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corresponding heat loadings in Equation (1) are also
shown. For the Case-3, i.e. with the V-shaped corner and
intense Ar seeding, the transport heat load is significantly
decreased to less than 2 MW/m? over the target plate,
which is called as “full detached divertor”. Peak heat load
in the detached divertor is reduced to Qe ~9 MW/m?,
which is attributed mostly to the impurity radiation loss
and surface recombination. Since the volume of the
intense radiation loss is extending to the upstream, the
radiation heat load is comparable for the two cases.
Figure 6 summarizes two components of peak (e, 1.€.
due to the plasma transport and due to radiation, neutral
flux and surface recombination, as a function of P, >%"
For the power handling in the DEMO divertor, the total
radiation fraction (Pq®/Pey) of more than 90 % is
required. At the same time, distribution of the radiation
loss over the wide area in the edge and divertor should be
established in order to avoid local overheating of the
plasma facing components (PFCs) by the radiation loss.
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Fig.6 Peak heat lading at the outer target, G
and total radiation power in the divertor, PV, as a
function of total radiation power in the outer

divertor. P...>%" for Case-1. Case-2 and Case-3.

3. Development of SONIC Simulation with Ar
Seeding

Modelling and understanding of the seeding
impurity transport in the edge and divertor are crucial for
development of the power handling scenario. Recently,
two-dimensional impurity Monte Carlo code (IMPMC)
was incorporated with SOLDOR and NEUT2D, and
impurity transport of low Z ions such as helium and
carbon was investigated in SONIC code [8, 10].
Transport of Ar ions and atom in the DEMO divertor is,
for the first time, investigated. At this stage, Ar impurity
transport was simulated up to a typical time scale of the
impurity transport in the divertor such as t = 30 ms, for
the case of P, = 500 MW, I',,,= 5x10** D/s, and fuel gas

out ™

and Ar seeding fluxes of I’y = 1x10® D/s and T,, =
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2x10*' Ar/s, respectively. Investigation of the high
charged Ar transport to the upstream of the divertor, SOL
and edge requires the further calculation time. Here, the
time scale can be extended with increasing calculation
time of the computer cluster, and about 9 hours was
chosen for this study. Plasma equilibrium and the divertor
geometry are the same as Case-2 and Case-3 (“V-shaped
corner”). Self-consistent solutions of the SONIC
simulations are obtained from two different initial plasma
conditions: (Case-4) starting from partially detached
divertor solution of Case-2, and (Case-5) starting from a
full detached divertor solution with lower P,,.

3.1 Ar transport in the outer divertor

Transport of Ar atoms and ions was traced during the
intense Ar seeding for Case-4. Figure 7 shows the SONIC
simulation results at t = 30 ms, i.e. contour plots of
electron temperature, ion and Ar ion densities, and Ar
concentration in the outer divertor. Partially detached
divertor is sustained as shown in Figure 8: T, and T, near
the strike point (< 5 cm) are a few eV, while peak T,~30
eV and T,;~110 eV are seen at the outer flux surfaces (~8
cm from the strike-point) and peak heat load Qe = 29

Fig.7 SONIC simulation result at t = 30 ms after
starting a intense Ar seeding at upstream of the target
(Case-4): distributions of (a) electron temperature in
the outer divertor, (b) ion density, (c) Ar ion density,
and (d) Ar concentration. Partially plasma detachment
is seen at the target: up to 6 cm from the strike-point.
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Fig.8 SONIC simulation for Case-4: profiles of (a)
plasma temperatures and electron density at the outer
target, and (b) heat load. (c) Distribution of radiation
loss in the outer divertor. Each color corresponds to a
value two times larger than that in Fig. 4, and radiation
power densities are also shown.

MW/m?, which are slightly larger than those in Case-2
(Quarger = 27 MW/ m’).

Distribution of Ar ion concentration is presented in
Figure 7(d). Ar ions are produced near the location of Ar
gas puff, where na/n; = 5-6 %, and they are transported
towards the target along the field line due to a dominant
friction force by the plasma flow. Ar recycling is
enhanced near the target: na./n; 3-4 % at the
downstream, and the maximum 7n4,/n; = 10-15 % is seen
near the boundary of the attached and detached plasmas.
At the same time, large temperature gradient along the
field line is produced at the upstream of the boundary
such as T, = 1-2 eV near the target and ~200 eV near the
null point, thus Ar ions are carried towards the upstream
by the intense thermal force: na,/n; = 6-10 % along the
field lines. Figure 8(c) shows that radiation power density
is enhanced above the target, and the peak values are
about 10-15 times larger than those in Case-2
(non-coronal model with a constant na,/n; = 2 %). As a
result, both the radiation power and n4,/n; in the SONIC
result are localized above the target. This is caused by a
dominant friction force at the outer flux surfaces.
Influence of the kinetic effect on Ar ions is observed in a
narrow flux surfaces at the upstream of the attached and
detached plasma boundary, where Ar recycling is
significantly enhanced.

Next, transport of Ar was investigated for Case-5.
Figure 9 shows contour plots of electron temperature, ion
and Ar ion densities, and Ar concentration in the outer
divertor at t = 30 ms. Full detached divertor is sustained
as shown in Figure 10: both T, and T; at the outer flux
surfaces are reduced to 2-3 eV, and peak heat load also
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decreased to 18 MW/m?. Ar density and its concentration

are increased by the factors of 2—7 and 1.5-3, respectively,
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Fig.9 SONIC simulation result at t = 30 ms after
starting a intense Ar seeding at upstream of the target,
(Case-5): distributions of (a) electron temperature in
the outer divertor, (b) ion density, (c) Ar ion density,

(d) Ar concentration. Detachment is seen over the
target.
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Fig.10 SONIC simulation for Case-5: profiles of (a)
plasma temperatures and electron density at the outer
target, and (b) heat load. (c) Distribution of radiation
loss in the outer divertor. Each color corresponds to a
value two times larger than that in Fig. 4.
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over the wide area above the target, compared to Case-4.
Figure 10(c) shows that radiation power density is also
increased, in particular, at the outer flux surfaces (5 — 15
cm away from the strike-point) due to increase in both n,
and n,,. Here, the peak heat load in the full detached
divertor is two times larger than that for Case-3 (qyygec~9
MW/m?) mostly due to increase in the radiation heat load.

3.2 Power handling in SONIC results

Total radiation loss in the outer divertor and the peak
heat load of the SONIC results are summarized in Figure
11. For the partially detached diveror of Case-4, P” " =
177 MW is large compared to P> "= 142 MW for the
initial plasma condition (Case-2). On the other hand, the
transport component of (gt s comparable for the two
cases (15-16 MW/m?. Although Ar
concentration and enhancement of the radiation power are
localized for Case-4, the total radiation loss integrated
along the flux surface upstream of Qg i comparable.

impurity

Influence of the localization on the peak heat load is
rather small.

— 60 _ C.Ial.':,le;-.t%.:Ea.ﬁlall;rldet;ir.:%e.d
% r Case-5: full detached
£ SOF
é 4of ]
§§’30— 3 I-Jlr:l.[ o 5—
o F +heL |
20 | @
10;— l i i _"\ e .
L ' Sl
50 100 150 200 250
PV (MW)

Fig.11 Peak heat loading at the outer target, g™,
as a function of total radiation power in the outer
o4 for the SONIC results (Case-4 and
Case-5) are shown by large circles and squares, in
addition to Case-1, Case-2 and Case-3.

divertor, P

rad

For the full detached divertor of Case-5, Ppg” " = 223
MW is slightly large compared to P, =210 MW in
Case-3. The peak heat load of quree = 18 MW/m? is two
times larger than que = 9 MW/m’® for Case-3, which is
attributed mostly to the radiation heat load. Influence of
the localization of both n, and n,, on the peak heat load is
significant in the full detached divertor plasma.

These two results are obtained in the same external
parameters while the different initial conditions, which
suggests that the self-consistent solutions of the plasma,
neutrals and impurity are still transient in the upstream of
the divertor, SOL and edge. Further simulation up to the
particle confinement time such as a second will provide
impurity and radiation distributions near a steady-state by
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Ar ions with higher charge-states.

4. Summary and Future Development

A divertor simulation code (SONIC) has been
developed for the divertor design of huge power handling
(P = 500 MW) in the SIimCS DEMO reactor (Pg,, < 3
GW). Previous work [4] proposed a divertor with a
long-leg and V-shaped corner with an intense Ar impurity
seeding. The SOLDOR/NEUT2D code simulation with
n,/n~5% at the divertor could produce a detached divertor,
ot /P ~66% and P /P, ~ 92%. The peak heat
load was reduced t0 Qe ~9MW/m?, which was attributed
mostly to power loadings by radiation and neutral flux,

fus

where P

out out

compared to the convection and conduction heat fluxes.

In this study, transport of Ar impurity was investigated
in SONIC code, using Monte Carlo simulation (IMPMC).
At this stage, Ar transport and plasma evolution were
self-consistently simulated up to a typical transport time
scale in the divertor such as t = 30 ms, for two different
initial conditions, i.e. partially and fully detached divertor
plasmas. In both cases, Ar density and its concentration
significantly
localized near the target, compared to those in the

were increased and their peaks were
previous results. Influence of enhancement of both n, and
n,, on the peak heat load was significant in the full
detached divertor. qure = 18 MW/m?’ is attributed to the
radiation power loading, which was two times larger than
the previous result. Influence of the friction force on the
impurity against the thermal force, and their modeling by
Monte Carlo calculation will be furthermore investigated.

Distribution of the radiation loss over a wide area, i.e.
edge and divertor, is required in order to avoid local
overheating of the plasma facing components. These
self-consistent solutions of the plasma, neutrals and
impurity are still transient in the upstream divertor, SOL
and edge. Further extension of simulation up to the
particle confinement time such as a second will be
required to obtain impurity and radiation distributions in
a quasi-steady-state by Ar ions with higher charge-states.

In the future DEMO divertor design, SONIC simulation
will be developed to improve the design for the particle
control in order to satisfy helium exhaust, as well as
maintaining the divertor detachment in the high neutral
pressure and radiation loss.
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