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Fig. 1. Integrated simulation workflow of OMFIT plasma
profiles incorporating KLNN program.
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Fig. 2. Neural network structure of KLBJ-NN program.
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3 KLTJ-NN 787 IR0 22 0 2% 45
Fig. 3. Neural network structure of KLTJ-NN program.
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Fig. 4. Time evolution of the dischargement parameters of
the shot #39007 in HL-2A: (a) Plasma stored energy;
(b) plasma current; (c) average electron line density; (d) Bn;
(e) auxiliary heating power Pypr, Pecrn and Plucp ;
(f) Dq ray.

095201-5


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 3R Acta Phys. Sin. Vol. 74, No. 9 (2025)

095201

P, Do 55 (I A(F) W I 3. bk S
UG F A TE t = 950 ms B} 20 45 B8 TR T 4 9 A H
B T, Bl 4() W Do (G5 7E to = 1320 ms
Fisf 2] A5 Al it B B (055 | 141 5 {278 Bolometer 4 4
Ty 2300 £ 22 20 DU A5 1) S 5 A Ot D8 25 A A 1X
to = 1320 ms B} ZIBH @k 55, #E A H 5 1 (900—
1400) ms BB N B B A2 AR IEAANAE. [ 6
7 S B AR AU R A5 ) R 08 AR X
%) FR T R 2 ¢ = 1300 ms I 21 S B R A, DL &
7 S A B A AR RIS 1)l 18 A
H X B B TR IR AE 24 ¢ = 1300 ms s 221 5 35 AR
ZEA UL R SC 58 vl LIS 2] ¢ = 1300 ms FFARIEA
H BB DR, ARG, A3 ELM MR A
A S A0S, AT DL R XS ELM A4 305 RO F4) 1
H. i 4(a), (), (d) HigRE . BT I
— AL LR B, BB TE) 3 AR BT s 3 e Ay P o A T A
FIE HAGREEAAE. Sy 732050 A A e 03
ZrirEREn ARk, PEHL H BN Y 1300—1380 ms
A B AT AT Y 1100—1180 ms I B, XTABHE | ikt
LY ) DL S Hog BT A7 50 A0 3, R4S 71
HAREMLIRZE (A (ANBEEJ5 it B 27.8 + 1.883).
XiF & B R S G RE . RE S LRI ] L L Hog T

8
Bolometer main

(a)

1

1

i

1

4 o 1
i

to = 1320 ms!

1

Radiation intensity/arb. units

0
0.4 | Bolometer divertor E (b)
i
i
0.2 i
|
0 1 1
800 1000 1200 1400

Time/ms

Bl 5 (a) B2 % DX B0 T (A S5 0 E AT (1) 35 1 18
(b) i 18 s A X 55 0 7 S it P i A 1) 33 1 TR

Fig. 5. (a) Time evolution of plasma radiation intensity in
the vacuum chamber area; (b) time evolution of plasma ra-

diation intensity in the divertor target plate area.
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Fig. 6. Time evolution of heat flux measured by the plasma

boundary target plate probe.
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Fig. 7. Time evolution of ion saturated current intensity

measured by the plasma boundary target plate probe.
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BALE PR T, P ne B TIREE TR
BT A BERE S w . NS () S0 B
. BETR LSRN L B Hyg 1R F AR L0 L6

Table 2.  Comparison table of changes in average stored energy, average energy confinement time and average Hyg factor
during the time periods before and after detachment of the shot #39007 in HL-2A.

fitifie /kJ e A E] /ms Hos AT
JBE 0 T ] B (1100—1180 ms) 29.2 4 1.699 19.86 +1.24 1.06 + 0.069
Rpi L) | B (1300—1380 ms) 27.8 4+ 1.883 18.96 + 1.25 1.02 + 0.066
TREE ST/ % 4.8 45 3.8
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Fig. 8. Experiment and input profiles of the shot #39007 at the 1320 ms: (a) Electron density; (b) electron temperature.
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Fig. 9. Experimental values and the initial input profiles of the integrated simulation of the shot #39007 at the 1320 ms: (a) Ion

temperature T ; (b) rotation w .
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Fig. 10. Comparison of the results of the Oth and 10th iterations of different physical quantities in the TGYRO program of the OM-

FIT integrated platform: (a) Ion temperature T;; (b) electron temperature Tt ; (c) rotation w.
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Fig. 11. Evolution results of the last 10 iterations of various physical quantities at different radial positions in the TGYRO pro-

gram of the OMFIT integrated platform: (a) Ion temperature T;; (b) electron temperature Tt ; (c) rotation w .
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Fig. 12. Comparison between the simulation results and ex-
perimental results of the physical quantity profiles of the
shot #39007 at the 1320 ms: (a) Electron density ne; (b) el-
ectron temperature Tt ; (c) ion temperature 7;; (d) rota-

tion w .
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Integrated modeling and experimental validation of H-mode
divertor detachment and core confinement
compatibility on HL-2A tokamak”
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Abstract

The divertor detachment and heat flux control under high-confinement H-mode conditions in tokamaks
represent critical physical challenges in current magnetic confinement fusion research. Understanding the
influence of detachment on H-mode boundary transport physics, particularly its compatibility with core
confinement, is central to resolving divertor detachment physics. In this study, experimental results on divertor
detachment and core confinement compatibility in H-mode plasma from the HL-2A tokamak are presented. On
the objective magnetohydrodynamic framework for integrated tasks (OMFIT) integrated modeling platform, a
novel neural network-based fast integrated modeling method for the divertor target region is developed by
integrating a new edge neural network module (Kun-Lun Neural Networks, KLNN) to enhance divertor, scrape-
off-layer and edge pedestal fast prediction capability. For the first time, this method is used to conduct
integrated simulations of divertor detachment and core confinement compatibility in HL-2A discharge #39007
under high-confinement mode. The simulation results are validated with experimental measurements,
demonstrating that they are well consistent. Further analysis reveals that in HL-2A H-mode detachment
scenarios, turbulent transport in the core region (0.1 < p < 0.5) with high poloidal wave numbers (kops > 1) is
dominated by ion temperature gradient (ITG) mode, while electron-driven turbulence prevails in the region
(0.5 < p<0.7). In the boundary region, electron turbulence dominates at low normalized poloidal wave numbers
(kops < 2), whereas ITG modes become predominant at higher wave numbers (ke¢ps > 2), accompanied by
minor electron turbulence contributions. The research results of this work provide a certain foundation for
integrated simulation and experimental verification in the study of core-edge coupling physics in tokamak
devices and some insights for understanding detachment-compatible H-mode scenarios in the next-step fusion
devices.

Keywords: tokamak, detachment, H mode, integrated simulation
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