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ABSTRACT
Experimental investigation of sound scattering on a typical launch vehicle interstage is described. In
the experiment, acoustic measurements were carried out on an interstage kept vertically by the side of a
rocket exhaust during horizontal static firing. Free field acoustic levels were obtained by another acoustic
sensor. The effect of sound scattering was studied by analyzing the measured data. In the second part,
the jet noise prediction packages for launch vehicle are suitably modified to predict noise environment
during static horizontal firing. The predicted values are compared with the measurements.

1 - INTRODUCTION
Scattering of waves have attracted considerable attention from researchers working in electromagnetic
fields, physical and underwater acoustic fields. Lending blue colour to the sky to that of noise prediction
methods for launch vehicle − scattering effects play a major role. In the case of helicopter noise predic-
tions the free field prediction needs to be corrected by a factor varying from -20 dB to 4 dB due to the
presence of fuselage [1]. Besides, the understanding of scattering of sound on launch vehicle structures
is essential for the specification of environmental test levels.
Scattering of sound waves was first investigated mathematically by Rayleigh [2] for a rigid sphere. The
launch vehicle interstages and heat shield have generally cylindrical shapes. For rigid circular cylinders,
a mathematical solution was developed by Morse [3]. This solution was extended to include the effect of
compressional wave inside cylinder by Morse, et. al. [4] which was further modified by James J Faran
Jr. [5] by taking into account the shear wave which could exist in a solid cylinder.
The scattered field, which results from sound wave incident on an elastic cylinder, differs considerably
from the field obtained from the scattering on a rigid cylinder of the same shape. The incident sound field
excites forced vibration of the elastic object. These vibrations give rise to sound radiation. The scattered
field is partly governed by these vibrations which are determined by the dynamic characteristics of the
elastic object. Hence, the scattered sound field by an object is the resultant of ” rigid body scattering ”
which is common to both elastic and rigid scatters and of ” radiation scattering ” which is peculiar to
elastic scattering. Sound scattering from elastic shells and stiffened elastic shells were studied by Miguel
C.
Junger [6], [7]. Scattering of obliquely incident acoustic wave by solid cylinder was studied by Lawrence
Flax et. al. [8], that by hollow cylinder by Fernand Leon et. al. [9] and that by cylindrical shells
with deck type internal plate by Y. P. Guo [10]. In recent times, direct numerical simulation of acoustic
scattering was carried out by Oliver A. Laik and Philip J. Morris for the low frequency problem (of
the order of 10 Hz) [1]. In the experimental side, sound scattering on wooden cylinder (rigid) was
measured by Francis M. Wiener in an anechoic chamber using a condensor microphone [11]. Sound
scattering by metallic cylinder in water was studied by James J Faran Jr. [5]. Though many other
experimental studies have been carried out on different types of cylinders, there is very little information
available on sound scattering on launch vehicle interstage which houses a number of sensitive electronic
and control system packages. In this paper experimental investigation of sound scattering on a typical
launch vehicle interstage, a thin shell structure with many external stiffners, is described. The existing
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jet noise prediction packages were modified to predict noise environment during static horizontal firing
and prediction by the modified packages are compared with the measurement.

2 - EXPERIMENTAL STUDY
The test set up is shown in Fig. 1. The rocket motor was fired horizontally. Test specimen (a typical
interstage of a launch Vehicle) was mounted firmly in the vertical position. Three microphones were flush
mounted on the skin of the specimen at three locations 90 degree apart at a height of 2.8 metres from
ground with middle microphone (M1) facing the jet and its axis perpenticular to the jet axis. The test
specimen middle microphone was at radial distance of 58.6 metres from axis of the jet and at an axial
distance of 15 metres from nozzle exit. This location was selected based on the constraint of temperature
rise on the specimen due to radiative heating of the jet. The free field microphone M4, was kept at the
mirror image location of microphone M1 with respect to the vertical plane passing through the jet axis.
The free field microphone was also facing the jet and was fixed on a stand. All the microphone locations
on the specimen are shown in Fig. 1. Microphone M2 and M3 were also flush mounted on the specimen
and their locations are shown in Fig. 1. Endevco model 2510 piezoelectric microphones were used for the
study. The free field corrections supplied by the manufacturer were used to correct the value obtained
through the free field microphone M4.

3 - ANALYSIS
The overall sound pressure level history obtained from microphone M1 is compared with that of micro-
phone M2, M3 and M4 in figures 2, 3 and 4 respectively. Microphone M1 measured the level of the entire
jet. As microphone M2 was not in the line of sight of the initial portion of the jet, its levels are lower by
about 3 dB with reference to microphone M1. Since microphone M3 was in the shadow region of most of
the portion of the jet, the acoustic levels are about 5 dB less than that of microphone M1. The free field
microphone M4, which was mounted at the mirror image point of microphone M1 read about 6 dB less
compared to microphone M1. It confirms the pressure doubling on the jet facing side of the specimen.
Frequency spectra of all the microphones are compared in Fig. 5. Similar differences are seen in most
of the frequency band sound pressure levels of various microphones. Especially the free field microphone
M4 had registered about 6 dB less than the corresponding specimen mounted microphone M1, except
for 20 and 25 Hz frequency bands.

4 - JET NOISE PREDICTION METHODS
Jet noise environment during lift-off of a launch vehicle is predicted by the package JAPDSA (Jet acoustic
prediction by Discrete Source Allocation) and by JAPSSD (Jet Acoustic Prediction by Spectrum Source
Distribution) [12]. These methods are based on dynamic similarity and use the measured acoustic data
of rocket jets. A brief description of the packages is given below.

4.1 - JAPDSA package
This package assumes that the flow consists of apparent sources of single frequency distributed at various
locations in the stream with respect to the nozzle exit plane. These apparent sources are considered
statistically independent of one another. Hence, their effect can be combined i.e. their mean square
pressure values can be added directly to get the overall value. The apparent source location is determined
by fitting data measured along a simulated vehicle to an inverse square loss curve and extrapolated to
zero distance. This method assumes that no obstructions interfere with the line of sight between the
vehicle and the flow. Hence, by this method, it is not possible to account for any shielding that may
exist.

4.2 - JAPSDD package
In this method, noise in each frequency band, is generated throughout the flow. The rocket exhaust is
divided into a number of slices. Each slice contribution to the sound pressure is estimated and added
to get the jet noise level at the required location. The advantage of this method is that the shielding
between the exhaust and the vehicle can be accounted. Hence, when acoustic shielding (Bucket type
deflector or covering of the deflected jet) has to be considered, the second method has to be used. For
other cases, first method is used, as it is simpler to apply.
It is seen that the prediction compares well with flight measurement. In the overall levels and in some of
the frequency bands, the prediction is within ± 2.5 dB. In the most of the remaining frequency bands,
the predicted values are within ± 5 dB of measured values.

4.3 - Modification for ground reflection
During static horizontal firing of rocket motor, ground reflections are dominant. The ground reflection
effects are included by Image Source Method [13]. This method assumes that the ground is rigid.
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The mirror image jet with respect to the ground is considered and the acoustic sources are distributed
accordingly. The contributions from the jet as well as the image jet are added to get the jet noise level
at the required location.
The free field microphone M4 levels differ from the test specimen microphone M1 levels only by the
scattering effect of the body. Due to scattering of sound on solid surface, the sound pressure levels can
increase by about 6 dB on the surface. As suggested by Franken [14], the levels for microphone M1 are
increased by 6 dB in the frequency range given by

F ≥ a

Πd

Where ”F” is the frequency, ”a” is the speed of sound, ”d” is the diameter of the test specimen.
In the JAPSSD package the supersonic core length (one of the main parameters in the package) is only
a function of Mach number. It is known that the jet noise levels are highly dependent on nozzle exit
pressure ratio and to a lesser extent on the other gas parameters. Hence the JETSOUP package [15],
which takes into consideration the nozzle exit conditions, is used to obtain the supersonic core length.
When this core length is used in JAPSSD package, the acoustic levels predicted compares well with
measurement. The comparison is shown in Fig. 6.
The predicted overall sound pressure levels by the two methods (with ground reflection) are compared
with measurements from microphones M1 and M4 in Fig. 7. The overall sound pressure levels predicted
by JAPSSD are closer to the measured value than those by JAPDSA. The few peaks seen in the measured
data are due to higher mixing induced by secondary injection of fluid. The frequency spectra predicted
by JAPDSA and by JAPSSD with measurement are compared with measurements in Fig. 8 and Fig. 9.
From this figures, it is concluded the JAPSSD predicts the acoustic environment for static firing more
accurately.

5 - CONCLUSION
Experimental investigation of sound scattering on a typical launch vehicle interstage was carried during
the horizontal firing of a rocket motor. It is observed that the sound pressure doubling almost occurs
on the side of the cylindrical specimen facing the jet due to sound scattering. To account for ground
reflection, jet noise prediction packages are modified by incorporating image jet. Modified JAPSSD
package (with the usage accurate supersonic core length) predicts the acoustic environment during static
horizontal testing very well. More detailed measurement may lead to better understanding the scattering
process launch vehicle interstages.
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Figure 1.
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Figure 2.

Figure 3.
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Figure 4.

Figure 5.
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Figure 6.

Figure 7.
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Figure 8.

Figure 9.


