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Fig. 1. The schematic diagram of wake.
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Fig. 2. The wake of ball electron density distribution (P = 40000 Pa,V = 5.83km/s): (a) The flow field of electron density;

(b) radial two-dimensional distribution of electron density at different axial positions.
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Fig. 3. Operating principle of seven channels Ka band microwave interferometer measurement system working in Ka band.
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Fig. 4. The port distribution of the receiving antenna.
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Fig. 5. The schematic diagram of ray tracing: (a) Tracking path; (b) refraction at the interface.
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Fig. 7. The radial two-dimensional distribution of plasma
electron density (z = 100¢): (a) ¢12mm W EK, P =
40000 Pa, V = 5.83 km/s; (b) ¢12 mm #EK, P = 20000 Pa,
V = 5.80 km/s; (c) ¢15 mm Al,Oz ¥k, P = 40000 Pa, V =
4.72 km/s.
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Fig. 8. The radial two-dimensional distribution of plasma
electron density (z = 50¢): (a) ¢12mm W B, P =
40000 Pa, V = 5.83 km/s; (b) $12 mm F4#k, P = 20000 Pa,
V = 5.80 km/s; (c) ¢15 mm Al,O;3k, P 40000 Pa, V =
4.72 km/s.
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Fig. 9. The radial two-dimensional distribution of plasma
electron density (z = 10¢): (a) ¢12mm 4 B, P =
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V = 5.80 km/s; (c) ¢15 mm Al,O3 ¥k, P = 40000 Pa, V =
4.72 km/s.
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Inversion method of two-dimensional distribution of electron
density in hypersonic model wake”
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Abstract

The ballistic target uses a two-stage light gas gun to launch the model into a hypersonic state, and the
model forms a plasma wake when flying at a hypersonic speed in the target chamber. In order to obtain the
radial two-dimensional distribution of transient plasma electron density in the wake of hypervelocity model, a
seven-channel Ka-band microwave interferometer measuring system is developed. In the transceiver system, a
transmitting antenna achieves the plane wave irradiation plasma, and a seven-port array antenna is used to
receive plane waves which are passing through the plasma: the antenna beam can completely cover the radial
range of the wake. The shortest response time of measuring system is 1 s, and electron density measurement
range of the interferometer measuring system is 101-10'®/cm® . The plasma is often treated as layered medium
in data processing of multichannel microwave interferometer. Taking into consideration the effect of refraction
on the stratified interface in this work, the ray tracing (RT) method is used to establish the electromagnetic
propagation model. Combined with the measurement data to construct the objective function, the genetic
algorithm (GA) is used to invert the radial two-dimensional distribution of the electron density under different
test conditions. The result shows good agreement with the numerical simulation under the same test state,
which proves the the data processing method reliable. Then, the influence of the layered model on the
calculation result is analyzed, which shows that the seven-layer model is suitable for the wake modeling under
given experimental conditions, and thus maximizing the number of receiving channels and ensuring the
accuracy. The RT method is used for the first time to achieve the two-dimensional distribution of electron
density in the wake of hypervelocity projectile, and some rules of two-dimensional electron density distribution

of the hypersonic model under given experimental conditions are realized.

Keywords: wake of hypervelocity model, seven channels microwave interferometer, ray tracing, two-

dimensional distribution
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