80 100

Radial position (cm)

v Max. cooeling pathris 500 m for
Central tube
Insulation the nUCIear heat Of 1 mW/Cm3
o0 strands v. This valueis 5 times: larger on

(SUS316L) the EEHR magnets.

Internal plate . . .
(SUS316L) v. Gamma-ray: hieating is demimanit:

16/ 22




@ Nuclear shielding of SC magnets
- by Discrete Pumping with Semi-closed Shield (DPSS)

cover rate > 90%

Acceptanlellevellachieved

1.2~1.4 10" v. Fast neutron; < 1E22 n/m2in 30 years
v- V. nuclear hieating < 0.2 m\W/cme
v. Tlotal nuclear heating| ~ 40 kW

Cryogenics power ~ 128VIWH(1% o1 )

A

4.6><‘|0” ...........

(a) without DPSS Unit: niem?s |

A,

3D design with
DPSS

A.

(b) with DPSS o

AL E T
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Indirect cooling system

_ as an alternative
with quench protection candidates

" K. Takahata et al., 24 SOFT, 2006.

Biimm SS316 Superconductor Cooling panel
< > Coil case
@ 5  Nby,Sn+Cu SS316
15X Bundle of superconducting Outside ‘
'. — and copper wires I .
I
Aluminum-alloy jack — ; : |
R R X & & Indirect Coolin |
4’___,.-4’.'rsa4r.-‘c:tror :
ORI Ceramic | 0.9m
\
|
100 kA Superconductor 1
> High effective thermal conductivity e S
» High mechanical rigidity and strength L‘[Q""‘"""""""""""‘L‘J
1.8m i
Quench protection Cross-sectional structure of the helical coil
by external dumping Quench protection by internall dumping
> Conventional protection circuit K. Takahata et al., in this conference.
using an external resistor 1=20 s _ o
> Six subdivisions V__ =10 kV > Quench back with a secondary circuit
> Hot spot temperature < 150 K > to increase a decay time constant

> to reduce a transient voltage
» to avoid a serious hot spot
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@ LHD-type support post for FFHR

H. Tamura et al., in this conference.

> Gravity per suppert
= 16,000 ton / 30 legsi~ 530 ten.

> lhermal contraction: < max. 55 mim
> llotalfheat lload te 4K ~ 0,34 KW
((1/20 ofi stainless steel post)

Load/leg 5.3MN

- N\ Q -

! v NN X
Thermal contraction Sﬁ,su[{aott structure
max. 55mm N X MR NN Y

(300K to 4K) ‘ CFRP

. o l (Carbon Fiber
| ' \ g1 50 o _ Reinforcement Plastic)
Stainless steel 1 g gs /

: g8 1 height: 1800mm
Torus center M it A | | width: 1810mm
' At 1| [depth: 1200
1\ 8ok Pliies =L L
] [ ]

// gdt_%rlcw 0?{3; ba;se V4 4 ;’/ 30f0K/ 4 //J /)) ' // //(

~y 10m(inner leg), 18m(outer leg) Number of legs
R4 = inner: 10
outer: 20




Design parameters

FFHR2m1| SDC

¥ External heatlng
S

ngh energy panticle

New denS|ty I|m|t

'—‘.‘. g\ x .

ERRancement of Te

gﬁﬁ‘}-

He exhaust ;

’5””

[Polarity I 2 2
Field periods m 10 10
Coil pitch parameter Y 1.25 1.15
Coil major Radius R m 3.9 14.0
Coil minor radius ac m 0.98 3.22
Plasma major radius Rp m 3.75 14.0
Plasma radius ap m 0.61 1.73
' |Plasma volume Vp m° 30 827
‘ |Blanket space A m 0.12 1.1
\-\ Y Magnetic field Bo T 4 6.18
_-{Max. field on coils B max T 9.2 13.3
: “Coil current density j MA/m? 53 26.6
- |Magnetic energy GJ 1.64 133
~ |Fusion power Pe GW 1.9
Neutron wall load r, MW/m® 1.5
External heating power Pext MW 80
“la heating efficiency Ny 0.9
r4~ Density lim.improvement 15 |
H factor of 1ISS95
__|Electron density ne(0) 10720 m 24
Temperature Ti(0) keV 15.8
Effective ion charge Zeff 1.48
Plasma beta <B> % 3.0
/ Energy confinem. time Tg S 1.9
a ash confiment T, */Tg
Bremsstrahlung loss Ps MW 57
Plasma conduction loss P MW 282
Heat load to first wall Tgiv MW/m? 0.06
Heat load to divertor ¥ Giv MW/m* 1.6
Diverter heat load ¥ Giv MW/m? 1.6
Total capital cost G$(2003) 5.6
COE mill/lkWh 106

. Y4
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based on LHD Project

LHD-type Helical
Reactor FFHR
Electric Power 1GW
Weight 25,000ton
Magnetic Field 6T

@ Role of Design Study to Helical Demo-Reactor
(b

Helical Demo Rector
ars to go)

Tokamak Experimental Rector
ITER

Physics of
burning plasmas

Multi-layer models covering
physics and engineering

Demonstration of
steady-state, high-
density, high beta by
LHD net-current free plasma

LHD-NT
LHD Numerical
Test Reactor

Basic Science
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A7
& Concluding remarks

1. Helical reactor is superior in steady state operation and

» Reduced neutron wall loading by optimization of
large reactor size,

» Minimized heating power by long access time to
ignition,
» High density operation with reduced heat load on
divertor.
Large SC magnet system is conceptually feasible.
Helical reactor is economically comparable to Tokamak.
Numerical Test Reactor is planned to Helical Demo.
Large sized construction is important R&D issue.
LHD experiments can open new reactor regimes.

o 0k WD
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