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"Consistency between Current Ramp-Up/Recharging Scenario by
Non-Inductive Current Drive and

Dense and Cold Divertor Plasma"

- Conceptual Design Study of FY86 FER -

Shigehisa HITOK1*!, Masayoshi SUGIHARA, Shin YAMAMOTO
Mitsushi ABE®2, Noriaki UEDA®3, Takashi OKAZAKT®2
Kunihiko OKANO®%4, Masao KASAI®3, Kichiro SHINYA®4

Akiyoshi HATAYAMA**  Tadanori MIZOGUCHT®S

and Noboru FUJISAWA

Department of Large Tokamak Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken
(Received July 2, 1987)

Consistency between non-inductive current drive and the formaiton of
cold and dense divertor plasma in phases of plasma current ramp-up and
recharging. When we consider the current drive efficiency obtained in the
experiments of JT-60 as the actual upper limit, it is difficult to realize
the low plasma temperature below 50 eV near the.divertor plate for the
reasonable absorbed power (20MW) in FER. Divertor plasma temperature is
reduced to about 20 eV for the absorbed power 30 MW,

It is essentially important to increase the drive efficiency in order
to attain the cold divertor plasma. When we use the slightly higher
efficiency medel than the experimental result of JT-60, the divertor plasma
temperature will be reduced to 20 eV and about 10 eV for the absorbed power

20 MW and 30 MW respectively.

*1 On leave from Mitsubishi Electric Corp.
%2 Hitachi Ltd.

%3 Mitsubishi Atomic Power Industries

*4 Toshiba Corporation

%5 On leave from Hitachi, Ltd.
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The efficiency for current drive by LHRF wave,
Nyg = R(m)-IRF(A)Fe(lOZOm_3)/PRF(W)>'0.3, is actually obtained as the main
plasma temperature increases in JT-60 experiment that NBI heating is used
at the same time as LHRF wave current drive. In this case, the formation
of ccld and dense divertor plasma is observed more easily in the divertor
chamber and the divertor plasma temperature can be reduced below 10 eV

in the phases of current drive.

Keywords: Plasma Physics Design, FER, Current Ramp-up, Divertor,

Plasma, Current Drive
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fuel don density

Average impurity ion densicy

Average electren density
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D-T fusion rate

Q¢ energy when born

ilon temperature

electron temperature

Ohmic current density

lon energy confinement time

Electron energy confinement time

Plasma resistivity

Charge of impurity iom

Effective ion charge
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El

Plasma
Plasma
Plasma
Plasma
Plasma

Safety

Table 2

major radius
minor radius
elongation
aspect ratio
current

factor

Field on axis

Non—inductive current

Diverteor plasma length

Divertor plasme width

Ratio of poloidal to
toroidal fields

Probabiiity of escape

ectron—ion energy relaxation time

Notations of variables used in power bzlance equations

Standard FER parameter in start-up

©Tr recharging phase

I._.
drive

B‘P /BT

ese

4 MA
2.5
5.3T

10 Ma
(standard geometry) (closed geometry)
50 em 100 em

25 ecm 10 em
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Fig. 1 A flow chart of icns and neutrals between main plasma and

divertor plasma is shown schematically. Fluxes of ions and
neutrals are balanced between boundaries of main and scrape-
off regions, and divertor and scrape-off regions. Plasma
densities in main and divertor regions are matched with

density at scrape-off, nth.

o ;
L Q=24 MW ]
‘e 1070k
o o
2 r
2 I
s 10°
z :
= L
E 08 L
3 |
w I x-—-x — Divartor code
17 .
]O v - . . ! + + . v 1 -
0 i 2 3

22 _
s

Incoming ion flux {x10

Fig. 2 Results of simplified code using eq.(2.4) to eq.(2.8) are
checked by comparing electron demsity at plate with that
obtained from divertor codel7), S0lid curve is from
simplified code and cross marks from divertor code. Heat
flux is 24 MW and other parameters are standard ones in
Table 1.
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10 MA noninductive current, are shown on Fig. 8 (d).
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10 MA noninductive current, are shown for the closed divertor

case.
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The coefficient

c=0.63-1.9 is obtained for the relation nyg=cTy,



