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Figure 1 (Color online) Three ways for space-based infrared detec-
tion.
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Table 1 [Initial velocities required for different gliding distances
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Table 2 Relationship between gliding flight altitude and velocity

Lg (km) Vi (km/s) V, (km/s) h, (km)

2000 3.7 2 34
4000 4.8 3 41
6000 5.5 4 46
8000 6 5 51
10000 6.4 6 56
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Figure 2 Geometric relation of space-based infrared detection.
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Table 3 Relationship between surface radiation equilibrium tempera-

ture, infrared radiance and heat flux coefficient of intercontinental glide
vehicles

Gx10" TR L, (Wm's)) L, (WA’ sn)

0,2.7

1 650 60 29
5 970 330 435
10 1160 610 1080
50 1730 1720 5080
100 2060 2580 8590

BEIIHN0.15 pm) T M ZLAMES TR, T AL ERBEE C,
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Figure 3 Configuration (left) and computational grid (right) of
intercontinental glide vehicle.
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Table 4 High temperature air chemical reaction model and Arrhenius reaction rate parameters [10,11]

e 28 n T, (K)

1 N,¥MaN+N+M 7.0x10" ~1.60 1.13x10°

2 0,fMa0+0+M 2.0x10" -1.50 5.95x10°

3 NO+MaN+0+M 5.0x10" 0.00 7.55x10"

4 H+H+MsH,+M 3.31x10" -1.00 0.00

5 H+OH+M<H,0+M 2.20%10' —2.00 0.00

6 CO+0+M=CO,+M 2.83x10° 0.00 —229x10°
7 N,+O=NO+N 6.40x10" -1.00 3.84x10*

8 NO+0=0,+N 8.40x10° 0.00 1.95x10*

9 H,+Os0H+H 1.80x107 1.30 3.15%10°

10 H+0,20H+0 2.60x10" 0.00 8.47x10°

11 H,+OHoH,0+H 2.16x10° 1.51 1.73x10°

12 CO+OH&CO,+H 8.80x10° 1.50 —3.73x10°
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Figure 4 (Color online) High temperature flow field of IGV in the axial symmetry plane. (a) Horizontal velocity; (b) temperature; (c) density; (d)
number density of CO,; (e) number density of CO; (f) number density of H,O; (g) number density of NO.
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Figure S (Color online) Surface radiation equilibrium temperature
distribution of IGV (left: windward; right: leeward).
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Table 5 Variation of surface radiation equilibrium temperature and
heat flow coefficient with flight attack angle of IGV

] R348 RSP E
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T, (K) Gy T, (K) Cy
3 1187 1.49%107° 1062 0.95x107>
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Figure 6 (Color online) Spectral radiation intensity of high tempera-
ture wake flow of IGV. (a) Central wavelength of 2.7 pm; (b) central
wavelength of 4.3 pm.
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Figure 7 (Color online) Relations of background radiance and
average atmospheric transmittance from target to detector with
wavelength. (a) Background radiance; (b) average atmospheric
transmittance.
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Table 6 Variant ranges of background radiance and average atmospheric transmitance for nadir and limb detections

Ly (W/(m® sr)) 0’
Ap (m) 0 \
B/ ME N ! B/ ME S IN!
, 0° 6.2x107° 2.5x107* 0.98 0.98
7

53.7° 6.7x107° 2.8x107° 0.95 0.96
s 0° 3.8x10~° 1.4x107 0.94 0.95
’ 53.7° 6.0x107° 2.0x1072 0.79 0.87
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Table 7 Ratio of signal to noise for LEO satellite infrared detection of IGV under two typical cases

MK (um) 0 (°) 15 (Wisr) 1} (Wisr) y
0 7236 0.20 9.6x10"
27 53.7 4284 0.08 4.6x10°-6.0x10°
0 4087 8.41 8.4x10°-9.5x10°
3 537 2420 7.39 —1.2x10%-5.5
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Analysis of signal-to-noise ratio for space-based infrared
detection of intercontinental glide vehicles

FAN Jing'", CONG Bin-Bin"?, WANG Jian"?, CHEN Hao', WAN Tian' & LI Shuai-Hui'

! State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, China;
2 College of Engineering Sciences, University of Chinese Academy of Sciences, Beijing 100049, China

The infrared radiation of intercontinental glide vehicles (IGV) is significant during hyper-velocity flight due to the
serious aerodynamic heating. Our analysis and calculation show that the signal-to-noise ratio of infrared detection for
IGV by the space tracking and surveillance system (STSS), which the United States is testing to deploy, will be between
10’10’ in order in a short wave band around 2.7 um, while the threshold values of signal-to-noise ratio for STSS to meet
the track and recognition requirements are about 3 and 30, respectively. This means that STSS is very effective to IGV. In
open argument of IGV penetration capability, the core standpoint is that it is difficult to predict the track of IGV due to its
lateral maneuver. However, the lateral average acceleration capability of IGV is only about 0.15g, while the US missile
defense system was reported to have the ability to transmit the target information obtained by the detection system to its
command system and interceptor missile in time. Through quantitative estimation, it is easy to prove that IGV orbital
maneuver can not only predict, but also have high accuracy by using space-based infrared detection, so the argument of
“difficult to predict” is not valid.

inter-continental glide vehicle, aerodynamic heating, low-orbit satellite, infrared detection, signal-to-noise ratio
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doi: 10.1360/SSPMA-2019-0095

054702-9



