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ABSTRACT

A launch system is used to vertically launch a high-speed rocket or space vehicle. During the

launch event,

intense acoustic load is generated from the downstream of the supersonic jet and

propagated in all the directions. In this study, two types of the supersonic jet noises were inves-

tigated: 1) noise of a supersonic free jet and 2) noise of an impinging jet with a launch system.

Aero-acoustic predictions were performed using numerical simulations and further validated against

experimental results obtained through a small-scale model test for the supersonic free jet and imping-

ing jet with the launch system. Moreover, various types of launch systems for noise reduction are

demonstrated experimentally.
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Fig. 6 Static pressure contour of the axisymmetric Table 2 Information of DDES analysis
URANS with Kirchhoff surface Method
Solver Pressure-based
Analysis Transient
Turbulence model Spalart-Allmaras DES
Fluid Ideal gas
Viscosity Sutherland law
Scheme Coupled
Spatial Green-Gauss node based
Pressure Second order
Density Third order MUSCL
Momentum Bounded central differencing
s i Turbulent viscosity Bounded central differencing
Fig.7 Cross section of the present grid on the z=0 Energy Second order upwind
plane with Kirchhoff surface Temporal Bounded second order implicit
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Table 3 Specification for two types of microphone

GRAS 46BE 1/4 |GRAS 46BF-1 1/4°
Measuring
frequency range 4~80,000 4~100,000
[Hz]
Noise range [dB] 35~160 35~172
Sensitivity
[mV/Pa] 36 3.6
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Fig. 13 Comparison of the sound pressure level at near-
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Table4 Sound pressure level at near-field for supersonic

free-jet
Sound pressure level [dB]
Distance[ [, ] Analysis | Experiment | Discrepancy
2.5 137.9 1334 4.5
5.0 137.9 132.5 5.4
7.5 139.8 133.2 6.6
10.0 143.0 1353 7.7
12.5 144.8 139.9 4.9
15.0 145.2 141.7 3.5
17.5 144.4 142.7 1.7
20.0 142.5 142.2 0.2
22.5 140.6 140.8 0.2
25.0 139.5 139.6 0.1
27.5 137.9 137.8 0.1
30.0 137.4 136.4 1.0
32.5 136.7 134.7 2.0
35.0 136.5 132.7 3.8
375 136.5 131.5 5.0
40.0 135.8 130.7 5.1
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Table5 Sound pressure level at far-field for supersonic

free-jet
Sound pressure level[dB]
Angle[deg] Analysis | Experiment | Discrepancy
20 118.7 122.0 33
25 1214 123.4 2.0
30 123.1 124.4 1.3
35 124.1 124.9 0.8
40 124.6 124.1 0.5
45 124.8 122.7 2.1
50 124.0 119.9 4.1
55 122.5 117.0 5.5
60 121.1 114.7 6.4
65 120.7 112.8 7.9
70 120.3 111.4 8.9
75 119.7 111.5 8.2
80 119.0 110.4 8.6
90 118.1 108.7 9.4
100 116.2 110.3 5.9
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far-field for impinging jet with launch sys-
tem

Table 6 Sound pressure level at far-field for impinging jet
with launch system

Sound pressure level[dB]
Angle[deg] Analysis | Experiment | Discrepancy

25 1233 124.5 1.2

30 123.2 123.9 0.7

35 124.2 124.4 0.2

40 123.6 124.7 1.1

45 124.2 125.1 0.9

50 123.7 125.1 1.4

55 123.2 125.3 2.1

60 122.2 124.9 2.7

65 122.1 124.5 2.4

70 118.8 124.2 5.4

75 120.7 123.0 2.3

80 120.0 122.7 2.7

85 118.3 122.0 3.7

90 115.6 119.8 4.2

95 112.9 116.7 3.8
E 282 o 433 A3 B 284
A A AE 28 B4 Aol FE 54
&l 22k 2k 719 o] H8-= 74, WAKradiation)oll
o)t oY A] AAk(dissipation)©] A d/dol| H]3)] =
A dZe Aow F2aT
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Fig. 25 Comparison of the sound pressure level at
far-field for impinging jet with/without

launch system
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