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Fig. 1. The ONETWO kinetic equilibrium analysis® (red
line) and the zero-dimensional system model (blue line) re-
spectively calculated the bootstrap current density profile of
EAST shot #90615 at 6540 ms using the Sauter model.
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Fig. 2. Fitting the relationship between the Sauter model
L31 part and the collision rate of the plasma, the black line
represents L31 (from Ref[20]), and the red line represents

the fitting curve.
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Table 1.  Experimental conditions corresponding to the zero-dimensional system model calculation.

15 #89790 #90615 #101449 #94437
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BN HL T mT 0.63 0.63 0.98 0.63
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Table 2.  Comparison between the model calcula-
tion results and the magnetic equilibrium inversion/

kinetic equilibrium analysis results.
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Fig. 3. The auxiliary heating power required for EAST to
achieve steady-state operation under different plasma cur-
rent densities and different improvement factors of energy
confinement, as well as the corresponding fraction of boot-

strap current for each condition.
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Fig. 4. The total divertor heat load and peak heat load on
the inner and outer divertor target plates for points Case A,
Case B, and Case C in Fig. 3 (unit: MW /m?).
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RGN B T F BA — W RXE, H A2
T BIEAE] 50%. YA ReE = H] 7.35 MW
BF, AT Ak 8 [ 2 B AR A 50% 1 H bR, iz
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Table 3. The fraction of bootstrap current corres-

ponding to different power ratios under fully non-in-

ductive operation conditions for Case A.

BT /MW AR /MW S/ MW [ 28 B 45

0 4.28 6.28 0.485
0.5 4.10 6.60 0.492
1.0 3.95 6.95 0.497
1.5 3.85 7.35 0.504
2.0 3.75 7.75 0.513
2.5 3.65 8.15 0.520
3.0 3.51 8.51 0.526
3.5 3.40 8.90 0.533
4.0 3.30 9.30 0.539
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Fig. 5. EAST’s long-pulse operational capability under dif-
ferent electron densities and energy confinement improve-

ment factors at 9.5 MW heating power and a plasma cur-
rent of 500 kA.
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Abstract

The zero-dimensional system model has been widely used for predicting and analyzing plasma performance
in fusion reactors and designing next-generation tokamaks. These models can quickly scan and calculate various
parameter, and can be used for the design of device reference operation point and preparation for more accurate
one-dimensional numerical simulations. They can also be used to predict device operational parameters and
heating/ current drive conditions, providing a quick reference for experimental design. However, relying on
physical approximations and empirical formulas can lead to significant systematic errors. In this work we
introduce a plasma equilibrium program to obtain the main plasma profile parameters and their calculations
based on magnetic surface information. The bootstrap current calculation is improved by introducing the
relationship between the bootstrap current coefficient of the Sauter model and the collision rate change. The
improved model is validated by using experimental results from EAST, and the results of the zero-dimensional
system model calculations are found to be consistent with the results of kinetic equilibrium analysis. Based on
the improved model and existing experimental results, the required heating/current drive power and achievable
normalized beta for steady-state, long-pulse operation of the 500 kA plasma current on EAST are analyzed and
predicted. The calculation results show that EAST can achieve steady-state operation at the 500 kA plasma
current with bootstrap current fraction over 50% in the parameter range of 7.0-9.5 MW heating/driving power,
Hogis 1.25-1.35, and fuc~0.9. Additionally, to maintain the total non-inductive current, the total heating/
current drive power needs to be highly sensitive to plasma confinement and density, which is the most effective
way to increase the bootstrap current fraction and reduce the peak heat loads on the divertor. Improving
plasma confinement is the most effective way to achieve high bootstrap current fraction and reduce the peak
heat load on the divertor. In this work, we also analyze the effect of heating power ratio on the bootstrap
current, showing that adjusting the power ratio can change the bootstrap current fraction, and we further
analyze the long-pulse operating region of EAST with a plasma current of 500 kA. In the range of 9.5 MW total
heating/current driving power, Hos is 1.0-1.4, and normalized electron density fi¢ is 0.8-1.0, high-performance
long-pulse or fully non-inductive steady-state operation can be achieved, supporting the research on the physics
of ITER and CFETR steady-state operation modes. In general, improving the plasma confinement performance
can achieve fully non-inductive operation at lower heating/driving power while maintaining the same plasma
parameters, and expand the plasma operating regime, which is the most effective way to achieve high-parameter

steady-state operation of the plasma.

Keywords: zero-dimensional system model, equilibrium solver, Sauter model, steady-state operation
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