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a b s t r a c t
For increasing the plasma density and improving the plasma conﬁnement, a new pellet fuelling system
based on the extrusion technology has been developed successfully and set up in the low ﬁeld side of the
HL-2A tokamak. It is designed to produce 1–40 solid pellets of hydrogen/deuterium in one injection cycle.
The pellet fuelling system consists of six main parts: (1) Vacuum system, which includes two independent
sub-systems and can pump the corresponding spaces to 10−3 Pa and below 10−5 Pa, respectively. (2) A
closed-cycle helium cryorefrigerator of 1 W power at 4.2 K, which is used for cooling of the injector and
pellet production. (3) A pellet size regulator, which is used for extrusion of ice ribbon with different
dimensions. (4) Electromagnetic cutter, which is used to cut the ice ribbon to pellets with high frequency
(up to 30 Hz). (5) Gas supply system, it can provide the pellet material of D2 or H2 and propellant gas of
helium, and (6) control and diagnostic system.
During our 2009–2010 experimental campaign, we made some commissioning tests for the fuelling
system and injected the deuterium pellets into the plasma with the typical parameters as follows: pellet
size are with the diameter = 1.3 mm and length = 1.3–1.7 mm, number of pellet Np = 3–5, frequency of
injection Fi = 10/20 Hz, velocity of pellet Vp = 200–300 m/s by helium propellant gas with pressure of
0.6–1 MPa. The injection reliability is more than 90%. This paper will describe the new pellet fuelling
system in detail, and present some preliminary injection experimental results in HL-2A tokamak.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Pellet injection is considered as one of the most important methods to control the plasma density proﬁle and thus pressure and
current proﬁles. Improved energy conﬁnement has been observed
in many tokamaks with centre pellet injection since 1980s [1,2].
For increasing the plasma density and studying edge localized
modes (ELM) mitigation, a new pellet fuelling system based on
the extrusion technology which was proposed by Mitsubishi Heavy
Industry [3] has been developed successfully under the contract
06CMIA130RU/JJ between PELIN Laboratory [4] and Southwestern
Institute of Physics (SWIP), and set up in the low ﬁeld side (LFS)
of the HL-2A tokamak (R = 1.65 m, r = 0.4 m) in 2009, as shown in
Fig. 1.
2. Technical speciﬁcation
The HL-2A device is a medium size tokamak with a closed divertor [5]. And it is operated in the following parameter range: plasma
current Ip = 200–400 kA, toroidal magnetic ﬁeld Bt = 2.2–2.6 T, line-
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average electron density ne = 1–6 × 1019 m−3 , electron temperature
Te = 1 keV. The speciﬁcation has been determined from the experimental data [6] obtained using the old pellet injector which is based
on the in situ condensation technology and developed by PELIN
Laboratory in 1996 for SWIP. The new pellet fuelling system should
meet the required performance given in Table 1 below.

3. The pellet fuelling system
3.1. Cooling system and ice production
The procedure of pellet formation is carried pressure and temperature (below the triple points 13.9 K for hydrogen and 18.7 K for
deuterium).
A closed-cycle helium cryorefrigerator of 1 W power at 4.2 K like
RDK-408 series of Sumitomo Heavy Industries is used. This concept has demonstrated a high reliability, an easy maintenance, a
facilitated control of temperature and the turn-around time of an
operation and a standstill time are shortened. The cryorefrigerator
is used to cool down a piston extruder [7] in the cryostat, from the
room temperature to 10 K in less than 2.5 h. The temperature at the
extruding position is as low as 5.5 K without pellet formation, and
is controlled by an electric heater wound around the extruder.
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