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Numerical Analysis of Nozzle Plume Flow-Fields at Various Flight Conditions for Infrared Signature Investigation

S.H. Chunl, YR Yangz, H. Moonl, LY. Kiml, R.S. Myong3* and T.H. Cho’

Plume flow-fields of aircrafi nozzles are numerically investigated at various flight conditions for infrared signature
analysis. A mission profile of subsonic unmanned combat aerial vehicle is considered for the requirement of each mission,
associated engine and nozzles are selected through a performance analysis. Numerical results of nozzle plume flow-fields using a
CFD code are analyzed in terms of thrust, maximum temperature. It is shown that maximum temperature increase for lower

altitude and higher Mach number.

Keywords: =% f-53(Plume flowfiled), 29X A3 (Infrared Signature), FAF7] =Z(UCAV nozzle)
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Fig. 1 UCAV mission profile

Wall

Inlet-+| 240.9 mm 200.4 mm l« Exit

500 mm

I
Axisymmetric
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Fig. 3 Grids around nozzle
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Fig. 4 Numerical boundary conditions (circular nozzle)
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Fig. 5 Contours of temperature (circular nozzle, M=0.8)
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Fig. 6 Contours of temperature (circular nozzle, 40000 ft)

Flight conditions Computational results
Altitude (ft) Mach Thrust (N) Temperature (K)

0.8 7187.4 559.9

40000 0.6 6399.9 532.1
04 6035.6 512.4

0.8 11690.1 591.5

30000 0.6 10366.7 562.1
04 9730.6 541.1

0.8 18460.4 642.7

20000 0.6 16275.9 610.7
04 15190.4 587.9

Table 2 Results (thrust and temperature) at various flight conditions

1
SRt e S5 TASelA %E TES UL

Flight conditions Atmospheric conditions Nozzle inlet conditions
Altitude (ft) | Mach | Temperature (K) | Pressure (N/m*2) | Pressure (N/m"2) Temperature (K) Velocity (m/s) Mach number

0.8 76152.6 608.5 215.8 0.445

40000 0.6 216.6 18820 63762.7 5783 210.0 0.445
0.4 55868.2 556.9 205.9 0.444
0.8 1218924 642.7 2222 0.446

30000 0.6 228.8 30144 102056.2 610.7 216.2 0.446
0.4 89390.5 588.0 2119 0.445
0.8 188171.7 698.1 2323 0.448

20000 0.6 248.6 46594 157565.9 663.4 226.0 0.447
0.4 1380124 638.7 2214 0.446

Table 1 Nozzle inlet conditions
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Fig. 7 Axial plume temperature vs altitude change
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Fig. 8 Axial plume temperature vs Mach number variations
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