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Simulation study of the relationship between low-frequency communication
EM wave transmissivity of plasma sheaths and irradiation
microwave E-field strength

Chen Yuqing, Wang Lei, Zhao Lishan,  He Juntao
(College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China)

Abstract: During the flight of hypersonic vehicle, plasma sheath will be produced on the surface due to the
influence of surface shockwave. Because the plasma sheath will absorb, reflect and scatter electromagnetic waves, the
communication signal will be attenuated or even interrupted, causing “ blackout” problem. Theoretically, the
interaction between the plasma sheath and microwave is nonlinearly changing with electric field, so there may be a
suitable E-field amplitude and irradiation time interval to make electromagnetic wave transmissivity rise. For this
possibility, Finite Element Analysis is used to conduct a two-dimensional coupled simulation of the plasma sheath
flow field and the electromagnetic field on the hypersonic vehicle’s surface, and the change of the plasma sheath
transmissivity after microwave irradiation is obtained. The plasma sheath was irradiated for 30 ns with electric field of
5x10* V/m, 1x10° V/m, 2.5%10° V/m, 5x10° V/m, respectively. The maximum transmissivity to 1.2 GHz and 1.6 GHz
electromagnetic waves is enhanced after irradiation. It provides a new possibility to solve the “blackout” problem.

Key words:  hypersonic vehicle, plasma sheath, blackout, microwave, coupling simulation
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Fig. 4 Plasma density distribution along vehicle axis
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Fig. 5 Magnetic field distribution of microwaves with different E-field amplitudes
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Fig. 6 Changes of plasma frequency and collision frequency after 30 ns irradiation
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Fig. 7 Transmissivity changes with irradiation time
Pl 7 i R B i AR A

BRI LG T, 10 i IR AR T 5 5x10° Veme ! i, FL TG D8 S SR A R BT AR 2 ns SRR TT LR T % .

T3 IR B A A S P B R e A MU Y ST, FRATT B T — A AR 4> 16 GHz B
FL G D LA — R 0.3 m B34 5 55 B - O, AN 1AT 8(a) Bz o TR ok, R X (19) THEE Y S5 28000 HL AR
FRATCI8) i, 45 BAS [7] 45 1 1 VA A1 4 T PR D3 A 3R B AIE 98 400 3 1 A2 AR A B0, W AT 8(b) 7w, il DA Y 25 25
TR AAL | WEAEFR KT 16 GHz I, L RE I 175 55 25 56 Rl 38 400 25 1) 88 71 17 448 75 244 458 88 1 Al 88 00 4 AN AR
D IR S T SN ) v Y NS B M o /A R R N o o e S N 4 o G R 3 S )
AT, B R R [A] A $ 0, S5 O ARG, R R R

1.0
plasma frequency: 4 GHz
4-.--9;3_{1'1____)
0.8}
EM wave z
(16 GHz) z 0.6 plasma frequency: 8 GHz
AN a
lasma plate g
-5 P p Z 04}
N B
plasma frequency: 12 GHz
0.2
plas uency: 16 GHz
0 20 40 60 80 100
collision frequency/GHz
(a) EM wave vertical incidence homogeneous plasma plate (b) variation of transmissivity with collision frequency

Fig. 8 Homogeneous plasma plate mode
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Table 2 Maximum transmissivity

frequency/GHz E/(kV-m™) maximum transmissivity/% irradiation time/ns

1.2 0 21.0 0
1.2 50 71.1 30
1.2 100 73.3 30
1.2 250 70.4 26
1.2 500 46.5 2
1.6 0 27.7

1.6 50 71.8 30
1.6 100 73.7 30
1.6 250 70.7 24
1.6 500 46.0 2
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