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Cruise Noise of the 2/9 Scale Model SR-7A Propeller
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Noise data on the 2/9 scale model SR-7A propeller were taken in the NASA Lewis Research Center 8 x 6 ft
wind tunnel. The maximum blade passing tone noise first rises with increasing helical tip Mach number to a peak
level, then remains the same or decreases from its peak level when going to higher helical tip Mach numbers. This
trend was observed for operation at both constant advance ratio and approximately equal thrust. This noise
reduction, or leveling out at high helical tip Mach numbers, points to the use of higher propeller tip speeds as a
possible method to limit airplane cabin noise while maintaining high flight speed and efficiency. Projections of
the tunnel model data are made to the full scale and compared with predictions. The prediction method is found
to be somewhat conservative in that it slightly overpredicts the projected model data at the peak.

Introduction

DVANCED turboprop-powered aircraft have the poten-

tial for significant fuel savings over equivalent core
technology turbofan-powered aircraft. To investigate this
potential, NASA has an ongoing Advanced Turboprop Pro-
gram. One element of this program is the Large-scale Ad-
vanced Propfan Program (LAP),! which includes the design,
fabrication, and ground tests of a 2.74 m (9.0 ft) diam prop-
eller. This propeller has been tested statically under the Prop-
fan Test Assessment (PTA) Program,? and is being flown on a
test bed Gulfstream II aircraft. Under the LAP program, an
aeroelastically-scaled model of the propeller, designated
SR-7A, has been constructed in 62.2-cm (24.5-in.) size to
enable the early determination of the aeroelastic
characteristics of the full-scale design and for the measure-
ment of the propeller aerodynamic and acoustic performance
over a range of flight conditions in wind-tunnel tests. There is
concern that the noise from these advanced high-speed pro-
pellers may be a cabin environment problem for the airplane
at cruise.

Preliminary noise measurements of this propeller were
made in the NASA Lewis 8x6 ft wind tunnel using five
transducers embedded in the tunnel ceiling.’ The present
SR-7A acoustic testing was done using a plate suspended from
the tunnel ceiling. The plate contained 12 transducers, which
enabled a better angular resolution of the acoustic data. More
accurate forward arc data were obtainable* on the plate
because of a thinner boundary layer. The testing envelope was
expanded from that of the preliminary test. Three propeller
blade setting angles and a number of advance ratios were
tested at each tunnel Mach number. This report presents the
results of the detailed acoustic measurements taken on the
SR-7A propeller and compares the measured noise with a
semiempirical prediction for the design cruise condition.
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Apparatus and Procedure

The SR-7A propeller, which is normally 62.2 cm (24.5 in.)
in diameter, was tested for acoustics in the NASA Lewis 8§ X 6
ft wind tunnel. Table 1 shows some of the design
characteristcs of this propeller. The propeller was tested with
three design setting angles, measured at the 3/4 radius location
of 57.7, 60.1, and 63.3 deg. The 60.1 deg angle was the design
cruise blade setting angle at M =0.8. The preliminary noise
report? indicated that 57.3 deg was the design angle, but the
present aerodynamic testing showed that the 60.1 deg angle
really produced the design conditions. The propeller was
operated at these blade setting angles for various advance
ratios and tunnel Mach numbers.

A plate was mounted from the tunnel ceiling 0.3 propeller
diam from the propeller tip, and transducers were installed
flush with the plate surface to measure the noise of the pro-
peller. A photograph of this plate is shown in Fig. 1a, and a
sketch of the installed plate is shown in Fig. 1b. Twelve
transducers were installed on the plate centerline which was
directly above this propeller centerline. The transducer loca-
tions are shown in Fig. 1b. The signals from the pressure
transducers were recorded on magnetic tape and narrowband
spectra were obtained for each of the test points. Typically,
the narrowband range was 0 to 10,000 Hz with a bandwidth of
32 Hz. However, because the propeller blade passing frequen-
cy was so close to the wind tunnel compressor tones at some of
the test conditions, some higher resolutions (0 to 2500 Hz with
an 8 Hz bandwidth) were performed to isolate the propeller
tone.

Table 1 SR-7A propeller design characteristics

Diameter, cm (in.) 62.2 (24.5)
Number of blades 8
Design Mach number 0.80
Design speed, m/s (ft/s) 244 (800)
Design advance ratio 3.06
Design power coefficient 1.45
Design power loading, kW/m? (hp/ft)? 257 (32.0)
Integrated design lift coefficient 0.202
Activity factor 227
Design efficiency, % 79
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Fig. 1 Acoustic plate.

Results and Discussion
Peak Blade Passing Tone Variations

It has been indicated in Ref. 3 that the peak blade passing
tone noise first increases with increasing helical tip Mach
number, and then the noise may decrease from the peak when
going to higher helical tip Mach numbers. During this
previous testing® all of the acoustic transducers were not
operating, so some question of that conclusion was possible.
The present data allow a more detailed look at this variation
of peak tone level with helical tip Mach number.

Variations with Helical Tip Mach Number, Constant Advance Ratio
The propeller blade setting angle was manually set before
each test and the tunnel operated at various axial Mach
numbers. Curves of peak blade passing tone noise measured
on the plate were plotted vs helical tip Mach number in Fig. 2.
These plots are at constant advance ratio, and each tunnel ax-
ial Mach number tested yields the helical tip Mach number
variation. Data for four advance ratios were obtained.
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Fig. 2 Maximum blade passing tone variation with helical tip Mach
number at constant advance ratio.

Figure 2a is for an advance ratio J=3.5, Fig. 2b for
J=3.25, Fig. 2¢ for J=3.06, and Fig. 2d for J=2.75. Where
available, data for all three propeller blade setting angle are
shown. As can be seen, the data does show a peak tone level at
a helical tip Mach number of about 1.15 with the noise leveling
off or reducing at helical tip Mach numbers above the peak.

The blade loading increases with blade setting angle. As can
be seen from these curves, the noise at subsonic helical tip
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Mach numbers increases with increasing blade setting angle
almost as if the curves were just uniformly shifted higher. This
is probably the result of increased loading noise. In the sub-
sonic portion of the curves, the noise increases approximately
as the square of the input power ratio.

Figure 2c presents the peak blade passing tone variations
with helical tip Mach number at the design advance ratio of
3.06. At the highest blade setting angle of 63.3 deg, the noise
peaks around a helical tip Mach number of 1.2 and then
reduces at the higher helical tip Mach numbers. The data at
the design angle 3=60.1 deg.and the lower 8=57.7 deg both
show a peak around M), =1.15, a reduction around M,,=1.2
and then a noise increase from the M, =1.2 level to the
M, = 1.29 condition. This humped shape to the curve is pre-
sent for both of these lower loaded blade angles. The hump
around M,, = 1.5 may represent a different noise mechanism.
Possibilities for this mechanism include ‘‘quadrupole noise’’’
and the shock wave pressure rise.’ As the loading is increased
from the 57.7 deg angle case to the 8 =60.1 deg case, the hump
is reduced, and the hump disappears at the highest loaded case
B3=63.3 deg. This may indicate that the noise from this
mechanism can be seem at the lower loading conditions
B=57.7 deg and 60 deg, but the loading noise dominates at
higher blade angles.

Comparison with Previous Data

The previous data,® using five ceiling transducers, were
taken with a blade setting angle of 57.3 deg. These data were
adjusted to the plate position using 20 log of the distance from
the propeller centerline. This resulted in 8 dB being added to
the previous data. Figure 3 shows the previous plot of noise vs
helical tip Mach number from Ref.3 compared with that ob-
tained with a 57.7 deg blade setting angle. As can be seen in
Fig. 3, the comparison of the peak noise variation with helical
tip Mach number for the two sets of data are very good, par-
ticularly when the difference in angular resolution and the
small difference in blade setting angles are considered.

Variations with Helical Tip Mach Number at Approximately
Egual Thrust

The experiments reported herein were performed by testing
at fixed advanced ratios at different tunnel Mach numbers.
Three blade setting angles were tested. Although the tests were
not structured to provide this comparison, available combina-
tions of blade seting angle and advance ratio can be used to
cross plot the data and obtain the variation of peak noise with
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Fig. _3 Comparison of maximum blade passing tone variation from
previous data with present data.
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helical tip Mach number at approximately equal thrust. Figure
4 shows these plots of peak blade passing noise vs helical tip
Mach number at approximately equal thrust. Figure 4a is for
an axial Mach number of 0.85. Data taken with the 60.1 deg
angle at J=3.25, 63.3 deg angle at J=3.75, and 57.7 deg angle
at J=3.06 are plotted in this figure. These points are at ap-
proximately 50% thrust. The thrust at the 57.7 deg angle at
J=3.06 point was not available, but at M =0.75 and M =0.80,
the thrust was 52 and 50% respectively, thus the thrust at
M=0.85 was taken to be approximately 50%. As observed,
the noise reduces at the higher helical tip Mach numbers.

Figure 4b is for an axial Mach number of 0.8. Data were
again taken from the three blade setting angles with the goal of
constructing a curve at approximately 85% thrust. Data were
available at the 57.7 deg and 63.3 deg setting angles at approx-
imately 85% thrust but not at 60.1 deg. Therefore, two data
points are shown for the 60.1 deg angle—one at 100% thrust
and the other at 73% thrust. The assumption here being that
the 85% noise data would lie somewhere in between. As can be
seen from this figure, the noise again appears to peak and then
level off or reduce from that peak as the helical tip Mach
number is increased.

It should be noted here that the reductions from the peak
are occurring at the 57.7 deg case, which was somewhat off
design. It may be possible to show even more of a noise reduc-
tion if a propeller blade were actually designed for this higher
helical tip Mach number.

Peak Tone Contours

Propeller operating maps showing the curves of power coef-
ficient against advance ratio are shown in Fig. 5. Attempts
have been made to draw contours of constant peak blade pass-
ing tone sound pressure level on these operating maps. These
curves at M=0.9, 0.8, 0.7, and 0.6, show an overall acoustic
“‘picture’’ of the effect of blade operating parameters on peak
passing tone levels.
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Fig. 4 Maximum blade passing tone variation with helical tip Mach
number at approximately constant thrust.
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These contour plots indicate that changes in propeller tip
speed have a larger effect on noise than do changes in blade
setting angle. An increase in tip speed at constant blade setting
angle results in tracing a performance curve toward lower ad-
vance ratios. Since the noise contours are close to normal to
the performance curves, large noise increase are observed. In-
creases in blade angle at constant tip speed result in going be-
tween performance curves at constant advance ratio, since this
movement is close to parallel with the noise contours only a
small noise increase occurs. .

SR-7A PROPELLER
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Directivities

Blade passing tone levels for the SR-7A propeller are shown
as a function of angular poosition in Fig. 6. Directivities are
shown in Fig. 6 for the design advance ratio (J=3.06) condi-
tion at the seven Mach numbers tested.

Each Mach number figure shows the data for the three
blade setting angles tested. As can be seen, the curves are
similar in shape for the different blade setting angles. The
peak levels have been shifted with the higher loading (higher
blade angle) cases showing more noise. The levels toward the
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Fig. 5 Maximum blade passing tone levels on propeller operating map.
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front are closer together than at the peak, particularly at the
higher Mach numbers (Figs. 6a-6d). This may be an indication
that the forward noise may not be controlled by the blade
loading.

.The directivities at most of the Mach numbers are also
similar in shape with the noted exception of the data at
M=0.7. Here the directivity is much flatter than at other
Mach numbers. The forward noise is higher at M=0.7 than at
either M =0.65 or M=0.75, and the noise at the forwardmost

(6) AXIAL MACH NUMBER EQUAL 0.6.

positions around 50 deg is higher here than at any other Mach
number. The helical tip Mach number at M=0.7 is approx-
imately 1.0, so it may be that this is some transient transonic
effect. Since the far-forward levels are higher here than at any
other Mach number, this may represent a cabin noise peak at
the far-forward angles as the airplane is accelerated to M=0.8
cruise conditions.

Previous directivities at M=0.65 and M =0.60 taken on the
tunnel ceiling indicated problems with the data being con-
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taminated with tunnel wall reflections.?” The data taken here
at 0.3 diam on the plate rather than on the tunnel wall do not
appear to suffer those signal to noise problems.

Airplane Projections
Data Adjustments

The noise measured in the wind tunnel can be projected to
flight conditions by using corrections for differences in
altitude, size, and distance. The acoustic pressure is assumed
to vary inversely with the distance squared and directly with
the square of the propeller diameter and the ambient
pressure.® Correcting a tunnel operating pressure of 76.5 x 103
n/m? (11.1 psi) at cruise conditions to a flight altitude of 10.7
km (35,000 ft) yields a decrease of 10 dB. .

~ The acoustic plate is 0.3 diam from the propeller tip and the
airplane fuselage is 0.6 diam from the tip. Based on the
distance from the propeller centerline the size and distance
correction yields a decrease of 3 dB. The net reduction from
tunnel to flight conditions is then 13 dB.

A plot of the projected full-scale propeller blade passing
tone on the Gulfstream II airplane fuselage at cruise
(M, =1.14, M=0.08, 3=60.1, J=3.06) is shown in Fig. 7.
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Comparison with Prediction

A graphical method for predicting the noise of the full-scale
SR-7 propeller is presented in Ref. 9. This method is based on
theoretical calculation procedures, and the computer results
have been generalized for the SR-7 propeller. Figures 8, 16,
and 22a of Ref. 9 were used to predict the free-field SR-7 pro-
peller on the Gulfstream II airplane. Six decibels were added
to these free-field numbers to account for the pressure doubl-
ing effects of the airplane fuselage.

The prediction method of Ref. 9 locates its fore and aft
positions from the peak overall noise level location. The
prediction is placed here on Fig.7 by aligning the predicted
curve base location with the location of the measured position
of maximum overall noise.

As can be seen the prediction compares very well with the
projected data. The peak noise level is slightly overpredicted,
and the level aft of the propeller is slightly underpredicted. In
general, the comparisons in level and directivity are very good.

The relative levels of the blade passing tone harmonics with
respect to the fundamental are also of interest. A comparison
of the predicted levels with measured data at the maximum
noise position at cuise is shown in Fig. 8. The predictions for
this position are also shown. The measured harmonics relative
to the fundamental are mostly lower than predicted with only
the fourth hamonic being the same. These comparisons in-

- dicated the predictions are somewhat higher than the noise

projected from the model data for both the fundamental blade
passing tone and the harmonics at the peak location.

Concluding Remarks

Noise data on a model of the LAP propeller SR-7A were
taken in the NASA Lewis 8 x 6 ft wind tunnel. The propeller
was tested at three blade angles. Plots of the maximum blade
passing tone vs helical tip Mach number at constant advance
ratio first rise with increasing Mach number to a peak level
then remain the same or reduce from the peak when going to
higher helical tip Mach numbers. Some limited curves of max-
imum blade passing tone vs helical tip Mach number, taken at
approximately equal thrust, showed the same reduction from
the peak noise level when going to higher helical tip Mach
numbers. This noise reduction, or leveling out at high helical
tip Mach numbers, points to the use of faster rotating pro-
pellers as a possible method to limit cabin noise while main-
taining high flight speed and efficiency.

Projections for the blade passing noise of the full scale
2.74-m (9-ft) diam propeller, to be flown on the Gulfstream I1
test bed aircaft, were made from the wind-tunnel model data.
These projections were compared with a semiempirical predic-
tion of the noise. The predicted blade passage tone generally
compared very well with the projected data both in level and
directively. The prediction did slightly overestimate the blade
passage tone at the peak, and the predicted levels of the har-

Fig. 8 Level of blade passage frequency harmonics
relative to fundamental at maximum noise location for
cruise condition of full-scale propeller.
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monics were somewhat higher than the projected data. The
prediction method was found to be somewhat conservative in
the sense that it ovepredicted the projected model data at the
peak. .
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