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Fig. 1. Inductive coupled plasma wind tunnel.
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Fig. 2. Plasma jet of rectangular nozzle.
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Fig. 3. Diagram of experimental setup.
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Table 1. Parameters of standard gain horn antenna.

LERE) BTG/ GHz Mzt /dB BeH/(°) BT
HD-32SGAH10N 2.60—3.95 10 55 BJ32
HD-48SGAH10N 3.94—5.99 10 55 BJ48
HD-70SGAH10N 5.38—8.17 10 55 BJ70
HD-100SGAH15S 8.20—12.40 15 30 BJ100
HD-140SGAH20S 11.9—18.0 20 18 BJ140

HD-220SGAH25 K 17.6—26.7 25 10 BJ220
HD-320SGAH25 K 26.5—40.0 25 10 BJ320

N T PRAEN R G BA — € B, 1A
ARSI UL, SEhE ATAE 1B 3 s il
O N A T R T O A, X I R G I B
FEIRRAE AT T hesE, e M e <5 5 7k 3
B B T I R S ERAE, PRAEN K45
KA FELE.

5 R 5T
5.1 SLIRZER

AT FUA, S I XU YR R SR AN AR
BT SERIE, P AEARF SN R TR
SR B R, 245 T 50 mm x 250 mm M
A TR SRR MO AR AR, R
SRR NS B TSR S8k 2 fr s,

F2 LI
Table 2. Table of experimental results.
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Fig. 5. Theory result vs. experimental result.
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Abstract

When hypersonic vehicle flies in the atmosphere at a high altitude with a high speed, plasma sheath is generated
around the vehicle, and thus attenuating the electromagnetic wave signals and even interrupting the communication.
Therefore the control, guidance, and navigation of hypersonic vehicle can be affected seriously by the plasma sheath. It
is necessary to study this problem in reasonable ground experiment.

The inductively coupled plasma (ICP) wind tunnel is an ideal equipment for studying electromagnetic transmission
characteristics in plasma because it can produce uncontaminated plasma and the electrode cannot be ablated in the
process of plasma production. We carry out the experiment in ICP wind tunnel. A thin slice of plasma jet is generated
by a rectangular nozzle with an outlet size of 50 mm x 250 mm. Plasma jets with different parameters are obtained by
adjusting the operating power and inlet flow of the wind tunnel. Four kinds of states are provided with the electron
densities of 7.0 x 10*°, 5.0 x 10*!, 3.5 x 10'? and 1.0 x 10*®/cm?, and the collision frequencies of 1.5x10°, 1.6 x 10°,
2.0 x 10% and 9.0 x 10° Hz, respectively.

The amplitude attenuations and phase changes of the electromagnetic waves are measured with microwave diagnos-
tics system consisting of a vector network analyzer and high gain antennas. And electron density and collision frequency
of plasma are obtained according to the transmission characteristics of electromagnetic waves in plasma.

The attenuations of the electromagnetic wave in plasmas of different states are measured via microwave transmis-
sion system which is composed of a vector network analyzer and pairs of horn antennas covering a frequency range of
2.6-40 GHz. The results show that both the amplitude attenuation and attenuation band increase with the increase
of electron density. The classical theory and thin layer theory are used to simulate the transmission attenuation. The
results are compared with the experimental ones. The results in this paper provide basic data for further theoretical and

numerical study of electromagnetic wave transmission characteristics in plasma.
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