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• Magnet operating 

scenarios need 

simplified models of 

the cryoplant 

• Cryoplant control 

scenarios/strategies 

need simplified 

models of the magnet  
Predict the dynamic heat load to the 

LHe baths to check operation scenarios 

  

Predict the dynamic response (T, 

dm/dt) at the outlet of the magnet 

also including control and regulation 

( optimize operation) 

When controls/regulations act on the 
cooling loop and the LHe bath 

 

 

Use the validated 4C code [R. Zanino 
et al, Cryogenics, 2013] train&test 

ANN to substitute the heated line in 4C 
 predict the dynamic response (T, 

dm/dt) at the outlet of the heated line 

Very simple and efficient BUT only 
works without control/regulations! 

[S. Carli, R. Bonifetto, L. Savoldi, 

R. Zanino, Cryogenics (2015)] 

[A. Froio, R. Bonifetto, S. Carli, A. 

Quartararo, L. Savoldi, R. Zanino, to be 

submitted to Journal of Computational 

Physics (2015)] 

I. Move the strike point 

down on the VT → 

Evaluate RPs heat load 

and surface temperature. 

II. What happens if the 

strike point moves onto 

the RPs themselves? 

15 cm

~35.0 cm

15 cm

• Strike points can move from 

baseline location. 

• Detailed heat load profile on the 

RPs computed only for nominal 

strike point position. 

vertical excursions of the strike 

points allowed by the plasma 

control system 

Produce SOLPS-iter runs with different 

strike point position 

Evaluate heat load profiles on the RPs 

Evaluate PFC surface temperature 
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 Each PFU treated as set of individual cells 

 Each cell treated as 1D object 

 Critical assessment of the model needed 

• VTs → made of W monoblocks. 

• RPs and dome → made of W flat 

tiles bonded to CuCrZr heat sink 

with hypervapotron 

• Power entering scrape-off layer in 

ITER ~100 MW.  

• Achieve heat flux densities at targets 

lower than 10 MWm-2 (i.e. detachment 

occurring) → 60-70 MW must be 

radiated (peaks of 4 MWm-2) 

Plasma Facing Unit 

Predict the thermal load 
Qth(t) to the cryoplant 
(check operating 
scenarios, optimize 
operation) 
 

 

Options: 

• 4C code [L. Savoldi Richard et al, 

Cryogenics, 2010]. Detailed tool, 
high computational effort! 

• Simplified models 

•             Simplified Artificial 
Neural Network (ANN) 
models: less accurate but 
fast! 

Good 

agreement 

with 

experimental 

data and 4C 

results 

[A. Froio, R. Bonifetto, S. Carli, A. 

Quartararo, L. Savoldi, R. Zanino, 

to be submitted to Journal of 

Computational Physics (2015)] 

Ongoing combination of ANN 

model 2 with simplified 

model of the Cryoplant 

Fast and accurate ANN models available 

for the ITER CS and TF magnets to 

develop and optimize heat load 

smoothing strategies 

Future application to KSTAR tokamak 

with training data set from both 

numerical and experimental data 


