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Table 1  Setting of boundary conditions for
discharge of tip defects
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Table 2 Air streamer discharge parameters
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Table 3 The propagation speed of streamers under
different atmospheric pressures
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Fig.4 Electric field intensity distribution when the
streamer head reaches a specific position at 101.325 kPa
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Fig.5 Electric field intensity distribution when the
streamer head reaches a specific position at 91.192 5 kPa
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Fig.6 Electric field intensity distribution when the
streamer head reaches a specific position at 81.060 kPa
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Fig.9 Light intensity distribution when the streamer head
reaches a specific position at 81.060 kPa
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Table 4 The effect of pressure reduction on streamer
discharge process
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Table 5 The propagation speed of streamers under
different humidity
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Fig.12 The adsorption coefficient at the axis when the
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Table 7 The effect of elevated humidity on streamer
discharge process
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Simulation on streamer discharge process under changes in
air pressure and humidity
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(1. Inner Mongolia Ultra High Voltage Power Supply Branch, Inner Mongolia Electric Power (Group) Co., Ltd., Hohhot
010080, China; 2. Department of Electrical Engineering, Shanghai Jiao Tong University, Shanghai 201100, China)
Abstract: Partial discharge poses a serious threat to the insulation performance of electrical equipment, with streamer discharge
being the main form of gas discharge in high-voltage fields and a key issue in the study of gas gap discharge. Due to the
influence of external factors such as humidity and air pressure during the operation of electrical equipment, studying the effects
of different external conditions on insulation defect discharge is of great significance for the design and operation of
transmission lines and substations in high-altitude (low-pressure) and high-humidity areas. The current research status of the
impact of external conditions on the discharge process at home and abroad is analyzed in this paper. Based on the fluid
dynamics model, a simulation model of streamer discharge at sharp defects is established in the COMSOL environment. Using
this model, the influence of external conditions on the streamer discharge process of sharp defects with a gap distance of 3 mm
is studied. The research results indicate that a decrease in air pressure accelerates the propagation speed of the streamer, slightly
reduces the maximum electric field intensity at the streamer head, and exacerbates the ionization degree of the streamer
discharge. An increase in humidity accelerates the propagation speed of the streamer, with little impact on the maximum
electric field intensity at the streamer head but exacerbates the ionization degree of the streamer discharge. Taking the example
of a streamer head distance of 1.5 mm from the cathode, a decrease in air pressure from 101.325 kPa to 81.060 kPa results in an
acceleration of streamer propagation speed by 0.56x10° m/s, a decrease in head electric field intensity by 0.633x10° V/m, and
an increase in head luminosity by 1.675x10* m™/s. An increase in humidity from 3.04 g/m® to 13.04 g/m’ results in an
acceleration of streamer propagation speed by 0.08x10° m/s, a decrease in head electric field intensity by 0.015x10° V/m, and

an increase in head luminosity by 0.865x10% m~/s.

Keywords: partial discharge; stream discharge; tip defects; fluid dynamics model; air pressure; humidity
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