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NOISE OF THE 10-BLADED, 40° SWEPT SR-6 PROPELLER IN A WIND TUNNEL
James H. Dittmar, George L. Stefko, and Robert J. Jerackn

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio 44135

ABSTRACT

The noise generated by supersonic helical-tip-speed propellers 1s a like-
ly cabin environment problem for future airplanes powered by these propellers.
Three propeller models with different tip sweeps, SR-1M, SR-2, and SR-3,
designed for 244 m/sec (800 ft/sec) tip speed at a flight Mach number of 0.8
were previously tested in the NASA Lewis 8- by 6~foot wind tunnel. In order
to investigate another design point condition, the SR-6 propeller was designed
for 213 m/sec (700 ft/sec) tip speed at a flight Mach number of 0.8. The
noise data from this propelier are reported herein.

Curves of blade passing frequency noise versus helical tip Mach number
(at constant advance ratio) showed that the SR-6 propeller behaved similarly
to the SR-1M propeller. The noise of the SR-6 propeller at its design condi-
tion, helical tip Mach number of 1.07, 1s approximately 3 dB quieter than the
SR-2 propeller at 1ts higher design helical tip Mach number of 1.15 but about
2.5 dB noisier than SR-3 at 1ts design condition. The helical tip Mach num-
ber shift of the steep noise rise followed the same progression as the blade
sweep angle for all of the propellers. When operated at the SR-3 design point
tge SR-6 propeller was approximately 1.5 dB quieter than SR-2 and 4 dB noisier
than SR-3.

SUMMARY

The noise generated by supersonic helical-tip-speed propellers 1s a like-
ly cabin environment problem for future airplanes powered by these propellers.
Three propeller models, with different tip sweeps, SR-1M, SR-2, and SR-3, de-
signed for 244 m/sec (800 ft/sec) tip speed at a flight Mach number of 0.8 were
previously tested 1n the NASA Lewis 8- by 6-foot wind tunnel. In order to 1n-
vestigate another design point condition, the SR-6 propeller was designed for
213 m/sec (700 ft/sec) tip speed at a flight Mach number of 0.8. The noise
data from this propeller are reported herein.

Curves of blade passing frequency noise versus helical tip Mach number
(at constant advance ratio) showed that the SR-6 propeller behaved similarly
to the SR-1M propeller. The noise of the SR-6 propeller at 1ts design condi-
tion, helical tip Mach number of 1.07, is approximately 3 dB quieter than the
SR-2 propeller at its higher design helical tip Mach number of 1.15 but about
2.5 dB noisier than SR-3 at its design condition. The helical tip Mach num-
ber shift of the steep noise rise followed the same progression as the blade
sweep angle for all of the propellers. When operated at the SR-3 design point
tﬂe 52—6 propeller was approximately 1.5 dB quieter than SR-2 and 4 dB noisier
than SR-3.

INTRODUCTION

One of the candidate engines for a future energy conservative airplane is
a high-tip-speed turboprop. When the turboprop airplane 1s at cruise, the
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combination of the airplane forward speed and the propeller rotational speed
results in supersonic helical velocities over the outer portions of the pro-
peller blades. During flight these supersonic blade sections and associated
shog% waves generate significant noise that might present a cabin environment
problem.

To investigate the noise of this type of propeller, three propeller models
were previously tested in the Lewis 8- by 6-foot wind tunnel (refs. 1 to 3).
These three propeller models (SR-1M, SR-2, SR-3) were nominally 0,622 m (24.5
in.) 1n diameter and were designed for a cruise Mach number of 0.8 and a tip
speed of 244 m/sec (800 ft/sec)s This resulted in a design advance ratio, J,
of 3.06 and a nominal helical tip Mach number My of 1.14 at cruise. The
three previously tested propellers had eight blades and varying amounts of
blade sweep with SR-2 being essentially straight and SR-3 being the most
highly swept.

In order to investigate other design-point conditions, additional pro-
pellers were designed. One of these, the SR-6 propeller, was also designed
for an 0.8 Mach number cruise, but at a lower tip speed, 213 m/sec (700
ft/sec). This resulted in a design advance ratio of 3.5 and a helical tip
Mach number of 1.07, which was lower than the three previously tested propei-
lers. This paper reports the data obtained during acoustic experiments with
the SR-6 propeller 1n the Lewis 8- by 6-foot wind tunnel.

SYMBOLS
Cp power coefficient, Cp= P/p N3pd
D propeller diameter
J advance ratio, J = V/ND
My helical tip Mach number (vector sum of tip rotational and tunnel
axial Mach numbers)
Mt tunnel axial Mach number
N propeller rotational speed (revolutions/time)
p shaft input power
) tunnel axial velocity
B blade angle at 0.75 radius with respect to plane of rotation
p density

APPARATUS AND PROCEDURE
Propeller

The 10-bladed propeller used 1n this test was designated the SR-6 propel-
ler. This propeller, nominally 0.696 m (27.4 1n.) 1n diameter, was tested 1n
the Lewis 8- by 6-foot wind tunnel. The propeller was designed for a cruise
Mach number of 0.8 at a tip speed of 213 m/sec (700 ft/sec) and was swept ap-
proximately 40 at the tip for aerodynamic purposes. The design advance ratio



of this propeller 1s 3.5 and at design the resultant helical tip Mach number
My, was 1.07. The design blade setting angle was approximately 63° at 0.75
span. Table I shows some of the design characteristics of this propeller with
respect to the other propellers and more information 1s available 1n references
4 and 5. A picture of the SR-6 propeller in the Lewis 8~ by 6-foot wind tunnel
1s shown 1n figure 1.

Installation and Tests

The propeller was installed 1n the Lewis 8- by 6-foot wind tunnel and five
pressure transducers were installed in the tunnel bleed holes visible is figure
1. The five transducer positions, 1n the tunnel ceiling, are shown in figure 2.

The propeller was tested at four blade angle settings. Due to mechanical dif-
ficulties 1n the angle setting mechan1sm 1t was not possible to test at the
design blade setting angle of 63°; therefore 1t was necessary to test on either
side of this blade setting ang]e. Tests were then performed at nominal blade
setting angles, 8, of 62 and 64 Figure 3(a), a plot of power coefficient,
Cp, with respect to advance rat1o J, at 0.8 Mach number, shows how the test
points from the two angles compare with the design data taken during previous
aero- dynamic tests. As can be seen the performance at these two angles
bracketed the performance of the design angle, as would be expected. Noise
data were taken at the 62° nominal blade setting angle at tunnel Mach numbers,
Mr, of 0.5, 0.55, 0.60, 0.65, 0.7, 0.75, 0.8, and 0.85 with advance ratios of
3.5, 3.9, and 4.2 at each tunnel Mach number. Windmi11l noise data were also
taken at the Tisted Mach numbers. At the 64° nominal plade setting angle,
noise data were taken at tunnel Mach numbers of 0.60, 0.70, 0.75, 0.80, and
0.85 with Jd's of 3.5 and 3.9.

In addition to testing the propeller along 1ts design operating curve, 1t
was also possible to overspeed this propeller. Therefore the SR-6 propelier
was operated at conditions similar to those of the previously tested 9rope]—
lers. The attempt was made to run the SR-6 blade setting angle of 60 at an
advance ratio, J, of 3.06, but the same mechan1ca1 prob]em was encountered and
the tests were performed at nominal angles of 59° and 61° 1nstead. This result-
ed 1n the Mach 0.8 test points as shown 1n figure 3(b), one on either side of
the SR-3 design point. Acoustic data were taken at the 59° blade setting angle
at tunnel Mach numbers of 0.6, 0.7, 0.75, 0.8, and 0.35, all at a nominal ad-
vance ratio of 3.06. Acoustic data were taken at the 61° blade setting angle
at tunnel Mach numbers of 0.7, 0.75, 0.80, and 0.85. These data were taken at
a nominal advance ratio of 3.06 for the 0,85 and 0.70 tunnel Nach numbers, but
a strut vibration problem limited the advance ratio to 3.09 at My = 0.75 and
3.18 at Mt = 0.80.

As shown 1n table I, the SR-6 propeller 1s slightly larger 1n diameter
than the previously tested propellers and 1s thus slightly closer to the wall.
The resulting distance correction to the measured SR-6 sound pressure levels to
make them comparable with data from the prior propeller experiments 1s
negligible, amounting to only a small fraction of a decibel.

RESULTS AND DISCUSSION

The signals from the five pressure transducers were recorded on magnetic
tape and narrowband spectra from 0 to 10 000 Hz with a bandwidth of 26 Hz, and
were generated for each of the test points. At some of the lower speed condi-
tions, the propeller blade passage tone was very close in frequency to the
tones created by the tunnel drive compressor. A discussion of this bandwidth
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resolution problem can be found in reference 3. At these conditions additional
spectra were taken from 0 to 1000 Hz with a bandwidth of 2.6 Hz to assist in
obtaining the blade passage tone level. The tone levels were read from these
narrowband spectra and a compilation of the first eight harmonics is given in
tables II to IV.

Variation with Helical Tip Mach Number
at 62 and 64° Setting Angle

The maximum measured blade-passing tone levels for the 62 and 64° blade
angles are plotted as a function of helical tip Mach number, My, (vector sum
of axial and rotational Mach numbers) 1n figure 4(a). The park levels general-
1y occurred in the plane of rotation (station B) or aft of the plane (station
D). As can be seen 1in this figure, the noise at both blade-setting angles
rises rapidly with helical tip mach number and then tends to level out or roll
over at the higher values. This general behavior 1s similar to the noise of
the three previously tested propellers (refs. 1 to 3).

The noise of these propellers, using linear noise theory, 1s generally in-
dicated as coming from two separate mechanisms. These are referred to as thick-
ness noise (monopole), arising from the displacement of the air as the blade
passes through it, and loading noise (dipole), the result of forces applied to
the air by the propelier blades (ref. 6). The thickness noise at the two blade-
setting angles would most likely be the same while the loading noise would be
greater at the 64° angle since 1t 1s more highly loaded (see fig. 3(a)). As
can be seen in figure 4(a), a substantial difference (approximately 5 dB) exists
between the data points at the helical tip Mach number of 0.8. Here the noise
would be expected to be dominated by the loading noise and the curves indicate
that the more highly loaded condition, 64°, is the noisier. This also tends to
be the case at a helical tip Mach number of 0.95. At the higher helical tip
Mach numbers the noise at the two blade-setting angles comes together and dif-
fers by less than 1 dB at the high end. This is the region where the thickness
noise should approach and perhaps exceed the loading noise based on linear noise
theory. Since the thickness noise should be the same for the two blade-setting
angles it is consistent that the measured noise levels at the two blade angles
should also be close to the same. This higher helical tip Mach number range 1s
also where nonlinear shock wave effects could become important 1n the noise gen-
eration process. The noise being the same for similar shock waves at the two
blade angles is also consistent.

Figure 4(b) shows the previously published noise curves of propellers
SR-1M, SR-2 and SR-3 (ref. 2) plotted in the form of figure 4(a). This is not
an exact comparison among all of the propellers since the previous curves were
for the blades designed for an advance ratio of 3.06 and a tip speed of 244
m/ sec (800 ft/sec) while SR-6 was designed for an advance ratio of 3.5 at a tip
speed of 213 m/sec (700 ft/sec). Other differences also exist since SR-6 has
10 blades and a drameter of 69.6 cm (27.4 in.) while the first set of propel-
lers had eight blades and a diameter of 62.2 cm (24.5 in). Under the assump-
tion that the design blade angle noise curve for propeller SR-6 falls between
the 62 and 64° noise curves, figure 4(b) indicates that SR-6 operated at 1ts
design condition My = 1.07 would be about 3 dB quieter than SR-2 operated at
1ts hagher helical tip Mach number design condition My = 1.15, The SR-6 pro-
peller is about 2.5 dB noisier at its design condition than the SR-3 propeller
operated at 1ts higher helical tip Mach number design point My = 1.1b.




As discussed in reference 2, the aerodynamic sweep (30°) built into SR-1M
"delayed" the noise rise portion of the curve to a higher helical tip Mach num-
ber when compared with SR-2, but the noise level at the h1gher helical tip
Mach numbers was about the same The tailored sweep (45°) was built into SR-3
for aerodynamic improvement and to provide noise cancellation between the
various hub-to-tip blade sections. The 45° of sweep resulted in a further
"delay" in the Mach number of the noise rise and the cancellation feature
resulted in a lower asymptotic noise level. The SR-6 sweep was built 1in
primarily for aerodynamic purposes and not for noise cancellation.

Figure 4(b) indicates that the sweep 1n the SR-6 des1gn "delayed" the
noise rise much in the same manner as for SR-1M. The 40° of sweep 1n SR-6
appear to "delay" the rise to a slightly higher Mach number than for SR-1M,
but not quite as much as did the 45 of SR-3. It may also be that the SR-3
“delay" appears larger than 1t 1s because of 1ts lower asymptotic noise level.

The noise of the SR-6 propeller at 1ts design advance ratio (J = 3.5)
exhibits a rollover at the higher helcial tip Mach numbers that has not been
observed for the other propeliers. Figure 5 1s a plot of the SR-6 performance
taken from reference 4. Here it can be seen that the performance of SR-6
decreases rapidly in the same helical tip Mach number region as 1ts noise
starts to roll off. The sharp reduction in the performance was not expected
at this low a Mach number and was attributed to a choking condition near the
hub of the SR-6 propeller. This hub choking may also have resulted 1i1n
different Mach numbers over the outer portions of the blade from those that
would normally be indicated by the helical tip Mach number. Such a change 1n
the flow over the blades, 1f present, might be the cause of the noise rollover
exhibited by SR-6.

Directivity at 62 and 64° Setting Angle

The noise directivities at two blade-setting angles on either side of
design have been plotted in figure 6. Directivities at tunnel through flow
Mach numbers of 0.85, 0.7, and 0.6, corresponding to helical tip Mach numbers
of approximately 1.15, 0.94, and 0.81, have been plotted in figures 6(a) thru
(c) respectively. (Data were not p]otted at a flow Mach number of 0.8 because
of improper recording at the 62° setting angle, see table II.)

At the tunnel Mach number of 0.85, My = 1.15, the two blade-setting
angle noise curves are very close to each other., This similarity 1s commen-
surate with the expected thickness noise domination of the noise at both blade
angles at this condition. The slight differences toward the front may be an
indication of the difference in loading noise at this condition.

In figure 6(b), My = 0.70, and My = 0.94, a marked difference 1n the
two directivities 1s observed. Even though the peak values are close to each
other in level, the noise at the 64 blade dangle peaks roughly 1n the plane of
rotat1on wh11e the noise at the 62° blade angle peaks aft the plane. Here the
64° blade-setting angle, with its higher loading, would appear to be loading-
dominated while the noise at the lower-loaded 62° angle may be thickness-
dominated. Large differences in the levels forward of the plane of rotation
may]be an indication of the additional loading noise at the 64° blade-setting
angle

At the M; = 0.60, My = 0.81 condition (f1g 6(c)) both of the curves
appear to peak around the plane of rotation and are probably loading dominated.
The more highly loaded 64° blade-setting angle shows considerably more noise
and the dip in the directivity at position C gives some indication of the lobed
noise pattern which was previously observed on the SR-3 blade (ref. 3).



Variation with Helical Tip Mach Number
at 59 and 61° Setting Angle

In addition to testing the:'SR-6 propeller along its design operating
curve, 1t was also possible to test 1t near the SR-3 design conditions.

Figure 7(a) shows the noise variation with helical tip Mach number at a
constant J of 3.06. Data are shown at blade setting angles of 59 and 61°
degree on either side of the blade angle which would match the SR-3 des1gn
conditions. As can be seen, these curves show the sharp noise rise observed
of the curves at J = 3.5, but then they level off, These curves do not show
the rollover previously observed at the 62 and 64° blade-setting angles with
an advance ratio of 3.5. It may be that the smaller blade setting angle helps
relieve the choking problem at the hub and resuts in better tip flows.

Figure 7(b) compares the previously published propeller noise curves
(SR-1M, SR-2, SR-3) with the SR-6 data from figure 7(a). Here the helical tip
Mach number "delay" of the noise rise can be seen. The SR-6 propeller behaved
in a manner simtar to the SR-1M propelier with slightly more of a rise "delay"
than SR-1M. This would be expected since SR-6 has 40° of sweep as opposed to
the 30 of sweep for SR-1M. The SR-6 propeller sweep was not designed to have
noise from the sections of the blade cancel each other. The result of this
can be seen as the SR-6 noise level approaches the noise level of SR-2 at the
higher helical tip Mach numbers rather than the lower asymptote of SR-3 which
had acoustically tailored sweep. At the SR-3 design condition, J = 3.06, and
My = 1.15, the SR-6 propeller 1s about 1.5 dB quieter than SR-2 and some 4
dB noisier than SR-3.

CONDLUDING REMARKS

The SR-6 propeller was tested for acoustics in the Lewis 8- by 6-foot
wind tunnel. A small mechanism problem prevented testing the SR-6 propeller
at its design blade-setting angle (63°) and consequently the test1ng was
performed at setting angles on either side of design, 62 and 64°. Plots of
the peak blade-passing noise versus helical tip Mach number, My, showed
curve shapes similar to previously tested propellers (SR~ 1M SR-2, SR-3). The
curves 1ndicated an area of sharp noise rise with a final 1eve]11ng of f toward
the higher helical tip Mach numbers. The SR-6 propeller, approximately at its
design condition, was about 3 dB quieter than the SR-2 propeller at 1ts design
condition. The SR-6 design condition 1s an advance ratio of 3.5 and a helical
tip Mach number of 1.07 while the SR-2 design condition has a higher helical
tip Mach number of 1.15 and an advance ratio of 3.06. The SR-6 propeller was
about 2.5 dB noisier than the SR-3 propeller as 1ts 1.15 helical tip Mach num-
ber, J = 3.06, design point. When the SR-6 propeller noise was compared with
the curves for the previously tested propellers the area of noise rise was
"delayed" to a higher helical tip Mach number when compared with the straight
bladed SR-2 as a result of the 40° of aerodynamic tip Sweep 1ncorporated in
this blade. The “"delay" was a little larger than that of the 30 °~swept SR-1M
but not as much as that for the 45° swept SR-3.

Directivities taken at the higher helical tip Mach numbers indicated that
the noise was domjnated by the thickness noise mechanism with both of the blade
angles, 62 and 64°, showing the same noise levels despite their different
loadings. At the lower helical tip Mach number My = 0.80, the noise at both
of the blade angles appears to be loading-noise dominated with the more highly
loaded 64° case showing a peak noise some 5 dB greater than the 62° blade angle.



Noise data were also taken for the SR-6 propeller operating near the de-
sign conditions of the SR-3 propeller. Here the noise of the SR-6 at J = 3.06,
and My = 1.15 is only about 1.5 dB quieter than SR-2 and some 4 dB noisier
than SR-3. The SR-6 propeller sweep was primarily for aerodynamics and was not
tailored to have the noise from the different blade sections cancel each other,
The effect of this was seen in the noise versus helical tip Mach number curves
where the noise of the SR-6 propeller behaved similarly to the aerodynamically
swept SR-1M by rising to the same asymptotic level as SR-2 rather than to a
lower value as did the sweep-tailored SR-3.
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TIP SWEEP ANGLE, deg

PREDICTED DESIGN EFF,

DIAMETER IN (cm)

TIP SPEED, ft/sec (m/sec) 800 (244)

POWER LOADING, P/D2,
hplft2 (KW/m?)

NO. OF BLADES

SR-2 SR-1IM SR-3

0 - 30 45
% 76.6 79.3 81.1
24,5 (62,2) »
37.5 (301)
8

Table | - Design characteristics and planforms of high speed propelier models.

SR-6
40
8L.9

21.4 (69.6)
700 (213)
30.0 (241)

10




(a) Tunnel Mach number, 0.85; propeller advance ratio, 3.

TABLE II. - SR-6 at 62° SETTING ANGLE

5

power coefficient, 1.23; propeller speed, 7010 rpm; hel-
1cal tip Mach number, 1.149.
Transducer
Harmonic
A B c D E
Sound pressure level of harmonic, SPL, dB
ref 2x10~° N/m2
1 (BPF) (a) 138.5 142.0 143.5 141.5
2 128.0 132.5 156.0 131.0
3 12¢.0 129.5 133.0 123.5
4 (a) 125.0 150.0 i22.0
5 120.0 128.5 119.0
) 110.0 120.0 1i4.5
7 (a) 121.0 112.0
3 \J Y (a) 11le6.5 108.0

aNot visible above tunnel background.




TABLE II. - Continued.

(b) Tunnel Mach number, 0.85; propeller advance ratio, 3.9;
power coefficient, 0.40; propeller speed, 6268 rpm; helical
tip Mach number, 1.093.

1 (BPF) (a) 128.0 137.0 138.0 127.5
2 (a) 132.5 137.5 129.0
3 127.0 132.0 (a)
4 (a) 124.0

5 126.0

6 118.5

7 117.0

8 Y Y  J 115.0 Y

dNot visible above tunnel background.
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TABLE 11

(c) Tunnel Mach number, 0.85; propeller advance ratioP, 4.08;
power coefficient, O; propeller speed, 5976 rpm; helical
tip Mach number, 1.071.

1 (BPF) (a) 132.0 133.0 137.5 126.0
2 (a) 131.0 134.5 (a)
3 127.0 132.5

4 (a) 123.0

5 124.0

6 120.5

7 (a)

8 Y Y Y (a) L

aNot visible above tunnel background.
No data was taken at an advance ratio of 4.2 since windmill
occurred at 4.08.
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TABLE II

(d) Tunnel Mach number, 0.80; propeller advance ratio, 3.5;
power coefficient, 1.68; propeller speed, 6627 rpm; hel-
ical tip Mach number, 1.078.

1 (BPF) 131.0 (c) (c) (c) 140.5

2 (a) (a)
3

7

8 Y

*Not visible above tunnel background.
Cpata not recorded on tape properly.

12




TABLE I1

(e) Tunnel Mach number, 0.80; propelier aavance ratio9, 3.9;
power coefficient, 1.02; propellier speed, 5933 rpm; heli-
cal tip Mach number, 1.029.

1 (BPF) 134.0 137.5 139.5 143.0 130.0
2 (a) 131.0 127.0 129.0 (a)
3 127.0 125.5 (a)

4 122.0 121.5

5 (a) (a)

6

7

8 \ Y \

aNot visible above tunnel background.
dNo tones visible at a J of 4.2 or at windm 11,

13



TABLE 11

(f) Tunnel Mach number, 0.75; propeller advance ratio, 3.5;
power coefficient, 1.86; propeller speed, 6233 rpm; hel-
1cal tip Mach number, 1.008.

1 (BPF)
2
3
4

137.0
(a)

Y

146.0
133.5
129.0
125.5
122.0
118.5
115.0

(a)

142.5
131.0
126.0
125.0
121.0
117.5
(a)
()

137.5
131.0
125.0
121.0
(a)

128.5
121.5

(a)

dNot visible above tunnel background.
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Table 11

(g) Tunnel Mach number, 0.75; propeller advance ratiod, 3.9;
power coefficient, 1.19; propeller speed, 5595 rpm, heTical

tip Mach number, 0.9Y64.

Transducer
Harmonic
A B8 C D E
Sound pressure level of harmonic, SPL, dB
ref 2x10-2 N/m2.
1 (BPF) 130.0 138.5 | 132.0 127.5 126.5
2 (a) 131.0 (a) (a) (a)
3 (a)
4
5
6
7
4 Y Y Y Y Y
dNot visible above tunnel background.
No tones vivible at a J of 4.2 or at windm11.

15




TABLE I1

(h) Tunnel Mach number, 0.70; propeller advance ratio, 3.5;
power coefficient, 1.88; propeller speed, 5849; helical

tip Mach number, 0.937.

1 (BPF)
2
3
4

8

129.5
(a)

Y

129.5
125.0

(a)

\)

130.5
125.0

(a)

Y

135.0
(2)

126.0
(a)

adNot visible above tunnel background.




TABLE II

(1) Tunnel Mach number, 0.70; propeller advance ratlod, 3.9;

power coefficient, 1.17; propelier speed, 5254 rpm; helical
tip Mach number, 0.901.

1 (BPF) 124.0 124.0 | 118.0 125.5 118.0
2 (a) (a) (a) (a) ()

3
4

Y Y

8 \

dNot visible above tunnel background.
No tones visible at a J of 4.2 or at windmill.

17



TABLE II

(3) Tunnel Mach number, 0.65; propeller advance ratio, 3.5;
power coefficient, 1.85; propeller speed, 5400 rpm; helical
tip Mach number, 0.862.

1 (BPF) 126.0 128.0 | 124.0 117.0 122.0
2 (a) (a) (a) (a) (a)

3
4

8 | Y v

dNot visible above tunnel background.

18



TABLE II

(k) Tunnel Mach number, 0.65; propelier advance rat1od, 3.9;
power coefficient, 1.27; propeller speed, 4881 rpm; heTical
tip Mach number, 0.831.

1 (BPF) (a) 118.5 (a) (a) (a)
2
3

8 Y Y ) Y

dNot visible above tunnel background.
No tones visible at a J of 42 or at windmill.

19



TABLE II

(1) Tunnel Mach number®, 0.60; propeller advance ratiof, 3.5;
power coefficient, 1.87; propeller speed, 5087 rpm; heTical
Mach number, 0.807.

1 (BPF) 119.0 119.0 | 118.5 115.0 112.5

2 (a) (a) (a) (a) (a)
3
4

7

8 Y Y Y v

aNot visible above tunnel background.
€No tones were visible at tunnel Mach numbers of 0.55 and 0.50.
No tones visible at a J of 3.9, 4.2 or at windmill,

20



TABLE III. — SR-6 AT 64°.

(a) Tunnel Mach number, 0.85; propeller advance ratio, 3.5;

power coefficient, 2.04; propeller speed, 6Y71 rpm; fieTical
tip Mach number, 1.138.
Transducer
Harmonic
A B C D E

Sound pressure level of harmonic, SPL, a8

ref 2x10=° N/ml
1 (BPF) (a) 141.0 | 143.5 144.5 142.0
2 131.0 | 137.5 140.0 131.0
3 124.0 | 133.5 133.0 126.5
4 (a) 128.5 131.0 123.0
5 125.0 128.0 120.5
6 120.0 122.5 115.0
7 117.0 120.5 112.5
8 Y Y (a) 116.5 (a)

dNot visible above tunnel background.
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TABLE III

(b) Tunnel Mach number, 0.85; propeller advance ratio, 3.9;
power coefficient, 1.26; propeller speed, 6298 rpm; helical
tip Mach number, 1.098.

1 (BPF) (a) 139.0 | 138.0 141.5 131.5
2 125.0 | 132.5 134.5 126.5
3 (a) 126.5 125.0 (a)
4 123.5 120.5

5 120.0 117.5

6 (a) 116.5

7 (a)

8 Y Y 1 (a) Y

aNot visible above tunnel background.
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TABLE 111

(c) Tunnel Mach number, 0.80; propeller advance ratio, 3.5;
power coefficient, 2.38; propeller speed, 6580 rpm; helical
tip Mach number, 1.074.

1 (BPF) 133.5 147.0 | 142.0 146.0 143.5
2 (a) 136.0 | 129.5 132.0 126.5
3 126.5 126.0 130.5 126.5
4 (a) 123.5 128.0 122.0
5 122.0 123.5 119.0
6 119.5 120.5 115.5
7 116.5 (a) (a)

8 Y Y| (e (a) (a)

dNot visible above tunnel background.
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TABLE III

(d) Tunnel Mach number, 0.80; propeller advance ratio, 3.9;
power coefficient, 1.74; propeller speed, 5968 rpm; helical

tip Mach number; 1.033.

1 (BPF)
2
3

8

132.5
(a)

Y

144.0
133.5
127.0
122.0

(a)

137.5
127.0

(a)

Y

140.5

130.5
(a)

130.0
(a)

dNot visible above tunnel background.
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TABLE II1

(e) Tunnel Mach number, 0.75; propeller advance ratio, 3.5;
power coefficient, 2.52; propeller speed, 6254 rpm; heTical
tip Mach number, 1.009.

1 (BPF) 137.5 147.5 | 143.5 139.5 129.0
2 (a) 136.5 | 133.0 132.5 126.0
3 132.0 | 129.5 126.0 126.0
4 128.5 | 126.0 123.0 120.0
5 124.0 | 122.0 120.0 (a)
6 120.0 | 118.5 (a)

7 116.0 | 115.5 (a)

8 v (a) (a) (a)

dNot visible above tunnel background.



TABLE III

(f) Tunnel Macn number, 0.75; propeller advance ratio, 3.9;
power coefficient, 1.85; propeller speed, 5602 rpm; helical
tip Mach number, 0.964.

Transducer
Harmonic
A B C D E
Sound pressure level of harmonic, SPL, dB
ref 2x10-2 N/mZ
1 (BPF) (a) 138.0 | 134.0 127.0 127.5
2 130.5 (a)
3 127.5
4 \ 122.0
5 118.5
6 (a)
7 (a)
8 Y (a) Y Y Y

dNot visible above tunnel background.
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TABLE III

(g) Tunnel Mach number, 0.70; propeller advance ratio, 3.5;
power coefficient, 2.48; propeller speed, 5878 rpm; helical
ti1p Mach number, 0.943.

1 (BPF)
2
3

8

134.5
(a)

Y

138.0
()

Y

137.5
126.5

(a)

Y

136.5
127.5

(a)

126.5
(a)

dNot visible above tunnel background.
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TABLE III

(h) Tunnel Mach number, 0.70; propeller advance ratio, 3.9;
power coefficient, 1.84; propeller speed, 5263 rpm; helical
tip Mach number, 0.902.

1 (BPF) 123.5 (a) 127.5 127.5 120.5

2 (a) (a) (a) (a)
3

8 Y Y Y

aNot visible above tunnel background.
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TABLE III

(1) Tunnel Mach number, 0.60; propeller advance ratio, 3.5;
power coefficient, 2.45; propeller speed, 5120 rpm; helical

tip Mach number, 0.814.

1 (BPF) 121.5 124.5 | 118.0 124.0 | 114.0
2 (a) (a) (a) (a) | (a)
3

Y

aNot visible above tunnel background,

8 Y Y
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TABLE III

(J) Tunnel Mach number, 0.60; propeller advance ratio, 3.9;
power coefficient, 1.88; propeller speed, 4579 rpm; helical
tip Mach number, 0.777

1 (BPF) (a) 114.0 | 115.0 114.5 115.0
2
3

8 Y Y Y

aNot visible above tunnel background.
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TABLE IV. - SR-6 AT 59°.

(a) Tunnel Mach number, 0.85; propeller advance ratio, 3.06;
power coefficient, 1.02; propeller speed, 7963 rpm; helical
tip Mach number, 1.222.

Transducer
Harmonic
A B C D E

Sound pressure level of harmonic, SPL, dB

ref 2x10=> N/m2
1(BPF) (a) 140.0 } 147.0 147.5 145.5
2 131.5 | 138.0 140.0 134.0
3 123.0 | 133.5 137.0 130.0
4 (a) 128.5 129.5 127.0
5 124.0 128.0 119.5
6 120.0 125.5 119.0
7 116.0 120.0 114.5
8 \ \ 111.5 117.0 112.0

dNot visible above tunnel background.
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TABLE IV

(b) Tunnel Mach number, 0.80; propeller advance ratio, 3.04;
power coefficient, 1.50; propeller speed, 7561 rpm; helical
tip Mach number, 1.143,

1 (BPF) 131.5 141.5 | 145.0 | 147.5 | 143.5
2 (a) 129.5 | 137.0 | 131.0 | 129.0
3 125.0 { 132.5 | 132.0 | 127.0
4 (a) | 128.0 | 127.5 122.5
5 124.0 | 125.0 | 119.0
6 120.5 121.5 | 116.0
7 \ 117.0 | 116.5 | 111.5
8 \ v |10 | 1140 | 10000

dNot visible above tunnel background.
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TABLE IV

(c) Tunnel Mach number, 0.75; propeller advance ratio, 3.06;
power coefficient, 1.67; propeller speed, 7138 rpm; helical
tip Mach number, 1.074.

Transducer
Harmonic
A B C D E

Sound pressure _level of harmonic, SPL, dB

ref 2x10-2 N/m2
1 (BPF) 137.5 145.5 | 142.5 143.5 142.5
2 (a) 141.0 | 132.5 134.5 126.5
3 134.5 | 129.0 131.0 125.5
4 131.0 | 128.0 127.0 124.0
5 127.5 | 125.5 125.0 117.5
6 122.5 | 119.5 119.0 114.5
7 119.0 | 117.0 113.0 113.5
8 \J 115.0 | 114.0 112.0 109.0

dNot visible above tunnel background.
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TABLE IV

(d) Tunnel Mach number, 0.70; propeller advance ratio, 3.06;
power coefficient, 1.68; propeller speed, 6672 rpm; helical
tip Mach number, 1.001.

1 (BPF) 138.5 148.5 | 139.0 141.0 131.5
2 129.0 136.0 | 133.5 133.5 126.0
3 (a) 129.0 | 127.5 125.5 122.0
4 125.5 | 123.5 119.5 (a)
5 123.0 | 121.0 118.0

b 120.0 | 117.5 114.0

7 116.0 | 113.5 (a)

8 Y 113.0 | 11l.0 (a) \J

aNot visible above tunnel background.
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_ TABLE IV

(e) Tunnel Mach number, 0.60; propeller advance ratio, 3.06;
power coefficient, 1.69; propeller speed, 5836 rpm; helical
tip Mach number, 0.86.

Transducer
Harmonic
A B C b E
Sound pressure level of harmonic, SPL, dB
ref 2x1072 N/m?
1 (BPF) 128.5 127.5 | 128.0 125.0 126.5
2 (a) 122.5 (a) (a) (a)
3 (a)
4
5
6
7
8 \J Y Y Y Y

dNot visible above tunnel background.
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\

TABLE V. - SR-6 AT 61°.

(a) Tunnel Mach number 0.85; propeller advance ratio, 3.04;
power coefficient, 1.64; propeller speed, 7980 rpm; helical
tip Mach number, 1.220.

Transducer
Harmonic
A B c D E

Sound pressure level of harmonic, SPL, dB

ref 2x10=° N/m2
1 (BPF) (a) 140.0 | 145.0 149.5 149.0
2 130.0 | 137.5 144.5 133.0
3 (a) 134.0 138.0 134.0
4 128.5 136.0 126.0
5 123.5 131.0 123.5
6 118.5 127.5 120.5
7 (a) 123.5 118.0
8 Y Y (a) 120.0 112.0

dNot visible above tunnel background.
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TABLE V

(b) Tunnel Mach number 0.80; propeller advance ratio, 3.18;
power coefficient, 1.86; propeller speed, 7284 rpm; helical
t1p Mach number, 1.13T.

1 (BPF) (a) 145.5 | 144.5 147.5 147.5
2 134.5 | 133.5 135.0 131.5
3 125.0 | 133.5 132.0 124.0
4 120.0 | 129.0 129.5 124.5
5 (a) | 123.0 124.5 119.0
6 120.5 121.0 115.0
7 117.0 116.5 (a)

8 Y 113.0 112.5 (a)

dNot visible above tunnel background.
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TABLE V

(c) Tunnel Mach number 0.75; propeller advance ratio, 3.09;
power coefficient, 2.17; propeller speed, 7051 rpm; helical
tip Mach number, 1.068.

Transducer
Harmonic
A B C D E

Sound preysure level of harmonic, SPL, dB

ref 2x10-° N/m2
1 (BPF) 138.0 146.5 | 145.0 148.5 147.5
2 (a) 139.5 | 133.5 133.5 130.0
3 135.0 | 130.0 129.5 126.5
4 131.0 | 128.5 128.5 124.5
5 127.0 | 126.0 123.5 117.5
6 122.0 | 122.0 119.0 115.0
7 118.5 | 117.5 115.0 114.5
8 Y 114.5 | 115.0 (a) 109.5

dNot visible above tunnel background.
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TABLE V

(d) Tunnel Mach number 0.70; propelier advance ratio, 3.06;
power coefficient, 2.22; propeller speed, 6701 rpm; helical
tip Mach number, 1.006.

1 (BPF) 138.5 147.0 | 141.0 141.0 135.0
2 130.5 134.5 | 129.5 136.5 125.0
3 (a) 129.5 | 127.5 127.0 123.5
4 128.5 | 124.5 120.5 117.5
5 123.0 | 119.0 119.5 114.5
6 118.5 | 116.0 114.0 111.5
7 114.5 | 114.5 112.0 (a)

8 Y (a) 112.0 (a) (a)

dNot visible above tunnel background.
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C-80-4695
Figure 1, - High speed SR-6 turboprop model installed in the Lewis 8-by 6-foot SWT.
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Figure 2. - Pressure transducer positions.
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Figure 3, - Power coefficient variation with advance ratio at tunnel
mach number of 0.8,
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Figure 4, - Maximum blade passing tone variation with helical tip
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Figure 6. - Sideline directivity of blade passing tone.
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Figure 7. - Maximum blade passing tone variation with helica! tip
mach number for SR-6 operating near SR-3 design,
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