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Investigation of impurity transport and radiation characteristics in SlimCS
DEMO reactor by the divertor simulation code SONIC
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Power handling for the demo tokamak reactor, SlimCS, with the exhausted power of P,,= 500 MW and
intense Ar impurity seeding was investigated, using SONIC code, where impurity transport is simulated by
Monte Carlo calculation (IMPMC). In the radiative and detached divertor, Ar density and its concentration
were increased upstream the divertor target. Impurity distribution in the divertor and the influence on the
power load profile were summarized. At the same time, results are compared with the SOLDOR/NEUT2D
simulation using a non-coronal equilibrium and assuming Ar concentration (na,/n;).

1. Introduction

Handling of a large exhausted power from the
core plasma is the most important issue for the
fusion reactor design, which requires control of
edge and divertor plasmas as well as development
of the plasma facing components. Exhausted power
to the edge and SOL (P,,) becomes large such as
several 100 MW compared to that in ITER (about
100 MW). For the development of the plasma
operation scenario and divertor design, the total
radiation loss fraction (f,q"” = Prag®/Pous, Prad" is the
total radiation power at the divertor, SOL and edge)
of more than 90 % is required.

Divertor design for the power handling in the
tokamak demo reactor, SIimCS [1], has recently
progressed [2], using the integrated divertor code,
SONIC [3-4]. Ar gas seeding was used to increase
the radiation loss power, and effect of the divertor
geometry on the heat and particle fluxes was
enhanced from the design concept for ITER in
order to reduce the peak heat load. Under the
radiative and detached divertor condition, the heat
load profile is determined mostly by distribution of
the radiation loss from impurity ions rather than that
by the plasma transport. Therefore, investigation of
the impurity transport becomes more important to
determine the power handling in the DEMO divertor.

Monte Carlo code (IMPMC) has advantages for
impurity modelling since most kinetic effects on the
impurity ions such as thermal and friction forces
along the magnetic field are incorporated in original

formula. In this study, the impurity transport and the
radiation loss distribution in the divertor are
investigated, comparing with an evaluation of the
simple radiation model, where non-coronal
equilibrium (radiation power function) [4] is used
and a constant value of Ar impurity concentration
(na/m;) is given over the divertor region.

2. Radiation and heat load in SlimCS divertor

SlimCS is a conceptual DEMO design of a low
aspect ratio tokamak (R/a = 2.6 with a reduced-size
Central Solenoid coils) with the core dimension
similar to those in ITER and power generation
capability of a giga-watt level [1]. SONIC
calculation has been performed with injecting Ar
gas at two locations (one at the outer SOL and
another from the outer divertor) and determining
the Ar puff rate to obtain a given P.. Here, core
plasma boundary (“edge”) for the calculation is set
at r/a = 0.95, where P,,,= 500 MW and the total ion
flux of Ty, = 5x10%* D/s are exhausted. Gas puff of
o= 1x10* D/s (~200 Pa-m’/s) is injected at the
outer divertor throat.

Peak heat load at the divertor target, Qarget, 1S
evaluated, including heat load due to radiation
power (F;) and neutral flux (F,), by,
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where vy, ng, Cy, T4, Eion are sheath transmission
coefficient, density, plasma sonic  speed,



temperature at the divertor sheath, and surface
recombination energy, respectively. The first and
second terms in RHS correspond to the total heat
load transported by the plasma convection and
conduction (“transport component”), and the
surface recombination energy of the low
temperature ions, respectively. The third and forth
terms are the radiation loading and neutral flux (due
to charge exchange and volume recombination),
respectively, which become dominant in the
radiative and detached divertor.

Profiles of the heat load components at the outer
divertor for the case of P = 460 MW (£, =
0.92) are shown in Fig. 1. In a steady-state solution,
the radiation distribution at the edge, SOL and
divertor is determined mostly by the Ar ion
transport rather than the gas puff location. The
radiation loss power at the edge and SOL
(Prag ™ 859M) is 195 MW (£, 9858 = 0.39), thus
power flow of 305 MW is exhausted into the
divertor. In the divertor, Pyg™ ™ = 114 MW (fog™ "
= 0.23) and P = 151 MW (f,,™ = 0.30),
and peak heat load at the outer target (quarger) Of
142 MWm™ is observed at 7 cm outer from the
strike-point. The transport component is decreased
to 3.2 MWm™ and the surface recombination is 4.1
MWm™ while the radiation power load becomes the
dominant component of 6.7 MWm™. Therefore,
control of the impurity distribution in the divertor
plasma becomes important as well as the divertor
detachment.
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Fig.1 Profiles of total heat load at the outer target
and the components: electron and ion transport
(convection and conduction) fluxes, surface
recombination energy, radiation power load, and
neutral flux, for the case of P,,4* = 460 MW.

3. Comparison with a simple radiation model
A simple radiation model with non-coronal
equilibrium [5] and assuming a constant ratio of

impurity density to ion density, na,/n;, was used in
the calculation of the plasma fluid code (SOLDOR)
and neutral Monte Carlo code (NEUT2D), which
has an advantage to reduce the calculation time to
obtain a solution. Two components of the target
power loading, i.e. transport and radiation (plus
neutral flux and surface recombination) components,
are shown as Case-1, -2 and -3 in Fig. 2. Here,
na/n; at the outer divertor is increased from 2%
(Case-2) to 5% (Case-3) [6], where the divertor
geometry with the V-shaped corner at the bottom of
the outer divertor, and na/n; = 1% in the inner
divertor and edge regions are the same. P,,q"*&%5°"
= 138 MW and power to the divertor is 362 MW.

For the Case-3 (na/n; = 5 %), Puod™ ™ is
significantly increased to 238 MW (f,,™"*" = 0.48)
and P¢® = 493 MW (f.¢” = 0.98). The total
qmrget"m 1s reduced to 9.2 MWm'z, where the
transport and radiation components are 2.1 and 4.6
MWm?, respectively. Two results of SONIC results
(larger symbols) with increasing the Ar seeding rate
are compared with the simple radiation model in
Fig. 2. The radiation component considering the
impurity transport becomes larger, thus the impurity
radiation is localized just above the target. Kinetic
effects on the impurity transport and radiation
distribution in the DEMO divertor are discussed.
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Fig.2 Two components (transport and radiation
power) of peak heat flux at the outer target as a
function of total radiation power, P4, for the
simple radiation model (Case-1, Case-2, Case-3:
small symbols) and SONIC results (large symbols).
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