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vortex shedding contributions to acoustic stability analyses
of rocket motors and ramjet engines.

References
^landro, G. A. and Jacobs, H. R., "Vortex Generated Sound in

Cavities," Progress in Astronautics and Aeronautics, Aeroacoustics:
Jet and Combustion Noise; Duct Acoustics, Vol. 37, edited by H. T.
Nagamatsu, AIAA, New York, 1975, pp. 521-534.

2Brown, R. S., Dunlap, R., Young, S. W., and Waugh, R. C.,
"Vortex Shedding as a Source of Acoustic Energy in Segmented
Solid Rockets," Journal of Spacecraft and Rockets, Vol. 18, July-
Aug. 1981, pp. 312-319.

3Dunlap, R. and Brown, R. S., "Exploratory Experiments on
Acoustic Oscillations Driven by Vortex Shedding," AIAA Journal,
Vol. 19, March 1981, p. 408.

4Culick, F. E. C. and Magiawala, K., "Excitation of Acoustic
Modes in a Chamber by Vortex Shedding," Journal of Vibration
and Sound, Vol. 64, No. 3, 1979, pp. 455-457.

5Flandro, G. A., "Modeling of Vortex Generated Sound in Solid
Propellant Rocket Motors," CPIA Pub. 329, Vol. 1, 1980, pp.
257-268.

6Koreki, T., Aoki, K., Shirota, K., and Toda, Y., "Experimental
Study on Oscillatory Combustion in Solid Propellant Motors,"
Journal of Spacecraft and Rockets, Vol. 13, Sept.-Oct. 1976, pp.
534-539.

7Schadow, K. C., Wilson, K. J., Crump, J. E., and Gutmark, E.,
"Large-Scale Structure Research in Ramjet Flows," CPIA Pub. No.
412, Vol. II, 1984, pp. 655-680.

8Lovine, R. L., Waugh, R. C., and Dudley, D. P., "Standardized
Stability Prediction Method for Solid Rockets," AFRPL-TR-76-32,
May 1976.

9Oberg, C. L. et al., "Solid Propellant Combustion Instability
Devices," Vol. 1, AFRPL-TR-72-21, June 1972.

10Flandro, G. A., "Nonlinear Interactions Between Vortices and
Acoustic Waves," to be published in Journal of Propulsion and
Power.

Advanced Design Propeller Noise
Testing in an Anechoic Chamber

E.I. Plunkett,* P.C. Topness,t and C.D. Simcox$
Boeing Commerical Airplane Company

Seattle, Washington

T HE rising interest in advanced design propellers (ADP)
together with the availability of a Boeing cold air turbine

drive (CATD) resulted in a cooperative program between
NASA and the Boeing Company to test the NASA-owned
SR-6 propeller. The experimental work reported here was ac-
complished in a large anechoic chamber with relative velocity
provided by a freejet.

Test goals included combining the CATD propeller system
with the freejet operation, acquiring high-quality noise data
delineating transition from near to far field, and describing
acoustic directivity for ADP. Test results were subsequently
confirmed by testing in a wind tunnel.1

The Boeing-developed CATD is a single-rotation, two-stage
turbine providing 800 hp at 10,000 rpm.2 The freejet is a large
ejector system which produces low velocity flow at a 4-ft diam
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exit nozzle. Mach numbers up to 0.25 were achieved, with
M=0.15 the typical operating condition.

Figure 1 shows the CATD mounted on a pedestal
(monopod) in the Boeing Large Anechoic Test Chamber
(LTC), which has a volume of 150,000 ft3. This test arrange-
ment allowed the propeller to operate in a nearly anechoic, or
free-field, environment. Test parameters included propeller
pitch angle, rpm, and relative velocity.

Multiple fixed microphones were located at various
distances from the source (in and out of flow), and traversing
microphones continuously sampled the noise. Three different
traverse systems employed a total of seven microphones: three
sideline traverse microphones at 3, 4, and 5 ft; three polar
traverse center line-high microphones at 4, 8, and 16 ft, mov-
ing from 45 to 145 deg as measured from the propeller rota-
tion axis; and one 90-deg radial traverse microphone from 2 to
26 ft at center line height. (Distances given are relative to the
propeller shaft center line).

During testing, on-line data were available by tracking the
SPL level of the blade passage frequency and the next four
harmonics. The tracking procedure produced directivity plots
for evaluation of smoothness, shape, and expected values.
Also, narrowband spectra could be produced by use of an FFT
analyzer. These data supplement the harmonic data and serve
to widen the frequency range.

Results
A primary test goal was to determine the distance of near-to

far-field transition. If this distance were shown to be small
enough, measurements could be made in a restricted area such
as a wind tunnel without resorting to flight tests or ultralarge
test facilities. Further, this distance becomes very important
when ADPs are installed on aircraft.

Propeller noise measurements produce a huge volume of
complex data. The plots shown are representative of the many
available. For example, one way of examining the data is
represented by Fig. 2. For a radially traversing microphone
with each data sample normalized to a reference distance

Fig. 1 ADP installation in Boeing large anechoic test chamber with
freejet.
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Fig. 2 Normalized SPL vs distance for ADP with freejet.
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Fig. 3 Directivity of ADP with freejet.

under true far-field conditions in an anechoic environment,
the results would be a flat line. Deviations from a flat line in-
dicate near-field effects or the presence of reflections.

Figure 2 shows typical results. Note that the far-field zone
has already occurred at approximately 3 to 4 ft from propeller
center line (1 Vi to 2 propeller diameters) and that some reflec-
tions are present even in a large anechoic chamber.

These SPL ys distance plots were supplemented by directiv-
ity plots. Comparisons were made with data from micro-
phones located at different distances, looking at peak SPL,
angle, of maximum noise, and general shapes of the directivity
curves. Normalize^ data collapse as shown by the sample plot
of Fig. 3. This indicates near-field or reflection effects are
minimal. These typical data agree with the radial traverse.

Figure 4 compares anechoic chamber results with data taken
in the acoustically treated Boeing Transonic Wind Tunnel.
Good agreement exists between two tests, even though no
shear layer corrections were applied to the LTC data.
Doubtless, there are shear layer effects; however, they seem
insignificant for these angles and conditions.
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Fig. 4 Comparison of SR-6 ADP in anechoic chamber with freejet
and in Boeing Transonic Wind Tunnel.

Summary
ADP noise data can be obtained in freejet anechoic facilities

and are similar to those measured in a wind tunnel. Far field
assumptions appear valid for measurements taken only 1 l/i to
2 diam away from the SR-6 propeller. Traversing microphones
are useful tools in such evaluations.
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