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Optimization of system design of fusion power plants in terms of safety
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The plant system analysis code, which combines the systems code, the tritium
circulation model and plasma operation scenario analysis model, has been developed by this
research. The systems code consists of a combination of quite simple models but can describe whole
elements in the fusion power plant and clarify the relation between various (physics and
engineering) design parameters and the plant performance. The tritium circulation model describes
the behavior of tritium (the main fuel of fusion reactors) in the plant system. The plasma operation
scenario analysis model enables the examination of the plasma operation scenario from the start up
to the steady-state operation of fusion reactors. Consequently, the accuracy in the quantitative
evaluation of the performance of fusion plant system has been greatly improved. The developed plant
system analysis code can be utilized for design window analysis of fusion reactors and design
optimization of components in a fusion reactor.



kg

o

@
®
*
@
€Y
@
o
o

LHD



LHD
LHD
0.6
LHD
LHD
1
MHD
2
LHD

EHR AR

Y=L EDEREH

MHDF i
RLobEs O —

2 V()

EFIL 7
(BT 48 5%) L preearry
518 D,

HF AR
D(p)

preacieslna

S

YES

n(p,t + At),V(p,t + At) — e
1

LHD

& 2.0 T - 20
£ T =
& 1.5 B ) — 15 ¢
B 1.0 [r— Hamrmaam o 10 5
£ 05 =T BOETEE 5
P NG L e | et I

400 ! ‘ 40 ¥

300 308R
g 200 | 208
R I . (5§
H

100 10 E
a. © 0.0
E@ 0.8 | 062
wE 0.6 | 0.4 in
ﬂ['/\% 0.4 | 023
<=2 { 00 ®
g 00 ]-02 4
= 40 088
o =3
£ 30 0.6%
g 2 e | 04K
& 10 egia®Ed 02 &
= 0 L | \ \ \ ] 0.0 e

0 60 120 180 240 300
KR
2



EBHOTOR CADHRISIERE [T)

®

WE U F U LIREMEHEE [o/s)

6 8 10 12 14 16 18 20
KEIH¥E[m]

LHD

3
T. Goto, J. Miyazawa, R. Sakamoto, Y.

Suzuki, C. Suzuki, R. Seki, S. Satake,
B. Huang, M. Nunami, M. Yokoyama, A.
Sagara and the FFHR Design Group,
“ Development of a  Real-time
Simulation Tool towards
Self-consistent Scenario of Plasma
Start-up and Sustainment on Helical

Fusion Reactor FFHR-d1” , Nuclear
Fusion, , Vol. 57, 2017,
pp-066011.

http://dx.doi.org/10.1088/1741-4326
/aa6870

T. Goto, J. Miyazawa, R. Sakamoto, R.
Seki, C. Suzuki, M. Yokoyama, S.
Satake, A. Sagara and the FFHR Design
Group, “ Integrated Physics Analysis
of Plasma Operation Control Scenario
of Helical Reactor FFHR-d1” , Nuclear
Fusion, , Vol. 55, 2015,
pp-063040.

http://dx.doi .org/10.1088/0029-5515
/55/6/063040

Takuya Goto, Junichi Miyazawa,
Ryuichi Sakamoto, Osamu Mitarai, Akio
Sagara and the FFHR Design Group,
“ Study on the operation control of
helical fusion reactor FFHR-d1” ,
Fusion Engineering and Design,
, Vol. 89, 2014, pp.2451-2455.

https://doi.org/10.1016/j . fusengdes
.2014.03.015

13

T. Goto, J. Miyazawa, R. Sakamoto, C.
Suzuki, R. Seki, S. Satake, B. Huang,
M. Nunami, M. Yokoyama, A. Sagara and
the FFHR Design Group, “ Development
of a Real-time Simulation Tool towards
Self-consistent Scenario of Plasma
Start-up and Sustainment on Helical
Fusion Reactor FFHR-d1” , 26th I1AEA
Fusion Energy Conference, Oct. 17-22,
2016, Kyoto (Japan)

FFHR
FFHR

31 2014
11 18 24

T. Goto, J. Miyazawa, H. Tamura, T.
Tanaka, N. Yanagi, A. Sagara and the
FFHR Design Group, “ Improvement of
the cost and BOP models for LHD-type
helical fusion reactors” , 24th
International Toki Conference
(ITC-24), Nov. 4-7, 2014, Gifu (Japan)
T. Goto, R. Sakamoto, J. Miyazawa, R.



o

@

®

*

Seki, C. Suzuki, M. Yokoyama, A.
Sagara and the FFHR Design Group,
“ Integrated Physics Analysis of
Plasma Operation Control Scenario of
Helical Reactor FFHR-d1” , 25th IAEA
Fusion Energy Conference, Oct. 13-18,
2014, St. Petersburg (Russia)

FFHR LHD
FFHR

30 2013 12 3 9

Takuya Goto, Junichi Miyazawa,
Ryuichi Sakamoto, Osamu Mitarai, Akio
Sagara and the FFHR Design Group,
“ Study on the operation control of
helical fusion reactor FFHR-d1” ,
11th International Symposium on
Fusion Nuclear Technology (ISFNT-11),
Sep. 16-20, 2013, Barcelona (Spain)

GOTO, Takuya

TANAKA, Teruya



