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In order to arrive at a credible DEMO design, progress in both physics and technology is needed

The present EUROfusion strategy for the DEMO plasma scenario is based around two tools:

• a systems code containing 0-D stationary models for all physics and technology elements

• a flight simulator linking a spatio-temporal plasma description to realistic sensors and actuators

While being used for scoping and design, these tools will be updated constantly according to progress in 
understanding made in theory and experiments in both physics and technology to be representative of state-
of-the-art HiFi simulations (full ASTRA or JINTRAC)

Ultimate goal: flight smulator = ‚numerical tokamak‘ embedded in virtual control system

Flight simulator plays a key role in EU DEMO strategy



Designing a ‘qualified’ plasma scenario for DEMO

H. Zohm | EU-Cn Virtual Technical Workshop | Zoom | 08.03.2021 | Page 3

M. Siccinio et al.,
on IDM: 2PAVUS



• Fenix – a tokamak flight simulator
− Validate discharge programs during development and before execution

− Support design of new monitoring and control strategies – save experiment time

− Co-simulation of ASTRA/SPIDER (with DEMO-specific reduced models) and PCSSP/Simulink (PCS, 
actuators, diagnostics)

− Benefits from collaboration on Plasma Control System Simulation Platform (PCSSP)

− Concept for multiple devices (currently AUG and DEMO)

The Fenix framework
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• Before discharge (so far, only ASDEX Upgrade)
− Prepare and test experimental scenarios

− Check if the discharge program (DP) meets experimental goals

− Check if all the parameters and reference waveforms are consistent with the experimental program

− Fast simulation with simplified models

• For development, testing and validation
− Design and develop the control system

Simplified control oriented models

Optionally simulate with detailed physical models

− Benchmark physical models against experiments (ASDEX Upgrade -> DEMO)

− Guide design of sensors and actuators (DEMO)

− Verify controllability of operational scheme (DEMO)

Main Use Cases on ASDEX Upgrade / DEMO
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• Physics: reduced model
− Core&pedestal (see later), 0-D divertor physics model by M. Siccinio, detachment and impurity 

transport models still missing
− Optional: equilibrium iteration, transport models, NBI power deposition

• Actuators: first order models
− Coil power supplies, gas system, pellet injector, NBI, ECRH
− No ICRH, no Bcoils

• Diagnostics: ideal models
− Direct use of physics quantities, no reconstruction

• Control System Model
− Model, not a software copy of DCS (better inspection, easier prototyping, exploit simulator language)
− DP parsing, Segment Scheduler, Reference Generator
− Plasma Current-, Position-, Shape-, Fueling and Central Heating Control
− Not yet: Radiation Control, Actuator Management, MHD control, Disruption Avoidance
− In progress: validation of machine, operation and range limits for coils and Zsquad, I2t limits

coil force limits, required generator energy

Status (ASDEX Upgrade)
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• Can simulate an entire discharge in ≈ 3 minutes
− Including pre-magnetization, breakdown, ramp-up, shaping and flattop phases

− L-, H- and I-mode

• Already good agrement

Status (ASDEX Upgrade)
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Fenix simulated discharge



• Already good agreement, even for non-standard shapes

Status (ASDEX Upgrade)
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Status (DEMO): physics models 
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• Currently use ideal diagnostics

• Realistic pellet actuators according to AUG technology

• Different pellet size, success rate and launch frequencies

• Delays on every actuator based on realistic assumptions

• Transport coefficient 𝛘 with random noise 5%

• Controllers with FF and FB PI components

• Fusion power  Pfus

• Target: 2 GW

• Actuators: NBI, pellet D/T ratio, pellet frequency

• Diagnostics: Pfus = 5 × P


~ nneutron

• Pedestal top electron density Greenwald fraction, ne/nGW

• Target: 0.8 – 0.95 (given by density limit – operational limit)

• Actuators: pellet frequency

• Diagnostics: electron density at r/a = 0.94

Status (DEMO): Control schemes
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• Divertor temperature

• Target: < 5 eV

• Actuators: Ar or Kr gas puff to divertor

• Diagnostics: divertor temperature

• Separatrix power Psep

• Target: Psep > 170 : 200 MW ( about 1.2 PLH)

• Actuator: Xe gas puff to midplane

• Diagnostics: Psep = P
a

+ PNBI + PECRH - Prad

• NTM control

• Target: small or no island

• Actuator: ECCD at rational surface

• Diagnostics: electron temperature profile

• Equilibrium control (under development)

• Target: desired magnetic equilibrium configuration

• Actuator: PF coil system

• Diagnostics: ???

Status (DEMO): Control schemes



Estimate source profile

• depth and width of deposition 

• HPI2 model parametrised for ASTRA

DEMO design integration

• minimise impact on breeding blanket 

• maximise perpendicular pellet speed

Simulate density control

• take into account finite success rate 

• minimise total DT flux into the vessel

Status (DEMO): integrated actuator design
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Entire discharge can be simulated with ‘weak coupling’ magnetics/kinteics
− Closed loop will be achieved by ~ end of the year (CREATE eq. controller implemented in Fenix)

Status (DEMO): full discharge simulation


