
• Plasma performance is evaluated by
0-D power balance model which
reflects given density/temperature
profiles and the plasma shape base
on the vacuum equilibrium:

Sudo density limit [5, 6]:

Confinement property evaluated by
ISS (International Stellarator
Scaling) [7]:
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1. Introduction
• Helical systems inherently have suitable properties as a

DEMO and a commercial fusion reactor.
• Optimization of the design point and feedback to plasma

experiments and engineering R&Ds are needed.

2. Analysis models of the system design code
• As the first step, a system design code for LHD (Large

Helical Device [1])-type heliotron reactors, HELIOSCOPE
(Heliotron System Design Code for Reactor Performance
Evaluation), are developed [2].

3. Example of a system analysis
• Design windows of an LHD-type heliotron reactor depends 

strongly on the geometric configuration of the helical and 
the vertical field coils.

4. Summary and future work
• A system design code for LHD-type heliotron reactors is 

developed and design window analyses are carried out. 
• Design windows of  an LHD-type heliotron reactor depends 

strongly on the geometric configuration. Thus the minimum 
blanket space is one of the key design parameters.

• Refinement of the calculation models by reflecting the 
latest physics/ engineering models and the result of the 
detailed configuration optimization studies are planned to 
improve reliability of the analysis.

• Parametric scans of the model parameters themselves are 
effective to secure the robustness of the design window. 

Acknowledgements
This research is supported by the NIFS Fusion Engineering 
Research Project.

References
[1] A. Komori et al., Fusion Sci. Technol. 58 (2010) 1.
[2] T. Goto et al., Nucl. Fusion 51 (2011) 083405. 
[3] T. Goto et al., Fusion Sci. Technol. 56 (2009) 925.
[4] K. Yamazaki et al., Fusion Technology 21 (1992) 147.
[5] S. Sudo et al., Nucl. Fusion 30 (1990) 11.
[6] J. Miyazawa et al., Nucl. Fusion 48 (2008) 015003.
[7] H. Yamada et al., Nucl. Fusion 45 (2005) 1684.
[8] A. Sagara et al., Fusion Eng. Des. 83 (2008) 1690.

~20cm
thinner

Fluence limit for 
30FPYs operation

0 20 40 60 80 100 120107

108

109

1010

1011

1012

1013

1014

1015

1016  JLF-1
 JLF-1 (70 vol.%)

         +B
4
C (30 vol.%)

 B
4
C

 ZrH
1.65

 WC

 

F
as

t 
n
e
u
tr

o
n
 f

lu
x 

(>
0
.1

 M
e
V

) 
(n

/
c
m

2
/
s)

Position (cm)

P
la

sm
a

Breeding
layer

(Flibe+Be)
32 cm

M
ag

ne
t

Radiation
shield
68 cm

Coil and magnetic 
surface structure
Bmax, Wmag, Δin, …

Plasma performance
⎯ne , Wp, Pfus, Prad, τE, 
HISS, <β>, nsudo, …

Magnetic surface 
configuration
<Bt>, <ap>, Rgeo, …

Database of magnetic
surface structure

(vacuum equilibrium
calculation)

Plant power flow
Pn, Pth, Pe, Γn, Γdiv, … 

Coil design parameters
Rc, ac, γ , α, jc, Ic, W/H, …

Plasma parameters
αn, αT, fimp, ne0, Te0, …

Δin > Δreq?

Parameter input

ne/nsudo, <β>, HISS

satisfy the limit?

abstract
A System design code for LHD-type heliotron reactors HELIOSCOPE (Heliotron System Design Code for Reactor
Performance Evaluation) is developed and design window analyses are carried out. Design windows of an LHD-type
heliotron reactor depends strongly on the geometric configuration of helical and vertical field coils. Thus minimum blanket
space at the inboard side of the torus is one of the key design parameters. Refinement of the models for the evaluation of
engineering and physics constraints are needed to improve reliability of the analysis.
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Fig.1 Flowchart of the system design code for heliotron reactors HELIOSCOPE.

Fig.2: Comparison of the magnetic 
surface structure in vacuum
(lower) and in a high-beta state 
(6.0% in volume-averaged value)
with the adjustment of the vertical 
field [2].

Fig.3: Cross-sectional view of an LHD-type 
heliotron reactor on the vertically elongated 
poloidal cross-section.

Fig.4: Distributions of fast (>0.1MeV) neutron 
flux in the FFHR blanket system[8] with 
different materials composition in radiation 
shield.

Fig.5: An example of a design window analysis 
for an LHD-type heliotron reactor with helical 
pitch parameter of γc=1.20 (γc=mac/(lRc)).

Fig.6: Relation between the fusion output 
and the required confinement improvement 
relative to the LHD experimental results 
with a constant stored magnetic energy. 

• Fast calculation (< 1sec for one parameter set) for the 
application to parametric scans over a wide design 
space with a reasonable accuracy can be achieved.

• A reduction in the minimum blanket thickness at the 
inboard side of the torus can moderate both physics 
and engineering requirements.

• Development of a system design code for helical 
reactors and design window analyses are needed. 

• Engineering design by evaluating
Maximum magnetic field on helical coil using the scaling
law [3] (extension of Yamazaki’s scaling[4]):

Stored magnetic energy directly calculated using
Neumann’s law.


