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7Z-Pinch Dynamic Axial Magnetization Model of Coupled Rotating Reflux
Column and Its Structural Optimization Method

JIANG Zhiyuan, LU Yuanbo, WANG Wei, WANG Zhenyu, ZHAO Yiming, WU Jian

(State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to design and improve the axial magnetic field control structure for stabilizing
Z-pinch plasmas, the Z-pinch dynamic magnetization system based on the rotating reflux column
is taken as the research object, and three-dimensional distribution of the axial magnetic field and
its coupling process with the plasma are explored. First, a multiphysics evolution model is
constructed to describe the discharge process of mega-ampere-level pulse source coupled rotating
reflux column, and the impact of structural parameters of the reflux column on the initial axial
magnetic field distribution and the load inductance value is systematically investigated. Then, a
snowplow model considering the axial magnetic field is established to explore the regulation of the
axial magnetic field on the plasma implosion process and instability development. Finally, to

address the inhomogeneity of the axial magnetic field generated by the rotating reflux column , a
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method is proposed to enhance the axial magnetic field amplitude and uniformity by coupling a

magnetic mirror structure composed of helical arms with the rotating reflux column. The results

indicate that, with a fixed load height, the additional inductance value added by the rotating

reflux column compared with the straight reflux column is primarily determined by the number of

turns of the reflux column. The axial magnetic field amplitude increases with the number of turns

of the rotating reflux column, but the current rise time also increases accordingly. When the

number of turns increases from 0. 75 to 1. 25, the implosion radius can increase by up to 25% at

the same moment, the stagnation time is delayed by approximately 13% ., and the instability

amplitude can be reduced by up to 40% under axial magnetic field control. After the rotating

reflux column is coupled with the magnetic mirror, the axial magnetic field inhomogeneity is

reduced from 67% to 11%, and the axial inhomogeneity of the implosion process is reduced from

a maximum of 42% to 9%.

Keywords: Z-pinch; magnetic field control; rotating return posts; structural optimization
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Fig. 9 Schematic structure of a rotating return post coupled with magnetic mirror and calculation results of axial magnetic field
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Fig. 10 Comparison of axial magnetic field distribution and regulation effect of different structures
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