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COMPUTATIONAL INVESTIGATION OF NOZZLE FLOWFIELDS AT VARIOUS FLIGHT CONDITIONS
FOR AIRCRAFT INFRARED SIGNATURE ANALYSIS

SH. Chun] Y.R. Yang® H. Moon’ R.S. Myong™ and T.H. Cho

Aerothermodynamic flowfields of aircraft engine nozzles are computationally investigated at various flight
conditions for infrared signature analysis. A mission profile of subsonic unmanned combat aerial vehicle is
considered for the case study and associated engine and nozzles are selected through a performance analysis.
Computational results of nozzle and plume flowfields using a density-based CFD code are analyzed in terms of
thrust, maximum temperature, length and optical thickness of plume. It is shown that maximum temperature, length,
and optical thickness of nozzle plume increase for lower altitude and higher Mach number.
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Fig. 3 Nozzle shape

Circular
-
nozzle
200.4 mm
Rectangular nozzle
81.2 mm \
’ .I (AR=5} -

4059 mm
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Fig. 10 Axial plume temperature vs. altitude change
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Fig. 11 Axial plume temperature vs. Mach number variations
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Table 1 Nozzle inlet conditions

Flight conditions Atmospheric conditions Nozzle inlet conditions
Al?fttl;de nmg%zr Tem?%ature z\ﬁe/?rs]ﬂg z\ﬁe/?rs]ﬂg Tem?%ature Velocity (m/s) Mach number

0.8 76152.6 608.5 215.8 0.445

40000 0.6 216.6 18820 63762.7 578.3 210.0 0.445
04 55868.2 556.9 205.9 0.444
0.8 121892.4 642.7 222.2 0.446

30000 0.6 228.8 30144 102056.2 610.7 216.2 0.446
0.4 89390.5 588.0 211.9 0.445
0.8 188171.7 698.1 232.3 0.448

20000 0.6 248.6 46594 157565.9 663.4 226.0 0.447
0.4 138012.4 638.7 221.4 0.446
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Table 2 Results (thrust and temperature) at various
flight conditions

Flight conditions Computational results
Altitude (ft) | Mach Thrust (N) Temperature (K)
0.8 7187.4 559.9
40000 0.6 6399.9 532.1
0.4 6035.6 512.4
0.8 11690.1 591.5
30000 0.6 10366.7 562.1
0.4 9730.6 541.1
0.8 18460.4 642.7
20000 0.6 16275.9 610.7
0.4 15190.4 587.9
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Fig. 13 Axial plume temperature vs. nozzle type
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Table 3 Thrust and temperature vs. nozzle type

Average Maximum
Thrust(N) | temperature (K) | temperature (K)
Circular
nozzle 1874 229 %
Rectangular
nozzle 70422 o8 o
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Table 4 Plume length and optical thickness A8 95l U= PG B3 wE2E Huer, EA4L
Flight conditions Computational results = ool el g Aol Bl Aoty FAE wAstt
Altitude |\ | Plume length Optical thickness 4 7%*4 Al a7} vhobdrs, g vkt SbEeE
(fY) (m) (mm) Be Feo] k] wEd] TN Huewst @
08 11.38 282.1935 et we vld nlelgTl moldeE ERdlAe
40000 0.6 9.80 572.0655
0.4 8.48 581.2395
08 13.50 667.7194 Table 5 Plume length and optical thickness vs. nozzle type
30000 0.6 11.60 664.7854 Plume length (m) | Optical thickness (mm)
0.4 10.03 686.4874 Circular
08 19.25 870.6193 nozzle 1138 5822
20000 0.6 16.57 879.9193 Rectangular 8.44 Top 207.0
0.4 14.26 927.2192 nozzle ' Side 1224.9
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