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ABSTRACT

Stealth technology is a technique to avoid detection from detectors such as radar and infrared
seekers. In particular, detection by infrared signature is more threatening because infrared missiles
detect heat from the aircraft itself. Therefore, infrared stealth technology is essential for ensuring the
survival of aircraft and unmanned combat aerial vehicles (UCAV). In this study, we analyzed
aerodynamic and infrared stealth performance in relation to UCAV nozzle design. Based on simulation
results, a double serpentine nozzle was effective in reducing the infrared signature because it could shield
high-temperature components in the engine. In addition, we observed that the infrared signature was

reduced at the turning position of the duct located at the rear part of the double serpentine nozzle.
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Fig. 1 Location of turbofan engine stages.
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Table 1. Flow information at each stages.

Station | m(kg/s) | Total Temp.(K) |Total Pres. (kPa)
2 17.9 232 239
3 11.7 694 674.6
4 9.0 1713 636.2
5 141 952 109.8
6 143 950 109.8
16 3.8 398 100.4
8 18.1 842 107.3
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Fig. 3 Shape of straight, single and double serpentine
nozzle.
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Table 2. Nozzle geometry.

Case # Duct shape Length(m) Turning position ratio(Ll/ ) Offset(m) Exit aspect ratio
Case 1 straight 1.7 - 0 9
Case 2 single serpentine 1.7 - 0.19 9
Case 3 double serpentine 1.7 1/2 0.19 9
Case 4 double serpentine 1.7 2/5 0.19 9
Case 5 double serpentine 1.7 3/5 0.19 9
3.5 T T | — . — - —7 Freestream
= experiment _— - ressure outlet)
30 CFD
(5
__Bypass air

P /P,

0.0 02 0.4 06 08 1.0
X position(x/L)

Fig. 4 Validation for CFD method [11].
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Fig. 5 Numerical boundary condition and flow field
specification.

Table 3. Numerical boundary condition.

Flight condition Variabl In- By- Core Free-
(Altitude / Ma) anabie | take pa‘ss air | stream
air
w (kg/s)| 17.93 | 385 | 1427 -
Cruise
P (kP 19.68 | 97.12 | 106.64 | 18.75
(12,000 m / 0.6)| LK
T(K) 216.65 | 398.31 | 950.38 | 216.65

Table 4. Numerical condition for radiation solver.

Material Alloy-2024
Properties Density(kg/mg) 2780
Specific heat(J/kgK) 875
Thickness(m) 0.0005
Paint code Gray
Surface Emissivity(8~12 ym) 0.73~0.83
Emissivity(3~5 m) 0.79~0.81
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