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A NEW FUELLING METHOD FOR FUSION PLASMA
— SUPERSONIC MOLECULAR BEAM INJECTION
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A new method of gas fuelling —pulsed supersonic molecular beam injection (MBI) has been

developed successfully in the HL-1M tokamak. It is an attempt to enhance the penetration depth and

the fuelling effect, whereas to reduce the recycling coefficient and the pumping system load. MBI is

an improvement of conventional gas puffing (GP). It is comparable in performance to the small and

slow pellet injection in HL-!M | ! :. HL-1M is a circular cross-section tokamak with R = 1.02 m, a =

0.26 m, B, < 3 T, Ip < 350 kA and two full poloidal graphite limiters located at toroidally

symmetrical sections. The background pressure of the vacuum chamber normally is 1 X 10"sP«.

The supersonic molecular beam source used here is a free jet. Figure 1 shows the features of

a free jet expansion under continuum conditions'21 and its injection into the plasma. The source

consists of a small chamber in which the working gas can be kept at a definite pressure Po and

temperature T« The gas with a small start velocity (Mach number M « l ) is accelerated by an

imposed pressure difference ( Po - Pb ) through a short converging nozzle and into the vacuum

chamber of HL-1M. If the background pressure Pb of HL-1M is low enough and the ratio of Po/Pb

exceeds a critical value 2.1, then M equals one at the throat of the nozzle. Beyond the exit the gas

flow expands isentropically. As the flow area increases , a supersonic flow increases velocity, M

continues to increase and becomes far greater than one in the zone of silence. The distance between

the nozzle and the Mach disk shock, measured in nozzle diameter rf. is given by Xni/d = 0.67

(P«/Pb)'". In the present experiment, d = 0.1mm and PC/PI)>1 X 107.

Mach disk shock

FIG. 1 Schematic diagram of supersonic molecular beam injeciion into the HL-1M plasma.

Pulsed free jets are adapted for reducing Pb and elongating XM, SO that it can inject directly

into the HL-IM plasma before the Mach shock appears. In recent experiment, the pulsed supersonic

hydrogen beam velocity is above 500 m/s and the Mach number M > 2 . About 6 X 1019 molecules

pass through the nozzle and into the vacuum chamber in each pulse. With penetration depth of

hydrogen particles beyond 10 cm, the ramp-up rate of electron density, dne I dt, was as high as

2.9 X 1020 m ' V with steady state and the resulting plasma density reached ne= 8 X 1020m'3

( Shot 4965. Pure ohmic heating plasma with current slowly rising to 186 kA, Bt = 2.4 T) with

reduced impurity concentration. The density profile peaking factor, Q^ after MBI reached a

maximum value about 1.65. The energy confinement time T p measured by diamagnetism is 10-20

% longer than that of GP results under the same operation conditions, as is shown in Figure 2. It is

argued that the peaked density profile induced by the deepened particle injection is a factor essential

for the confinement improvement, because the penetration depth of hydrogen particles is only 3.6

cm and the Qn normally is less than 1.4 for GP plasma in HL-1M, and the maximum plasma density

reached 6.2 X 1019 m'3 ( Shot 4876, its operating conditions are the same as Shot 4965, except Ip

=193 kA).
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FIG. 2. Variation ofenergy confinement time Tg with « e i n H L - l M . Ip = (150-200) kA,

B, = (2.4-2.5) T. q,5 = 3.9-5.5.
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