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1. Fusion development
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Direct cycle turbine train generates 1160MW of electricity.

P: [MPa), T: [C]
h: [kl/kgl, G: [kgfsec]

x: [%)
h | -ﬁ:' . . . d Re heater
. P: 4.47 P:4.47 P: 15 P: 0.00507
G: 226.9 : - 0.
T:263.4 T: 475.0 T:331.1 T:33.12
h: 2823.8 h: 3382.7 h: 3106.9 h: 2291.0
G: 865.7 s 865, " .
G 10233 G: 8657 G: 799.6 S 17193.6
Intermediate pressure
P:25.0 M P
T: 500.0 High pressure turbine Low pressure and
h: 3165.9 turbine feed water pump
G: 12502 T:269.0 T 2856 turbine
T~~~ nims®  @yngy  [Sy—"| Generator [~~~y | Generator
Reactor 564.0 MWe N635.4 MWe
® ny = ny
Reacter 2,910 MWt
\Blmket 2020 MWt Ay (oo Condenser
Divertor 490 MWt T 308.6 )
h: 2892.8
G:29.7 722 mmHg 1721.0 MW
]
st
Y P:25.0
T:280.0 T:33.12
h: 12302 - h: 138.8
G: 1250.2 x: 100.0
T: 308.6 T:263.4 T: 4123 T:3311
h:2892.8 b: 2823.8 h: 32619 h:3106.9 Condensate
G: 680 G:59.8 G426 G235 G:799.6 (V) pump
P:10.0
T:200.0
Feed water 0:2250. 4
TDY L.7C Y 17T D Y1.7C um Y DY 17
P 658 P ag7 P28 P;25.0 pump P L5
T:255.3 T:229.4 T:202.6 P P15 e T:177.9 S — T:332
h: 11122, h: 9932  874.2 O/ T: 1983 B 754.1 B h: 140.4
T:281.7 T: 257.0 T: 231.1 434 MW f: 8447 MJ
DC3.6C /DCS.G’C /DC5.6°C G: 12502 /v P2 49MIY
Deaerator Heat exchanger
& ‘r: 260.9 ‘T: 235.0 l T: 2082 B
h: 11390 n: 1014.0 h: 889.9
High pressure feed water heater

Divertor coolant
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Fusion Energy (Heat, 900°C) 2-6'\/"34

B|oma\SS 8.2MJ 8.6MJ
(1kg,16MJ H,O H,,CO .

endothermic

cellulose: (CH,,Oc) s+ N/6H,O — nH, + NnCO — 136n [kJ]
lignin: (CH, ;O 3)n + 0.7nH,0 — 1.4nH, + NnCO -136n[kJ] 24.2MJ

d

Shift Reaction CO +H,O0 & H, + CO, + 32 [kJ] =& | Waste heat

Fischer-Tropsch reaction | hydrogen S Carbon Neutral

2H, + CO — -CH, + H,0 + 160

Synthetic oil | [*] _
(gir;seel)lc 0 Q. Substitute of OIL

(0.5 litter)15.6MJ

Waste /usable
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Confinement improvement

Non inducive
current fraction

1.00

Normalized density
NJ/Ngw
0.78

— ITER SS (RS)

) , -+ GNOME
3 1K 0.46

Normalized beta By Bootstrap current fraction fgq
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Institute of Advanced Energy, Kyoto University
Fusion-biomass hybrid reactor for fuel production

High temp. =900°C

Small

. . extraction Biomass
® Major radius
® Neutron
Gasification

|

i

i

|
wall load :

| reactor

i

i

i

Hydrogen

Fuel
High n

Pb-17Li blanket with SiC cooling panel
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Current (a. u.)
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(1.0 Mev) |DRIVERS88* code

solves current &
power balance using

current profile

2-D equilibrium data.

/ Total
Current drive

- \ ~—— Bootstrap

*K. Okano and et al, Plasma Phys.
Commun. 32 (1990) 225
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< 950 °C

,r W  SiCLiPb SiC

* PbLi cooling, SIC structure.
« Heat conductivity of structural materials is a key.



S 2D Td (eV)
% ¢ T4<10eV
s %0 _iw > Sputtering
g 15 .« SUppression
}_:g 10 .
$ « “"Particle
5 attached
P_

Tg’?al pg\(/)verf(lsl?xfrc?r% co1rg(:)Pm1%l\9IW1)40 5 9 Pumplng

Solving power & particle balance by simple Core-
SOL-Divertor model".

[1] R. Hiwatari and et al, Contrib. Plasma Phys. 44 (2004) 76-82
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Radiation power (MW)
% 3

(@)
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A 10 MW/m®

Divertor loads

= 5 MW/m’

e 75 MW/m’

" 0.93

f —078

o
L A
1 N 1 .

3 4
Energy multiplication @

0.85 ]
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Pressure drop along the poloidal flow and
the fast toroidal flow was evaluated.

50 ; Tungsten Layer ~—Coolant Gude
' = _Il,f. ! - — ! —!'l. ; 'T!I !T'; H
1 T — T T = <l
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- SICYSIC Structure

INorcacal

A.R. Raffray and et.al., FED 55(2001)55 P. Norajitra and et.al., FED 83(2008)893



fBS
BN
Q
plant factor
magnets

structural
materials

blanket coolant
breeding blanket
divertor coolant
design divertor
heat load
thermal power
cycle efficiency
<neutron wall
load>[MW/m2]

Power plant designs

PPCD -B

0,36
3,3
15

75-80%
Nb3Sn

Eurofer

He
HCPB
He

10

40,5%

1,8

PPCD-C
0,69
4,0
30
75-80%
Nb3Sn
Eurofer+SiC
Inserts; Eurofe
ODS for first wall
He+PDbLi
PbLi
He

~43%

2,2

PPCD - D
0,76
4,5
35
75-80%

SIC/SIC

PbLi
PbLi

~59%

2,4

e or PbLj

ARIES-AT
0,92
5,4
51
76/85%
Nb3Sn/HTS

SIC/SIC
PbLi

PbLi
PbLi

5

59%

3,3
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Pressure drop: Ptc,t

Piot = P

where P

target

target —

*A
=g

target

peak

Changing the target area to
relax the peaked heat flux.

exp

(Aq/SINO)

Reasonable radiation.

frad ~ 0.6 at private
< 6MW/m?

—ra

ad * (Adiv'A

target)

I:)rad
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Coolant flow, pressure drop, pump power
were studied for various P, . reactors.

P, .. = 1GW: advanced performance target,
complex structure.

P:,s < 500MW : reasonable assumption, simple
structure.

Biomass-hybrid ~ 500 MW has a operation
window with the PbLi cooled compoents.




*BEL-SiCHtiE

HCEE A 20W/m/K
YUOOE E 460Gpa
ROV v 0.21
HEEE 4.40E-06/K

7 E P 3220kg/m3

IIETRE Sm  345+70 Mpa
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16 -

14 | . ;
I thickness 8 20+ thickness 0 :

12r 0.5 mm /

'} 0.5 mm i ! s :

e lor it = i

E i 222 \15 ~= 2 mm //

S °f / = mmern § FALA

= w—remef MM = ,

= 5 / S 10t 3

g 5 F o = 300 MPa /

S = /

\U ks : 5- '
2} o e
or 0 ‘—-t;'.'\_'.-_.:.'_;.'_'.:;:-:—.- ------- -
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1 10 100 L 10 100

A (W/m/K) A (W/m/K)
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