
Traveling wave direct energy converter (TWDEC)
was proposed as an energy recovery device for fast pro-
tons created in D-3He reaction1). Recently, its applica-
tion to a spacecraft was proposed as an electric generator
in a fusion propulsion system2). Miniaturization of the
device is significant for loading on the spacecraft as well
as using in a terrestrial power plant.

The TWDEC has a trade-off between device size
and efficiency. The important factor of the device size is
the distance between a modulator and a decelerator. It
is determined by bunching length, which varies accord-
ing to the depth of the modulation. A short bunching
length can be obtained in a deep modulation whereas ve-
locity deviation of protons becomes large and an efficient
energy conversion becomes difficult.

As a decelerator, the optimum deceleration scheme
was often used3). A traveling wave in the decelerator
in this scheme is designed by matching its velocity with
that of a proton having standard initial velocity, so large
velocity deviation results in low efficiency. On one hand,
the constant deceleration scheme was proposed in which
protons are trapped in a potential valley of the traveling
wave4). Thus, the potential well with an enough depth
can trap protons even having some deviated velocity, and
decelerate them. The constant deceleration scheme may
be suitable for miniaturization of TWDEC keeping high
efficiency. Its experimental examination, however, is not
enough. An experimental verification is shown in the
following.

The same kind of experimental simulator as Ref.
3) was used. A decelerator of the constant deceleration
scheme was designed for helium ion beam of 3.2 keV and
deceleration of 8 × 1011 m/s2. The length of the decel-
erator was two wavelength of the traveling wave. The
energy distribution of ions can be measured by a Fara-
day cup. By using an active decelerator3), the effect of
the deceleration was measured for eight different relative
phase difference between voltages of the modulator and
the decelerator, and the case of the best deceleration ef-
fect was taken as the result. Voltages of the decelerator
electrodes with appropriate phase differences were pro-
vided by using terminal voltages in a tranmission line.

The sample results are in Fig. 1 which shows vari-
ation in energy distribution functions due to TWDEC
operation. Three cases (a, b, and c) are shown, and
note that positions of zero of ordinate are as indicated
by 0a, 0b, and 0c, respectively. The thin dashed curve
of case a is for the incident beam and the most part

of the ions are around incident energy of 3.2 keV. The
solid curves are for the cases applying the modulation
and the deceleration. The thin curve of b and the thick
curve of c correspond to Vdec4=100 and 230 V0p, respec-
tively, where Vdec4 is the amplitude of the voltage on the
fourth electrode of the decelerator (voltage amplitudes
have ±20 % difference because of a reflection wave in
the transmission line). In the case of Vdec4=100 V0p, the
peak around 3.2 keV decreases and ions are distributed
in a wide energy range. In the case of Vdec4=230 V0p,
the distributed energy range is extended, and a lot of
ions are in the lower energy region than 3.2 keV, and the
new peak around 0.5 keV appears.
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Fig. 1: Variation in energy distribution functions.

According to the theory of the constant decelera-
tion, trapping of ions is explained by a phase space di-
agram. The ions are distributed widely in the vertical
(velocity) direction of the phase space as the velocity-
modulation deepens. One of the factors to determine
the trapping region in the phase space is the decelera-
tion voltage. As the deceleration voltage increases, the
trapping region is extended, so the decelerated ions in-
crease. Thus, the experimental observation of Fig. 1
is consistent with the theory of the constant decelera-
tion. For miniaturization of TWDEC, degradation of ef-
ficiency due to deep modulation to shorten the bunching
length could be improved by adjustment of the deceler-
ation voltage.
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Plasma detachment is expected to one of the most
promising method to reduce huge plasma heat loads
to the divertor plate in next generation fusion devices.
Now, new innovative divertor concept, such as super-X
and snowflake divertor, is proposed. The magnetic field
structure in the innovative divertor geometry is expected
to establish plasma detachment more stable.

Linear divertor plasma simulators (LDS) have been
widely used to investigate fundamental property of the
detached plasma. The most important point in LDS
study is how to make the scientific output obtained in
LDS universal, being able to adapt them to ITER and
DEMO design. From this point of view, the numerical
simulation to evaluate plasma characteristics in the LDS
is essential.

The EMC3-Eirene code, widely used in toroidal de-
vices, is adapted to the linear device, NAGDIS-II in
Nagoya University. The computational grid is shown in
Fig. 1. The size of the computational area is 110 cm
in the magnetic field direction, and 2.5 cm in the radial
direction. In order to simulate a linear plasma, the large
aspect ratio assumption is used and the cylindrical sym-
metry is assumed. Particle and power source is assumed
to be located in the plasma source region.

First, we have tried to reproduce the attached
plasma generated in the NAGDIS-II. Fig. 2 show the
2D distribution of electron density ne and electron tem-
perature Te calculated with the EMC3-Eirene code. The
radial profiles of ne and Te at z = 24, 53, 75 cm are also
shown. The radial profiles of ne and Te are controlled
by adjusting a the additional volumetric energy source
in the plasma source region to reproduce the NAGDIS-
II plasma. It is found that along the magnetic field, ne

once goes up and gradually decreases toward the target
plate. This tendency matches the experimental result in
NAGDIS well.

Understanding of the energy balance in attached
and detached plasma conditions is quite important. Fig.
3 shows the energy dissipation rate of the total input
power in the plasma. In the attached plasma condition,
59 % of the total input power is dissipated through neu-
tral gas due to charge exchange process, and 39 % be-
comes heat load to the target plate. In the future, the
energy balance in the detached plasma condition will be
investigated systemically.

Fig. 1: Schematic of computational grids for EMC3-
Eirene calculation.

Fig. 2: Calculated distribution of (a) electron density
and electron temperature.

Fig. 3: Energy dissipation rate of total input power.
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