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Improved Prediction of Lift-off Acoustic Loads for a Launch Vehicle
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ABSTRACT

This paper is concerned with the prediction of lift-off acoustic loads for a launch vehicle. Intense
acoustic load is generated when a launch vehicle is lifted off, and it can induce vibrations of a
launch vehicle which cause damage or malfunction of a launch vehicle and a satellite. Lift-off
acoustic loads of NARO are predicted by the modified Eldred’s second method and the result is
compared with the measured data in flight test. The prediction shows similar peak and shape of
spectrum to the test data, but some discrepancy can be observed due to the predicted margin. In
order to reduce such discrepancy, the sound pressure levels with four source distribution
assumptions are calculated. Also, the surface diffraction effects are considered in the prediction of
lift-off acoustic loads, and the predicted result is more similar to the test data.
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Table 1 Input data for the prediction (NARO rocket, 2009)

Acoustic efficiency 1%
Number of nozzle 1
Thrust of engine 185 tonf
Fully expanded exit velocity 2984 m/s
Sound velocity (normal air) 343 m/s E:f)r;
Sound velocity (nozzle exit) 1031 m/s '
Nozzle exit diameter 1.445 m
Uplift angle (a) 30°
Distance between nozzle and deflector| 8.682 m
Position of measured point [0, -1.45,
[X,Y, 7] 26.311 m
Impingement angle (y) 30°

T X (flow) -‘ ‘

[top view]

Fig. 1 Measurement position for sound level in
launching.
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Fig. 2 Assumed models of acoustic source distribution
for NARO launching.
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Fig. 3 Predicted overall SPL varying the numbers of
sources: N=25, Lp=146.0 dB; N=100, Lr=145.9 dB.
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Fig. 4 Contour map of predicted sound levels as a

function of frequency and distance. The model is based

on the lower bound prediction 1.
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Fig. 5 Predicted spectra according to the prediction
models: —&-, UB (152.1 dB); &, Sym. (148.8 dB); —¢-,
LB1 (146.0 dB); -+, LB2 (144.1 dB); ——, Measured

(147.2 dB).
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Fig. 6 Plane wave approaching a cylindrical surface.
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Fig. 7 Effect of diffraction in spectrum (lower bound
prediction 1): “#, No diffraction (146.0 dB); —#-, With
diffraction (147.3 dB); ——, Measured (147.2 dB).
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Fig. 8 Effect of diffraction around the launch vehicle
(lower bound prediction 1). (a) ---, No diffraction; —,
With diffraction; (b) Difference in SPL’s of (a).
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