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Fig. 1. Schematic of the basic workflow for training and

prediction.
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Fig. 2. Schematic diagram of the machine learning network

structure.
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Fig. 3. Loss values with different numbers of upstream parameters as model inputs.
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Fig. 4. Electron density and temperature profiles at the outer divertor target plate for different wall particle recycling conditions.
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Fig. 5. Test correlation coefficients versus upstream parameter count.
Tl PR, — MBS HS R e W B 5K,

T AT I IR E. XS TN ZRbr iR i, Het
IZRAEE AR R IO HLIRAT TR BORERE, dn]

DAV R E—E R L REAE S I 2 A7) AL
P 5 AN [RIRCRE (9B 30 2 500 D S A i A 4
IHRRF S REL, BARRBASEOILAE 1 PR, @it

135205-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 74, No. 13 (2025)

135205

» TOME o HOEH

~ 16, . . .
7 LI ] - L . a® "awm g O qlw . " .
B Lary et agd oy -.-'.- > e L . 5 v ‘e N '-"h.a- “:
s 1.9k L] ? = & ° 10} L] = 6 e, ",
b= : ] " [ L [] ~ [] A, A A, .‘! g L] J L 1] (I}
S qoL Y oe, 1t " ! J%( st " ' ). " < 5re LR B
S 8 s S . . . \
= o0sf . " s L et . ! I Y o i °
Py A r 3 | %a L] LI ] []
5"3 0-8 1 - " T " g 4t ¢ . . " g\_j z L " & qa "a® , " g
g gz I « e g ' g 9 LI | n ® . g 1 [ & [} P
8F = ] ol g M Pegs " - .| OOl
§ ok oe” 7 fuarantnded, - 0-."‘17*.‘."-..:'-:.' L ) U e ML B
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
F6 AN LT R R AP AT PR A | I

Fig. 6. Predicted and true values of electron density, electron temperature, and parallel heat flux on the outer target.
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Machine learning-based prediction of heat load on
Tokamak divertor target plates”
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Abstract

The SOLPS-ITER edge plasma simulation code has become a primary tool for designing divertor physics
and predicting target plate heat load in fusion research. However, SOLPS-ITER-based divertor design requires
not only substantial computational time but also intensive hardware resources, which fundamentally limits its
application in advancing divertor optimization, particularly in large-scale fusion reactor divertor design. In this
work, the machine learning method is used for the first time to predict the plasma parameters of the divertor
target plate for HL-3, which provides a theoretical basis for predicting the heat load of divertor in large fusion
reactor in the future. Based on the simulation of the edge plasma code SOLPS-ITER, we first build a database
of HL-3 edge plasma parameters, including the upstream inner/outer midplane region and divertor target
region. Then, we use the machine learning method and combine with the database to develop an artificial
neural network model. Finally, the artificial neural network is used to train a model by using the boundary
plasma parameters of the HL-3 device, and the heat load of the divertor target plate is predicted by the given
upstream plasma parameters.

This work can effectively shorten the time of simulating edge plasma by SOLPS-ITER code from weeks,
months or even half a year to several milliseconds. In this work, a multi-layer perceptron (MLP) model is
established with different input parameters to predict the electron temperature, density, and parallel heat fluxes
of the inner and outer divertor target plates. It is found that reasonably increasing upstream plasma parameters
as inputs to the model can not only improve the model’s generalization ability and the accuracy of prediction
(both reaching over 90%), but also verify the correlation between upstream plasma parameters and divertor
target physical quantities. In addition, a more stable ResMLP model is established on the basis of MLP. This
work demonstrates the feasibility of using the neural networks to predict the heat load of the divertor target

plate.
Keywords: HL-3, machine learning, neural network, divertor target heat load, SOLPS-ITER
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