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Fig. 1. Experiment setup of electromagnetic scattering characteristics measurement for the simplified hypervelocity HTV2 flight

model in the ballistic range.
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Fig. 2. Simplified model of the hypervelocity HTV2 and its
bracket in the ballistic range.
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Fig. 4. Layout of the radar system in microwave anechoic

chamber of the ballistic range.
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Table 1. Comparison between measurement and numerical results of the RCS of the ball models flying at hypervelocity.
SRS BRI K A5 B TR BB ERCS /dBsm FIBERCS/dBsm
J£J1/kPa U/ (km-s 1) DS THAAER SERI 4
4.2 5.0 -31.40 -31.31 -52.10 -50.63
F 2 EEAEEIEHTV2 B8 C B4 bR RCS S 45 R
Table 2.  Measurement results of the C band full target RCS of the simplified HTV2 models flying at hypervelocity.
SRR PRI O HZEHT VAR AL 4 HARRCSSM45 R /dBsm
M/ (kmest) S /kPa IS /(0) MRACA /(%) WREES/(C)  BBIAHRERCS  ARKKZERHRCS FERCS
5.0 7.6 22.43 5.18 103.65 5.91 5.90 -18.83
5.0 8.8 -1.85 14.79 -107.27 -4.19 —4.27 —21.57
5.0 10.4 -7.15 -2.10 69.40 -2.61 -2.72 -18.75
5.0 15.3 6.02 -10.1 -109.07 1.90 1.87 -19.79

(b)

B 7 w2 HTV2 SR SRS BTS2 I 5 (11.2 kPa,
5.0 km/s) (a) /KF; (b) TEE

Fig. 7. High precision shadow photos of the simplified hy-
pervelocity HTV2 models (11.2 kPa, 5.0 km/s): (a) Hori-
zontal photograph; (b) vertical photograph.
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velocity.
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Table 3. Measurement results of the X band full target RCS of the simplified HTV2 models flying at hypervelocity.

SEHR S RBIE A R HEHT V2R R 42 HARRCS SEMIZE R /dBsm

M/ (kmes ) SRS /kPa MEIFA/(C) MRATA/(P) REA/(C) BB HPRERCS  AMEKSERIARCS EIBRCS

4.0 8.5 -17.00 23.00 6.80 -8.75 -8.76 -35.56
5.0 6.6 7.50 -11.00 108.28 1.05 1.05 -30.70
5.0 8.2 18.93 17.11 109.95 -2.92 -3.44 -12.43
5.0 11.6 4.03 -3.25 107.73 -3.63 -3.94 -15.23
5.0 14.8 ~7.00 9.10 70.93 -5.99 -9.36 -8.68

10

—=— 4.0 km/s, 8.5 kPa
—e— 5.0 km/s, 6.6 kPa
—a— 5.0 km/s, 8.2 kPa
—v— 5.0 km/s, 11.6 kPa
—— 5.0 km/s, 14.8 kPa

JH—{tRCS/dBsm

0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0

HEES /m
B o A HTV2 B X % B4 H A8 RCSH 7 Pl
Bk

Fig. 9. Distributive measurement results of the X band full
target RCS of the simplified HTV2 models flying at hyper-

velocity.
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i I AT LI 3] SO-FDTD )5k i1 D—E (%04
K. UHEAA XS FDTD Jidi—3.

VEBE 4 41 M S HTV-2 A7 LR SR
25, W 9 O S G0 45 R FDTD #1545
ST EC AT, o uE A R A TR AR ] 5
PE. FESCIAE T AT T 1) s A AR Skl
TS, BSR4 7 ) 5 3T 5l 4k e R 30°,
THEAR Y N A5 8RB S ) B RCS, FDTD
TR AR A B R AN 10 TR . AR R S 2SR ]
3 ARG DA L AT A FVREE ffr . U/
WK A 1/15 K FDTD RIS A5 20 R SF

10 FDTD 357 iy £ BE e L
Fig. 10. Image of angle definition in FDTD calculation.

JE T 50T B 2K HTV2 BER 3 371)5 &L
52K HTV2 BRI G, RIS IIRETS, &
P 2 HTV2 A R R HL A5 58 IR B £ 4 Hr
RCS HyiHEZ5 R 5 i S eni] 2 25 5 0) H ik 4
fTg. #5EA 4 B bR RCS LR R 25 AN 11 M
B 12 frs. B 4 AT UL, S S iR e 2 HTV?2
PR I S8 R B C B /X I BE RCS UM
TR R ML E 25 R BONT G, iTRS RS
SEIG I R iR 22N 3.35 dB, B TA AR
T FE. S RN AR (B T AR (R AH B R EIE T
S5 B IR AR I R A S B
HIFRaE.

F 4 EEAEIEHTV2 SEURF B RCS (9 FDTD Jr iU E R4 5 i #0590 B 25 R A9 X L

Table 4.
flying at hypervelocity.

Various bands RCS comparisons between FDTD simulations and experiment results of the simplified HT'V2 models

S SHARDS M/ () IR I 25 88 TR £ MR CS
J£ 71 /kPa B/ (km-s!) Wemf dmAif RIS 2 /dBsm 147 /dBsm W /dB
X 8.2 5.0 18.93 109.95 -3.30 -1.51 1.79
C 10.4 5.0 -7.15 69.4 0.73 3.14 2.41
X 11.6 5.0 4.03 107.73 -3.94 -5.20 1.26
X 14.8 5.0 ~7.00 70.93 -9.26 -6.01 3.35
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Fig. 11. Comparisons between numerical simulations and
experiment results of the X band RCS of the simplified
HTV2 models flying at hypervelocity and its plasma
sheaths. The dashed line is the RCS of the simplified HTV2

models.
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C W BE i) RCS B 5325

Fig. 12. Comparisons between numerical simulations and
experiment results of the C band RCS of the simplified
HTV2 models flying at hypervelocity and its plasma
sheaths. The dashed line is the RCS of the simplified HTV2

models.
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Experimental investigation on all-target electromagnetic
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Abstract

According to the requirements for target detection and recognition of hypervelocity vehicles in near space,
the simulation and measurement of corresponding electromagnetic scattering characteristics of non-uniform
plasma generated by hypervelocity targets are conducted. A numerical calculation method with dynamic plasma
parameters is developed and hypervelocity HTV2-like models launched by the ballistic ranges are used to
simulate complex shape target flying at a hypervelocity velocity. The high-precision shadow imaging systems
and radar measurement systems of the ballistic range are used to measure the model postures, the
electromagnetic scattering characteristics of the whole targets and their flow fields in both C band and X band.
The experimental measurement results of the radar cross section (RCS) of the models and their flow fields
under different experimental conditions are obtained. The results show that the numerical simulation methods
of unsteady high-temperature ionized air flow can be used to simulate the unsteady thermal chemical flow fields
around the head and body of the simplified hypervelocity HTV2-like flight models. The electromagnetic
scattering characteristics of the models and their plasma sheath differ by more than one order of magnitude
under different experimental conditions. The total RCS of the model’s wake in the C band is much smaller than
that of the model, and the total RCS of the model’s wake in the X band is significantly enhanced. The attitude
angles of the models have great influence on their electromagnetic scattering characteristics and their RCSs with
different attitude angles can differ by one order of magnitude. The electromagnetic scattering energy of the
model in the C band is distributed mainly around the targets and their flow fields surrounding them. The X
band electromagnetic scattering energy of the model is distributed mainly in the regions around the targets,
surrounding flow fields and the wake flow fields. According to the experimental conditions of the ballistic range,
the numerical simulation analyses of the electromagnetic scattering characteristics of the models and flow fields
around them are carried out, and the maximum error between simulation and experimental results is less than
4 dB, verifying the effectiveness of the modeling methods of simulating electromagnetic scattering characteristics
of non-uniform plasma coated targets.

Keywords: hypervelocity, model, plasma sheath, ballistic range
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