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In present experiments, the confinement en-
hancement factor over the LHD scaling is ~ 1.3, too
small for ignition. This difficulty could be overcome by
employing a higher magnetic field, which could be
produced in force-free type helical field coils.(1) The
temporal evolution of the ignition access in FFHR (R =
20m,a=2m, and B~ 9 to 15 T) with a confinement fac-
tor of y¢1 = 1.5 ~ 2.0 has been analyzed by using the
time dependent zero-dimensional power balance equa-
tion with LHD scalings and with an H-mode power
threshold. In this report, a ignition access for a high
magnetic field of B, =12 T with the H-modeand 15T
with the L-mode ignition is presented.

The formulae are the same as used in the ITER
time dependent zero-dimensional ignition analysis for
ITER.(2) The H-mode indicator Myyy is defined, refer-
ring to the W7-AS H-mode power threshold, as
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where Py, ot is the net heating power density given by
thet = PEXT/VO+Pa - { Pb + Ps}' So= 2nR27 a and Vo =
2n2Ra2. The coefficient Ay is the experimentally ob-
served value of 0.024 during the main heating phase.
The density limit is also calculated by the net heating
power density. The alpha particle heating efficiency
or the confined alpha particle fraction 1, = 0.7 has
been assumed in this study.

For the magnetic field of 12 T, it is possible for
FFHR to reach ignition with the low confinement fac-
tor of Yy= 1.5, but the large heating power of PgxT=
250 MW is necessary.

Even if the confinement factor is enhanced up
to 2.0, ignition access is not improved due to the H-L
transition. As the contour line of 250 MW shifts to the
high temperature L-mode regime due to the larger con-
finement factor, the operating point tends to enter into
the high temperature L-mode regime. Therefore, care-
ful operation is necessary not to enter into the L-mode
regime during the main heating phase. This can be
done by switching off the heating power earlier to re-

duce the temperature and avoids the H-L transition.
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When a long pulse of 250 MW is applied,
repetitive fusion power surges are observed due to
cyclic H-L-H transitions as shown in Fig. 1 for
Spr=1.1x1019 m3/s. This is due to the fact that the
“window to the ignition regime” made by the H-L
power threshold cyclically opens and closes by the
change in the helium ash fraction. The operating
point oscillates between two contour lines of 250 MW in
the H- and L-mode regime. When the fueling is
slightly increased up to Sp=1.18x1019 mr3/s, the op-
erating point goes to the higher density and returns to
the L-mode. Therefore, no more oscillation exists.

Possibility of the L-mode operation with y¢y =
land B, =15 T was examined with the temporal
analysis. The operating point goes into the L-mode
and reaches the ignition regime by increasing the den-
sity up to 2.7x1020 m3 with Ppy= 100MW. This oper-
ation scenario has an advantage over the H-mode op-
eration because an L-H transition is not required, if

such high field can be achieved.
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Fig. 1. The L-H-L cyclic transition during the long
pulse heating phase of 250 MW for B, =12T, yyg
= 2.0 and the steady fueling rate of Spr =
1.10x1019 m=3/s.
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