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SUMMARY

An experiment has been performed to investigate the reduction of high-speed
impulsive noise by using an advanced main rotor system for the UH-1H helicopter. The
advanced rotor system had a tapered blade planform compared with a rectangular plan-
form for the standard rotor system. Models of both the advanced main rotor system
and the UH-1H standard main rotor system were tested at 1/4 scale in the Langley 4-
by 7-Meter Tunnel (formerly the Langley V/STOL Tunnel) using the general rotor model
system (GRMS). Tests were conducted throughout the UH-1H velocity range (80 to
110 knots) for which this type of noise is of concern. The tunnel was operated in
the optional open-throat confiquration, with acoustical treatment applied to the
ceiling and floor to improve the acoustic characteristics of the test chamber. 1In-
Plane acoustic measurements of the high-speed impulsive noise demonstrated that the
advanced rotor system on the UH-1H helicopter reduced the high-speed impulsive noise
by up to 20 dB, with a reduction in overall sound pressure level of up to 6 dB.

INTRODUCTION

Aerodynamically generated noise from a helicopter can be broken down into sev-
eral categories not totally independent of each other. Of most concern is impulsive
noise, or blade slap, because of its relative loudness (refs. 1 to 3). Impulsive
noise, as reported in reference 4, can be generated in the following two ways:

(1) high~speed impulsive (HSI) noise due to shock-wave formation and collapse on the
advancing blade tip; and (2) blade-vortex interaction (BVI) impulsive noise due to
the impulsive change in blade loading during blade- and trailing-vortex interaction
which occurs in low-power descending flight or maneuvers. This paper is concerned
only with HSI noise.

Two different theories have been developed to account for the generation of HSI
noise, One theory (ref, 5) correlates compressibility effects related to high rotor
blade-tip speeds and observed blade-tip shock-wave formations with observed HSI noise
pressure-time histories. Another theory (ref. 6) models the HSI noise production by
the pressure disturbance of the fluid medium caused by the motion of the blade (rotor
blade thickness effect). Both theories predict that the HSI noise has the
distinctive characteristic of being directional towards the forward region of flight
with the peak pressure in the plane of the rotor. Because helicopters generally
operate at low altitudes, most surrounding land surface areas (except those
immediately under the helicopter) are subjected to this in-plane HSI noise. If the
aircraft is operating in a combat zone and the element of surprise is desired, any
reduction of this HSI noise would reduce the aural detectability of the aircraft.

Since the original design, the gross weight of the various models of the UH-1H
helicopter has increased substantially. This increase in gross weight has necessi-
tated a corresponding increase in rotor thrust capability. A new blade design has
been developed for which performance and HSI-noise prediction routines indicated
improvements over the standard blade (refs., 7 and 8). The planform of this design is
tapered, and the thickness is reduced at the tip compared with the current UH-1H
rotor blade design. The reduction of blade~tip thickness was expected to reduce HSI
noise, The noise reduction potential of the new blade desiqn is therefore investi-
gated experimentally in this study. The experimental results are presented to com-
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pare the HSI noise produced by a 1/4-scale model of the UH-1H with advanced rotor

blades with that produced by a 1/4-scale model with standard rotor blades.

P P S

SYMBOLS

first harmonic of lateral cyclic blade pitch, deg
rotor coning angle, fixed at 2,75°
first harmonic of longitudinal flapping, deg
first harmonic of longitudinal cyclic blade pitch, deg
first harmonic of lateral flapping, deg
Rotor torque
3 2
pTR™ (QR)

Rotor thrust
2
pTR (QR)2

rotor torque coefficient,

rotor thrust coefficient,

standard rotor system blade chord, 0.1334 m
rotor drag, dynes
frequency, Hz

rotor lift, dynes

Vo + QR
Tocal speed of sound

advancing-blade-tip Mach number,

peak negative impulse pressure, dynes/cm2

rotor radius, 1.829 m

rotor blade-tip speed, m/sec

free-gtream velocity, knots

coordinates for microphone locations in tunnel, m
angle of attack of rotor shaft, deg

rotor tip-path-plane angle of attack, referenced to tunnel geometric
centerline, deg

rotor descent angle, tan'1(D/L)

rotor collective control angle, deg

o
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V) advance ratio, VQ/VT

P local free-stream density, kg/m3

T reference impulse width

Q rotor angular rotational velocity, rpm
Abbreviations:

ARS advanced rotor system

BVI blade~-vortex interaction

HSI hign-speed impulsive

OASPL overall sound pressure level, dB (re 0.0002 dynes/cmz)
rpm revolutions per minute

SPL sound pressure level, 4B (re 0.0002 dynes/cmz)
SRS standard rotor system

HELICOPTER MODEL, TEST FACILITY, AND INSTRUMENTATION
Helicopter Model

This test was conducted in the Langley 4- by 7-Meter Tunnel (formerly the
Langley V/STOL Tunnel) using the general rotor model system (GRMS) as described in
reference 9. The 1/4-scale model of the UH-1H fuselage was designed to enclose the
basic model, transmission, and controls for the rotor system. A sketch of the heli-
copter model is shown in fiqure 1. Two six-component strain-gage balances were used
for this test, one supporting the fuselage shell and one supporting the rotor system
including the actuators, electric drive motor, and transmission. Aerodynamic perfor-
mance measurements presented herein were obtained from the rotor balance and refer-
enced to the shaft axis system. (See ref. 7.)

T™wo different rotor systems were tested in this test, each mounted on the same
geometrically scaled version of the UH-1H rotor hub. One rotor system used the stan-
dard, or baseline, rotor blades, which were geometrically and dynamically scaled
models of the current UH-1H rotor blades. This system is hereafter referred to as
the standard rotor system (SRS). These blades were made of a fiberglass/l(evlar1 com-
posite having a graphite/epoxy composite structural torque box. The aerodynamic
contours were formed by means of an external fiberglass/epoxy shell with a Nomex
honeycomb core in the trailing edge. The other rotor system tested incorporated a
totally different blade planform and is referred to as the advanced rotor system
(ARS). These advanced rotor blades had a wider root chord compared with the standard
rotor blades, with a 3 to 1 taper ratio beginning at the 50 percent radius. Advanced

1Kevlar: Registered trade name of E. I, du Pont de Nemours & Co., Inc.
Nomex: Registered trade name of E. I, du Pont de Nemours & Co., Inc.




T TR e TR TR TN RTOAT s T - - s m— e v.—i.f.—.-s—.-.-x}

Py

I ———
v
R
— o] | 3
> — "j
.35R & ° ‘-;-'.0 .39R ;
M v
FLAPPING AXIS -

.25R ij‘:
.d
.05R ]
L73R ]
Figqure 1.- Sketch of UH-1H helicopter model tested. '$
rotorcraft airfoils (ref. 10) were used, with thickness ratios ranging from 12 per- o
cent inboard to 8 percent at the tip. Construction was similar to that of the stan-
dard rotor blades with the exception of a Styrofoam3/balsa trailing~edge core, A S
sketch of the two different rotor blade designs tested is shown in figqure 2; their .
dimensional characteristics are presented in table 1I.
| g
The model has a teetering-type rotor hub. Collective and cyclic pitches on the " ]
blades were controlled by a swash plate driven by remotely controlled actuators and ':
were measured directly at the rotor hub, Rotor-system teetering measurements were s
] made at the teetering axis. A 67-kW electric motor operating through a transmission '
4 drove the rotor. An optical encoder provided both rotational-speed measurement and el
azimuthal indexing of the rotor system. ?
1 3
P~ -~
3St:yrofoam: Registered trade name of Dow Chemical Co. ©
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Wind-Tunnel Facility

This test was conducted in the Langley 4- by 7-Meter Tunnel operated in the
open-throat configuration (figs. 3 and 4). The dimensions of the rectangular jet .J

L-80-6600
Figure 3.- Rear quarter-view of UH-1H helicopter
model in Langley 4- by 7-Meter Tunnel with
acoustic treatment and microphones installed. 4
P
4
». °
. ]
} . 9
9 — 4
t  L-80-6599 ]
[ Figure 4.- Front quarter-view of UH-1H helicopter o
o model in lLangley 4- by 7-Meter Tunnel with -
! acoustic treatment and microphones installed.
6
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r 1




TP

entrance to the test chamber are 4.42 m high by 6.63 m wide. The ceiling height in
the open-throat configuration was approximately 7.50 m above the test chamber floor.
The model was supported in the wind-tunnel test section by a unique three-joint sting
which allowed pitch and yaw control to +45° about a fixed point on the model. This
three-joint sting was mounted on a model support system which allowed height control
as well as limited additional pitch and yaw control.

In order to obtain realistic free-field noise measurements in this facility,
acoustic treatment was installed on the tunnel floor and ceiling. Fiberglass-filled
aluminum panels 12,7 cm thick were installed on the floor directly under and forward
of the model (see figs. 3 and 4) for a semirigid floor to facilitate periodic main-
tenance and modifications to the model. Open-cell polyurethane foam 10.2 cm thick
was installed on the floor directly ahead of the aluminum panels and overhead on the
surface of the raised ceiling. (See fig. 5). BAn evaluation of the effectiveness of
this ceiling and floor treatment is reported in reference 11,

Instrumentation

The acoustic transducers used for this investigation were 1.,27-cm-diameter con-
denser microphones fitted with standard nose cones., Five far-field microphones were
positioned upstream of the model and three near-field microphones were attached
directly to the model fuselage. (See figs, 3 to 5.) A sketch of the model installed
in the tunnel with floor treatment and microphone locations is presented in fig-
ure 5., Near-field microphones 1, 2, and 3 and far-field microphones 6, 7, and 8 were
strategically mounted on and upstream of the model to detect specific types of noise
other than HSI noise. Far-field microphones 4 and 5 were mounted upstream of the
model as far as possible from the rotor (1.10R) but still in the free-field environ-
ment of the facility., These microphones were in the rotor tip-path plane, where HSI
noise has been shown to be maximum (ref, 12). These in-plane microphones were
mounted approximately 33° to the right and to the left of the tunnel centerline as
measured from the rotor hub, so that the support fairing wake was outside the rotor
disk. Only data from microphones 4 and 5 are presented in this paper. Based on the
coordinate system presented in figure 5, microphone 4 was located at x = -3.27 m,

y = 2,16 m, and z = -0,17 m, and microphone 5 was located at x = -3.28 m,

y ==2,23 m, an@d z = -0.17 m., The origin of this coordinate system was a point

in space located at the rotor huh when the model was at a fuselage angle of attack
of 0°., Signals from each microphone were fed through an amplifier/attenuator into a
14-channel, frequency-modulated (FM) tape recorder operating at a tape speed of

76.2 cm/sec. Blade azimuth and time code were recorded simultaneously with the
microphone data.

OPERATING PROCEDURES AND DATA REDUCTION
Operating Procedures

High-speed impulsive noise has been shown to propagate towards the forward
region of flight, with the peak pressure in the plane of the rotor. Therefore, it
was appropriate to position the microphones in the plane of the rotor. The procedure
used to establish each flight condition at a fixed rotor rotational velocity
(1300 rpm) was to operate the tunnel and the model at the desired simulation condi-
tion and determine the rotor tip-path-plane angle of attack Arpp* After shutting
the tunnel down, the microphones were manually moved to be directly in the plane of
the rotcr. The tunnel and the model were then brought back to the proper
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flight condition and approximately 20 sec of information from the microphones was
recorded on tape. A rotor lift coefficient of 0.0031 (defined as rotor 1lift non-
dimensionalized by the product of rotor disk area, hover blade-tip-speed squared, and
local free-stream density) was maintained throughout the HSI-noise portion of the
acoustic test. At each simulated forward-flight speed desired, estimates of flight-
scaled rotor-shaft angle and lateral flapping were used to set the model conditions
in the wind tunnel. Rotor cyclic and collective pitch controls were adjusted to
obtain these values and to trim the rotor thrust vector to balance the drag of the
fuselage. For each data point taken, corresponding model and tunnel information were
recorded simultaneously with the acoustic information using the tunnel data acquisi-
tion system. The full aerodynamic-performance characteristics for the speed range of
concern (80 to 110 knots) are listed in table II, and the sign convention used for
these parameters is presented in figure 6. At each tunnel speed tested, background
noise measurements were made with the blades off and the rotor hub turning at the
proper test conditions.

TABLE II.- ROTOR OPERATING CONDITIONS

[See fig., 6 for axis convention]

run | point | Ve @ | pppr| Ocr Ay By g D1y Y s

knots deg deg deg deg deg deg deg deg

Standard rotor system

167 | 2152 80.,5] ~-3.76) -1.69] 5.21 | -2.41]| 0.16 | 1.97 | -1.23 0.27 |0.166 | 0.0031 | 0.00010
168 | 2155 85.5| -3.74| -1.81] 5.34 | -2.36 52| 1.82] -1.25 <23 a77 .0031 00010
169 | 2158 90.1 { -3.89] -2.05]| 5.40 | -2.26 74 | 1.74] -1.20 .14 .186 .0031 00011
170 ] 2162 95.0 | -3.87| -2,10| 5.52 | -2.24] 1.04 | 1.67| -1 20 .14 .196 .0031 00011
171 | 2164 100.6 | -3.85]| -2.25} 5.65 | ~2.20} 1.47 |1.50| -1."8 12 .208 .0031 00011
171 | 2165 100.3 } -3.84| -2.22] 5.66 | -2.20| 1.46 | 1.53] -1.17 .09 207 0031 .00011
172 ] 2169 105.5 | -3.82] -2.30] 5.77 | -2.18 ] 1.77 | 1.43 ]| -1.16 11 2.8 .0032 00012
173} 2172 110.6 | -3.81| -2.53| 5.93 | -2.05] 2.25 | 1.18| -1,14 .13 «229 .0031 00012

Advanced rotor system

202 ] 2603 80.0 | -3.79¢ -1.78| 7.44 | -3.19] 0.55 | 1.89| -1,54 |-0.51 |0.166 | 0.0032 | 0.00009
203 | 2607 85,1 | -3.77| -1.94] 7.50 {-3.16 .92 |1.70 ] -1.60 -.35 176 0032 ,00009
205 | 2614 90.0 | -3.76 | -2.10| 7.60 | -2.93 | 1.12 | 1.54| -1.48 =51 .186 .0032 00009
206 | 2618 95.1 | -3.87}| -2.12| 7.73 |-2.86| 1.24 {1.63 | -1.45 .01 .197 0032 .00009
207 | 2620 100,0 | -3.85| -2.36| 7.92 |-2.78 ]| 1.75 | 1.36 | -1.48 .03 «207 .0032 .00010
207 | 2621 100.1 | -3.85] -2.33| 7.92 |-2.78 | 1.75 | 1.40 | -1.49 .19 207 .0032 00010
209 | 2628 106.0 | -3.87| -2.92] 8.33 | -2.64| 2.77 831 -1.47 {-1.08 .219 .0032 00011
210 | 2633 10,2 | ~3.83| -2.64| 8.36 |~-2.49| 2.60 | 1.07 | -1.38 -.21 .228 .0032 00011

Before and after the tests, "pink" and "white" noise signals were recorded to
verify that the complete acoustic system (excluding the microphones) had a flat fre-
quency response over the range of interest (30 to 8000 Hz). All microphones were
calibrated with a 124-dB pistonphone at 250 Hz before and after each series of tests.,
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Data Reduction

Corrections for jet-~boundary and blockage effects were handled on-line to ensure
proper helicopter model operating conditions. The corrections were computed in
greater detail off-line for complete aerodynamic-performance data reduction, The
method of applying these corrections is described in reference 13.

Each acoustic record was digitized ~+ a rate of approximately 22 118 samples per
second. The data were then processed through a low-pass filter of 10 000 Hz to pre-
vent aliasing. A once-per-revolution electronic pulse generated by the optical
encoder within the model was used as a trigger for precise digitization so that 1024
samples were obtained during each revolution., The time-domain data presented in this
paper were obtained by ensemble averaging 40 rotor revolutions for all tunnel speeds
except 110 knots, which was averaged using 6 rotor revolutions., This ensemble
averaging was done to enhance periodic-noise components. These acoustic data were
also analyzed using a fast-Fourier-transform technique with a "boxcar windowing"
function for maximum resolution (ref. 14), The bandwidth of these data was 21.65 Hz,
with a blade-passage frequency of 43.3 Hz, Eighty degrees of freedom were obtained
by averaging 40 spectral calculations of 1 revolution, Based on the chi-square dis-
tribution of the variance for 80-percent confidence, the digital-analysis process
yielded a variability of 20 percent in the spectral-power estimates,

DISCUSSION OF RESULTS
Data Repeatability

In order to confirm that the data presented in this paper are representative
samples of the overall data collected during this test, a data repeatability compari-
son for V_ = 100 knots is presented in figure 7. Figures 7(a), 7(c), 7(e), and
7(g) show comparlsons of random 1-revolution samples, whereas figures 7(b), 7(4),
7(£), and 7(h) present comparisons of the periodic-noise sources as a 40-revolution
average. The two different sets of data which are compared throughout figure 7 were
obtained as two separate data points taken back to back without changing any model or
tunnel parameters,

As expected, the random-noise comparisons of the one-revolution-sample plots are
not identical, although they are very similar. The negative HSI-noise spikes show
very good repeatability when they are not contaminated by background noise (which is
not related to rotor noise).

The periodic-noise comparisons of the 40-revolution-average plots show very good
comparisons of the noise level generated by the rotor but not related to the HSI-
noigse waveform, whereas comparisons of the negative HSI-noise spike are nearly iden-
tical. Even for the case of the ARS at microphone 5 (fig. 7(h)), in which no HSI-
noise spike is evident and the vertical scale spans only 200 dynes/cmz, a remarkably
good comparison was obtained. This indicates repeatable periodic noise exists other
than that due to HSI noise.
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Fiqure 7.- Data repeatahility comparison for Vm = 100 knots.
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(d) Advanced rotor system; 40-revolution average from microphone 4.
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The data presented in figure 7 show comparisons that provide a high level of
confidence in the overall data quality obtained during the HSI-noise portion of this
wind-tunnel test.

Interpretation of Basic Data

The most direct method for comparing acoustic data is through an analysis of
acoustic pressure-time histories. Such a comparison is illustrated in figure 8(a)
for a forward velocity of 80 knots., In this figure, a large, negative, almost sym-
metrically triangular pressure pulse dominates the waveform character in the SRS
data. This large, negative pressure pulse has been shown in reference 10 to be typ-
ical of HSI noise. A much narrower, smaller amplitude, positive pressure pulse
precedes the large, negative pressure pulse and has been shown in reference 9 to be
attributable to blade-vortex interactions. The width of this positive pressure pulse
indicates that its energy content was centered around 1700 Hz (model scale), whereas
the width of the large, negative pressure pulse indicates an energy content centered
around 700 Hz (model scale)., Since the frequency content of these pressure pulses
varies as the inverse of their period (width), a narrow impulse contains more energy
at higher frequencies than one which is broader; thus, a narrow impulse possesses the
potential for a greater annoyance factor to the human ear. For this paper, the term
"impulsiveness" is used as a measure of the width of these pressure pulses.

Important in the analysis of most noise sources is a determination of radiated
energy versus frequency content. Although not the only method for analyzing
impulsive-noise sources, a spectral estimation of the characteristic waveform does
indicate in what frequency band the noise is predominant. For this reason, the
characterigstic waveform of the SRS in figure 8(a) has been transformed into the fre-
quency domain in figure 8(b). Frequencies up to 8000 Hz are shown. Most of the
energy in the large, negative pressure pulse (typical of HSI noise) is contained in
the low-frequency harmonics up to approximately 1000 Hz (model scale) (ref. 8).
Similarly, most of the energy from BVI noise is contained in the 1000~ to 2000-Hz
frequency range (model scale). In the lower frequency range, the first peak in the
plotted data represents the fundamental blade-passage frequency of approximately
43.3 Hz. The following peaks represent the harmonics of the fundamental blade-
passage frequency. Because this paper is concerned primarily with a comparison of
high-gspeed impulsive noise, the lower frequency harmonics up to approximately 1000 Hz
are of most concern.

Acoustical Performance
Important observations made on both the SRS and the ARS are discussed in this
section, Also, important observations made on the differences between the SRS and

the ARS are discussed here. The entire data set obtained from this experiment is
included in the appendix.
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Analysis of the pressure~time histories from microphone 4 for the SRS shows that
the amplitude of the HSI-noise pressure spike increased from 870 dynes/cm2 at
M, = 0,828 to 1930 dynes/cm® at = 0.866 (fig., 9). An increase in impulsiveness
(Secreasing pulse width) corresponding to this increase in noise-spike amplitude with
increasing Mt can also be seen in figure 9. As measured at the reference pressure
of 0 dynes/cm2, this noise-spike duration encompasses about 0,00194 sec at
MT = 0,835, whereas at Mp = 0.859 the pulse decreased to a duration of about
0.00125 sec.

O Pp for SRS

0O 1t for SRS

O P, for ARS

2000 -~ A v for ARs - .0040
1800 |- - .o036
1600 - - .0032
1400 |- 4 .o028
o 1200 - .0024
5
~ (%]
w -4
£ o000 | 4 .0020
> o
o® 800 [~ - .o0016
600 |- 4 .002
200 - o008
200 |~ - .000s
0 [ R WA SR SH S 0

.80 .81 .82 .83 .84 .85 .86 .87 .88

"

Figure 9.- Peak negative impulse pressure
and reference impulse width variation as
functions of advancing-blade-tip Mach
number from microphone 4.

Analysis of the pressure-time histories from microphone 4 for the ARS shows that
the amplitude of the HSI-noise pressure spike increased from 225 dynes/cm2 at
Mp = 0.818 to 630 dynes/cm2 at My = 0.858 (fig. 9). The impulsiveness of these
HSI-noise spikes follows the same trends for the ARS as was seen for the SRS, An
increase in impulsiveness corresponding to this increase in noise-spike amplitude
with increasing M can be seen for the ARS in figure 9, Again, as measured at the
reference pressure of 0 dynes/cmz, the noige-spike duration decreases from
0.00333 sec at MT = 0,818 to 0,00230 sec at MT = 0,858, Figure 9 also shows that,
for a given forward-flight speed, the two rotor systems operated at slightly differ-
ent rotor advancing-blade-tip Mach numbers, even though the rotor rpm's were iden-
tical. These MT differences were due to changes in humidity, which affect the
speed of sound,
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Comparisons of the pressure-time histories obtained from microphone 4 for both
" the SRS and ARS show that the ARS reduced the amplitude of the HSI-noise pressure
spike by 74 percent at v, = 80 knots (fig, 8(a)) and by 68 percent at V_ = 110
knots (fig. 10).
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Figure 10,- Comparison of pressure-time histories for microphone 4
at V_ = 110 knots,




This HSI-noise spike is not only reduced in amplitude but is also less impulsive, as

it has a wider waveform compared with the SRS noise spike. (See also fig. 9.) How-

ever, the contributions to HSI noise for both the SRS and the ARS are in the band of

0 to 1000 Hz for all V_ tested. There also appear to be more blade-vortex interac-
tions taking place with the ARS than with the SRS, at least for a free-stream veloc-

ity of 110 knots (fig. 10).

A comparison of the narrow-band spectrum plots for the SRS and the ARS as mea-
sured at microphone 4 (see the appendix) shows a substantial decrease in sound pres-
sure level (SPL) in the ARS data for frequencies up to 1000 Hz., At frequencies above
1000 Hz, the ARS SPL either remains unchanged or, in most cases, actually increases
slightly compared with the SRS. These results can be seen clearly in figure 11,
which presents the SPL difference (ASPL) between the SRS data and the ARS data as a
function of frequency F and free-stream velocity. 1In this figure, a positive
ASPL indicates that the ARS reduced the SPL, whereas a negative ASPIL indicates that
the ARS actually increased the SPL.

T
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0.0 \r ot A
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Figure 11.- Difference in sound pressure level due to advanced rotor system
from microphone 4,
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Figure 11 shows that for frequencies between O and 1000 Hz, where HSI noise is
predominant, the ARS reduced the maximum SPL by 15 to 20 dB compared with the SRS.
The 15-dB reduction occurred at V_ = 90 knots, whereas the maximum 20-dB reduction

occurred at Vm = 105 and 110 knots. For frequencies greater than 1000 Hz, the ARS '
increases the SPL by an average of about 1 dB at the lower forward speeds (V°° = 80 i
to 90 knots) to an average of about 4 dB at the higher forward speeds (V°° = 95 to
110 knots). 4
4
Before beginning a discussion of the data collected from microphone 5, a few 1
words about the quality of these data are appropriate, Figure 12 presents the -.J
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“r [
30.0
2.0 -
@
] 10.0 -_ 1
0.0 L
[
-10.0 hd
- 1
-20.0 i 1 IR VU SIS W D T S U GHT Y | A . a
[} 1000 2000 3000 4000 5000 6000 7000 8000
F, H2
(b) standard rotor system at V_ = 110 knots, e
4
4
Figure 12.- Narrow-band spectrum increment above background noise from microphone 5.
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(c) Advanced rotor system at v, = 80 knots.
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(d) Advanced rotor system at V_, = 110 knots.
Figure 12.- Concluded.

narrow-band spectrum increment above background noise for microphone 5 data for

Vcn = 80 and 110 knots. The vertical scale of figure 12 represents the difference in
SPL between the total system noise and the background noise, with a positive

ASPL indicating the SPL above background noise, This figure shows that for the fre-
quency range of concern (0 to 1000 Hz), the SRS data are 6 to 18 dB above the back-
ground noise at V_ = 80 knots (fig, 12(a)) and 4 to 12 dB above background noise at
V_ = 110 knots (ffg. 12(b)). These levels are sufficiently above background-noise
levels to consider the SRS data not contaminated by background noise. 1In contrast to
the SRS data, the ARS data at V_ = 80 knots (fig., 12(c)) and at v =110 knots
(fig. 12(d)) are only 2 to 5 dB above the background noise at frequencies of 0 to
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1000 Hz, thus leaving doubt as to the validity of these ARS data. Nevertheless,
figure 12 shows that while the SRS data are well above the background-noise levels
between 0 and 1000 Hz, the ARS is so quiet that its noise data are down near the
levels of the background noise.

Analysis of the pressure-time histories from microphone 5 for the SRS stows
that the amplitude of the HSI-noise pressure spike increased from a minimum of
360 dynes/cm2 at v = 80 knots (fig. 13(a)) to a maximum of 420 dynes/cm2 at
Vv = 100 knots (fi;. 13(b)). The impulsiveness of this spike also changed very
1¥ttle with increasing free-stream velocity, indicating that neither the amplitude
nor the impulsiveness of this spike is a function of forward speed (as measured in
this microphone position). The duration of this HSI-noise spike is approximately
0.0022 sec throughout the M range compared with 0.00185 sec at Mp = 0.828 and
0.00125 sec at My = 0.866 for microphone 4 data (fig. 9). 1In addition, there
appears to be no distinct BVI noise present in these data as there was in the data of
microphone 4,

Analysis of the pressure-time histories from microphone 5 for the ARS (fig. 13)
reveals that no HSI-noise spikes or BVI-noise spikes appear anywhere in these data at
any forward speed. The pressure-amplitude range of these data is small and rarely
exceeds 1100 dynes/cmz, indicating that there is relatively little energy content.

A comparison of the narrow-band spectrum plots for the SRS and the ARS as mea-
sured at microphone 5 (see the appendix and fig. 14 for increment presentation) shows
a substantial SPL decrease in the ARS data at the lower frequencies, whereas the SPL
is unchanged or increases at the higher frequencies. Between 0 and 1000 Hz, which is
the range in which HSI noise is predominant, a decrease in SPL of as much as 15 dB is
seen with the ARS at the lower free-stream velocity of 80 knots, whereas at the high-
est free-stream velocity of 110 knots, this SPL decrease is reduced to a maximum of
9 dB, This decrease in SPL reduction with increasing free-stream velocity is not due
to an increase in the ARS SPL or a decrease in the SRS SPL; it is due to tunnel back-
ground-noise contamination of the ARS data. At the lowest free-stream velocity of
80 knots, figure 12(c) shows that the tunnel background noise is contaminating the
ARS data at the lower frequencies, whereas figures 12(b) and 12(d4d) show that at
v, =110 knots both the SRS and the ARS data are totally contaminated at all fre-
quencies. This contamination by background noise does not exist for the data
obtained with microphone 4, except at one or two discrete frequencies at
V_ = 80 knots. (See the appendix.)

Fiqure 15 shows a comparison of the overall sound pressure level (OASPL) in
decibels for the SRS and the ARS as a function of advancing-blade-tip Mach number.
The OASPL is used here because it gives a strong indication of the energy content of
the lower frequencies, which is the area of concern of this paper. Also plotted in
figure 15 is the OASPL for frequencies up to 1000 Hz only. If the HSI noise is
strong, these two curves should fall nearly on top of each other. As the HSI noise
decreases, the OASPL curve for 0 to 1000 Hz should tend to drop below the OASPL curve
for all frequencies., This figure shows that for the SRS, which has a strong HSI-
noise content, the two OASPL curves fall nearly on top of each other. For the ARS,
however, which has less HSI noise, the OASPL curve for O to 1000 Hz does tend to drop
slightly below the OASPL curve for all frequencies at all advancing-blade-tip Mach
numbers, In figure 15(a) (microphone 4), the OASPL for the ARS has been reduced by
7 dB at the lower blade~tip Mach numbers and by 5 @B at the higher blade-tip Mach
numbers. In fact, the ARS generates less noise at 110 knots (MT = 0.858) than the
SRS at 80 knots (MT = 0.828)., The tunnel background noise is also shown in fig-
ure 15(a) and is 8 to 10 dB lower than the ARS data. It appears the tunnel
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rotor system from microphone 5,
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background noise could possibly be pushing up the value of the ARS OASPL at the
higher blade-tip Mach numbers. Figure 15(b) shows a plot of the OASPL in decibels

;. for microphone 5 as a function of the advancing-blade-tip Mach number. This plot
shows the ARS OASPL to be reduced by 6 dB at the lower Mach numbers and by only 2 4B
:( at the higher Mach numbers compared with the SRS data.

CONCLUSIONS
o An experimental investigation was conducted in the Langley 4- by 7-Meter Tunnel
E to determine the high-speed impulsive-noise characteristics of a new advanced main

rotor system for the UH-1H helicopter. A 1/4-scale model of the UH-1H fuselage was
fitted to the general rotor model system (GRMS) of the Langley Research Center. Two
different dynamically scaled rotor systems were tested, each mounted on the same
geometrically scaled version of the UH-1H helicopter hub. The first rotor system
tested used the standard, or baseline, rotor hlades which were geometrically and
dynamically scaled to the current UH-1H rotor blades. An advanced set of rotor
blades with higher twist, advanced airfoil sections, considerable taper, and dynamic
characteristics similar to the standard system was also tested. Acoustic data were
taken with upstream microphones located in the rotor tip-path plane.

The results of this investigation can be summarized as follows:

1. The experimental procedures and data reduction methods used in the present
investigation yield highly repeatable acoustic data.

2. Over the operating range investigated, the dominant high-speed impulsive-
noise component was reduced by as much as 20 dB by the advanced rotor system. The
maximum overall noise reduction was 6 dB,

3. The peak negative impulsive pressure was reduced by as mﬁch as 74 percent by
the advanced rotor system,

4, Based on measurements made upstream of the advancing rotor blade, the overall
noise generated by the advanced rotor system at 110 knots was less than that gen-
erated by the standard rotor system at 80 knots.

5., Data for the advanced rotor system from the microphone upstream of the
retreating rotor blade contained no distinct high-speed impulsive~noise waveforms of
any kind at any forward speed. The high-speed impulsive noise measured at this
microphone for the standard rotor system showed a much weaker dependence on forward
speed compared with the measurement made upstream of the advancing rotor blade.
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National PAeronautics and Space Administration
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APPENDIX

COMPLETE HSI-NOISE ACOUSTIC DATA SET

All pressure-time history data contained herein incorporate similar plotting
formats, The vertical axis presents the acoustic pressure amplitude with an absolute
scale measured in dynes per centimeter squared, For resolution purposes, the
vertical-scale factor varies with forward velocity. The horizontal axis presents
time and is shown as a fraction of one rotor revolution; only one-half of one rotor
revolution is shown, For ease of comparison, SRS and ARS noise data are plotted on
top of each other, with a solid line representing the SRS data and a dashed line
representing the ARS data.

Spectral analyses of the data from the pressure-time histories are presented as
narrow-band frequency plots. All narrow-band plots have identical plotting formats.
The vertical axis presents the sound pressure level (SPL) in decibels. The hori-
zontal axis presents the frequency F in hertz from 0 to 8000 Hz, For clarity, SRS
and ARS spectral characteristics are plotted separately. Spectral characteristics of
the tunnel background noise are also presented for maximum and minimum forward veloc-
ity only.

The complete data set obtained during the high-speed impulsive-noise portion of
this investigation is presented as follows:

Fiqure
Effect of rotor system on noise signature generated by helicopter

model at VvV = 80 knots:
Comparison of pressure-time histories for microphone 4 ..cceceececcsecsssancaces Al(a)
Narrow-band spectrum for standard rotor system for microphone 4 ...eececeeeee Al(b)
Narrow-band spectrum for advanced rotor system for microphone 4 ..cececeeesese Al(cC)
Comparison of pressure-time histories for microphone 5 ...ccsecscesssecsecses Al(d)
Narrow-band spectrum for standard rotor system for microphone 5 .ecececsscseee Al(e)
Narrow-band spectrum for advanced rotor system for microphone 5 ..ececsceceeee A1(f)

Effect of rotor system on noise signature generated by helciopter

model at Vm = 85 knots:

Comparison of pressure-time histories for microphone 4 .ceeeececccecssccscsssee A2(a)
Narrow-band spectrum for standard rotor system for microphone 4 ...eeeeeesees A2(b)
Narrow-band spectrum for advanced rotor system for microphone 4 ..esceescesees A2(cC)
Comparison of pressure-time histories for microphone 5 .ceeeeescsccscessscess A2(d)
Narrow-band spectrum for standard rotor system for microphone 5 ..seescesesss A2(e)
Narrow-band spectrum for advanced rotor system for microphone 5 .scceeseesees A2(f)

Effect of rotor system on noise signature generated by helicopter

model at V = 90 knots:

Comparison gf pressure—time histories for microphone 4 ..ceeeecscesscecscssss A3(a)
Narrow-band spectrum for standard rotor system for microphone 4 ,.¢e¢esssesses A3(b)
Narrow-band spectrum for advanced rotor system for microphone 4 ..ceecsessess A3(cC)
Comparison of pressure~time histories for microphone 5 ..ecececsccssccscesess A3(d)
Narrow-band spectrum for standard rotor system for microphone S5 (ececceesssees A3(e)
Narrow-band spectrum for advanced rotor system for microphone 5 ,.ceeevecesese A3(f)
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Effect of rotor system on noise signature generated by helicopter

model at v°° = 95 knots:

Comparison of pressure-time histories for microphone 4 .ccecceecccsscsscsccccns
Narrow-band spectrum for standard rotor system for microphone 4 ..ceeescecess
Narrow-band spectrum for advanced rotor system for microphone 4 .esecececssose
Comparison of pressure-time histories for microphone 5 ..ceececcccccccssccsse
Narrow-band spectrum for standard rotor system for microphone 5 .ecececsccccese
Narrow-band spectrum for advanced rotor system for microphone 5 .eeecesscsces

Effect of rotor system on noise signature generated by helicopter

model at Vw = 100 knots:

Comparison of pressure-time histories for microphone 4 ..ccvrccccccssscsccccee
Narrow-band spectrum for standard rotor system for microphone 4 ...ceccsecsee
Narrow-band spectrum for advanced rotor system for microphone 4 c.ecesccscsece
Comparison of pressure-time histories for microphone 5 ..cececcccccescsssncee
Narrow-band spectrum for standard rotor system for microphone 5 .ceeecccecees
Narrow-band spectrum for advanced rotor system for microphone 5 ..ceececccces

Effect of rotor system on noise signature generated by helicopter

model at VQ = 105 knots:

Comparison of pressure-time histories for microphone 4 .ceececsccscescsccscan
Narrow-band spectrum for standard rotor system for microphone 4 ....ceceseeese
Narrow-band spectrum for advanced rotor system for microphone 4 .ececcccesces
Comparison of pressure-time histories for microphone 5 .eceeceocecssccccscccece
Narrow-band spectrum for standard rotor system for microphone 5 .cccesscescee
Narrow-band spectrum for advanced rotor system for microphone 5 .cecececscecee

Effect of rotor system on noise signature generated by helicopter

model at Vm = 110 knots:

Comparison of pressure-time histories for microphone 4 .ececescecceocccsossncee
Narrow-band spectrum for standard rotor system for microphone 4 ...ccecceccecs
Narrow-band spectrum for advanced rotor system for microphone 4 ..c.cecescsces
Comparison of pressure-time histories for microphone 5 .ceececcscscscscsceccas
Narrow-band spectrum for standard rotor system for microphone 5 .ecceccsccsces
Narrow-band spectrum for advanced rotor system for microphone 5 ..ecesessccecs

Figqure

ad(a)
a4(b)
ad(c)
A4(4d)
Ad(e)
A4(f)

A5(a)
AS(b)
aS5(c)
A5(d)
AS(e)
AS(f)

a6(a)
A6(b)
a6(c)
A6(4)
n6(e)
A6(f)

A7(a)
A7(b)
A7(c)
A7(a)
a7(e)
A7(f)
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Figure A1.- Effect of rotor system on noise signature generated by
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