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What is EU-DEMO?

There is no unique definition of DEMO, and different parties have different opinions
In the current EU Roadmap, DEMO is the single step between ITER and a Fusion Power Plant (FPP)
An EU high-level stakeholder group defined the following goals:

* large scale (100s of MW) predictable net electricity production = 300 - 500 MW,
* self-sufficient fuel cycle = TBRys> 1

* high reliability and availability over a reasonable time span = z,,,, 2 2 hrs
= allow assessment of economic and environmental prospects of FPPs




DEMO design space heavily constrained by physics and
technology
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Elements of the DEMO plasma scenario modelling
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Assumption: plasma volume broken down into 3 regions (non-linearly coupled)

* core: closed flux surfaces - burning plasma (T, * T.~ 30 keV, 2xXx np~2 XNy~ n,~ 1020 m3)
* scrape-off-layer / divertor: plasma flows along ,open’field lines to divertor (T, =5 eV)

* edge: connects core and scrape-off-layer (closed flux surfaces, but different physics)

C



JINTRAC High-Fidelity Plasma Simulator (HFPS)
EUROFusion / ITER

SOL-transport
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Example for transients in a fusion reactor: Pellet fuelling

‘ Plasma performance: Complex and stiff problem, e.g. plasma transport time-scales

Tconf Tpellet TsoL Theutral TELM Tpwi Tion-gyro Teddy

Tms 0.1-1 ms 0.1ms 0.1-10ms <1ms <1ims




JINTRAC flight-simulator example: Pellets in ITER

Density at
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Bursts of transient fusion power
increase during pellet ablation
—> causes re-attachment of
plasma at divertor plates

[Wiesen, Kéchl, NF 2017]



Physics Excursion: ITER Divertor Design - SOLPS-ITER

Gas puff location
<« (fuel + impurities)

Cii = nw/ne averaged on this contour

Semi-transparent
dome supports (50%)

Pumping surface

R.A. Pitts, E. Kaveeva, V. Rozhanski, S. Wiesen, X. Bonnin et al, NME 2019
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Physics Excursion: ITER Divertor Design - SOLPS-ITER
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Speeding up the SOL: fast, model based deep learning surrogates

Deuterium gas puff [atoms/s]

R=1.6m R=3.0m R=6.2m Input parameters R, B, ...
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Dimensions: 8

_ Convolutional Neural Network
S. Dasbach, S. Wiesen

PSI12022, ENR-AIl project
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Towards time-dependent surrogate models for exhaust

Learn “neural PDE surrogates” from datasets of dynamic DIV1D SOL simulations:

computation time for a time evolution over 2.0ms
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Conclusions

An integrated multi-physics approach advantageous to explore an optimized EU-DEMO
operational window for plasma exhaust consistent with fusion core-plasma
performance.

Hierarchical system of fidelity required, ranging from/to:

e Systems-codesneed heavily reduced models (OD)

* Design studies need (validated) high-fidelity models including lots of physics (2D/3D)

* Control schemes need understanding of dynamics & transients, e.g. re-attachment, f(t)

Recent activities on development of fast Al-based surrogate exhaust models
* Promising: relevant for fast & adequate flight-simulators, plasma-control & pulse-design
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