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Abstract
Features of high fuelling efficiency of supersonic molecular beam injection (SMBI) are studied on the HL-2A
tokamak. Normalized by fuelled particle inventory, the Dα emission induced by SMBI is about 50% higher than
that of gas puffing (GP), indicating that a higher percentage of fuel injected by SMBI will enter the plasma. Strong
particle convection (inward pinch) is observed with a hydrogen cyanide (HCN) interferometer as the densities from
the core and edge channels increase and decrease, respectively, in the post-fuelling phase. In addition, microwave
reflectometry indicates that the peak of fuelled density moves inward. By comparing the SMBI pulses with and
without electron cyclotron resonance heating, it is identified that the pinch is driven by the enhancement of electron
temperature gradient. Higher enhancement (up to twice) of the normalized electron temperature gradient is observed
for SMBI than for GP, and this is another mechanism for the higher fuelling efficiency of SMBI.
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and JT-60U [8, 9], but also on stellarators, such as the Large
Helical Device (LHD) [10], Heliotron J [11] and W7-AS [12].
Despite its merits and wide use, the mechanism inducing high
efficiency of SMBI has not been well understood yet.
To understand the mechanism of the high fuelling
efficiency of SMBI, many experiments have been carried out.
On Tore Supra (TS) [13, 14], the fuelling efficiency between
GP and SMBI was compared; the fuelling efficiency of SMBI
is in the range 30–60%, which is about three to four times as
high as that of GP. Experiments and simulations predict that
short pulse duration and prompt cooling effect are responsible
for the high fuelling efficiency.
The penetration of SMBI was monitored by a fast TV
camera and charge exchange recombination spectroscopy
(CXRS) on JT-60U [8, 9]. The results reveal that the maximum
decrement of ion temperature can be in the normalized radius
of ρ = 0.8, but the emission of SMBI detected by the fast TV
camera is mainly outside the separatrix.

High fuelling efficiency is pursued to control the plasma
density and to study fuelling-related plasma physics. Three
fuelling methods, such as gas puffing (GP), pellet injection
(PI) and supersonic molecular beam injection (SMBI), are
developed to meet the demand mentioned above. GP is the
simplest and most conventional one, but the weak point is
its low fuelling efficiency; PI can make up the shortage of
GP and fuel plasma with very high efficiency. However, the
structure of the PI system is complicated. SMBI boasts the
merits of GP and PI. The key instruments of the SMBI system
consist of an electro-magnetic valve and a Laval nozzle [1–4].
The fuelled particle inventory is controlled by the product of
pulse duration and plenum pressure, and the plenum pressure
can be changed in the range 1–40 bar with a pulse duration
of 0.5–6 ms on the HL-2A tokamak. Simple structure, good
flexibility and relatively high fuelling efficiency make SMBI
popular. Nowadays, the SMBI system is installed not only on
tokamaks, such as ASDEX Upgrade (AUG) [5, 6], NSTX [7]
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