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Summary

v Multifarious physics analyses of the core plasma
properties in FFHR-d1 have been carried out
- Using profiles directly extrapolated from LHD

v Large Shafranov shift is foreseen and will cause ...

- deterioration in both neoclassical transport and a particle
confinement

v Promising procedures to deal with this are found:
- optimization of the magnetic configuration
- plasma position control by B,

v Then, it becomes possible to realize:
- magnetic surfaces similar to those in vacuum
- neoclassical transport compatible with o heating
- small alpha energy loss of ~10 %

Helical DEMO reactor FFHR-d1

A. Sagara et al., Fusion Eng. Des. 87, 594 (2012)
® Conceptual design study of FFHR-d1
has been started in 2010
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® The newest version of the FFHR series
(FFHR1, FFHR2, FFHR2m1, FFHR2m?2)

v Heliotron type steady-state reactor

v Self-ignition (no auxiliary heating)
v 3 GW of fusion output
¥ 1.5 MW/m? of neutron wall load
® What's new in FFHR-d1
v Coil arrangement is similar to LHD

v Based on LHD normal confinement

v R.=15.6 m(LHD x 4), B =4.7T

v 3 pairs of poloidal coils in LHD are
reduced to 2 in FFHR-d1, to secure the
large ports for maintenance

v Divertors are placed on the backside of
blankets
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Vertical slices of FFHR-d1

Attractive features of a helical reactor

ﬁux surfaces are generated by
external superconducting coils

Divertors are placed behind
the blankets
* To avoid direct neutron irradiation
(both of the neutron damage and
radioactivation can be reduced)
« Divertor detachment becomes easy

« Plasma current drive is unnecessary
- Steady state operation is easy

+ Circulating energy is ~10 % of fusion output

* Plasma does not contact with the blanket at
start up / shut down / emergency

\_* No plasma current disruption

Neutron wall load can
be reduced by enlarging
the device size

+ No need of non-inductive current
drive of which the needed power

Open space inside the torus is proportional to the device size

* No needs of center solenoid

+ Long-life blanket
+ Low decay heat

Description on applied numerical codes

Responsible
Person

R. Seki

Physics Topics Code Functions and Rei S

3d equilibrium is calculated inside the last closed flux surface
(provided by HINT2). Closed flux surfaces are a priori assumed.
- Equilibrium Database

VMEC

3D Equilibrium 3d equilibrium is calculated WITHOUT assuming closed flux
Surfaces. (stochastic field, magnetic islands, can be treated)

—> field data to MORH

HINT2 Y. Suzuki

3-D low-n Ideal MHD stability is calculated by energy principle. The
outputs are radial deviation £°, potential energy W and growth
rate y. The output of VMEC is used as the input.

TERPSI-
CHORE

MHD stability Y. Narushima

Drift kinetic equation is solved based on &f Monte-Carlo approach.

FORTEC | Finite orbit width effect is rigorously treated. “Global” neoclassical

Neoclassical -3D diffusion (and then ambipolar radial electric field, Er) and viscosities
164 - I are evaluated.

S. Satake

Bounce-averaged drift kinetic equation is solved to evaluate “local”
neoclassical diffusion (and then ambipolar Er). Computations time
is relatively short, however, accuracy becomes worse in magnetic

ions with broader spectrum (such as high-beta regime).

N S. Satake
ambipolar Er GSRAKE

Drift kinetic equation is solved in 5-dimensonal space (geometry,
velocity) based on orbit-following approach to obtain the steady-
state distribution of energetic particles.

a particles plasma heating

Y. Masaoka/
S. Murakami
(Kyoto Univ.)

> GNET
a particles

confinement Energetic particles’ orbit following using the magnetic field data

provided by HINT. Re-entering particles are also taken into
account.

MORH R. Seki

Turbulent transport analysis based on solving the time-evolution of
the ions’ and electrons’ fluctuation distribution function in 5d space
based on gyro-kinetic equation.

217G zonal flow issues etc..

Turbulent M. Nunami

transport CRZX
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MHD Equilibrium [HINT2]
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v'Shafranov shift can be mitigated and destructed magnetic
surfaces are reformed by plasma position control using vertical
magnetic field

v Especially, magnetic surfaces similar to those in vacuum are
formed with finite beta in the high aspect ratio configuration

MHD Stability [TERPSICHORE
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n =1 mode family n = 2 mode family n = 3 mode family n = 4 mode family

v Inward-shifted configurations are Mercier unstable

v'High mode number MHD instabilities are foreseen at iota ~ 1,
instead of low mode number MHD
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Neoclassical Transport [FO RTEC3D] | High aspect ratio configuration
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v Large neoclassical transport is expected in the case Aw/o B, 2 o = :
3
v Plasma position control with B, is effective and the heat flux is halved 2 2 o
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= Both high aspect ratio config. and plasma position control is effective

Alpha Particle Confinement [GNET] 3D Tracking of Alpha Particles [MORH]
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(o particles are lost at LCFS in GNET)

5 generated at p < 0.7 is less than 20 %
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v Basically, the major part of the lost a particles goes to the divertor region behind the blanket in FFHR-d1
v Negligibly small number of lost a. particles starting from p = 0.95 hit the blanket side wall

Direct Profile Extrapolation (DPE) Energy confinement is gyro-Bohm  The confinement enhancement factor is
expressed as a functlon of the heatmg proﬁle

J. Miyazawa et al., Fusion Eng. Des. 86,2879 (2011)
v Directly extrapolates the profile data to reactor
¥ Extrapolation without assumed profiles )
¥ MHD equilibrium similar to the experiment is used
¥ Gyro-Bohm normalized pressure profile is fixed

® Scale length of the turbulence ~ ion gyro radius :
A o< p, o< Tos/B
Time scale of the turbulence ~ (ion diamagnetic
drift frequency)*:
T 0 < ((afp)(p;fa) T9)*
Bohm diffusion coefficient :

v Regressionanalysisbetweenthepeaking o
Dy < T/B factor of the he: e and the e

Pos.srm(0) = 0 Ne(p)*© P4 B2# Jo(2.4p/01,)

v Enhancement factors of beta and density

factor

® 1SSg5and 1SSo4, H-mode scaling

are determined to achieve self-ignition Reactor ® Gyro-Bohm diffusion coefficient : 9 oA degadaton at low-
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