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Fig. 1. Schematic of the metal thin-film in the heat flux

gauge probe.
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Fig. 2. Schematic of the film heatflux gauge measurement system: (a) The probe of the heat flux gauge; (b) the drive circuit.
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£ 1 WILEEWBEYES S REUE (d =109 m)
Table 1. Physical properties and sensitivity of

common metal films (d = 10 ¢ m).
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Cu 8.92 385 4.40 1.16
Fe 7.87 449 7.09 1.70
Al 2.70 897 4.60 1.74
Pt 21.1 133 3.88 1.26
Pd 12.0 240 3.76 1.12
Mg 1.74 1023 4.14 2.07
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Fig. 3. Resistance-temperature relationship of the heatflux

gauge probe.
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Table 2. Parameters of the film heatflux gauge measure-
ment system.
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Fig. 4. Schematic of the capillary discharge plasma experimental platform.
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Fig. 5. Schematic of the capillary discharge device.
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Fig. 7. Image sequence of plasma jet development in air captured by high-speed camera with different propellant: (a) PE; (b) PTFE.
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Fig. 8. Temporal variation of the length and width of
plasma jets with PE and PTFE propellant.
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Fig. 9. Voltage waveform of V, and V; in the drive circuit
(200 kHz low-pass filtered).
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Fig. 10. The heat load and the heat flux of the capillary dis-
charge with PE and PTFE propellant.
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Fig. 11. The main discharge current waveform under differ-
ent charging voltage of Cy: (a) PE; (b) PTFE.
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Fig. 12. The energy deposition efficiency of different dis-
charge stage under different charging voltage of C|.
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Fig. 13. Temporal variation of plasma jet sizes under different charging voltage of C): (a) PE length; (b) PE width; (c) PTFE

length; (d) PTFE width.
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Fig. 14. Temporal variation of the heatflux under different charging voltage of C;: (a) PE; (b) PTFE.
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Fig. 15. The heat load and the peak heat flux under differ-

ent storage energy of C).
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Fig. 16. The main discharge current waveform under different capillary diameters: (a) PE; (b) PTFE.
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Fig. 17. The energy deposition efficiency of different discharge stage under different capillary diameter.
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Fig. 18. Temporal variation of plasma jet sizes under different capillary diameter: (a) PE length; (b) PE width; (c) PTFE length;
(d) PTFE width.
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Fig. 19. Temporal variation of heat flux under different capillary diameter: (a) PE; (b) PTFE.
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Fig. 20. The heat load and the peak heat flux under differ-

ent capillary diameter.
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Fig. 21. Deposits on the PMMA boards after discharge with

different capillary diameter.
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SPECIAL TOPIC—Non-equilibrium transport and active control strategy in
low-temperature plasmas

Transient radiative heat flux characteristics in
capillary discharge plasma jets”

LIU Tianxu WANG Ruodan XIONG Tao WANG Yanan
ZHAO Zheng  SUN Anbang'

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

( Received 26 August 2025; revised manuscript received 30 September 2025 )

Abstract

The capillary discharge plasma ignition device features a simple and reliable structure with a high ignition
efficiency, and has become a research focus in both industrial applications and academic studies. The transient
radiative heat flux characteristics of the plasma jet is a critical indicator for characterizing its ignition
capability. In this work, a transient radiative heat flux measurement system based on a thin-film heatflux gauge
is established. Design and optimization methods are proposed to address the measurement range, response time,
and sensitivity of the thin-film probe. The results indicate that reducing the thickness of the film can enhance
measurement sensitivity effectively, whereas changing the film material yields relatively limited improvement.
Additionally, the effects of energy storage capacitor voltage and capillary diameter on the output radiative heat
flux characteristics are investigated using polyethylene and polytetrafluoroethylene as capillary propellant. The
results indicate that the radiative heat flux of capillary discharge exhibits a temporal delay compared with the
main discharge current. Increasing the voltage of the energy storage capacitor enhances the energy deposition
efficiency of the main discharge and the plasma temperature, thereby improving both the output radiative heat
flux and the duration of the heat flux. Moreover, the growth rate of the heat flux exceeds that of the stored
energy. Enlarging the capillary diameter reduces the discharge time constant, thereby shortening the heat flux
duration. At the same time, the ablation of the propellant becomes more sufficient, resulting in fewer jet
deposits and a weaker absorption of the heat flux. When the capillary diameter increases from 1.5 mm to 3 mm,
the jet expansion velocity and the energy deposition efficiency are significantly enhanced, leading to a
remarkable increase in the radiative heat flux density. However, when the diameter further increases from 3 mm
to 6 mm, the jet expansion velocity changes marginally, while the decrease of energy deposition efficiencycan
result in a reduction in radiative heat flux. The capillary discharge with polyethylene propellant exhibits
a higher peak radiative heat flux, an earlier peak time, and a shorter duration than that with the

polytetrafluoroethylene propellant.

Keywords: capillary discharge, thin-film heatflux gauge, radiative heat flux, transient characteristics
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