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Computational Investigation of the Effect

of Various Flight Conditions on Plume Infrared Signature

Joon-Young Kim*, Soo-Hwan Chun*, Rho-Shin Myong* and Won-Cheol Kim**

Department of Aerospace and System Engineering and Research Center for Aircraft Parts
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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 (N2) (N/m2) K (m/s) number
08 183,171.7 693.1 2323 0.448
20,000 06 2486 46,594 157,565.9 6634 226.0 0.447
04 138,0124 633.7 2214 0.446
0.8 121,824 642.7 222 0.446
30,000 06 2288 30,144 102,056.2 610.7 216.2 0.446
04 89,390.5 583.0 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 55,868.2 556.9 2059 0.444

Cruise Back

Accelerate
and Climb

Loiter 1

Fig. 2. X-45C Mission profile

Inlet
D=0.4818
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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 }r)

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 1.2 30.3 21.8 16.8 51.7 38.1 30.0

3 Max. 186.5 | 134.3 | 104.0 | 259.3 | 190.1 | 149.1 | 4134 | 310.8 | 248.9

0 N Ave. 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2

8112 Max. 1.9 1.9 1.9 1.9 1.9 11.9 11.9 1.9 1.9

s Ave. | 187 | 129 | 96 | 269 | 188 | 142 | 451 | 322 | 248

Max. 188.0 | 1357 | 105.1 | 261.2 | 1919 | 1506 | 4158 | 3132 | 250.8

45 - Ave, 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2

g2 Max. 1.9 1.9 1.9 1.9 1.9 11.9 11.9 1.9 1.9

~ Ave. 213 14.6 11.0 30.6 213 16.1 515 36.4 28.0

35 Max. 192.1 | 1395 | 1088 | 266.7 | 1965 | 1552 | 4228 | 3196 | 257.1

%0 5 Ave. 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2

12 Max. 1.9 11.9 11.9 11.9 1.9 11.8 1.9 1.9 1.9

Hlgnlsto] Afoe Hgirrt SoldsysE 7L FIHH R FeEojof & Ao R AdHETh
spectral intensity®] Fkol F7IEIAHh ol & Fg 9 EFF5 Hax Hsle wE spectral
5 Huer BX WY AP At E intensityd] FFS AW E7] 18] Table 30| 2
8599 I/ E% IR A& A= dd o HE AYstItt =7 Yold¢E, v ulstSs
Fs e AS gl 7V S7MEE Y 9 EF Haxor U
Hgz1S A7y Mg 2e 2dd S 1A ol AEFY EAA oS53 vt

gk spectral intensity®] #t-S Table 2¢] Yl
AT ke g 949 Fol 3~5 um W=
8~12 ym MECA ] Hojgk B FAHo =2 Bl
StA 1 ol 4 AAdA 2EEHIL A=
IR seeker ¥ A& WAL ] 545 XAleH 4
I F2 3~5 ym WEE F= FA st 7] o
wolth E =ZoA WEHe E59 Hul2
TE 500~700 K Ato]Qldl o] 2=FHolA Ho)
radiant emittanceS 7}A+= 37} 3~5 um WA
% IR A5 FFo] Hu=z Yeu 714
ggol7] WEolty. & 8~12 ym W=
= F2 A4 1Y 2% o HAEHE 99
o2 g5 gF7] FA 93t R A5 E 435
o ZF IR A5 A7 st dBA
& WeE 3~5

of FdatAl Fgo] AR weA EFFY ==
7F =olAA =1, o]dd wel spectral intensity
7} Sl Aoz dadEn, oy BYS &
) vz wE ZF IR Az gl gt
AAAN ARE 22T 5 AL

Table 3. Results (thrust, temperature and
maximum spectral intensity) at
various flight conditions

e | | Tt | " | st
(K)
0.8 7,187.4 559.9 192.1
40,000 | 0.6 6,399.9 532.1 1395
0.4 6,035.6 5124 108.8
0.8 | 11,690.1 591.5 266.7
30,000 | 0.6 | 103667 | 5621 1965
0.4 9,7306 541.1 155.2
0.8 | 184604 | 6427 4228
20,000 | 0.6 162759 | 6107 3196
0.4 | 151904 | 5879 257.1
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