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ABSTRACT

The plume infrared signature effects at various flight conditions of aircraft were
investigated for the purpose of reducing infrared signature level. The nozzle of a virtual

subsonic unmanned combat aerial vehicle was designed through a performance analysis.
Nozzle and associated plume flowfields were first analyzed using a density-based CFD
code and plume IR signature was then calculated on the basis of the narrow-band model.

Finally, qualitative information for the plume infrared signature characteristics was obtained

through the analysis of the IR signature effects at various flight conditions.
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Table 1. Nozzle inlet conditions

Flight conditions Atmospheric conditions Nozzle inlet conditions
Altitude Mach Temperature Pressure Pressure Temperature Velocity Mach
(ft) number K) (N/mr2) (NIm2) (K) (m's) number
08 188,171.7 698.1 2323 0.448
20,000 06 2486 46,594 157,565.9 6634 226.0 0.447
04 138,012.4 633.7 2214 0.446
08 121,824 642.7 222 0.446
30,000 06 2288 30,144 102,056.2 610.7 216.2 0446
04 89,390.5 588.0 2119 0.445
08 76,1526 608.5 2158 0.445
40,000 06 2166 18,820 63,762.7 578.3 2100 0.445
04 55,8682 556.9 2059 0.444

30,000 ft, 40,000 ft
04, 06, 0.8 4 uwe
o %3191t} Table 1
2 Uitk E=9 07 39 55Fe]
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Fig. 3. Nozzle geometry
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Table 2. The average and maximum spectral intensity at various flight conditions (W/m?/um}t)

Angle | Band | Altitude 40,000 ft 30,000 ft 20,000 ft
(®) (um) Mach 0.8 0.6 0.4 0.8 0.6 0.4 0.8 0.6 0.4
- Ave. 20.8 14.7 112 | 303 | 218 16.8 | 51.7 | 38.1 30.0
¥ Max. 186.5 | 134.3 | 104.0 | 259.3 | 190.1 | 149.1 | 4134 | 310.8 | 248.9
0 ~ Ave. 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2
g1z Max. 11.9 11.9 1.9 11.9 11.9 11.9 11.9 1.9 11.9
35 Ave. 18.7 12.9 9.6 26.9 18.8 142 | 451 322 | 2438
Max. 188.0 | 135.7 | 105.1 | 261.2 | 1919 | 150.6 | 4158 | 3132 | 250.8
45 ~ Ave. 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2
81z Max. 11.9 11.9 1.9 11.9 11.9 11.9 11.9 1.9 11.9
B Ave. 21.3 14.6 110 | 306 | 213 16.1 515 | 364 | 280
¥ Max. 192.1 | 139.5 | 108.8 | 266.7 | 196.5 | 1552 | 4228 | 3196 | 257.1
% . Ave. 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2
s Max. 11.9 11.9 1.9 11.9 11.9 11.8 11.9 1.9 11.9
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Table 3. Results (thrust, temperature and

maximum spectral intensity) at
various flight conditions

e | | Tt | S| soset
(K)

0.8 7,187.4 559.9 192.1

40,000 | 0.6 6,399.9 532.1 139.5

0.4 6,035.6 512.4 108.8

0.8 11,690.1 591.5 266.7

30,000 | 0.6 10,366.7 | 562.1 196.5

0.4 9,730.6 541.1 155.2

0.8 184604 | 6427 4228

20,000 | 06 | 162759 | 6107 319.6

0.4 15,1904 | 5879 257.1
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