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Introduction and Motivation Engineering

The scale of DEMO, in terms of size, power and complexity, poses unique challenges to exhaust Structural calculations based on finite element

physics. The large energy reservoir requires care in designing exhaust systems, especially in the calculations of stresses in the toroidal field coils were '
presence of the large uncertainties that still remain in the physics and in the controllability of the carried out. Both hoob and out of blane forces lead to | &
transients. It is not clear the ITER solution will extrapolate to DEMO, hence building margin is ' P P i

excessive stresses, beyond the acceptable limits.
New configurations closer to D-shape (morphing) and

essential.
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WP/DTT1/ADC. box intercoil structures to increase rigidity improve the
designs of both the SFD and SXD (see Fig 4). First attempt
Improving physics W s e K: sx i-dtt md
Generating an '?'3: Ie\:’aflfx:itvitlgenszs(von-h’l ises) Stress S F D E%;:g;[?&tviﬁfts(;on-Mlses) Stress SXD

el . Init Pa
equilibrium with ADC %i::,y 5

features. 31/07,/2020 16:05

Time: 2

Fundamental constraints 31/07/2020 16:31

Compatible with
remote maintenance, J).Psaww 10 Miax
especially divertor 4.2857¢8

cassette and inner fg;«::g
blanket. 21429e8
1428668
7.142%7
1.0483e6 Min
0

13361e+ 10 Max
Sel

| 4.2857¢8

|| 35714e8
2.8571eB
2.142%e8

. 142868

Ll 7.1429¢7
1791966 Min

Aitomagc

Forces on the PF

coils and central

solenoid within
limits.

PF and TF coil
optimization

EUROfusion’s WP/DTT1/ADC project was aimed
at investigating the benefits and complexities
associated with alternative divertor configurations, as a potential
-— mitigation strategy. The project addressed both physics and
engineering assessments in a synergetic way (see figure on the left for an
example of the activities). We investigated Snowflake, (SFD) Super-X (SXD) and
X- (XD) divertors and compared them with the baseline single null (SND).

Integration constraints
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especially nucelar
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superconducting
structures.

out of plane forces.

Improved solutions

Structural constraints Fig.4. Stress maps for the initial and final TF coil configurations.

Fig.5. Coil optimization procedure.

Optimization of the coil shape and position is a complex problem which requires attacking the problems from

Fig.3. Line radiation patterns for different different directions, see Fig. 5. This was done in an integrated way in the framework of the project.

configurations and sepearatrix density as a
function of the separatrix Ar concentration.

Physics
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lack of T and no drifts. We find that the XD and SXD have
more margin than the SND, as they have acceptable core
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and getting worse for alternative configurations, as Shown xo morphing

and hence simpler
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scales inversely with L,

of the nuclear heating in the TF coils showed that the SND and XD perform in a similar way while the SXD
provides better shielding in the lower part of the machine, where the divertor is.
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Fig.6. Neutron irradiation maps for different configurations (left) and detailed nuclear heating profiles in the TF coils’ casing and winding pack.
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Fig.2. Operating space of different alternative configurations. The colourplot shows the He concentration at the T s aeny , 10°3 ’ " -

separatrix in % (explanation of the other symbols is in the text). Each circle represents a different saturated simulation

Conclusions

An extensive comparison between the baseline SND configuration and a number of alternative divertor options has been performed, here showing some of the highlights. Simulations that extrapolate the
behavior of the exhausted plasma suggest that an increased margin is possible in configurations with a longer connection length. In other words, SXD and XD can operate with less Ar or more power crossing
the separatrix than the SND. Simple estimates based on the Langyel model seem to confirm this observations. Alternative designs lead to significant engineering complexity, especially when it comes to TF caoil

design and control. The latter is particularly problematic unless internal coils are introduced in the design.

Assuming that the SND will have a suitable engineering design, moderate modifications in the divertor could lead to additional physics margin and an incremental complexity. With this philosophy, a hybrid
SND/SXD solution was developed with the major radius of the outer strike point halfway between the original SND and SXD. This led to better physics than the SND (see Fig 2) and less complex engineering
than the SXD. Exploring the continuum of the solutions could therefore be beneficial.
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