
Cusp-type direct energy converter (CUSPDEC) was
proposed as an efficient power generation device using in
D-3He fusion generation1). The authors were proposed
an application of the device to reduction of thermal load
of divertor plates2). Ions and electrons can be separated
by the function of CUSPDEC, and their kinetic energy
will be reduced by an appropriate biasing on the diver-
tor plate. An introduction of permanent magnets (PMs)
is required to compose CUSPDEC in a narrow divertor
space, and a preliminary experiment of PM-CUSPDEC
was performed3). Based on the result of this experiment,
a new device of PM-CUSPDEC was constructed, and the
present paper shows its separation characteristics.

The new device is composed of one magnetic coil
and several PMs. Figure 1 shows results of orbit cal-
culation in the r–z plane of the device, where varia-
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Fig. 1: Variation in electron orbit to the number of PM.

tion to the number of PM is examined under appro-
priate field conditions. The starting positions (r0, z0)
are: z0 = −25 cm for all electrons, and r0 = 0.5 cm for
that with 30 eV while r0 = 0.5, 1, 1.5, 2 cm for those with
10 eV. According to Fig. 1(a) of two PMs, 10 eV elec-
trons of r0 = 1, 1.5, 2 cm arrive at Plate1 (electron collec-
tor), but that of r0 = 0.5 cm stagnates in the cusp region
around z ∼ 15 cm, and that of 30 eV passes through the
cusp region in the radial direction. In Fig. 1(b) of three
PMs, all electrons of 10 eV arrive at Plate1, and that of
30 eV stagnates in the cusp region. All electrons arrive
at Plate1 in Fig. 1(c) of four PMs. These are the result
of increase of magnetic field due to increase of PMs.

The corresponding experiment was performed. Fig-
ure 2 shows variation of electron currents of Plate1 and
Plate2 (ion collector) which are denoted I1 and I2, re-
spectively. They are normalized by the maximum value
for each case of the number of PM. The variation was
examined as a function of the coil current: on a small
coil current, an upstream cusp field was remained for
all cases, while both upstream and downstream cusp
fields disappeared on a large coil current. Only on a
certain middle coil current, desirable charge separation
is achieved. As the coil current increases, I1 rapidly
increases and takes the maximum value and then de-
creases slightly although I2 gradually increases and a
constant value follows. This variation is consistent with
the change of magnetic field. The coil current corre-
sponding to the maximum I1 increases as the number of
PM increases. This means the magnetic field strength
by PMs increases as the number of PM increases.

The separation efficiency defined by I1/(I1+I2) was
evaluated by using the results of Fig. 2. The maximum
efficiency increases as the number of PM increases, and
86% is obtained in the case of four PMs.
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Fig. 2: Dependence of electron current on coil current.
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In GAMMA 10/PDX, the divertor simulation 
experimental module (D-module) has been installed at the 
west-end region to study the boundary plasma physics, 
divertor physics and plasma-wall interaction. One of the 
features of GAMMA 10/PDX is high controllability of the 
plasma exposure since plasma heating systems of ECH, 
ICH and NBI are equipped. Ion temperature of plasma 
exposed to D-module is high (i.e. a few hundreds of eV) 
and it is comparable to the SOL ion temperature in ITER. 
And also ion energy of the plasma is distributed, meaning 
that condition of plasma-surface interaction is equivalent to 
that of the torus plasma from a viewpoint of hydrogen 
recycling. 

Figure 1 shows a schematic view of the D-module, 
which consists of a rectangular box (0.5 m square and 0.7 
m in length) with an inlet aperture at the front panel and a 
V-shaped target system inside the box. Tungsten target 
plates with the thickness of 0.2 mm are attached on a V-
shaped base made of Cu. The target size is 0.3 m in width 
and 0.35 m in length. The length between the front edge of 
the target and the inlet of the D-module is about 0.3 m. The 
open-angle of the V-shaped base can remotely be changed 
from 15 degrees to 80 degrees. In this experiment, the open 
angle was 45 degrees. The additional hydrogen gas can be 
supplied near the inlet of the D-module. For the plasma 
characterization, thirteen Langmuir probes have been 
installed on the upper target plate and two probes have been 
installed at the upstream from the front edge of the V-
shaped target. Besides, spectroscopy and fast camera 
measurements have been done. 

Figure 2 shows time evolution of the neutral pressure 
inside the D-module, which was measured with an ASDEX 
gauge. The pressure of the gas tank for the gas supply (i.e. 
plenum pressure) was changed up to 1000 mbar shot by 
shot. The plasma was produced from t = 50 ms to t = 240 
ms and the hydrogen gas was supplied from ~ 300 ms 
before the plasma production to the end of the plasma. The 
neutral pressure is kept constant before the plasma 
production but it increases after the plasma flows into the 
D-module. The pressure increase seems to be attributed to 
reduction in outflow of neutral particles to outside of the D-
module.  

As shown in Fig.3, the electron temperature near the 
inlet (~0.23 m upstream from the front edge of the V-
shaped target) decreased from ~30 eV to ~8 eV with 
increase in the neutral pressure and that near the corner of 
the V-shaped target decreased from ~23 eV to ~1eV. The 
electron density near the corner of the target increased with 
increase in the neutral pressure and then it decreased 
although the density near the corner was kept almost 
constant over ~2 Pa. It means the detachment occurred near 
the corner of the V-shaped target. Moreover, the 
dependence of the H  and H  line intensities on the neutral 

pressure indicates that molecular activated recombination 
(MAR) occurred near the corner of the V-shaped target. 
 
 

 
 

Fig. 1 Schematic view of the D-module. 
 

 

 
 

Fig. 2 Time evolution of the neutral pressure inside 
the D-module. The number in the figure shows the 
plenum pressure for the hydrogen gas supply. 
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Fig. 3 (a) Electron temperature, (b) electron 
density near the inlet and on the target and (c) H  
and H  line intensities as a function of neutral 
pressure in the D-module. 
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