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Fig. 1. Calculation process.
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Fig. 3. Plasma flow fields of RAM-C (Ma = 25, 30 km and

0°): (a) Electron density; (b) temperature; (c) pressure.
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Fig. 4. Plasma flow fields of RAM-C (Ma = 20, 40 km, 0°):

(a) Electron density; (b) temperature; (c) pressure.
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Table 1. Structural parameters of X-band horn an-

tenna.
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Fig. 5. Horn antenna structure diagram.
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Fig. 6. Direction diagram of horn antenna.
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Fig. 9. Antenna patterns of ablation particles with different
densities (Ma =25, 30 km, 0°): (a) zoz plane; (b) yoz plane.

K9 FT RN KT E Ma = 25, KAT %
30 km, 0°TC A I A S5 5. AT LA H 0°Xi f Ak
HL R O IR 8 129.0 V/m, 555 Bl X5 R
£ 73.7 V/m, MRl ik B 431 2x 101, 5x
101 1 8x 1013 m 3 I, M7 R FEEARSLIN 2 61.1, 46.7
J 40.4 V/m. |8 10 R ®ITHEE Ma = 20, RATEE
40 km, 0T BT A3 38 o 45 0L, SR 9 A
SEARTE, B 0%k b fa 3758 B2 129.0 V/m, H
TRl X i 5 53 A AR, eAb (933 5 5 b &
121.8 V/m, B BRI A7 FERT | 335 5 58 43 31| [
£ 117.1, 107.1 F199.9 V/m.

DL SRR B, YRk e T b
B, SRECE 20 LR D e i o, HLKEE TR
B TUBURL 2% BE 3SR, AR S . X

EpSEeRR Al di bl s TP AR AL AR RS
Grb i AT, WO A R S
b RO A2 A il 8 AR ORE rL S R B e A O AARE, 3R
B e R B SO e, BT ORLEZ , 5 A
Fh P A RIEAEE RO 2, DT 225 221 F R LT
WO, Fe AT i R Y B 22 i I R R T
PABE. [RI, FEBEHUBURL S i i A A
il A 2k AR R e ek RURE D] 2 2o il AR L
i, 78 b AR I R S5 AT R R A AR
TPECL R RE R PR G R P b
b FORE %5 BE BE A, U T v P B PR L 2 B 22
o2 & CIE DL 3 Gl =3 W

(a) AN —-- R
1201 t-F.". - — TR
100 F '-'\'\‘. ;L;i_.: 2x1013 m3

N 13 3
S0l \ ng=>5x1013 m

ng = 8x10% m?3

abs(E)

—80 —60 —40 —20 O 20 40 60 80

FAE/(°)
120 1P A = TR
ﬁ‘ - — Teks R
100 f N = 2x101 m?
so b | na=5x10" m?
= | 70— 8x10% m?
2 60r
[}
40
20

—80 —60 —40 —20 0 20 40 60 80
A/ ()

K10 A[EBeUURIE BE T B9 KL D5 & (Ma = 20, 40 km,
0°) (a) zozT; (b) yoz I
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Fig. 11. Antenna patterns of ablation particles with differ-
ent radii (Ma = 25, 30 km, 0°): (a) zoz plane; (b) yoz plane.
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Abstract

When the wall temperature of the thermal protection or insulation materials on the surface of an aircraft

exceeds their tolerance limits under the heating of supersonic aerodynamic heat energy, degradation damage

phenomena such as high-temperature thermochemical ablation and mechanical erosion will occur in the surface

area. The ablation diffusion products (ablation particles) generated are ejected into the surrounding plasma flow

field and suspended around the aircraft, forming a hypersonic plasma flow field with ablation diffusion

substances.

The presence of ablation diffusion substances can significantly affect the physical and

electromagnetic characteristics of the original plasma flow field. To solve this problem, this study establishes a

coupled electromagnetic model of an ablative plasma flow field surrounding a blunt-nosed cone aircraft and

analyzes the antenna radiation characteristics in the wake region of the ablative flow field. The research method
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consists of several key steps. Firstly, the plasma flow field around the blunt-nosed cone is simulated using
ANSYS FLUENT, a computational fluid dynamics (CFD) software. This step provides the fundamental flow
field parameters such as electron density, temperature, and pressure distributions. Secondly, ablation particles,
generated from thermal protection material degradation, are uniformly dispersed into the plasma flow. Then,
the ablative plasma flow field is obtained. Thirdly, an X-band horn antenna is designed in ANSYS HFSS and
loaded into the center of the wake region of the ablative plasma flow field. Based on the above models, the ray-
tracing method is employed to quantitatively evaluate the attenuation of antenna radiation as it propagates
through the wake region. The numerical results demonstrate that the plasma flow field enveloping the aircraft
induces significant attenuation of antenna radiation energy. It is more noteworthy that the presence of ablation
particles within the flow field substantially amplifies this energy dissipation effect. Both the ablation particle
density and size distribution are identified as dominant factors controlling radiative energy loss, exhibiting
proportional relationships with the attenuation of the incident field. This study systematically proves the
influences of ablation particle density and size on initial field energy attenuation. This research can provide a
reference for solving the problem of electromagnetic wave propagation that causes the information transmission
bottleneck of near-space hypersonic aircraft. It can also serves as a theoretical basis for further in-depth research
on technologies such as target detection, identification, thermal protection/insulation materials, and system
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