Journal of Nuclear Materials 415 (2011) S952–S956

Contents lists available at ScienceDirect

Journal of Nuclear Materials
journal homepage: www.elsevier.com/locate/jnucmat

Divertor design for HL-2A tokamak modiﬁcation
Y.D. Pan ⇑, J.H. Zhang, W. Li, J.X. Li
Southwestern Institute of Physics, P.O. Box 432, Chengdu 610041, China

a r t i c l e

i n f o

Article history:
Available online 27 November 2010

a b s t r a c t
This article introduces the new divertor design for the planned upgrade to HL-2A and details the optimization of the divertor parameters, including the target geometry, throat width, and the size and location
of the pumping chamber entrance. The basic requirements are to provide tolerable power loads on the
target plates and sufﬁcient particle exhaust for the Ip = 1.2MA, 10–20 MW auxiliary heated reference discharge. The SOLPS5.0 code package is used to generate a database. A vertical target divertor conﬁguration
has been adopted as the ﬁrst conceptual design, which gives a peak heat load on the divertor target of 4–
10 MW/m2 for an anticipated power ﬂux into the SOL of 5–10 MW discharge. The pumping efﬁciency is
found to increase by a factor of 3–4 when the divertor gap is narrowed from 5.5 to 2.0 cm.
Ó 2010 Elsevier B.V. All rights reserved.

1. Introduction

2. Divertor geometry for HL-2A upgraded machine

The upgrade of the HL-2A tokamak to a modiﬁed device, HL-2M
is a major challenge for the Southwestern Institute of Physics
(SWIP). Its key divertor design technology research is quite important for the project. The planned tokamak machine is designed to
operate with shaped plasma cross-sections and in the single null
(SN) divertor conﬁguration with major radius/minor radius/toroidal at R/a/Bt = 1.85 m/0.5 m/2.5 T. The divertor should be designed
to accommodate the ohmic power coming from 1.2 MA plasma
current and the auxiliary heating power ECRH + LHCD + NBI at
the level of 10–20 MW in 5 s discharges.
During the last decade, HL-2A, formerly the ASDEX machine,
has some expected beneﬁts of a closed divertor geometry, such
as target detachment [1]. However, limitations of the overall device, such as inﬂexible plasma conﬁguration, weak neutral pumping and mechanical trouble from the divertor shaping coils inside
the vacuum vessel, restricted the advanced research programme.
Now, the new project tries to slightly open the divertor while
increasing the neutral particle pumping in the divertor region
and decrease the fraction of recycled neutrals escaping to the main
chamber.
This article introduces the new divertor conceptual design and
details the optimization of the divertor geometry, pumping port
and dome structure. Providing tolerable power loads on the target
plates and sufﬁcient particle exhaust is the basic requirement of
the design. The SOLPS5.0 suite of codes, is the main tool employed
during the divertor design process [2,3].

The upgraded divertor will have deep, inclined inner and outer
vertical plates with tightly ﬁtting dome bafﬂe in the private ﬂux region to minimize its conductance for neutral leakage from the
divertor region into the main chamber. The chosen divertor geometry is compatible with a wide range of lower triangularity from
0.3 to 0.6. This is consideration to left more ﬂexible to new conception divertor design in the near future. Fig. 1 shows the separatrix
locations for the low and high-triangularity magnetic geometries.
The width of the throat, the leg length and the incident angle of
target plate marked in Fig. 2 are the three key divertor geometry
parameters that are considered here [4]. The width of bafﬂe throat
is ﬁxed by the width of SOL layer at mid-plane. Incident angle of
target plate is related to the leg length and neutral particle transport through the emitted direction and incident angle. The strength
of the neutral exhaust depends most strongly on the location and
size of the pumping opening, the pump speed.
The magnetic equilibrium, which is the basis of the numerical
grid generated for SOLPS5.0, is benchmarked by EFIT, SWEQU
and the free boundary equilibrium code TSC [5]. The shape of the
bafﬂe follows the magnetic ﬂux surface which is about 3–5 cm
away from the separatrix mapped to the outer mid-plane. This distance is anticipated to be a few times of radial power decay length,
kp . The targets and bafﬂes will consider CFC as the main material in
the initial phase.
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3. Edge plasma simulation
The new design has the capability to accommodate lower single
null (LSN) and double null (DN) conﬁgurations, but LSN will be
the preferred option. The x-point location is about 90 cm below
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