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Fig. 1. Schematic diagram for the shock tube experimental system.
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Fig. 2. Wave system diagram in a shock tube flow. (D Re-
gion I, initial low-pressure gas filling region; @ Region II,
gas region formed after the gas in Region I is compressed by
the shock wave; @ Region III, product gas region formed
after the contact surface passes through the gas in Region II;
@ Region IV, mixed gas region after hydrogen-oxygen com-
bustion in the high-pressure section; &) Region V, post -
shock gas region formed after the reflected shock further
compresses the gas in Region II; ® Region VI, product gas
region formed after the contact surface passes through the
gas in Region V.
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Fig. 3. Schematic diagram for the electrostatic dual-probe

diagnostic system.
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Fig. 4. Schematic diagram of the probe current signal ac-

quisition circuit.
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Fig. 7. Raw voltage signals measured from the three acquis-

ition channels: (a) Scanning-voltage channel; (b) small-cur-

rent channel output; (c) large-current channel output.
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Fig. 8. Probe current signals after scaling and filtering treatment (scan voltage is ~15—15 V).
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Fig. 9. Electron density measured by the electrostatic dual-
probe at position B on the probe assembly over the effect-

ive time period.
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Fig. 10. Electron temperature measured by the electrostat-

ic dual-probe at position B on the probe assembly over the
effective time period.
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ure measured at positions A, B, and C on the probe as-
sembly.
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Fig. 12. Plasma density measurement results at point B at

several tests under similar experimental conditions.
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Fig. 13. Numerical simulation results of space-time diagram for the flow field after diaphragm rupture: (a) Pressure distribution;

(b) temperature distribution; (c) electron density distribution; (d) electron density in zone II.
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Table 1.  Comparison of electrostatic probe measurement results and simulation results under different experimental condi-

tions.
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5 5.32 198 13.0 3.3x1013 8.3x1013 +151.52
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Electrostatic dual-probe diagnosis of shock tube plasma’
ZHANG Ning?  TIAN Deyang? ZHOU YiV
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1) (National Key Laboratory of Aerospace Physics in Fluids, Mianyang 621000, China)

2) (School of Aerospace Science and Technology, Xidian University, Xi’an 710126, China)
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Abstract

The high-speed plasma flow generated by a shock tube is widely used in studies of spacecraft
communication blackout and related fields. Effective diagnosis of plasma parameters such as electron density is
an important prerequisite for such research. To address the rapid variation and wide dynamic range of electron
density in shock-tube plasma, a transient dual electrostatic probe diagnostic study for wide-dynamic-range
plasma is conducted by employing a capacitive compensation circuit and dual-channel adaptive data acquisition
to suppress displacement current and enable synchronous measurement of weak and strong signals. A 500 kHz
triangular sweeping bias is applied to reconstruct instantaneous I-V characteristics, and a segmented data-
processing strategy is adopted to determine electron density in different density regimes, thereby improving the
applicability of the diagnostic method over a wide dynamic range.

Experimental results of shock-tube plasma diagnostics show that the system achieves highly transient
measurements with a time resolution of 1 ps and wide-dynamic-range measurements spanning four orders of
magnitude in electron density, from 10? cm® to 10'® cm 2. The system also successfully captures the variation of
electron density from 10° cm™ to 10'® c¢m™ within a time scale of tens of microseconds, indicating that the
plasma in shock-tube region II rapidly evolves from initial ionization to a quasi-steady state within this time
scale. The complete establishment process of the plasma in region II is clearly resolved, demonstrating that the
proposed method is capable of diagnosing the rapid evolution of shock-tube plasma over both microsecond time
scales and four orders of magnitude in electron density. The repeatability error of the experiments is less than
5%, demonstrating that the proposed dual electrostatic probe diagnostic method has good reliability and
stability. Comparison with numerical simulation results based on a multi-species chemically non-equilibrium
flow model shows that the experimental results are generally consistent with the numerical results in terms of
electron density magnitude and overall variation trend, indicating that the measured electron density is
physically reasonable. In addition, the experimental results are consistent with the numerical simulation in
revealing the characteristic rapid establishment behavior of the shock-tube plasma, which further supports the
validity of the present diagnostic method. This work can provide an experimental basis for studying the
formation and evolution of shock-tube plasma, and can also provide parameter diagnostic support for ground-
based simulation studies related to spacecraft reentry communication.

Keywords: electrostatic probe, highly transient large-dynamic-range plasma, electron density, shock tube

experiment
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