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Based bn-physics and engineering
results in the LHD project, D-T

demo-reactors have been studied
_——

1990

1991  Selection of design guide lines

1992 Formation of design activities in NIFS

1993 Design of FFHR-1 (1=3)

LHD . 1994  Selection of materials Concept

construction ---> Collaboration works definition
1995 Design of FFHR-2 (1=2)
1996 Plant system Phase 1 Colr)lceip tl:ual
1997 Optimization & Cost eolgn

41998 i Improvement iy
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FFHR has many inherent and passwe
~ safety features

- current-less plasma,

- steady state operation,

- use of Flibe,

- high-temp. &T devices inside the torus area.

FFHR-1
R=20m, Ap=10
Bo=12T, <f>=0.7 %
Pe=3GW
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> Turbine

Q=3
m=18
y=1

Flibe
-JLF-1

- 70m | —>



Helical windings I=2

10 periods

Magnetic surface

Poloidal field coils

QL

Major radius 10 m
Av. coil radius 2.3 m
Av. Plasma radius 1.2 m
Magnetic field 10T

. Max. field 13T

=2

Number of periods 10
Pitch parametery 1.15
Modulation o +0.1
Current MA/coil 50
Stored energy GJ 147



- FFHR-2

self-cooling
‘ Flibe A

‘ thermal

He cooling insulation
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radiation shield
& reflector

Parajﬁét‘et‘s LHD  FFHR-1 FFHR-2

major padivs : R 39 20 10 m
av. plasiia radius : <ap> < 0.65 2 12m
fusion powet : Pr (GW) - 3 1GW
external Heating power ' Pex <20 100 100 MW
nevtront wall loading : Pa - 1.5 1.5 MW/m2
toroidal field on axis : Bo 4 12 10T
average beta: < B > >5 0.7 1.8 %
enhaticemetit factor of TLHD 1.5 2.5
plasma density : ne(0) 1.E2 2.E20 2.8E20m-3
plasma temperature : Te(0) > 10 22 27 keV
effective ion charge : Zefr 1.5 1.5
alpha heating efficiency : haa - 0.7 0.7
alpha density fraction : fa - 0.05 0.05
synchtotron reflectivity : Reft - 0.9 0.9

hole fraction : fh - 0.1 0.1
av. heat load on divertor <10 1.6 1.5 MW/m2
number of pole : 2 2 3 2
toroidal pitch number : m 10 18 10
pitch parameter : y 1.12<1.25 <137 1 1.15
coil modulation : a +0.1 0 + 0.1
av. helical coil radius : <ac> 0.975  3.33 230m
coil to plasma clearance: 8L  0.03 1.1 0.70~1.25m
coil current : I " 7.8 66.6 50 MA/coil
coil current density : J (53) 27 25 A/mm2
max. field on coils : Bmax (9.2) 16 13T
stored magnetic energy 1.64 1290 147 GJ

construction cost

50 Byep




Force-free-like Continuous Coils

,with the helical pitch y = 1.15 which is within
the experimental range in LHD, ‘

simplifies the
coll supporting
structure

with a high
magnetic field
and low
plasma beta.

0.4
0.2
:_ » > -’.."‘-‘-
01 : | FFHR-1
0Ff ~
-0.1 £:3 o a,/H WH <fa>(MN/m)-f
) LHD 34 174 - 107 - |]
-0.2 | FFHR-1 23 20 967 ]
: @W/H=2 | FFHR-2 30 20 1245
O3 b Lo o b v v e by | T R '
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Coil pitch parameter Yc=(m/¢ )( ac/R)



Localized Blanket Concept
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Under optimization using the 3-D
Monte Carlo code MCNP-4B

to obtain the total tritium breeding ratio
TBR >1.1 as well as nuclear shielding

The' total TBR




Select'ion of molten-salt Flibe

as a self-cooling T breeder

from the main reason of safety

. .
O W I n g to Protection wall Self-cooled Radiation shield Vacuum vessel
Ph =02 MW/m? T breeder reduction &
Pn=1.5MWim?  TBRioxca > 1.2 > 5 orders T boundary
Hny > 60% in Flibe  Thermal shield

low T solubility | ™ "”@ysocm S50°C

20°C
(~8 order lower than liq.Li) | P % | ”rsi (‘;88"’} 3"3{ e
s . ' : VOl. 70
| ESOL
|
low pressure ope.|| .. \\\Bemovol %)
o a0 gipg JLF-1(30vol. %) 3006m

(< 1TMPa)

low MHD resist. (~ 1Qm)
compatible with a high magnetic field



Possibly below 1 MPa per channel.

The mechanical stress can be kept low.
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Low activation ferritic steel JLF-1
(Fe-9Cr-2W) is the first candidate

for blanket structural materials

For higher temperature operation over 550°C
V-alloy (V-4Cr-4Ti) is an alternative candidate
because of its low induced activation, high
heat flux capability and low irradiation
iInduced swelling.

However, the compatibility with Flibe is not
well known and needs to be studied.



Collaboration works on Flibe R&D

~arein progress
—“

* in material dipping-tests & n-irrad. (Univ. of Tokyo)
- X in constructing an active flow loop (Tohoku Univ.)
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In-Situ Tritium Release Behavior From Molten Li,BeF, Salt
ISFNT-4 / A.Suzuki, T.Terai, S.Tanaka / Univ. of Tokyo

Apparatus for.In-PilleTrtum) -~ =~ - | "Cross'Section of Monel (Ni70%-Cu30%)
Release Experiment ., | ~ . Sample container

Fast neutron source : 108-10°n/cm2s R - Monel joint
" . T e by _ lonization
("YAYO!" of the Unh(erslty of okyo) . \ v  chamber
Tritium generaton rate : ~5Bg/g-u,s . . o = (r-:: =
Purge gas : pure He, He + 0.001-10%Hs2, pure Hz, He+2%HF i ' / '
[ Tritium trapping symemj.s_—l 1 ~ Monel tube | | Teflon tube
| lonization chamber A] [ lonization chamber Bl . s
I I y §
Aluminium bed|  |Molecular sleve Monel 3 — i
" [Gas supply system un(13n73*r?) bed ' sample/ ™ ] [ /AlaOa or Monel
: holder [y Sy crucible
NiF2 bed (673K) e LS g 44mm In inner diameter
4 200mm In Inner depth
‘ H O @) and 5mm In thickness
Q 0
. — O 5
Sample 6ontainer\ Fiibe - Sheathed __+) = Thermocouple
heater Q O
Q 0O
Reactor core 3 | .
Polyethylene Sa s LizBeFs ~200g
block r O (liquid 873K)
. Thermal/ Q | O/J
‘ ‘ . Insulator \
* TF is converted to HT in the aluminium bed and the v
concentration of all released tritium (HT and TF) is _ ‘
monitored by the lonization chamber A, - , ... The effect of the kind of container and tubing materials

i:: » 1o the _chemical;form" of Aritlum’ can be -negligible, . -

:because :the *same :resuilts. were “‘obtained :by- the' - .
*experiments ;using-a: SUS31 6_container.and ‘a- Nylon:
;141 tube nstead of the Monel container and the Tefion fube,;
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TF s captured in the molecular slave bed and dr{ly'thei"':"
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oo chamberB, . o
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Consistency in blanket system designs is required

“Natural & Social
Enviroment

In-vessel
Components

Protection wall Self-cooled Radial?on shield Vacuum vessel
Ph =02 MW/m 2 T brecder reduction ) . &
Pn=15MWim 2  TBRlocal > 1.2 > 5 orders T boundary

Nd =450 dpa/30y ~ Hny > 60% in Flibe ~ Thermal shicld
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