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Abstract

HL-1M tokamak is a circular cross-section device with conventional toroidal magnetic field coils (R/a =
102 cm/26 cm). The goal of the LH-1M programme is to develop high power auxiliary heating (NBI, ICRH,
ECRH) and non-inductive current drive (LHCD) technology and physics which are required for our next
tokamak, HL-2A. This paper describes experiments using LHCD and ohmic discharges lasting up to 4 seconds.

1. Introduction

Up to now, on HL-1M, the maximum plasma current up to 320 kA (0.3s) and the longest discharge
duration up to 4 second have been achieved with a very stable and reproducible plasma performance.
An H-mode induced by biased electrode has been achieved with the information of an internal
transport barrier [1]; Beside a pellet injection system with up to eight pellets, a new method of gas
fueling was developed to inject supersonic molecular beam to the plasma [12]. Ohmic shear reversed
configurations have been obtained by proper control of the plasma current rise and the supersonic
beam injection. The ICRH and NBI experiments are being conducted on HL-1M. In this paper, we
concentrate only on the subject related with long-pulse operations on HL-1M, i.e. non-inductive
current drive and long-pulse ohmic operation with the wall conditioning.

2. LHCD experiments on HL-1M

In past few years LHCD experiments were conducted extensively, with a RF system composed of a 2
x 12 multijunction launcher and two klystron of 500 kW, in various aspects of the subjects, such as
current drive efficiency dependence on plasma parameters and sawtooth suppression, on HL-1M
tokamak [3].

It was found that the characteristic features of LHCD plasma at low density are quite different than
those at high density. The current drive efficiency increase with the plasma current. The MHD
activities were completely suppressed by LHCD. The improvement of particle confinement during
LHCD was observed. The impurity confinement during LHCD was studied with laser blow-off. It was
observed that the improvement of confinement was always accompanied with the increase of the
poloidal rotation and the suppression of the fluctuation of the boundary plasma. The confinement
improvement seems to be related with the production of radial electric field during LHCD. The
suppression of the fluctuation during LHCD in the case of boronized wall showed different behavior
with that in the case of siliconized wall.

Recently, some progress as follows have been made [4]. The ELM mode induced by LHW was
observed under the condition of low density of about 1.0 x 1013 cm"3 accompanying with the
improvement of confinement. At the condition of density around 0.5 x 1013 cm"3, complete LHW
driven plasma current was realized with zero loop voltage for 300 ms. The effective ion heating by
LHW was observed when the plasma density exceeded 3.5 x 1013 cm"3.
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3. Long-pulse ohmic operation on HL-1

Even for non-superconducting tokamak, the ability to have long-pulse operation is an important sign
of a n excellent device and an important issue of tokamak engineering. It involves not only plasma
control technique, but also wall conditioning technology.
Up to 4 second ohmic discharge has been achieved due to the advanced wall conditioning technique
and excellent feed-back control system for plasma parameters.

For the achievement of long-pulse operation on HL-1M, a well-conditioned wall is indispensable for
two reasons, i.e. recycling and impurity. First, the hydrogen recycling has to be reduced by an efficient
wall conditioning technique so that the plasma density could be well controlled. Second, a relatively
clean plasma has to be sustained under a good wall condition to keep a low loop-voltage for saving
ohmic transformer flux (only 1.7 VS for HL-1M) which is a critical factor for long pulse ohmic
discharge.

Several different wall conditioning technique have been tried on LH-1M, such as baking of the vessel,
glow discharge cleaning, boronization, siliconization, and lithium coating. The boronization is carried
out in a helium glow discharge with C2Bi0Hi2 addition, while siliconization is done in similar way
with SiHU-He gas mixture. The lithium coating is performed by evaporation during He glow discharge.
As a regular way, the helium glow discharge cleaning was used everyday during experimental session
to reduce hydrogen recycling after wall conditioning such as boronization and siliconization.

On HL-1M, the total plasma radiation power is reduced by 3 to 6 times after boronization.
Siliconization is even more effective than the boronization to reduce plasma radiation. Furthermore,
silicon has good oxygen gettering properties which is very important for obtaining high performance
discharge. It is the siliconization after which a long pulse ohmic discharge up to 4 second was
achieved with plasma current of lOOkA.

For a discharge up to 4s, precise and stable control for plasma position and plasma-current is also
indispensable. A computer-oriented fast feedback control system for ohmic current and vertical field
was adopted on HL-1M.
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