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Traveling wave direct energy converter (TWDEC)
was proposed for energy recovery of fusion produced pro-
tons of D-3He reaction. For wide application of TWDEC,
its working characteristics for ion flux with wide energy
spread should be examined. A bias-type TWDEC sim-
ulator was designed and installed on GAMMA 10Y. In
this report, the detail examinations of experimental re-
sults by orbit calculation are presented.

The structure of the decelerator of the TWDEC
simulator was designed according to the particle trap-
ping theory?). In the design, the constant deceleration
of « = 8 x 101! m/s2 and the objective energy Fgesign =
0.8keV were taken. In the measurement, the end-loss
ions of GAMMA 10 was used, the energy distribution of
which was proportional to vE — Esexp(—(E — E)/T)
where Es = 63eV was shifted-energy and T; = 295eV
was ion temperature.

With an application of the negative DC bias of
—0.6kV, energy distribution functions were measured as
shown in Fig. 1(a) in which polynomial fitting was used
for noise elimination. The dotted curve is without oper-
ation of RFs of TWDEC, in which the peak of the distri-
bution is around 0.8-1keV. In the application of RF's, the
relative phase differences between the modulator RF and
the decelerator RF (A¢) were taken to be inverse phases
of ¢go + 7 and ¢gg. A constant uncertain value of ¢gq
is due to the difference between paths from the signal
sources to the electrodes. In the case of A¢p = ¢pg + 7
(solid curve), the amount of ions in the lower energy side
than 0.8-1keV is larger than that in the higher energy
side. On one hand, in the case of A¢ = ¢go (dashed
curve), vice-versa. The contrastive variations were found
between the cases with inverse settings of A¢. This is
natural as the principle of TWDEC is an inverse process
of linear accelerator, thus inverse setting of A¢ could be
resulted in an accelerator characteristic.

These characteristics were examined by orbit calcu-
lations with experimental conditions. The incident en-
ergy distribution was taken to be a shifted-Maxwellian.
In the results shown in Fig. 1(b), variations of distribu-
tion functions similar to that in Fig. 1(a) are found. By
taking an appropriate value of ¢cg, the amount of ions
in the lower energy side is larger than that in the higher
energy side for A¢ = ¢co + m (solid curve). For inverse
phase of A¢ = ¢¢p (dashed curve), vice-versa.

In the orbit calculation, the ion flux with narrow
energy spread is introduced in which a Gaussian distri-
bution was employed as the incident energy distribution.

The samples of the results are shown in Fig. 2. The
average energy of the incident ions (Ey) is 0.875keV for
Fig. 2(a). In this case, the energy regions with large
amount of ions are changed from the lower side to the
higher side than Fy due to the difference of A¢, which
is similar to Fig. 1. In the case of Ey = 1.2keV (Fig.
2(b)), variations of distribution according to A¢ are un-
clear. In the application of ions with wide energy spread
to TWDEC, characteristics for energy components close
t0 Fdesign appears, which correspond to the trapped re-
gion designed.
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Fig. 1: Variation of energy distribution functions for
incident ions with wide energy spread: (a) measured re-
sults and (b) calculated results.
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Fig. 2: Variation of energy distribution functions for
incident ions with narrow energy spread. The average
incident energies are (a) 0.875keV and (b) 1.2keV.
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