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l. INTRODUCTION

1.1 Scope of Report

Ar. acoustic test of a propeller mounted behind an airplane empen-
nage was performed by NASA Ames on a model in the Ames Research
Center No.l 7x10-foot wind tunnel during March-April 1984. Tech-
nical assistance in the planning and performance of the test, and
in the subsequent data reduction was provided by Bolt Beranek and
Newman Inc. (BBN). This report presents the results of the work
performed by BBN. It describes the model configurations and con-
ditions investigated during the tes%s, discusses the data acquisi-
tion, reduction and analysis procedures, presents acoustic data
acquired and provides data interpretation. The total test program
included measurements of the wake behind the empennage. Results
from these wake tests were analyzed separately by NASA and are not
included in this report.

1.2 Propeller Noise

In recent years there has been a resurgence of interest in the
generation and control of noise from airplane propellers. This
renewed interest has included both interior and exterior noise of
propeller-driven aircraft and has covered the range of propellers
from conventional general aviation (GA) designs to advanced
turboprops (ATP) for high-subsonic cruise. At the same time new
aircraft designs have included configurations with propellers
mounted on the rear of the airplane, acting in the pusher rather
than th: tractor role. Aircraft with aft-mounted propellers
include the Lear Fan 2100 [1], Beech Starship 1 [2], Gates-Piaggio
GP-180 [2] and certain configurations for the ATP airplane [3].
The propellers may be mounted on the centerline of the airplane
(1], on the trailing edge of wings on aircraft with canards [2] or
on the trailing edge of aft pylons or horizontal stabilizers [3].
However, in all cases the propellers operate in the wake of the



upstream control surfaces. It is this phenomenon of noise genera-
tion from propellers operating in the wakes of upstream surfaces
that is the main impetus for the present study.

Removal of the propeller plane to a location well aft of the pas-
senger cabin has the advantage of reducing the propeller-induced
sound levels in the cabin and hence the weight requirements for
soundproofing treatments. However, operation of -he propeller in
a non-uniform flow field, such as exists downstream of control
surfaces has the potential for increasing the far field radiated
sound levels during take-off and approach. There is also the
possibility that forward-radiated sound will enter the passenger
cabin.

The influence of a non-uniform flow field on acoustic radiation
from a rotating propeller has been observed in comparisons between
static and forward flight data. A comparison of this type for 1
conventional twin-engined propeller-driven airplane [4] shows a
marked reduction in the radiated sound pressure levels of higher
order harmonics of the blade passage frequency (Figure 1). 1In
this particular example the propeller tip rotational Mach number
was 0.85 and the corresponding helical Mach number in flight was
0.87. The physical interpretation of the results is that, under
static conditions, the turbulence eddies in the inflow are elonga-
ted and subjected to chopping by the propeller, as shown diagram-
matically in Figure 2.

The wake from an upstream surface can be considered, to some
extent, to be similar to the static conditions for a propeller
operating in free space. There is a repetitious interaction
between a propeller blade and an inhomogeneous flow field. There
have been several investigations of the effect as it pertains to
acoustic radiation from fans and compressor rotors operating
downstream of inlet guide vanes in turbofan and turbojet engines
[5-12] but the corresponding literature for propellers is sparse
[13,14].

o
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The fan noise studies resulted in several prediction curves for
sound level as a function of stator/rotor separation distance.
These curves are plotted in Figure 3 where the separation distance
is non-dimensionalized with respect to stator chord. It is seen
that there is a wide variation in slope for the curves in Figure
3, ranging from -6dB per doubling of separation distance, as given
by Smith and House [8], to approximately -2dB per doubling of
separation. The empirical curve of Lowson differs from the others
in that it shows two different relationships, one associated with
separation distances which are less than one chord length and the
other with separation distances greater than one chord. It is
possible that the two regimes might be associated with potential
field interaction and wake interaction respectively. Certainly
the -4 dB/separation doubling, as predicted by Lowson for small
separations, is similar to the range of -3 dB to -5 4B shown in
the data of Sharland [5] and Fincher [6]. However, other studies
[12] imply that the potential field and viscous interference
(wake) effects are equal at a stator/rotor separation of approxi-
mately about one-tenth of the chord length.

Published data for tractor and pusher propellers on the Cessna
02-T or Model 337 [13,14] are concerned mainly with static test
conditions, although the authors state that similar effects were
noted during flight tests. The Cessna Model 337, as shown in
Figure 4, is a twin-boom airplane with two engines and propellers;
the rear propeller is mounted on the aft of the passenger cabin
and the forward propeller is at the front of the cabin. The two
propellers are of similar design, and both have three blades and a
diameter of 2.13 m (84 inches).

Figure 4 also contains narrowband acoustic spectra associated with
static operation of the front and rear propellers separately. The
spectrum for the forward propeller shows components at the first
two harmonics of the blade passage frequency (mB = 3,6 where m is
the harmonic order, m = 1 being the fundamental, and B the number
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of blades), whereas the spectrum for the rear propeller contains
contributions from the first six harmonics (mB = 3 through 18).
In the case of the Cessna 337, propeller in-flow conditions are
influenced by the fuselage, the downwash from the wing and the
exhaust from the turboprop engine.

The conclusion to be drawn from inlet guide vane studies and the
measurements on propeller-driven aircraft is that propellers
operating in the wake of upstream surfaces will probably generate
higher sound levels than propellers operating in relatively
undisturbed airflow such as is encountered by tractor propellers.
The objective of the present experimental study is to extend the
understanding of the phenomenon as it relates to both discrete

frequency and broadband noise.

l.3 Overview of Test Program

The test program discussed in this report involved the operation
of a model scale propeller in the open test section of the NASA
Ames Research Center #1 7x10-foot wind tunnel. The propeller was
located immediately downstream of a model airplane fuselage on
which were mounted empennages of different configurations. Sound
pressure levels were measured at ten locations outside the flow in
the test section and at three locations in the flow. The acoustic
data were reduced in terms of narrowband and one-third octave band
spectra so that the different contributions to the acoustic field
could be identified and analyzed.

The majority of the acoustic measurements were made at two flow
speeds (45.7 and 62.5 m/s or M = 0.13 and 0.18) and three propel-
ler rotational speeds (4000, 6000 and 8200 rpm). Three empennage
configurations (Y-, V-, and I-tails) were tested and the airplane
fuselage was oriented in two configurations (¥ = 0°, 90°) to simu-
late sideline and overhead conditions. Consideration was given to
the influence of the flow shear layer on the sound pressure levels



measured outside the tunnel flow, and appropriate adjustments made
to the data. Finally, the effect of the empennage on the radiated
sound field was analyzed for the various test conditions.

l.4 Outline of Report

A description of the acoustic test performed on the propeller and
empennage is given in Section 2. The description includes the
wind tunnel test chamber and model configuration, data acquisition
and reduction procedures, and the test conditions investigated.
Data analysis procedures, including adjustments made to the meas-
ured sound levels to account for shear layer effects, distance
normalization and broadband effects on discrete frequency sound
levels, are given in Section 3. Then Section 4 presents an evalu-
ation of the data, including the roles played by various hardware
items in che tunnel test section. Section 5 provides an analysis
of the harmonic components of the propeller noise field:; a general
discussion of the results is given in Section 6.



2. TEST DESCRIPTION

2.1 Wind Tunnel Test Section

The acoustic tests were performed in the open test section of the
NASA Ames Research Center #1 7x10-foot wind tunnel. 1In the open
configuration the test section sidewalls and ceiling are removed
but the floor is retained. Thus, the section is open on three
sides. The floor of the test section is continuous with the
surrounding wooden floor of the platform which contains the tunnel
operator's stations and a work bench area.

The nozzle for the open test section is formed by the contraction
downstream of the tunnel settling chamber, and a collector is
installed at the entry to the first stage diffuser. A new
collector with a convex contour was installed for the present
tests, the collector being covered with sound-absorbing foam to
minimize acoustic reflections. A plan of the tunnel is shown in
Figure 5 and a photograph of the collector is given in Figure 6.
The open test section is 2.1 m (7 feet) high and 3.0 m (10 feet)
wice at the nozzle and has a length of about 4.3 m (14 feet) from

nozzle lip to collector entry.

The test section is surrounded by a test chamber which has dimen-
sions of approximately 13.7 x 16.8 x 9.1 m (45 x 55 x 30 ft). The
chamber is of steel construction and has some acoustic treatment
in the form of acoustic tiles bonded to the ceiling and wall
panels. The average absorption coefficients for the chamber lie
in the range from 0.47 to 0.66 in the frequency range from 250 to
8000 Hz [15]. However, these values of the absorption coefficient
were not adequate for the propeller noise tests. Thus, additional
sound-absorbing materials in the form of foam panels were placed
on the platform, on either side of the test section, and inclined
relative to the vertical so that any residual acoustic energy
would be reflected upwards. In addition, sheets of foam 7.6 cm
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(3 inches) thick were placed on the test section and platform
floors, between the model propeller and the microphones used to
measure the acoustic field. The foam panels and the floor treat-
men’ in be seen in Figures 7 and 8. The photograph in Figure 8
als:. nows the permanent acougtic treatment on the chamber walls

and ceiling.

Optimum positioning of the sound-absorbing panels was achieved by
reviewing data associated with an impulsive noise source (pistol
shots) at the location of the model propeller. However, the geo-
metry of the test section, tunnel, and test chamber still influen-

ces conditions at some measurement locaticons.

2.2 Model Configuration

2.2.1 General Configuration

The general configuration of the test model can be seen in

Figure 8. It consisted essentially of two items; a model fuselage
with empennage attached and a propeller drive system consisting of
a motor and shaft contained in an aerodynamic housing. Essential-
ly the propeller was a tractor propeller mounted separately from
the airframe structure. Approximate dimensions for the set-up are

given in Figure 9,

The model fuselage was mounted on two swept airfoil struts which
could be moved parallel to the tunnel centerline in order to vary
the separation distance between the empennage and the propeller.
The propeller drive system was fixed in the longitudinal direction
but could be moved vertically to vary the height above and below
the selage centerline. The axial position of the propeller in
the test section was chosen to optimize the angular range avail-

able for acoustic measurewmcnts

-12-
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FIGURE 7.

OPEN TEST SECTION WiTH SOUND-ABSORBING PANELS ON SOUTH

SIDE (FUSELAGE ORIENTATION y = 0°)
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FIGURE 8.

OPEN TEST SECTION WITH SOUND-ABEORBING PANELS ON
NORTH SIDE
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Inspection of Figure 8 will show that the dimensions of the model
fuselage and empennage are not in correct proportions. This is
because the fuselage was used simply as an aerodynamic fairing on
which the empennage could be mounted. The dimensions of the
empennage were determined on the basis of the model scale for the
propeller rather than the fuselage. The model fuselage was
installed without a wing.

2.2.2 Model Empennage

Three empennage configurations were selected for test. These con-
figurations consisted essentially of a V-tail with and without a
dorsal fin, and a vertical fin. For convenience the V-tail with
dorsal fin is referred to in this report as the Y-tail and the
vertical fin as the I-tail. The fuselage model with the Y-tail
installed is shown in Figure 8. A view from beneath the Y-tail is
shown in Figure 10 and a head-on view in Figure 11. The fuselage

with I-tail installed is shown in Figure 12.

Tests were performed with the fuselage model oriented as shown
in Figure 8 so that sound levels could be measured to the side.
Then the fuselage was rotated through 90° and sound levels
measured beneath the airplane. These configurations are identi-
fied by v = 0° and y = 90°. 1In the y = 90° arrangement the
fuselage model was mounted on one side of the support struts, as
shown in Figures 11 and 13. The mounting was faired over to

minimize +*he generation of aerodynamic noise.

Representative dimensions for the test empennages are shown in
Figure 14.
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FIGURE 10,

Y-TAIL EMPENNAGE FROM BELOW
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FIGURE 11. HEAD-ON VIEW OF MODEL WITH Y-TAIL IN FUSELAGE
ORIENTATION y = 90°
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2.2.3 Model Propeller

The model propeller used in the test had four blades having the
designation SR-2. These blades have zero sweep, as is the case
for the majority of general aviation (GA) propellers but, compare.
to conventional GA designs, the SR-2 blade has a long chord and a
relatively low thickness-to-chord ratio of 2% at the tip. Typical
dimensions for the test propeller are given in Table 1, which also
contains a plan of the blade shape.

A photograph of the model propeller mounted on the spinner and
drive shaft is shown in Figure 15. The blade pitch angle was
adjusted manually. Appropriate values of the angle were deter-
mined for the different airflow speeds and propeller rotational
speeds, and the angle was adjusted prior to each test run.

The SR-2 propeller was selected initially by NASA as a baseline
for comparison with swept blade designs under evaluation for the
advanced turboprop (ATP) airplane. 1In the case of the ATP design
the flight condition of primary interest is cruise at M = 0.80 and
a blade-tip rotational Mach number of about 0.80, rather than
take-off and approach, the conditions explored in the present
tests. Wind tunnel acoustic measurements for the model SR-2
propeller (with 8 blades) under cruise conditions can be found in
References 16 through 18. The propeller was used in the present
tests because of its ready availability.

2.3 Instrumentation

2.3.1 Data Acquisition

Acoustic data from the tests were acquired using thirteen Bruel and
Kjaer Type 4133, 1.3 cm (0.5 inch) diameter microphones. Signals
from the microphones were passed through Bruel and Kjaer Type 222-2
conditioners to a l4-channel Ampex FR1300 tape recorder. The data

-22-



L 2nann BN

Test Propeller Characteristics

Propeller diameter
Hub diameter

Chord

Thickness

Tip Sweep Angle

Table 1

M

SR-2

59.1 cm
9.8 cm
9.2 cm
0.16 cm

0°

-23-
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were recorded on magnetic tape for a minimum of 30 seconds per
run. During dcta recording the microphone signals were monitored
on & Tektronix Model 475 oscilloscope. In addition sample on-line
narrowband analysis was performed using a Hewlett Packard Type
5420B Digital Signal Analyzer. A block diagram of the data
acquisition system is given in Figure 16.

Locations of the B&K microphones are shown in Figure 17 and listed
in Table 2. Microphones 1 through 6 were arranged in an arc of
radius 4.27 m (14 ft) outside the tunnel flow with the microphones
pointing towards the model propeller. Five of these microphones,
mounted on 1.1 m (3.5 ft) high stands can be seen in Figure 7.

Two other microphones (#10 and #13) were located in the same
horizontal plane but on the opposite side of the test section.

One of the microphone stands can be seen in Figure 8. These two
microphones were out of the main flow of the tunnel but may have
encountered some buffet from the edge of the free shear layer.

The microphones could not be moved further from the flow because
of constraints imposed by access to the tunnel control area.
Microphones #11 and 12 were placed in the vertical plane ahove the
test section, also in an arc of radius 4.27 m (14 ft) centered at
the propeller axis. These microphones were not influenced by the
tunnel flow.

Three microphones were located within the tunnel flow. In these

cases the microphones were fitted with Bruel and Kjaer Type UA0386
nose cones and were oriented so that they pointed in the upstream
direction. Two of the microphone installations (#7 and #8) can be
seen in Figure 8. The third in-flow microphone was located ahead

of the model fuselage and close to the tunnel centerline.

The microphone array remained fixed throughout the acoustic test
program. When the test model was oriented (Vy = 0°) as shown in
Figure 8 microphones 1 through 6 and microphones 10 and 13
represented measurements to the side of an airplane in flight:

-25-



Total of 13 Channels
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FIGURE 16.
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microphones 11 and 12 were above the airplane. Then, when the
model was rotated througa 90° ( ¢y= 90°) the array of microphones 1
through 6 was located beneath the airplane and microphones 10 and

13 above the airplane.

2.3.2 Data Reduction

The data reduction instrumentation is shown in the block diagram
in Figure 18. Signals from the Ampex FR1300 tape recorder were
reduced into narrowband or one-third octave band sound pressure
level spectra. The narrowband data reduction was performed using
a Hewlett-Packard system and the one-third octave band data reduc-
tion using a GenRad Model 1995 Integrating Real Time Analyzer.

The data reduction process was controlled by means of a Hewlett-
Packard 87XM Personal Computer.

One-third octave band spectra were reduced using the GenRad 1995
Real Time Analyzer with a flat response from 25 Hz to 20,000 Hz
and a linear weighting function. The spectra were obtained by
integrating over a 15-second sample length. The computer program
GENRAD3 (see Appendix A) was used on the HP87 computer as
controller, taking the integrated spectrum from the GenRad 1995,
adjusting for microphone gains, adding shear layer corrections to
the spectrum, normalizing the data to a distance of 4.3 m (14 ft),
calculating the A-weighted level and plotting and listing the
corrected or uncorrected spectrum levels. The spectrum levels
could be stored on disc, using the HP-9121D Flexible Disc Memory,
identified by run number, data point and microphone number for
future reference.

Narrowband spectra were obtained using the HP5420 FFT Narrowband
Analyzer. The set-up state used for the data reduction is shown
in Figure 19 together with an example of the spectrum for a cali-
bration gignal. The data were reduced in the frequency range 0 to
6400 Hz, with 512 spectral lines (high resolution auto-spectrum),
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DATA REDUCTION
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giving a frequency resolution of 12.5 Hz. At least 30 averages
were performed to produce the final spectrum.

The analysis mode selected for the HP5420 was that for Qinusoidal-
type signals. This mode has the property of giving the correct
maximum spectrum level for narrowband peaks of bandwidtih less than
the filter bandwidth. However it results in a relatively wide
filter bandwidth; for the conditions given earlier the effective
filter bandwidth was approximately 42 Hz (12.5 x 3.4). Since the
output of the analyzer in the sinusoidal mode is "power in the
band"”, the broadband levels must be adjusted by the filter band-
width (-16 dB) to give the power spectral density level.

Having obtained the average spectrum levels, the harmonics could
be indicated on the HP 5420 by setting the cursor on the first
harmonic {or fundamental) of the blade passage frequency and
selecting the harmonic indicator for a maximum of 21 harmonics.
This process stored the harmonic frequencies and associated sound

levels in memory for later retrieval by the HP 87 controller.

The narrowband spectrum levels (512 lines maximum), bandwidth,
harmonic frequencies and harmonic sound pressure levels could be
transferred from the HP 5420 to the HP 87 by use of computer pro-
gram CEDAR2 (see Appendix A). Adjustments were made for gain,
shear layer corrections and normalization to a standard radial
distance of 4.3 m (14 feet). The adjusted or unadjusted spectra
could be plotted and stored on disc; the harmonic frequencies and
levels could be listed and stored on disc. As for one-third octave
band analysis, run number, data point and microphone number were

used as identifiers for future retrieval of the data.
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2.4 Test Conditions

The test configurations and conditions are listed in Table 3. The
first five test runs were performed with the test section empty
and then with only the propeller system in the tunnel flow. Test
runs 6 through 8 were then conducted with the model fuselage
present without an empennage and at the ¥y = 0° orientation. Simi-
lar tests were performed later for ¥ = 90° (runs 60 through 64).
These two values of ¥ were selected so that the main microphone
array represented sideline (¥ = 0°) or flyover (V¥ = 90°) posi-
tions. Measurements for the Y-tail configuration were performed
in runs 9 through 25 and runs 30 through 40 for ¥ = 0°, and runs
65 through 73 for ¥ = 90°. Four runs (26 through 29) were con-
ducted with the dorsal fin off (V-tail) and ¢ = 0°. Then the
vertical fin configuration (I-tail) was tested in runs 41 - 49 for
¥ = 0° and runs 50 - 59 for y = 90°.

The tests involved a number of limited parametric variations. Two
flow speeds of 45.7 m/s (150 ft/sec) and 62.5 m/s (205 ft/sec) and
three propeller rotational speeds (4000, 6000 and 8200 rpm) were
used for most of the runs. Appropriate values were selected for

blade angle for each combination of flow speed and rpm.

The distance between the model fuselage and propeller was varied
in both longitudinal (x-coordinate) and vertical (y-coordinate)
directions with the main interest being directed to the Y-tail
configuration. The origin for the (x,y) coordinates given in
Table 3 was on the fuselage centerline at the rear-most point on
the tail cone. For most tests the empennage angle of incidence

was zero but this was adjusted to 5° for four runs (30 - 33) while
the longitudinal separation distance was varied for the Y-tail.
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2.4 Test Conditions

The test configurations and conditions are listed in Table 3. The
first five test runs were performed with the test section empty
and then with only the propeller system in the tunnel flow. Test
runs 6 through 8 were then conducted with the model fuselage
present without an empennage and at the ¥ = 0° orientation. Simi-
lar tests were performed later for Y = 90° (runs 60 through 64).
These two values of Yy were selected so that the main microphone
array represented sideline (¥ = 0°) or flyover (V¥ = 90°) posi-
tions. Measurements for the Y-tail configuration were performed
in runs 9 through 25 and runs 30 through 40 for V¥ = 0°, and runs
65 through 73 for ¥ = 90°. Four runs (26 through 29) were con-
ducted with the dorsal fin off (V-tail) and Yy = 0°. Then the
vertical fin configuration (I-tail) was tested in runs 41 - 49 for
Y = 0° and runs 50 - 59 for Yy = 90°.

The tests involved a number of limited parametric variations. Two
flow speeds of 45.7 m/s (150 ft/sec) and 62.5 m/s (205 ft/sec) and
three propeller rotational speeds (4000, 6000 and 8200 rpm) were
used for most of the runs. Appropriate values were selected for

blade angle for each combination of flow speed and rpm.

The distance between the model fuselage and propeller was varied
in both longitudinal (x-coordinate) and vertical (y-coordinate)
directions with the main interest being directed to the Y-tail
configuration. The origin for the (x,y) coordinates given in
Table 3 was on the fuselage centerline at the rear-most point on
the tail cone. For most tests the empennage angle of incidence
was zero but this was adjusted to 5° for four runs (30 - 33) while
the longitudinal separation distance was varied for the Y-tail.
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The origin of the x-coordinate was selected as the rear-most point
on the fuselage as a matter of convenience. However, the separa-
tion distance with most relevance to the test data is probably that
between the trailing edge of the empennage and the plane of rota-
tion of the propeller. This distance can be determined from the
x-coordinate if two other parameters are known -- the distance of
tre trailing edge of ths rout of the empennage from the x-origin
and the sweep oi the tra:: '3 «dge of the empennage. Estimates of
these parameters can be obtained from Figure 14. In the case of the
Y-tail, the root of the trailing edge of the V-structure is 0.5 cm
(0.25 in.) forward of the tail cone, and the trailing edge is swept
forward so that at the tip of the propeller the trailing edge of the
empennage is 5 cm (2 inches) forward of the tail cone. Thus if the
separation between tail cone and propeller plane is 23 cm (9 inches)
the propeller will be 23.5 to 28 cm aft of the V-trailing edge.
Corresponding distances ior the dorsal fin are 27 to 23 cm, the
trailing edge being swept back. The trailing edge of the I-tail is
swept backwards at an angle of about 22° and the root tip of the
trailing edge is 8 -m aft of the fuselage tail cone. Thus if x is
23 cm (9 inches) the separation between empennage trailing edge and
propeller plane will vary from 15 c¢cm at the empennage root to about
4 cm at the propeller tip.

The operating conditions for the propeller are given in Table 4.
Propeller tip rotational Mach numbers were in the range 0.36 to
0.74, and helical Mach numbers in the range 0.39 to 0.77. The
values can be compared with typical values for general aviation
aircraft [19] where both Mach numbers lie in the range 0.65 to
0.90. In the case of the propeller advance ratio the test values
were 0.59 to 1.59 which corresponds fairly closely to the flight
range of 0.8 to 1.5. Looking at sbecific test rpm conditions it
is found that the Mach numbers and advance ratio at 8200 rpm are
similar to flight values but the test Mach numbers are lower than
flight values at 6000 and 4000 rpm. Blade passage frequencies
associated with 4000, 6000 and 8200 rpm are 266.7, 400.0 and
546.7 Hz respectively.
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The test conditions can also be compared with design operating
conditions for the SR-2 propeller. 1In this case the prop design
conditions are associated with cruise at M = 0.80, and a propeller
tip rotational Mach number of 0.80. However the wind tunnel test
conditions refer to take-off flight rather than cruise, in which
case the 8200 rpm c:nditions are similar to the SR-2 flight
conditions.
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3. DATA ANALYSIS PROCEDURES

3.1 General Approach

The main emphasis of the data presentation in this report is di-
rected towards the narrowband acoustic spectra. There are several
reasons for this emphasis but the main reason is that discrete
frequency compcnents associated with harmonics of the blade pas-
sage frequency can be readily identified and separated from broad-
band contributions. While this is possible for low order harmon-
ics using one-third octave band analysis it is not possible at
higher frequencies because there may be more than one harmonic in
a given frequency band or the integrated broadband level may mask
the discrete frequency component.

The use of narrowband spectra also makes the task of identifying
"facility" noise components possible. These components may be
discrete or narrowband contributions from support struts and other
items immersed in the tunnel flow or may be general broadband
noise from the flow itself. One objective of the analysis process
is to identify such interference sources so that they can be

separated from the propeller noise data.

3.2 Adjustment to Harmonic Sound Pressure Levels

Visual inspection of narrowband acoustic spectra such as the
example shown in Figure 20 readily identifies several harmonic
components associated with the blade passage frequency when these
components stand well above the general background level. However
other harmonic components have associated sound pressure levels
which are fairly close to the adjacent broadband values. Although
these harmonics can be identified using the harmonic pattern
identification capability of the narrowband analyzer, the measured
sound pressure levels will contain significant contributions from
the broadband components. Thus an adjustment was made to the
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measured values in order to obtain estimates of the discrete fre-
quency contribution at the harmonics of the propeller blade pas-
sage frequency.

The adjustment was performed under the assumption that the dis-
crete frequency and broadband components were uncorrelated so that
calculations could be made on an energy basis. Furthermore, it
was assumed that the broadband contribution at the frequency of
the harmonic of interest could be estimated by interpolation of
the measured sound pressure levels on either side of the spectral
peak at the harmonic frequency. The discrete frequency sound
pressure level could then be estimated from the energy difference
between the measured data and the interpolated broadband contribu-
tion. As an example, if the measured peak at harmonic m = 6 in
Figure 20 is 71.8 dB and the interpolated broadband component is
67.8 dB, then the estimated sound pressure level from the propel-
ler harmonic component is 69.6 dB.

3.3 Distance Normalization

Since most of the microphones were located at a distance of 4.3 m
(14 feet) from the propeller hub, the data were normalized to this
reference distance. The normalization was performed according to
the inverse square law. The resulting adjustments are given in
Table 5.

3.4 Shear Layer Effect

The use of an open test section for the measurement of propeller
noise has the advantage that the microphones can be placed outside
the flow. Thus there is no problem of aerodynamic self-noise on
the microphones. However there is a disadvantage in that the
acoustic waves have to pass through the shear layer of the free
jet from the tunnel nozzle. The effect of the shear layer on the
far field sound pressure levels has been investigated by several
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| Table 5. Distance Normalization

k Microphone Adjustment to Sound Pressure Level
(aB)
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authors [20-28]. Two phenomena have been considered -- refraction
when crossing the shear layer and scattering by the turbulence in
the shear layer. The influence of scattering on the present test
data will be discussed in Section 3.5; refraction effects are
considered here.

The scope of the present wind tunnel test did not permit any
investigation of the shear layer effects. Thus, recourse is had
to published results. Tests in the full-scale DNW tunnel [27]

have shown that the analytical results of Amiet [20] are adequate
up to a frequency of about 10,000 Hz for a tunnel flow speed of
40 m/s and up to 5,000 Hz for a flow speed of 80 m/s. Deviations
from the theoretical results were found at higher frequencies and
flow speeds. Empirical relationships are given by Ross et al [27]
but these are not required for the present test data where inter-
est is centered on frequencies up to 6000 Hz and flow speeds to
62.5 m/s.

The analytical model of Amiet [20] represents the shear layer as a
plane of zero tnickness and assumes that the observer is in the
geometric and acoustic far-fields of the source. However, there
is no restriction on the distance from the source to the shear
layer. The geometry of the model is shown in Figure 21, where the
source and observer are assumed to be in a plane normal +o the
shear layer and parallel to the flow. The line from the source to
the observer makes an angle 6 with the shear layer. The actual
path of a sound ray is represented by the line SCO, and location
O' is the position at which the sound would be heard in the
absence of a shear layer. Thus, in order to get the true direc-
tivity of the propeller noise in the absence of a shear layer,
adjustments must be estimated for the observed directivity and
sound pressure level. Using the notation of Figure 21, the
appropriate equations for the directivity adjustment at constant

=
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radius [20] are:-

tan 6' = z/(B%’cosb8"- M) ) (1)
Yocot6 = h cotf' + (yo-h) cot6" (2)
where
T = [(l + Mcos6")? - cosze"]"
and
B =(1-M2)"

The adjustment to the measured sound pressure level is

P
ASPL = 20 log (— ) dB (3)
pO
where
P ' " y
(o] h cosb "
—_ = sind"+(—1 [s:.n &) + ]
e -feeea [oamens (3¢ ]° !
- N [M2(1+Mcose")2 % (1-M2cosze")]"[c+sine"(1+Mcose")]
2 sinb
(4)

Ad justments to the angle and sound pressure level, calculated
according to Egs.(l) - (4) are listed in Table 6. It is seen that
the adjustments to the sound level are small, being generally less
than 1 dB; adjustments to the directivity angle are less than 10°.
Similar adjustments were estimated by Trebble et al [29] for tests
on model scale propellers at flow speeds of 30 m/s. When comput-
ing the adjustments listed in Table 6 it was assumed that the
distance h from the source to the shear layer was 1.5 m (5 ft) for
all microphone locations except 11 and 12 (Microphones 7 through 9
were excluded, of course, since they were located within the
flow). Microphones 11 and 12 were above the horizontal plane con-
taining the source and the other microphones. Strictly speaking
Microphones 11 and 12 do not satisfy the condition of Amiet's ana-
lytical model that the source and observer lie in a plane normal
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Table 6. Adjustments Due to Refraction at Shear Layer
Micro- ) V =62.5 m/s V =45.7 m/s
phone # degrees g’ A SPL 8' ASPL

degrees dB degrees dB
1 60 68.5 1.2 65.9 0.8
2 70 77.8 0.9 75.5 0.6
3 80 87.2 0.6 85.2 0.4
4 90 96.8 0.2 95.0 0.1
5 105 111.2 -0.2 109.7 -0.2
6 120 126.1 -0.6 124.6 -0.5

10 290 285.6 0.7 286.9 0.5

11 90 97.5 0.2 95.5 0.1

12 90 96.3 0.2 94.6 0.1

13 270 266.3 0.2 267.3 0.1
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to the shear layer. However, this violation is neglected for
present purposes and values of h are computed as though the source/
observer plane was normal to the shear layer. Estimated values of
h are 1.2 m (4.0 ft) for microphone 11 and 1.8 m (5.8 ft) for
microphone 12.

3.5 Turbulence Scattering

It has been observed [22,26-28] that when a discrete frequency
acoustic signal passes through the turbulence in a shear layer
there is a broadening of the frequency peak. The broadening is
associated with a reduction in the peak value of the sound level of
the discrete frequency, the total energy in the spectral peak
remaining roughly constant. This spectral broadening is of conse-
quence in the present test only if there is an observable change in
the sound pressure levels of the propeller harmonics. If the
filter bandwidth used in the data reduction is sufficiently larger
that the energy of the harmonic stays within the bandwidth, then
there will be no observable variation in harmonic level. On the
other hand if the filter bandwidth is less than the spectral peak
the observed level of the harmonic will be lower than it should be,
and an adjustment will be required.

First, it is appropriate to review the published experimental find-
ings [26-28]. The data indicate that spectral broadening becomes
increasingly important as frequency, shear layer thickness, and
flow speed or Mach number increases. Ross [26] used measurements
in the scale model of the DNW wind tunnel to develop an empirical
relationship between the spectral broadening and reduction of peak
level on one hand and the flow parameters on the other. The
relationship between the peak bandwidth Afj;op (at the 10 dB down
points) and the flow parameters was given as

0.67

Afy, = 380 (M&/2) 15)
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where M is the flow Mach number, § the shear layer thickness and )
the acoustic wavelength. Significant effects on the peak sound
pressure level were observed when (MS§/)) exceeded 0.5.

In later work Ross et al [27] determined somewhat different rela-
tionships based on measuremens in the fullscale DNW tunnel.
Although they do not give a specific equation for the spectral
bandwidth they note that it increases almost linearly with tone
frequency, approximately as the third power of airflow speed, and
somewhat weakly with shear layer thickness. From the small amount
of information given [27] an empirical relationship can be develop-
ed for the bandwidth Af3 of the 3 dB down points.

Af3

- -6 ,2.1424

where flowspeed V is measured in m/s.

Suppose now that it is assumed that the dependence of Af3 on ¢
is the same as that given in the earlier work [26].
0.67

i.e., Af3 x §

Then the empirical relationship of Eq.(6) becomes

Af3

= = 3.14 x 10

6 V2.1020 0.67

S (7)

In deriving Eq.(7) it was assumed, as in [26], that the shear layer

thickness can be estimated from
6= 0.16 x (8)
where x is the distance downstream from the nozzle lip.
Eqs.(7) and (8) can now be applied to the current propel-
ler/empennage test configuration. With V = 62.5 m/s and § esti-

mated to be 0.26 m at the propeller plane, then
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Af3
— e - 0.89%

Thus, at f = 500 Hz, Af3 = 4.4 Hz and at £ = 6000 Hz f3 = 53 Hz.
Here it is assumed that ® = 90°. For propagation in the forward
direction (6 < 90°) the shear layer will be thinner but the path
through the shear layer will be increased because of the angle of
incidence. The net change, relative to 6 = 90°, is probably
small. In the aft direction (6 > 90°), the path through the shear
layer will be longer than at 6 = 90°, with a consequential in-
crease in the scattering effect. To estimate this effect consider
microphone location 6 at 6 = 120°. Using Eq.(8) the predicted
thickness of the shear layer is 0.40 m but the path traveled by
the acoustic ray will be about 0.46 m because the ray will not be
incident normally to the layer. The empirical prediction method
now gives

Af3 = 6.6 Hz at 500 Hz
and Af3 = 79 Hz at 6000 Hz.

It is now possible to review the measured narrowband spectra.

This can be done in several ways.

(a) by comparing the bandwidths of the spectral peaks at
different frequencies to see if the bandwidth increases
with frequency,

(b) by comparing the bandwidths of the spectral peaks at a
given location outside the shear layer with and without

tunnel flow, or,

(c) by comparing spectra at locations in (#7) and outside
(#5) the flow.
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Figure 22 compares narrowband sound pressure level spectra meas-
ured at microphone location 2 without (Figure 22(a)) and with
(Figure 22(b)) flow in the test section. Qualitatively, the band-
widths of the harmonic peaks appear to be independent of both fre-
quency and flow speed. In all cases the bandwidth of the peaks is
that of the effective narrowband filter used in the data reduction
process, i.e., 42 Hz (see Section 2.3.2).

In Figure 23* spectra are compared for microphone locations 5 and
7 at the same test condition. The spectrum measured in the flow
exhibits a peak bandwidth which is independent of frequency,
whereas there is an indication that the bandwidth of the harmonic
peaks increases slightly with frequency outside the flow.

Finally, spectra measured at microphone locations 2 and 6 are
compared in Figure 24*. It is apparent that the bandwidth of the
peaks increases with frequency at location 6 but not at location
2. This result is consistent with the spectral broadening predic-
ted earlier. If the broadened peak has a bandwidth less than the
data reduction filter bandwidth of 42 Hz then there will be no
observable change in the apparent bandwidth of the harmonic peaks.
However when the broadened peak bandwid*“ exceeds 42 Hz, there
will be an apparent increase in the bandwidth in the measured
spectra. Using the simple empirical analysis presented earlier,
the broadening of the harmonic peaks would start to become evident
at location 6 at frequencies above about 3200 Hz. At location 2
the corresponding bounding frequency would be approximately

6000 Hz. Thus spectral broadening would be expected at location 6
but not at location 2 -- in agreement with observations.

Determination of the effect of this spectral broadening on the
measured harmonic sound pressure levels is a more difficult propo-

) sition. None of the references [22, 26-28] develops an empirical
. relationship which specifically addresses the problem, and the
’ shapes of the broadened peaks show different characteristics from

* See Appendix B ror further discussion.
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(b) Flow Speed = 62.4 m/5
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FIGURE 22. NARROWBAND PROPELLER NOISE SPECTRA MEASURED WITH AND
WITHOUT AIRFLOW (MICROPHONE 2)
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(a) Microphone 7 (In Flow)
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(b) Microphone 5 (Out of Flow)
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FIGURE 23. COMPARISON OF NARROWBAND PROPELLER NOISE SPECTRA
MEASURED IN AND OUT OF FLOW
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(a) Microphone 2 (Forward of Plane of Rotation)
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(b) Microphone 6 (Aft of Plane of Rotation)
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FIGURE 24, COMPARISON OF NARROWBAND PROPELLER NOISE SPECTRA
MEASURED FORWARD AND AT OF PLANE OF ROTATION
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test to test. Ross et al [27] develop an empirical equation to
modify Amiet's analytical model at high frequencies and emission
angles of 40° to 120°. They speculate that the modification in-
cludes the influence of shear layer turbulence because the correc-
tions are greatest at the most forward and rearward angles. How-
ever the correction is positive in one case and negative in the
other; it seems more reasonable to expect that spectral broadening
due to turbulence would always cause corrections of the same sign
(positive) for discrete frequency components.

In the absence of any well-defined approach, no corrections to
sound pressure level have been made in this report to account for
spectral broadening of the harmonic peaks. Corrections can be
introduced at some future date when the evidence is more clear.

At this time only a warning is made that measured sound levels of
the high frequency harmonics may be low due to spectral broadening
induced by shear layer turbulence. It is probable, however, that

the general results of the study will be unaffected by the omis-
sion of this correction.



4. EVALUATION OF TEST DATA

4.1 Introduction

The main objective of the test program is to determine the noise
generated by interaction between the propeller and the wake from
the empennage. First, however, it is necessary to determine the
background or baseline sound pressure levels associated with the
presence of the test hardware in the test section. The hardware
includes microphone stands, model fuselage with support struts and
propeller drive system. Also it is necessary to determine the
sound pressure levels generated by the propeller (with and without
the fuselage present) before the empennage is introduced.

A review of the background sound pressure levels is presented in
this section, before the propeller sound pressure levels are
discussed in detail in subsequent sections of this report. It is
not necessary in the review to present data for all the microphone
locations since it is found that, at least for the broadband
noise, the acoustic field is not highly directional. Thus
conclusions drawn, for example, for microphone 2 locations are
generally applicable to other microphones, except for the three
microphones in the flow. Consequently the data presented in this

section are usually associated with one microphone location,
namely #2.

4.2 Noise due to Test Hardware

Broadband sound pressure levels were measured in the test chamber
when the propeller drive system (without propeller) and the fuse-
lage (without empennage) were present in the test section.

Figure 25 compares narrowband spectra measured at microphone
location 2 for the two test flow speeds. Similar comparisons can
be obtained for the other microphones located outside the flow.

It is seen that, in general, there is an increase of 9 to 10 dB
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FIGURE 25. SOUND PRESSURE LEVEL SPECTRA MEASURED OUT OF FLOW
(MICROPHONE 2) WHEN PROPELLER NOT OPERATING
(FUSELAGE WITHOUT EMPENNAGE)
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FIGURE 26. SOUND PRESSURE LEVEL SPECTRA MEASURED IN FLOW
(MICROPHONE 7) WHEN PROPELLER NOT OPERATING
(FUSELAGE WITHOUT EMPENNAGE)
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in sound pressure level when the flow speed is increased from 45.7
m/s to 62.4 m/s. This increase corresponds to a velocity law of

p? « v8:6 to v 74

where 52 is the mean square acoustic pressure. This relation-
ship is similar to the V6 power law generally associated with
acoustic radiation from a dipole-type source.

Exceptions to the general velocity law occur at peaks in the spec-
tra which exhibit a trend of frequency increasing linearly with
flow speed. At 45.7 m/s the frequency of the prominent peak is
1780 Hz and at 62.4 m/s the corresponding frequency is 2470 Hz.
During the course of the test program it was determined that these
components were generated by flow interaction with the support
struts for microphones 7, 8 and 9 which were located in the tunnel
flow. Following Run 46 boundary layer flow trips were placed on
the leading edges of the support struts and the associated noise
components were eliminated from the acoustic spectra for

subsequent runs.

A comparison of narrowband spectra measured at microphone 7 in the
flow is shown in Figure 26. In this case, however, the sound
pressure level increases more slowly with flow speed than was the
case for the data in Figure 25. The law relating mean square

pressure and flow speed is now

This law is similar to that predicted for aerodynamic self-noise
on the microphone rather than radiated acoustic noise. This is
physically reasonable, particularly when it is observed that the
pressure levels recorded by microphone 7 are higher than those
measured in the acoustic radiation field (see Figure 27). The
difference in pressure levels is such that the peaks associated
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(a) V=45.7m/s
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FIGURE 27. COMPARISON OF SOUND PRESSURE LEVEL SPECTRA MEASURED IN
AND OUT OF FLOW WHEN PROPELLER NOT OPERATING
(FUSELAGE WITHOUT EMPENNAGE)
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with radiation from the microphone support struts are masked by
the aerodynamic self-noise of microphone 7.

The effect of the empennage on sound pressure levels in the test
chamber was found to be negligible. This can be seen in Figure 28
which compares sound pressure levels measured at microphone loca-
tion 2 when the fuselage was installed first without an empennage
and then with the Y-tail. The data are associated with a flow
speed of 62.4 m/s and fuselage orientations of y = 0° and 90°.

A direct comparison of sound pressure level spectra measured for
the two orientations of the fuselage is provided by Figure 29. 1In
this case the data were measured at microphones 2 and 13, located
on different sides of the test section. The spectra show no sig-
nificant effect of angle of orientation except for the elimination
of broadband peaks associated with noise generated by flow over
the microphone support struts. As stated earlier this acoustic
component was eliminated following Run 46 by the attachment of
flow trips to the strut leading edges. The strut noise is present
for Run 9 but not for Run 73.

4.3 Propeller Noise

The propeller noise field generated by the test model can be con-
sidered from a number of viewpoints. However, since the purpose
of the present test is to investigate the effect of the empennage
the evaluation of the data will place emphasis on this aspect.

Narrowband sound pressure levels rieasured with and without the
propeller operating are shown in Figures 30 through 35. The data
in Figures 30 and 31 refer to propeller rotational speeds of

4000 rpm and Figures 32 through 35 are associated with 8200 rpm.
In all cases the fuselage has an empennage attached at the rear.
Results for the lower propeller rpm show that the broadband sound
pressure levels are not much higher than the background levels,
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FIGURE 34, COMPARISON OF SOUND PRESSURE LEVELS AT MICROPHONE 2 WITH
AND WITHOUT PROPELLER OPERATING (Y-TAIL, ¢ =90°, 8200 RPM)
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FIGURE 35. COMPARISON OF SOUND PRESSURE LEVELS AT MICROPHONE 2 WITH
AND WITHOUT PROPELLER OPERATING (I-TAIL, y =90°, 8200 RPM)
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particularly at the higher flow speed and frequencies below about
2500 Hz.

As propeller rpm increases the broadband and discrete frequency
components generated by the propeller increase relative to the
background, as can be seen by comparing Figures 30 and 32 or
Figures 31 and 33. Even so the difference between propeller and
background sound ievels is smaller at the higher flow speed than
it is at the lower flow speed. For example, Figures 31 and 32
show that the propeller broadband noise at high frequencies is
about 13 dB above the background at a flow speed of 45.7 m/s and
only 7 dB at a flow speed of 62.4 m/s.

Figures 34 and 35 show that the general relationships between
propeller noise and background noise for a fuselage with empennage
are also observed for a fuselage orientation of ¢ = 90° and for
other empennage configurations (I-tail).

An alternative approach to evaluating the propeller noise is to
compare sound levels generated by a propeller with and without a
fuselage structure upstream. Such a comparison is shown in

Figure 36 for two fuselage orientations (0° and 90°) and a flow
speed of 62.4 m/s. In this case it is seen that the presence of
the fuselage (without empennage) causes an increase in the propel--
ler broadband sound pressure levels but it is usually small. For
the test conditions shown in Figure 36 the increase is about 1 dB
for Y = 0° and about 3 dB for ¥ =90°.

The discrete frequency components in Figure 36 show no identifi-
able trend, some harmonics increase in sound pressure level when
the fuselage is introduced, others decrease in level and yet
others remain unchanged. However, harmonic sound pressure levels
will be discussed in greater detail in Section 5 of this report.
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FIGURE 36.

(a) ¥=0°
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COMPARISON OF PROPELLER SOUND PRESSURE LEVELS WITH AND
WITHOUT FUSELAGE UPSTREAM (NO EMPENNAGE, 62.4 M/S, 8200 RPM)
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Perhaps a more important approach, from the standpoint of the
present study, is to compare sound levels generated by the propel-
ler when the fuselage is without, and then with, an empennage.
Comparisons of this type are shown in Figures 37 through 39 where
it is seen that there is only a very small (sometimes negligible)
increase in broadband socund pressure level when the empennage is
introduced. Separation distance between empennage and propeller
also appears to have only a small influence (Figure 40) on the
broadband sound pressure levels.

In summary, broadband sound pressure levels generated by the
propeller downstream of an empennage are higher than those for the
propeller alone, but it is difficult to determine the precise role
played by the empennage because the changes in sound level are
small relative to the case of a fuselage without empennage. The
situation for discrete frequency components at harmonics of the
blade passage frequency is different in that the empennage can
cause a significant increase in the level of the higher order har-
monics. This will be discussed further in Section 5.

4.4 Repeatability of Data

One question that often arises in propeller noise tests, particu-
larly those which involve flight test studies, involves data re-
peatability. Time constraints did not allow much scope for repeat
runs at identical ccnditions but it was possible to perform one
condition on three different occasions (with small changes in the
value of the separation distance x). The three runs are 1l1l-1,
16-1, and 22-6, and they are associated with the Y-tail, flow
speed of 62.4 m/s and 8200 rpm. For run 1ll-1, X = 229 mm and for
runs 16-1 and 22-6, X = 238 mm, a difference of less than 4%.

Figure 41 presents comparisons of the narrowband spectra for the

three runs measured at three microphone locations. Several obser-
vations can be made:-
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(a) Microphone 2
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(b) Microphone 6
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| NIC 6 THETA = 126.1 deg (corrected) U =62.4 m’eec CAIN=20
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FIGURE 37. INFLUENCE OF EMPENNAGE ON NARROWBAND SOUND PRESSURE
LEVELS WITH PROPELLER OPERATING ( y =0°)
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(a) Microphone 2
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(b) Microphone 6
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MIC 6 THETA = 126.1 deg (co~rected) U =82.4 e/sec GAIN=2C
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FIGURE 38. INFLUENCE OF EMPENNAGE ON NARROWBAND SOUND PRESSURE

LEVELS WITH PROPELLER OPERATING ( ¥ =90°, 8200 RPM)
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(a) Microphone 2
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(b) Microphone 6
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FIGURE 39. INFLUENCE OF EMPENNAGFE: ON NARROWBAND SOUND PRESSURE
LEVELS WITH PROPELLER OPERATING ( y=90°, 6000 RPM)
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(a) Microphone 2 OF POOR QUALITY
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(b) Microphone 6

120  NARROY BAND SPECTRUM CORRECTED FOR SMEAR LAYER AND 4.3 m DISTANCE
[ TEST 708 AN 1S DATA POINT 1
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FIGURE 40. INFLUENCE OF SEPARATION BETWEEN EMPENNAGE AND PROPELLER

ON NARROWBAND SOUND PRESSURE LEVELS (Y-TAIL)
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(a) Microphone
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(b) Microphone 5
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FIGURE 41, COMPARISON OF NARROWBAND SOUND PRESSURE LEVELS FOR
REPEATED RUNS (Y-TAIL, 62.4 M/S, 8200 RPM)
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(c) Microphone 6
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FIGURE 41. CONTINUED
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(a) Multiples of the propeller shaft rotational frequency
are in more evidence in some spectra than in others

(b) Broadband noise levels show good repeatability at some
locations but not at others, and

(c) There appears to be a fairly wide variation in harmonic
sound pressure levels.

The appearance and disappearance of harmonic components at mul-
tiples of the propeller shaft rotational frequency were observed
several times during the test program. While it was not possible
to obtain definite evidence, it is believed that the phenomenon
was associated with the changes in blade angle from run to run.
These adjustments were made manually and it is possible that small
misalignments could occur on one blade with a resulting generation
of acoustic components at the shaft rotational frequency.

Omitting the shaft rotation components, the broadband spectral
components generally show good repeatability from run to run at
microphone locations 5 and 6 but rather poor repeatability at

high frequencies at location 2. In this latter case the data band
is 3 to 4 dB wide.

Evaluation of the repeatability of sound pressure levels at har-
monics of the blade passage frzquency is not practical from spec-
tral plots such as those in Figure 41. A more informative presen-
tation is in terms of harmonic level as shown in Figure 42. 1In
some cases, such as microphone location 12, the data show very
little variation from run to run whereas in other cases (e.g.
microphone 3) the sound pressure levels for a given harmonic show
a range of 10 dB or more.
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FIGURE 42, COMPARISON OF BLADE PASSAGE FREQUENCY HARMONIC LEVELS
FOR REPEAT RUNS (Y-TAIL, 62.4 M/S, 8200 RPM)
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(c) Microphone 3

HARMONIC LEVELS CORRECTED FOR SHEAR LAYER AND 4, 3m DISTANCE

120~
; AND AUJUSTEC FOR BRCADBAND CONTRIBUTIONS
Symbo! Mic  Run-Dote pt-Mic
s 3 oNe-1-)
110+ - 3 o2-8-)
- P . 3 Oii=1-3
100+
k -~
— -~
' N
80~ e
Mormenic Y \‘\‘\\ ke .
L.:l “\ \‘\\
et \‘~\_i
! L SN
| \‘
7ot \\r,\
i -0
=3
sok
|
|
soL 4 ! S =8 i = A e 4
1 L e [ $ ] 14 (] [] 10 1

(d) Microphone 4

MARMONIC LEVELS CORRECTED FOR SHEAR LAYER AND 4.3a DISTANCE

r AND ADJUSTED FOR BROADBAND CONTRIBLTIONS
Symbel  Mic  Mm-Date pr-Mic
L —_—— 4 o1e-1-4
Ilﬂ. - - 4 o2-9-4
i — P o L] CHil=1-4
m]»
| \.
o TN
Mormonic y \. \
Leve: | \
I "\
. L \‘
N TR -
| ‘v /t. \
| - Y= 8 a
* Rty N
«
|
”L_T_-!'_gr%iffiiﬁn"
Hareonic Order
FIGURE 42, CONTINUED

-82-



P —
L] . . i

e TN e . e

ORIGKNAL PAGE IS
OF POOR QUALITY

(e) Microphone 5

1o

100~

He~monic .
-ave. '

©<r

©-

MARMCNIC LEVELS CORRECTED FOR SHEAR LAYCR AND 4. 3w DISTANCE
AND ADJUSTED FOR BROADBAND CONTRIBUTIONS

Sysbo) Nie  Aum-Dorc pretic

—- 3 oue-:-
~r- 8 o243
- 8 OH1-1-8

Lt S S puli Sl mitl e e S TN R S

Morsonic 0 der

(f) Microphone 6

120~

110+

HARMONIC LEVELS CORRECTED FOR SHEAR LAYER AND 4.3m ZISTANCE
AKD ADJUSTED FOR BRCADBAID CONTRIBUTJONS

Sysbe! Mic  Rur-Dote pt-Mic

——— ] ove-1-8
-+ 0 o248
—- 0 oni-i4
\\
A\
N A
IS A
- \‘ 7 AN
) R Y
A -
\2’/\ ,

FIGURE 42. CONTINUED

=0 2=



(g) Microphone 11
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FIGURE 42, CONTINUED
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Visual inspection of Figure 42 does not indicate any particular
trend with harmonic order or microphone location. Thus, the range
of sound pressure levels at each harmonic order was averaged over
all eight locations and linear regression performed on the aver-
ages. The results indicated that the repe tability of harmonic
sound pressure level was slightly better at higher harmonic order
than at lower order. The linear regression equation for the
average range of sound pressure level, ASPL for a given harmonic
order m was

ASPL = -0.14m + 4.63 dB

with a regression coefficient of -0.59. The equation indicates

that the average range of data at a given microphone location will
be 4.5 dB for harmonic m = 1 and 3.1 dB for harmonic of order 11

In an alternative analysis the range of sound pressure levels for
each harmonic can be averaged for each microphone location. The
averages can then be plotted as a function of radiation angle 6'
(defined as in Figure 17). The resulting relationship is shown in
Figure 43, which suggests that data repeatability is worst near
the plane of rotation of the propeller.

The large variability in the data for nominally identical test
conditions is of concern because it can mask trends associated
with parametric variations. A similar problem occurs during

flight test. A better understanding of the phenomena involved

would be a useful addition to propeller noise technology.
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FIGURE 43, AVERAGE RANGE OF HARMONIC SOUND PRESSURE LEVELS
FOR REPEAT RUNS AS A FUNCTION OF ANGLE OF RADIATION
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4.5 Summary

This evaluation of the narrowband acoustic spectra has shown that
the background noise generated by the test hardware without the
propeller is usually lower than that generated by the propeller.
The exception to this rule occurs for broadband noise at low fre-
quencies. However, the presence of the empennage causes only a
small change in broadband sound pressure level. Consequently a
detailed analysis of broadband propeller noise does not appear to
be worthwhile.

Visual inspection of the narrowband spectra indicates that the
presence of the empennage has a significant effect on the sound
pressure levels of the higher order harmonics. Thus further
discussion of the harmonic levels is contained in Section 5. The
data evaluation did show, however, that the repeatability of the
harmonic sound pressure levels is not particularly good; this will
impact the accuracy of parametric studies.
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S. HARMONIC SOUND PRESSURE LEVELS
5.1 General

The wind tunnel test program described in this report generated an
extensive data bank and it is possible to present here only a
limited discussion of the measured sound pressure levels. The
discussion in this section is restricted to the sound pressure
levels at harmonics of the blade passage frequency and the intent
is to point out some of the main features of the data.

Much of the data is associated with a propeller rotational speed
of 8200 rpm and it is convenient to use harmonic order rather than
actual frequency as a means of identifying the harmonics of inter-
est. The same approach is followed when data are presented for
lower rotational speeds, and data for different rpm are compared
or the basis of harmonic order rather than actual frequency. This
means, for example, that sound pressure levels at harmonic order
10 are compared directly for propeller speeds of 4000 and 8200 rpm
even though the sound pressure levels occur at 2667 and 5467 Hz
respectively.

Data are presented for harmonic orders 1 through 11. This range

was selected as it contained most of the harmonic information for ~

the test conditions investigated and, at a propeller speed of
8200 rpm, corresponded to the data reduction frequency range 0 -
6400 Hz.

5.2 Propeller Operating Alone

Measurements made when the propeller was operating in the absence
of the model fuselage and empennage give some indication of the
basic acoustic characteristics of the propeller. Harmonic sound
pressure levels were measured when there was no flow in the tunnel
and when the tunnel flow was 45.7 and 62.5 m/s. Sample harmonic
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levels measured at microphone 2 are shown in Figure 44 for flow
speeds of 0 and 45.7 m/s and propeller rotational speeds of 4000,
6000 and 8200 rpm. The data indicate that the harmonic levels
decrease rapidly as harmonic order increases for the lower rota-
tional speeds. The rate of decrease is less at 8200 rpm with the
5th harmonic being about 20 dB below the first harmonic level.

When flow is introduced there is an increase in the broadband
sound pressure levels which tends to mask the higher order harmon-
ic components (see Figure 45). Thus it is not possible to deter-
mine whether or not the higher order harmonic levels are lower
than for the zero flow case, as they are for the flight case shown
in Figure 1. At low orders, the harmonic components can be iden-
tified (Figure 44(b)) and the sound pressure levels are similar to
those for zero flow speed. This is consistent with airplane test
data such as that shown in Figure 1.

5.3 Influence of Empennage

The main interest is in the influence of the fuselage and empenn-
age on the propeller sound field. This influence can be seen in
the spectral comparisons presented in Figures 46 and 47. The data
were measured at microphone 2 for two flow speeds and two fuselage
orientations, and for comparable separations between empennage and
propeller plane.

The first observation is that, at low orders such as m = 1 to 4,
the harmonic sound pressure levels appear to be independent of
empennage configuration. In fact the sound levels do not change
significantly when the fuselage and empennage are introduced. The
situation is different at higher mode orders. 1In this frequency
regime the harmonic levels are too low to be identified when there
is no fuselage present. When the fuselage is introduced there is
a small increase in sound pressure level so that additional
harmonic components can be identified in the mid-frequency range
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FIGURE 44, HARMONIC LEVELS FOR PROPELLER OPERATING ALONE
AT DIFFERENT RPM (MICROPHONE 2)
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FIGURE 45. NARROWBAND SOUND PRESSURE LEVELS FOR PROPELLER
OPERATING ALONE (8200 RPM; MICROPHONE 2)
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FIGURE 46. COMPARISON OF HARMONIC SOUND PRESSURE LEVELS

MEASURED AT MICROPHONE 2 FOR DIFFERENT EMPENNAGE
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FICGURE 47.

COMPARISON OF HARMONIC SOUND PRESSURE LEVELS
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CONFIGURATIONS ( ¥ = 90°, 8200 RPM)
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(m =5 to 7). Finally, when the empennage is added there is a
significant increase in harmonic levels for harmonic orders
greater than 4 or 5. The precise magnitude of the increase cannot
be determined in the absence of data where the empennage is not
installed, but in scme cases it is about 5 to 1C dB.

The general review given in Figures 46 and 47 for data measured at
microphone location 2 can be considered in somewhat greater detail
by considering each empennaje separately. Figures 48 and 49 pre-
sent representative harmonic spectra measured at several locations
and two fuselage orientations for the Y-tail empennage. The spec-
tra compare sound levels with and without the Y-tail installed.

In Figure 46 data are included for microphone 9 which is in the
flow, upstream of the propeller and fuselage. This spectrum is
different from those at other locations in that the sound levels
vary very slowly with harmonic order rather than decreasing rapid-
ly. Even so, it is more difficult to determine the change in
harmonic level induced by the empennage because the high self-
noise level due to flow over the microphone masks most of the har-
monic components when there is no empennage installed.

The spectra presented in Figures 48 and 49 are consistent with the
conclusions drawn from Figures 46 and 47. At mode order 1 to 4
the empennage has no significant effect on the sound levels but at
higher mode orders the sound levels increase when the empennage is
installed. The term "no significant" is used here in the sense
that any changes in sound pressure level that do occur at lcw
values of harmonic order m are within the cdata variability range
observed in Figure 42 for the repeated runs.

A comparison of harmonic sound pressure levels associated with +he
Y-tail and V-tail configurations indicates that there is no signi-
ficant difference between the two empennage with respect to radia-

ted noise. The representative data given in Figure 50 show sound
pressure levels which are similar for the two configurations.
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FIGURE 48,

INFLUENCE OF Y-TAIL ON HARMONIC LEVELS (8200 RPM,
62,4 M/S, X = 23,8CM, V= 0°)
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FIGURE 48. CONTINUED

= 9=



& calimtunad

o e

(a) Microphone 2

HARMONIC LEVELS CORRECTED FOR SHEAR LAYER AND 4. 3m DISTANCE

1200 AND ADJUSTED FOR BROADBAND CONTRIBUTIONS
Sysbel  Mic  MunrDete pt-Mic
ol —— ow-1-2 Y-Tail
- 2 ouR-1-2 Fuselage Only, No Tail
|
L NG
A
.,!,, {/ \\\\
Harmonic A
Lc:l | \’(\.\‘
o} SN
| ~
i \
nr \3
|
o
i
L i St e T & B Y ¥ -
% T ¢ 3 &« § €& 7 & @8 10 11

(b) Microphone 4

HARMONIC LEVELS CORRECTED FOR SHEAR LAYER AND 4. 3w DISTANCE

e | AND ADJUSTED FOR BROADBAND CONTRIBUTIONS
| Sysbol  Mic  Rur-Dots pt-Mic
i —_— . om-1-¢ Y-Tail
"‘t’ - o#2-1-¢ Fuselage Only, No Tail
-
[ s
w \\\\
- T
a8 N
nL \1\\
[ S S TN
| ) \\4
70 \
f y
ol
ot
Harmonic Order
FIGURE 49. INFLUENCE OF Y-TAIL ON HARMONIC LEVELS (8200 RPM,

62.4 M/S, X = 23,8 CM, ¥ = 90°)
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FIGURE 49, CONTINUED
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(b) Microphone 2
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FIGURE 50. COMPARISON OF HARMONIC LEVELS FOR Y-TAIL AND V-TAIL
EMPENNAGES (8200 RPM, 62.4 M/S, X = 23.8 CM, ¥ = 0°)
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Harmonic spectra for the I-tail empennage are presented in Figures
51 and 52. The data are quite similar to those in Figures 48 and
49 for the Y-tail. Thus the general conclusions remain the same.
However, one additional comment can be made. The increase in har-
monic level for large values of m appears to be most pronounced as
the angular coordinate 6 of the measurement location tends toward
0° or 180°. The smallest changes in sound pressure level occur at
measurement locations closest to the plane of rotation of the
propeller.

5.4 Blade Angle

For most of the tests the blade angle B was adjusted to the design
value for the appropriate rotational and flow speeds. However,
one test was performed during which B was given several off-
design values when the propeller rotational speed was 8200 rpm and
the flow speed was 62.4 m/s (Runs 22 through 25). The design
angle for this test condition was 21°; measurements were also per-
formed for blade angles of 19°, 23° and 24°. A comparison of the

resulting harmonic sound pressure levels is given in Figure 53.

Inspection of the data indicates that the design angle of 21° is
not always associated with the lowest sound pressure level at a

given harmonic order and measurement location. There are some
instances where the design angle is associated with the highest
measured sound pressure levels. It is interesting to note, how-
ever, that the spectra contained in Figure 53 are quite similar to
those in Figure 42 for corresponding measurement locations. The
similarity occurs in both spectral shape and the range of measured
sound pressure levels for a given harmonic order and microphone
location. The data in Figure 42 are associated with nominally
identical test conditions so that the variation in sound pressure
level is an indication of data repeatability. It wis speculated
in Section 4.4 that errors in blade angle setting could be one
cause of the data scatter. The data in Figure 53 indicate that
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FIGURE 51, INFLUENCE OF I-TAIL ON HARMONIC LEVELS (8200 RPM,

62.4 M/S, X = 30.8 CM, ¥ = 0°)
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FIGURE 52. INFLUENCE OF I-TAILON HARMONIC LEVELS (8200 RPM,

62.4 M/S, X = 30.5 CM, ¥ = 90°)
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FIGURE 52. CONTINUED
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FIGURE 53. EFFECT OF BLADE ANGLE ON HARMONIC SOUND PRESSURE
LEVELS (Y-TAIL, 8200 RPM, 62.4 M/S, X = 23,8 CM)
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(e) Microphone 11
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FIGURE 53. CONTINUED
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the explanation could be true if the blade angle error was as high
as +2°. It seems unlikely that the error would be so large.
Furthermore, since the data variability is much larger at some
measurement locations thatn at others, it is possible that the
explanation lies in the propagation path rather than the source.

5.5 Propeller rpm

Harmonic sound pressure levels measured at different propeller
rotational speeds are shown in Figures 54 through 58. It should
be remembered in reviewing these data that a given harmonic occurs
at different frequencies for different values of rpm.

Figures 54 through 57 present harmonic sound pressure levels
measured at the three main test propeller speeds of 4000, 6000,
and 8200 rpm. In general, the dat: chow the highest sound
pressure levels occurring at the highest rotationz! speed and the
lowest levels at the lowest rpm. However, as harmonic order
increases the sound pressure levels associated with different
rotational speeds tend to merge to a common curve. This is parti-
cularly evident in Figures 54(a), 56(b), and 57(b).

The high rpm range is presented in more detail in Figure 58 where
the rpm is increased up to 2200 in steps of 200 rpm. Although the
data still show a general trend of harmonic sound level increasing
with propeller rotational speed, the pattern is confused by tha
variability of the results. At one harmonic, such as m = 4 in
Figure 58(b), the highest sound pressure level is associated with
the highest propeller speed; but for the next harmonic, m = 5, the
highest propeller speed is associated with the lowest sound
pressure level. In the same figure harmonic m = 3 shows an
orderly progression of increasing sound pressure level with
increasing rotational speesd. The reasons for this apparent data
variability require further investigation.
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5.6 Flow Speed

Two non-zero flow speeds were used in the propeller noise tests,
and representative data for these two speeds are compared in
Figures 59 through 61. The harmonic levels in Figures 59 and 60
refer to two microphone locations outside the tunnel airflow, and
Figure 61 presents data for two locations in the flow.

The general trend given by the data is that the harmonic sound
pressure levels are slightly higher at the higher flow speeds.
Exceptions to this trend are observed at some microphone locations
for the ¥ = 0° orientation of the fuselage, when sound levels show
little difference between the two flow speeds.

The changes in flow speed result in changes in flow Mach number,
blade tip helical Mach number, and advance ratio J. In addition,
blade angle B is changed for each combination of flow speed and
propeller rpm. The change in helical Mach number is relatively
small, being only 1.2%, but flow Mach number and propeller advance
ratio are directly proportional to flow speed ¢nd change by about
37%. For propellers operating out of the influence of wakas, the
important parameters for harmonic sound level are propeller
rotational and helical Mach numbers. Other factors appear to be
influencing the present results; presumably the strength of the
wakes entering the propeller disc increases with flow speed and
has an influence on the radiated sound pressure levels.

5.7 Fuselage Orientation

The fuselage/empennage combination was tested at two orientations,
identified as Vv = 0° and 90°. For configuration y= 0° the main

microphone array was located to the side of the model airplane and
for y= 90° the array was essentially beneath the airplane. Since
the model empennages are not symmetric about the axie of the fuse-
lage it is anticipated that there will be some spatial variation
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FIGURE 54, HARMONIC SOUND PRESSURE LEVELS AT DIFFERENT PROPELLER
. RPM (Y-TAIL, V = 45,7 M/S, Y = 0°)
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FIGURE 55. HARMONIC SOUND PRESSURE LEVELS AT DIFFERENT PROPELLER
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FIGURE 56. CONTINUED
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FIGURE 57. HARMONIC SOUND PRESSURE LEVELS AT DIFFERENT PROPELLER
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(c) Microphone 6
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in harmonic sound pressure level in the vertical plane. If this
is true then the sound pressure levels at a given microphone
location could depend on the fuselage orientation.

Figure 62 compares harmonic sound pressure levels measured at six
microphone locations when the fuselage, with Y-tail, was oriented
at ¥V = 0° and 90°. The propeller speed waz 8200 rpm and the flow
speed 62.4 m/s. The comparisons indicate that the sound pressure
levels are generally higher for y = 90° than for y = 0°. This
means that the sound levels are higher beneath the airplane than
they are to the side. The difference seems to be greatest at
microphones in the neighborhood of the plane of rotation of the
propeller (i.e., at locations 3 and 4). The same trend is observ-
ed also at location 12, which is not directly beneath or to the
side of the airplane but is 30° away from those locations. 1In the
case of microphone 11, the location is either 30° from directly
above the airplane (when V¥ = 0°) or 30° below the sideline

(V = 90°). The data for this location do not show the trend of
higher levels at y = 90° than at 0°, presumably because the loca-
tion does not fit the pattern of being beneath or to the side of
the airplane.

5.8 Axial Separation

The effect of axial separation between the empennage and the plane
of rotation of the propeller was of particular interest to the in-
vestigation, as can be seen from the test configurations listed in
Table 3. This interest arose because of the previous work on fan
noise in turbofan engines (see the discussion in Section 1.2) and
because the strength of the wake from the empennage should decay
as distance downstream of the empennage increases.

Before proceding to review the test data, attention should be

drawn to the manner in which the separation between the empennage
and propeller is expressed. In Table 3 the separation distance is
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(e) Microphone 11
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given in terms of the distance x between the most rearward posi-
tion on the fuselage tail cone and the plane of rotation. As dis-
cussed in Section 2.4 this distance does not give a correct indi-
cation of the distance between the trailing edge of the empennage
and the propeller plane. To overcome this discrepancy mean sepa-
ration distances have been estimated for several values of x
referred to in Figures 63 through 68. In the case of the Y-tail

separation distances have been estimated for both the V-tail and
the dorsal fin.

The mean separation distances are given in Table 7 and represent
the arithmetic average of the separation distances at the root of
the empennage and the tip of the propeller. Also, the distances
have been normalized with respect to the chord of the empennage
surface, with the average value of the chord being determined in
the same manner as for the separation distance. The results in
Table 7 show that the separation distances for the I-tail are
slightly lower than those for the Y-tail (a range of 8.5 cm to

43 cm compared to 13.5 cm to 60 cm). When normalized with respect
to the appropriate chord dimension the separation distances asso-
ciated with the I-tail are significantly smaller than those for
the Y-tail. The range of values for s/c is 0.15 to 0.75 for the
I-tail empennage and 0.47 to 2.06 for the Y-tail.

The influence of separation distance on harmonic sound pressure
levels associated with the propeller operating downstream of the
Y-tail is shown in Figures 63 through 65. The separation dis-
tances identified in the legend of the figures refer to the
distance between tail cone and propeller. Distances between
empennage and propeller are given in Table 7. As in the other
comparisons, the data scatter makes interpretation difficult.
However, the smallest separation distance is usually associated
with the highest sound pressure level. In most cases the range of
sound levels measured for a given harmonic order is not large,
being less than 10 dB for a mean separation distance varying by a
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FIGURE 63. INFLUENCE OF AXIAL SEPARATION DISTANCE BETWEEN
EMPENNAGE AND PROPELLER ON HARMONIC SOUND
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62.4 M/S)
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TABLE 7. MEAN SEPARATION DISTANCES BETWEEN EMPENNAGE
TRAILING EDGE AND PROPELLER PLANE OF ROTATION

Separa- |Mean Separation* S
Run No. tion* X (cm) Mean S/C
Dorsal Dorsa
Yy = 0° ¢y = 90° (cm) V-Tail Fin V-Tail] Fin
Y-Tail
15-1 —— 11 13.5 13 0.47 -
——— 71-1 12.5 15 14.5 0.52 0.55
10.1 —— 14.5 17.5 16.5 0.60 -.64
11-1 67-1 23 25.5 25 0.88 0.96
16-1 -—— 24 26.5 26 0.91 0.99
12-1 68-1 31 33.5 32.5 1.15 1.26
13-1 69-1 40.5 43 42.5 1.48 1.63
14-1 70-1 57.5 60 59.5 2.06 2.28
I-Tail
43-1 54-1 22 8.5 0.15
44-1 51-1 30.5 17 0.30
42-1 52-1 37.5 24 0.42
41-1 53-1 56.5 43 0.75

*X is distance between fuselage tail cone and propeller plane -

S is mean distance between empennage trailing edge and
propeller plane

C is mean chord of empennage between hub and tip of propeller
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factor of almost 5. Often the sound levels change by less than
7 dB as separation distance increases.

Corresponding data for the I-tail are contained in Figures 66
through 68. The trends of the data are similar to those observed
in Figures 63 through 65 for the Y-tail but the pattern is more
distinct. Although the separation distance again varies by a
factor of 5 the normalized distances are much smaller than in the
case of the Y-tail so, presumably, the influence of the wake from
the empennage is much stronger. As for the Y-tail, the range of
sound pressure levels for a given harmonic order is less than

10 dB; in many cases it is less than 7 dB.

The influence of axial separation distance was measured also when
the Y-tail empennage was at a 5° angle of incidence. Sample data
for these configurations are presented in Figure 69. 1In one case,
(Microphone 6, Figure 69(c)), the data are remarkably orderly
considering the data scatter encountered throughout the test. The
data in Figure 69(c) show a monotonic decrease in harmonic sound
pressure level as separation distance increases. At other
locations the pattern of the data is similar to that in Figures 63
through 68. The separation distances between empennage and
propeller plane associated with the test runs for Figure 69 are
not listed in Table 7, but the values from equivalent runs can be

used.

5.9 Vertical Separation

Vertical separation between propeller axis and fuselage centerline
was varied in only one increment (7.6 cm) upwards and downwards.
The flow speed was 62.4 m/s, the propeller rotational speed was
8200 rpm, and the axial separation was either 24 cm or 57 cm.
Typical harmonic spectra are shown in Figure 70 for the case of

x = 24 cm.

-133-



(a) Microphone 1

120 MARMONIC LEVELS CORRECTED FOR SHEAR LAYER A'D 4.9n DISTANCE

AND ADJUSTED FOR BROADBAND CONTRIBUT
op.t K@  An-Omne pedtie
—_— . 001-1-1
nop - .m Om0-1-1
—_— - .3 ome-1-1
—_—— .. om-1-1
100}
ot
Harsonic
Lavel
[ UL
-
w}
l 4 A A . . = e ol =1} it
® %
Horsonic Order

(b) Microphone 3

AND ADJUSTED FOR BROADBAND CONTRIBUTIONS
Sysbol X Run-Dote pt-Mic

1207 HARMONIC LEVELS CORRECTED FDR SHEAR LAYER AND 4.3m DISTANCE
|

L — .1 001-1-3

1o - .2 Dao-1-3

—- . 002-1-3

l —— .88 om-1-3
100}

[N
—

Hormonic |
Level | L}
® "f‘ _\‘m A
, Nty . s
¢ /
| \\\
! ~—_,
o
|
|
|
mL e el oS = 1 o e J
) 2 G 1 4 ] [] 7 ] [] e n

FIGURE 69. INFLUENCE OF AXIAL SEPARATION DISTANCE BETWEEN
EMPENNAGE AND PROPELLER ON HARMONIC SOUND
PRESSURE LEVELS; EMPENNAGE INCIDENCE 5°

-134-

a1



(c) Microphone 6

120p HARMONIC LEVELS CORRECTED FOR SHEAR LAYER AND 4.3m DISTANCE
AND ADJUSTED FOR BROADBAND CONTRIBUTIONS

Sysbol X AnOsc pr-dic

—_—— om1-14

1op - .  Om4
-9 .  omi4

—— . omri4

lﬂr

-]
—

o
-
L

FIGURE 69. CONTINUED

=135~

wmNY



(a) Microphone 2

Haormonic

Level

120 HARMONIC LEVELS CORRECTED FOR SHEAR LAYER AND 4. 3m DISTANCE
AND ADJUSTED FOR BROADBAND CONTRIBUTIONS
Sysbo! X Run-Oete pr-dic

L —— .0 one-1-2 Y =0
e -+ . o1 Y = -7,6 cm
— 0 Oe-1-2 v.7.‘m

100+

(b) Microphone 4
120 HARMONIC LEVELS CORRECTED FOR SHEAR LAYER AND 4. 3m DISTANCE
I AND ADJUSTED FOR BROADBAND CONTRIBUTIONS
Sysbo! Mic  Run-Doto pt-Mic
—_—— 4 ons-1-4 Y = 0
nor - OON1-4 Y =-7.6 am
—_ 4 00814 y = 7.6 em
100+
S0+
Hormsonic
Leve!
. ol
- -
~
b 2
7/
wb N \\ ,
80
l S 3 RS =\ 4 bl NS =W
% I I S T T A I I B L]

FIGURE 70,
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It is seen that the highest sound pressure levels at all measure-
ment locations and for all harmonic orders occurred when the pro-
peller axis was below the fuselage (x = -7.6 cm). The lowest
sound pressure levels often occcur when there is no vertical separ-
ation between the fuselage centerline and the propeller axis, but
in nany cases the sound levels associated with x = +7.6cm are
similar to those for x =~ 0.

5.10 Empennage Angle of Incidence

The next parameter considered here is the angle of incidence of
the empennage. This angle was given a non-zero value (+5°) for
four test runs, 30-1 through 33-1, at four different axial separa-
tion distances. Data for two of the separation distances are pre-
sented in Figures 71 through 73 for three microphone locations.
Baseline sound pressure levels for zero angle of incidence (run
12-1 or 15-1) are given in each case. The data suggest that at
low harmonic orders, with m less than 4, the increase in angle of
incidence causes a reduction in harmonic sound pressure level.

For higher order harmonics the increase in angle of incidence
increases the sound pressure level.

5.11 Directivity in Vertical Plane =

Directivity in the vertical plare can be measured in the plane of
rotation of the propeller using data from microphones 4, 11, 12

and 13. Microphones 4, 11, and 12 are at a radius of 4.3m and '
microphone 13 at 2.3m; the data are adjusted to a common radius of
4.3m. Since measurements were made at two orientations of the
fuselage and empennage (Y = 0° and 90°) the data can be combined
to obtain sound pressure levels for eight values of angle ¢. The
appropriate values of ¢ are given in Table 2. It is seen that
most of the data points lie in the two gquadrants from 180° to 360°
(microphones 4, 11, and 12). |
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FIGURE 72.

INFLUENCE OF EMPENNAGE ANGLE OF INCIDENCE ON
HARMONIC SOUND PRESSURE LEVELS (MICROPHONE 4,
8200 RPM, 62.4 M/S)
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Three sample directivity plots are shown in Figures 74 through 76
for test conditions associated with a flow speed of 62.4 m/s and a
propeller speed of 8200 rpm. Figure 74 presents harmonic sound
pressure levels measured when the propeller was operating down-
stream of the fuselage without an empennage. Then, Figures 75 and
76 show the directivity patterns measured when the Y and I tails,
respectively, were installed. Angular locations of the empennage
surfaces are identified in Figures 75 and 76.

Inspection of Figures 74 through 76 indicates that, at least for
the plane of rotation of the propeller, the directivity pattern is
fairly uniform. There is no indication of directivity peaks or
troughs associated with the empennage surfaces. However, since
such troughs may be fairly narrow in terms of angular domain it is
possible that the number of measurement locations is too small to
determine the detailed directivity pat-ern. Within the data vari-
ability the presence of the empennage appears to have little
influence on the directivity pattern in the vertical plane.

5.12 Directivity in Horizontal Plane

Directivity in the horizontal plane can be measured using data
from microphones 1 through 9. Six of these microphones (1-6) were
located outside the tunnel shear layer and the other three micro-
phones were in the tunnel flow (Figure 17). Microphones 1 through
6 were at a radial distance of 4.3m from the propeller; data from
microphones 7 through 9 were normalized to this radius using the
adjustments listed in Table 5. Since microphones 7 through 9 were
in the flow, no adjustments were necessary for refraction at the
shear layer. Adjustments for shear layer effects were made to
data for microphones 1-6 according to Table 6 so that the direc-
tivity could be plotted in terms of radiation angle rather than
receiver angle. The microphones out of the flow are restricted
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(a) Harmonics 1 through 4
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(b) Harmonics 5 through 8
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FIGURE 74, VERTICAL PLANE DIRECTIVITY OF HARMONIC SOUND PRESSURE
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(a) Harmonics 1 through 4
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FIGURE 75. VERTICAL PLANE DIRECTIVITY OF HARMONIC SOUND PRESSURE

LEVELS (Y-TAIL, X=23.8 CM, 8200 RPM, 62.4 M/S)
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in radiation angle to the range 68.5° to 126.1° (0° is directly
upstream of the propeller). Consequently, it is of interest to
include the microphones in the flow so that the range of angles
can be increased to 15°-140°. Microphone 7 which is in the flow
was included in some of the directivity plots but, since the
associated radiation angle lies between those for microphones 4
and 5, the data are not as important to the directivity as those
from microphones 8 and 9.

In preparing the directivity plots, data points were joined by
straight lines without any attempt to interpolate or smooth the
data. Consequently, the plotted patterns do not necessarily
represent the detailed directivity characteristics of the harmonic

sound pressure levels.

Directivity patterns for the propeller alone are shown in Figure
77. The plots are complete for the harmonics of order 1-3, but
are incomplete or non-existent for higher order harmonics. In the
latter case, the harmonic contributions could not be identified
because of masking by the broadband components. The general pat-
tern of the data indicates that the maximum sound pressure levels
occur in the neighborhood of the plane of rotation of the propel-
ler (90°) and the levels decrease as the propeller axis is
approached. However, it is possible that the levels do not
decrease as much as they would under free-field conditions,
because of the influence of reflections from tunnel surfaces.

When the model fuselage (without empennage) is introduced, the
higher order harmonics become evident at more locations. The data
now suggest (Figure 78) that the region of maximum harmonic level

occurs between 60° and 90°. Otherwise, the pattern is similar to
that for the propeller alone in that the lowest sound pressure

levels generally occur at locations near to the axis of the
propeller (0° and 180°).
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(a) Harmonics 1 through 4

NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 TO @
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FIGURE 77. HORIZONTAL PLANE DIRECTIVITY OF HARMONIC SOUND PRESSURE
LEVELS (PROPELLER ALONE, 8200 RPM, 62.4 M/S)
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(a) Harmonics 1 through 4
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(b) Harmonics 5 through 8
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Figures 79 through 81 contain data measured when the propeller was
operating behind the Y-tail empennage in the V¥ = 0° configuration.
Harmonic levels can now be identified at all locations. A compar-
ison with Figure 77 shows that the presence of the empennage
changes the directivity patterns of the harmonics. For harmonics
of order 1 through 4 the sound pressure levels now remain fairly
constant as angle is changed--the levels do not decrease as the
propeller axis is approached. The change is more evident for har-
monics of order 5 through 8 where now the harmonic sound pressur
levels are highest at locations nearest to the propeller axis and
lowest near to the propeller plane of rotation.

The data in Figures 79 through 81 show some irregularity in the
variation of harmonic sound pressure levels with angle of
radiation. There are several possible explanations for this
irregularity and it is possible that more than one effect is play-
ing a role. First, there is the influence of the general scatter
in the data, as discussed in Section 4.4. Secondly, constructive
and destructive interference effects associated with acoustic sig-
nals reflected from surfaces in the test chamber can have a strong
influence on the observed sound pressure levels. These interfer-
ence effects will occur at different frequencies for different
locations. Thirdly, it is possible that directivity of the radi-
ated acoustic free-field of the propeller behind an empennage has
certain characteristics. It may not be possible to determine
these characteristics because of the selected locations for the
microphones. A larger array of more-closely spaced microphones
might be required.

A comparison of Figures 79 throught 81 does not show any strong
effect due to separation distance between the empennage and
propeller. Even when the data for individual harmonics are
compared directly, as in Figure 82, there is no readily
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(a) Harmonics 1 through 4
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FICURE 79. HORIZONTAL PLANE DIRECTIVITY OF HARMONIC SOUND PRESSURE L
LEVELS (Y-TAIL, X=10.8 CM, 8200 RPM, 62.4 M/S, V¥ =0)

-150-

— —————— e — 4 . — - —



ORIGHNAL PAGE IS
OF POOR QUALITY
(a) Harmonics 1 through 4
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(b) Harmonics 5 through 8
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FIGURE 80. HORIZONTAL PLANE DIRECTIVITY OF HARMONIC SOUND PRESSURE
LEVELS (Y-TAIL, X=23.8 CM, 8200 RPM, 62.4 M/S, V =0)

-151-



(a) Harmonics ! through 4

NOISE DIRECTIVITY IN HORIZONT/L PLANE (MICS 1 TO @
MARMONIC LEVELS CORRECTED FOR SHEAR LAYZR, 4. 3m DISTANCE AND BROADBAND

120( Sysbo! normonic  Run-Dete Pt
— 1 N14-)-
- = . 2 CM14-1-
— G ? e-1-
1104 —— [l oHle-1-
oo}
A
oLt T A\ A
0 ’.-f_':"..-‘:-:-—; -( \/ 7 N
Haormonic 3 e \\ .
Lo:l ._\_\_______(kr /—_/ M
oo} ~ /' \
~ - /
S M <
o |
704
w0}
% —% % % - R | T )

Angle Relotive to Flight Direction, Degrees
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FICGURE 81. HORIZONTAL PLANE DIRECTIVITY OF HARMCONIC SOUND PRESSURE
LEVELS (Y-TAIL, X=57.5 CM, 8200 RPM, 62.4 M/S, ¥ =0)

-152~

]
[E—Y

—
.

— &



ORIGINAL PAGE (§
(a) Harmonic i OF FOOR QUALITY

NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 T0 )
HARMONIC LEVELS CORRECTED FOR SHEAR LAYER, 4. 3m OISTANCE AND BRCADBAND

o ovnism T

1200 Sysboi Hormonic Mun-Dato Pt
—— 1 Oofs-1- 0.108 m i
=i o 1 oie-1-  0.238 m !
— o 1 o2-1-  0.305m i
1nor — 1 ie-1-  0.575m ;
100}
S0
Harmonic
Level
dB
wof
704
oo} |
;
—r e e AL i 3 S|
3 0 % ] T 180 {
Angle Relative to Flight Direction. Degreee
(b) Harmonic 3 :
NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 TO @ {
HARMONIC LEVELS CORRECTED FOR SHEAR LAYER, 4. 3m DISTANCE AND BRCADBAND !
ml' Sysbol Harmonic Run-Data Pt x .
| —_— 3 oHIs-1- 0.108 m
== ie 3 Oile-1- 0.238 m
noL —_3- 3 oH12-1- 0.305 m
—_—— 3 CHI4-1- 0.575 m
]
100 4
r‘ -
80
Hormonic
Level R o |
8 ) ¢
B0+
|
70r H
[./] 3

”L—L——I—-—L_—_L_J_-I_&—-J—-—L—AL T AT UL I U SO G
0 0 80 90 120 150 180

Angle Relative to Flight Direction, Degrees

B

FIGURE 82. INFLUENCE OF EMPENNAGE/PROPELLER SEPARATION DISTANCE
ON HORIZONTAL PLANE DIRECTIVITY OF HARMONIC SOUND
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-153-
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FIGURE 82, CONTINUED
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discernible influence of empennage/propeller separation distance,
within the range tested. This does not mean that there is no
influence of separation distance. A comparison of Figures 81 and
78 shows that increasing the separation distance from 0.575 m to
infinity (i.e., no empennage) has a significant effect on the
radiated sound field. However, a more detailed analysis of the
effect would require information regarding the strengths of the
wakes behind the empennage surfaces.

When the airframe is rotated through 90° (y = 90°) the directivity
patterns show characteristics which are similar to those for

Y = 0°. Figure 83 shows data associated with y = 90° and a separ-
ation distance of 0.124m between the empennage and the propeller.
However, there are larger differences between sound pressure
levels for different harmonics (m = 1 through 4) when y = 90° than
when ¢ = 0°.

When the propeller axis is moved vertically relative to the
centerline of the empennage, the directivity for the higher order
harmonics appears to be more uniform than is the case when the
axis and centerline are coincident. This can be seen when compar-
ing Figures 84 and 85 with Figure 80. When the propeller axis is
below the empennage centerline (Figure 85) the measured acoustic
field is almost omnidirectional in the horizontal plane.

The preceding data have been associated with test conditions for
zero angle of incidence of the empennage. Data for an angle of
incidence of 5° as shown in Figure 86. The general directivity
characteristics are similar to those for zero angle of incidence
(Figure 80) with the highest sound levels for harmonics 5 through
8 being at 15° and 160°.

Directivity patterns for the I-tail are contained in Figures 87
and 88 for y = 0° and 90°, respectively. The associated separa-
tion distance x between the propeller and the fuselage tail cone
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(a) Harmonics 1 through 4

NOISE DIRECTIVITY IN HORIZONTAL PLANE

(MICS 1 TO 6,829
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(b) Harmonics 5 through 8
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FIGURE 83, HORIZONTAL PLANE DIRECTIVITY OF HARMONIC SOUND PRESSURE _E
LEVELS (Y-TAIL, X=12.4 CM, 8200 RPM, 62.4 M/S, V =90°)
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(a) Harmonics 1 through 4

E NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 TO 6, 889)
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(b) Harmonics 5 through 8

NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 TO 6, 889)
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‘- FIGURE 84. HORIZONTAL PLANE DIRECTIVITY OF HARMONIC SOUND PRESSURE
' LEVELS, EMPENNAGE/PROPELLER VERTICAL SEPARATION +7.6 CM
(Y-TAIL, X=23.5 CM, 8200 RPM, 62.4 M/S)
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(a) Harmonics 1 through 4

NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 TO 9)
HARMONIC LEVELS CORRECTED FOR SHEAR LAYER, 4.3m DISTANCE AND BROADBAND
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(b) Harmonics 5 through 8

NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 TO 9)
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FIGURE 85. HORIZONTAL PLANE DIRECTIVITY OF HARMONIC SOUND PRESSURE I

LEVELS, EMPENNAGE/PROPELLER VERTICAL SEPARATION -7.6 CM
(Y-TAIL, X=24.1 CM, 8200 RPM, 62.4 M/S)
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(a) Harmonics 1 through 4

NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 TD 6, 889)
MARMONIC LEVELS CORRECTED FOR SHEAR LAYER, 4. 3a DISTANCE AND BROADBAND
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(b) Harmonics 5 through 8

NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 TO 6. 889)
HARMONIC LEVELS CORRECTEG FOR SHEAR LAYER, 4. 3m DISTANCE AND BROADBAND
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FIGURE 86. HORIZONTAL PLANE DIRECTIVITY OF HARMONIC SOUND PRESSURE
LEVELS, EMPENNAGE ANGLE OF INCIDENCE 5° (Y-TAIL, X=22.9 CM,
8200 RPM, 62.4 M/S)
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(a) Harmonics 1 through 4

NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 TO B, 889)
HARMONIC LEVELS CORRECTED FOR SHEAR LAYER, 4. 3m DISTANCE AND BROADBAND
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(b) Harmonics 5 through 8

NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 TO 6, 889)
HARMONIC LEVELS CORRECTED FOR SHEAR LAYER, 4. 3m DISTANCE AND BROADBAND

120 Sysbol Harsonic Run-Dato Pt
—— 5 OHe2-1-
- - (] Ou2-1-
1ol —_— 7 o2-1-
—— [ ] Oe2-1-
100}
S0
Harmonic
Level
dB
[ 1] 3
704+
[ ] 3
S0, i 1 o A 1 =7 - 1 S 1 i

X 0 % ® T |
Angle Relative to Flight Direction, Degrees

FIGURE 87. HORIZONTAL PLANE DIRECTIVITY OF HARMONIC SOUND PRESSURE
LEVELS (I-TAIL, X=38.4 CM, 8200 RPNM. 62.4 M/S, V =0°)
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(a) Harmonics 1 through 4

NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 TO 6, 680
HARMONIC LEVELS CORRECTED FOR SHEAR LAYER, 4.3m DISTANCE AND BROADBAND
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(b) Harmonics 5 through 8

NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 TO 6, 889)
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| FIGURE 88. HORIZONTAL PLANE DIRECTIVITY OF HARMONIC SOUND PRESSURE
LEVELS (I-TAIL, X=36.8 CM, 8200 RPN, 62.4 M/S, WV =90°)
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is about 370 mm; the corresponding mean distance between the
propeller and the empennage trailing edge (see Table 7) is about
240 mm which is similar to that for the Y-tail data of Figures 80
and 83. Comparing the sound level distributions ir Figure 87 with
those in Figures 80 and 83 it is seen that the directivity
patterns for the I-tail (y = 0°) are similar to those for the
Y-tail (Y = 90°). For harmonics 5 through 8 the sound pressure
levels near to the axis of the propeller are slightly higher than
those in the neighborhood of the plane of rotation of the
propeller.

When data for the I-tail (V = 90°) are considered the directivity
patterns show a similarity with those in Figure 78 for the test
configuration of a fuselage without an empennage. For harmonics 5
through 8, the highest sound pressure levels appear to be in the
neighborhood of the plane of rotation of the propeller--harmonics
could not be identified in the data from microphone 9 at an angle
of 15°.

5.13 "On-Axis" Sound Pressure Levels

The preceding discussion regarding the directivity of the acoustic
field in the horizontal plane has emphasized the importance of
noise radiated fore and aft along the axis (or near to the axis)
of the propeller. Although these radiation angles may not be
critical from the point of view of airplane flyover noise, they
are important in understanding the physical characteristics of a
propeller operating behind an empennage. Consequently, additional
information is presented in this section for microphone locations
8 and 9. This information covers many of the topics which have
been discussed earlier for microphones located outside the flow.
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The strong influence of the empennage on the on-axis sound
pressure levels is demonstrated in Figure 89. When the propeller

operates alone, or behind the model fuselage without an empennage,
the harmonic sound pressure levels at locations 8 and 9 are lower
than those measured at larger angles to the propeller axis
(Figures 89(a) and (b)). Upon introduction of the empennag:, the
measured sound pressure levels at locations 8 and 9 increase to be
comparable to those elsewhere for harmonics of order 1 through 4,
and markedly exceed those elsewhere for harmonics of order 5
through 11.

Repeatability of the harmonic sound pressure levels measured at
locations 8 and 9 is demonstrated in Figure 90 where results for
three repeated runs (11-1, 16-1 and 22-6) are compared. Figure 90
can be compared with Figure 42 which contains similar data for
microphones outside the flow. In the case of microphones 8 and 9,
the data repeatability looks quite good and is comparable with the
measurements at locations 11 and 12. The average range of
harmonic sound pressure levels is 2.1 dB at microphone 8 and 2.9
dB at microphone 9 (see Figure 43 for other locations).

The influence of separation distance between propeller and the
Y-tail empennage can be seen in Figure 91 for y = 0° and Figure 92
for Y = 90°. These figures can be compared with Figures 63
through 65 which contain data for microphones 1, 3 and 6 outside
the flow. As before, the separation distances given in Figures 91
and 92 refer to the distance between the tail cone and propeller:;
Table 7 gives the corresponding distances between empennage
trailing edge and propeller. On the average, the data in Figures
91 and 92 show harmonic sound levels changing by about 7 dB as the
separation distance varies. Although there is some scatter in the
data, the general trend is that of increasing sound pressure level
as separation distance decreases. The trend seems to be defined
more clearly than was the case in Figures 63 through 65.
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(a) Propeller Alone
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(b) Propeller behind Fuselage without Empennage

120¢ HARMONIC LEVELS CORRECTED FOR SHEAR LAYER AND 4. 3m DISTANCE
AND ADJUSTED FOR BROADBAND CONTRIBUTIONS
Sysbol Mic  Run-Ooto pt-Mic
——- 2 o7-1-2
1o — 8 M7 -1-4
— - (] o7-1-8
—— [} H7-1-0
— (] ™7-1-9
100} -
S04
Hormonic
Level
dB
oo}
704
N
Al
86}
%0 i F 3 [ ] — b ) 10 T —

FIGURE 89, INFLUENCE OF FUSELAGCE AND EMPENNAGE ON HARMONIC SOUND
PRESSURE LEVELS (8200 RPM, 62.4 M/S)
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(c) Propeller behind Y-Tail (V=0°, X=10.8 cm)
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(d) Propeller behind Y-Tail (V¥ =0°, X=23.8 cm)
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FIGURE 89. CONTINUED
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(a) Microphone 8
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(b) Microphone 9
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FIGURE 90. COMPARISON OF BLADE PASSAGE FREQUENCY HARMONIC LEVELS
FOR REPEAT RUNS, MICROPHONES 8 AND 9 (Y-TAIL, 8200 RPM,

62.4 M/S)
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(a) Microphone 8
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(b) Microphone 9
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INFLUENCE OF EMPENNAGE/PROPELLER AXIAL SEPARATION
DISTANCE ON HARMONIC SOUND PRESSURE LEVELS,
MICROPHONES 8 AND 9 (Y-TAIL, 8200 RPM, 62.4 M/S, V =0°)

FIGURE 91.
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(a) Microphone 8
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(b) Microphone 9

120 HARMONIC LEVELS CORRECTED FOR SHEAR LAYER AND 4.3m DISTANCE
r AND ADJUSTED FOR BROADBAND CONTRIBUTIONS

Sysbol X(m) Run-Data pt-Mic
nnL — .17 oH71-1-9
= .229 CHE7-1-9
—e s . 308 CHBe-1-9
—— . 404 CHES-1-8
—5— .5 oH70-1-8
100
S0+
Harmonic
Leval
dB
B0+
70+
8CH
w e e A = = = = = N A 1 = = Iy J
1 2 3 4 5 8 7 A 9 10 11
Hormonic Order

FIGURE 92. INFLUENCE OF EMPENNAGE/PROPELLER AXIAL SEPARATION
DISTANCE ON HARMONIC SOUND PRESSURE LEVELS,
MICROPHONES 8 AND 9 (Y-TAIL, 8200 RPM, 62.4 M/S, ' =90°)
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When the fuselage with Y-tail empennage is rotated through 90°
from y = 0° to Yy = 90°, the harmonic sound pressure levels
decrease for most harmonics, as can be seen in Figure 93. This is
in contrast to the results for microphones closer to the plane of
rctation of the propeller where the sound pressure levels are
higher for y = 90° than for y = 0° (Figure 62).

Increasing the angle of incidence of the Y-tail empennage
significantly increases the harmonic sound pressure levels at
microphone 9 and causes a smaller increase at microphone 8, as is
shown in Figure 94. The change at microphone 9 is more distinct
than at any other location (see Figures 71 through 73, for
example).

The most well-defined demonstration of the effect of empennage/
propeller separation on radiated sound pressure level is obtained
when the separation is varied while the empennage angle of inci-
dence is maintained at 5°. Figure 95 shows the resulting harmonic
sound pressure levels measured at microphones 8 and 9. Here it is
very clearly shown that the highest sound pressure levels are
associated with the smallest separation distances. The average
range of measured harmonic sound pressure levels is about 10 4B

for microphone 8 and 8 dB for microphone 9.
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(a) Microphone 8
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(b) Microphone 9
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FISURE 93. COMPARISON OF HARMONIC SOUND PRESSURE LEVELS
MEASURED FOR DIFFERENT FUSELAGE ORIENTATIONS,
MICROPHONES 8 AND 9 (Y-TAIL, 8200 RPM, 62.4 M/S)
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(a) Microphone 8
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(b) Microphone 9
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FIGURE 94. INFLUENCE OF EMPENNAGE ANGLE OF INCIDENCE ON

HARMONIC SOUND PRESSURE LEVELS, MICROPHONES 8

AND 9 (Y-TAIL, 8200 RPM, 62.4 M/S)
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(a) Microphone 8
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(b) Microphone 9
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FIGURE 95. INFLUENCE OF EMPENNAGE/PROPELLER AXIAL SEPARATION
DISTANCE ON HARMONIC SOUND PRESSURE LEVELS WITH
EMPENNAGE INCIDENCE 5°, MICROPHONES 8 AND 9
(Y-TAIL, 8200 RPM, 62.4 M/S)
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6. DISCUSSION

Section 5 has presented a large amount of acoustic data from the
wind tunnel tests. These results have to be analyzed further in
order to relate the radiated sound pressure levels to the charac-
teristics of the flow field entering the propeller disc. It is
not the goal of this report to conduct such an analysis since the
evaluation of the aerodynamic field is performed elsewhere.
However, the present section will discuss the acoustic test data
in terms of results from other investigations and identify some of
the problems associated with the prediction of noise from pusher
propellers.

6.1 Characteristics of the Radiated Sound Field

The general results of the acoustic measurements can be summarized

as follows:

(a) The test data measured at several of the microphone locations
show a data variability that is higher than expected. This
variability tends to mask some of the data trends, particu-
larly when the parametric changes cause only small changes in
sound pressure level at the measurement location.

(b) The presence of the empennage increases the sound pressure
levels associated with the harmonics of the blade passage
frequencies. The effect is small for harmonics of order 1 to
4 and increases at higher order harmonics.

(c) The influence of the empennage on radiated harmonic sound
pressure levels is greatest at locations nearest to the pro-
peller #xis and least near to the plane of rotation of the
propeller.

(d) The harmonic sound pressure levels generally increase as
separation distance between the empennage and propeller
decreases. Also, the harmonic sound pressure levels increase
when the angle of .ncidence of the empennage is increased.
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The tests reported herein are associated with the operation of a
propeller behind a model empennage. A survey of published
literature has not identified any other test program that is
directly associated with an empennage installation, but there are
other investigations which have related application [29-41]. All
these investigations are associated with the generation of noise
by propeller or rotor interaction with in-flows which are not
axisymmetric. They include installation effects for tractor
propellers [29-31], rotor-vortex interaction [32,33], response of
propellers to gusts [34], propellers in a wake [35-37], effect of
propeller angle of attack [38] and counter-rotating propellers
[39-41].

The installation effects for tractor propellers and the effect of
propeller angle of attack are similar phenomena in that there are
no disturbing bodies upstream of the propeller; the general
direction of the airflow is inclined to the plane of rotation of
the propeller. Studies of a propeller in a wake [35-37] and
rotor-vortex interaction [33] are perhaps closest to the present
tests in that the flow disturbances were created by an airfoil
upstream of the propeller. In the wake experiment [35-37] the
airfoil was placed across the entire flow region entering the
propeller, and in the rotor-vortex .nteraction tests the vortex
was the tip vortex generated by an airfoil partially inserted into
the flow. In the empennage tests reported herein, the spans of
the empennage surfaces are greater than the radius of the test
propeller. Consequently, any tip vortex would probably miss the
propeller disc, except for runs 34-38 when the propeller axis was
76 mm below the empennage centerline. It is possible that the
presence of a tip vortex from the dorsal fin of the Y-tail may
account for the relatively high sound pressure levels associated
with this test configuration, as shown in Figure 70. However,
since the dorsal fin was nominally at zero angle of attack, the
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presence of a vortex will nave to be verified by the aerodynamic
measurements.

Qualitatively, the results from all the referenced investigations
are similar to those of the present study. In terms of spectral
components, the situation can be described by the schematic
spectrum shown in Figure 96; this figure is based on results of
Wright [32]. The low frequency noise associated with steady
loading and thickness contributions consists of discrete frequency
harmonic components superimposed on a broadband background.
Unsteady loads generate harmonic components which are most evident
in the mid-frequency range and broadband vortex noise is the
contributor to the high frequency range. The magnitude of the
unsteady loading noise levels depends on the characteristics of
the flow entering the propeller disc and on the measurement
location. Results of Trebble, et al [29], indicate that, for
their particular test configuration, steady loading ncise
dominated at harmonic orders m = 1 and 2, thickness noise at m = 3
and 4, and unsteady loading noise at harmonics m > 5. 1In this
particular test the inflow disturbances were not particularly
large. Schlinker and Amiet [33] showed that, for their
rotor-vortex interaction test, the unsteady loading noise
dominated for harmonics of order m > 4.

The actual frequency range in which unsteady loading noise
dominates will depend to some extent on the location of the
Observer. Unsteady loading noise has a dipole directivity pattern
with a minimum in the plane of the propeller blade (which is
different from the plane of rotation of the propeller because of
the pitch of the blade). 1In contrast, thickness noise has a

maximum in the plane of rotation of the propeller and steady
loading nnise has a maximum near to the plane of rotation.

These general directivity characteristics in the axial direction
can be observed in the present test data plotted in Figures 77
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through 88. When there is no fuselage or empennage upstream of
the propeller, the neasured harmonic sound pressure levels have
maximum values in the neighborhood of the propeller plane of
rotation (Figure 77). 1In the case of higher order harmonics, the
harmonic sound pressure levels are so low that they cannot be
detected above the broadband noise except in the neighborhood of
the plane of rotation (Figure 77(b)). When the empennage is
introduced the directivity patterns for harmonics of order m = 1
through 4 show small changes due to increases in the sound
pressure levels at locations near to the propeller axis. Much
larger changes in the directivity patterns occur at higher order
harmonics where, because of the dipole directivity with a maximum
on the propeller axis, the harmonic sound pressure levels near to
the propeller axis show large increases. Figure 80 is a good
example of this effect.

The present test data do not show any identifiable directivity
pattern in the circumferential direction. Block [37] measured
sound pressure levels at three angles relative to the plane of the
airfoil, but the three locations were at different angles relative
to the plane of rotation of the propeller. Consequently, it is
not easy to construct a circurferential directivity pattern in
that case.

The magnitude of the unsteady loading noise will depend on the
strength of the inflow disturbances. For exanple, Schlinker and
Amiet [33] placed the airfoil generating the vortex at angles of
incidence of 0°, 6°, and 12°. At an indicence of 0°, the airfoil
caused an axial velocity defect, but there was a zero component
tor the vortex azimuthal velocity. The data of Schlinker and

Amiet show that the sound levels increased when the vortex
strength was increased, resulting in a 5 to 10 dB increase in har-

monic sound level when the angle of incidence of the airfoil was
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was increased from 0° to 12°. Block [32,37] also varied the
strength of the inflow disturbance by varying the angle of attack
of the essentialy two-dimensional airfoil upstream of the
propeller. In that case, the angle of attack of the
wake-producing airfoil was either 15° or 20.4° in order to
generate a wake which had a thickness of either one or three
propeller chords. Only small changes in harmonic sound pressure
level wer: observed when increasing the angle of attack from 15°
to 20.4°, although the thicker wake did introduce more lower
frequency content into the spectrum. Since the 15° angle was
larger than the maximum angle used by Schlinker and Amiet it is
possible that it had reached a stage of "diminishing returns”.

In the present test the empennage surfaces were at a nominal angle
of incidence of zero with the exception of runs 30 through 33 when
the fuselige with a Y-tail was inclined at 5° to the tunnel flow.
The effect of the change in angle of attack on harmonic sound
pressure levels is shown in Figures 71-73 and 94. The most
distinct change in harmonic sound pressure level is observed at
microphone 9 (Figure 94(b)) where the average increase is 4.8 dB
for harmonics of order m > 4 when the separation distance between
empennage and propeller is approximately 11 -m, and 3.2 dB when
the separation distance is 30 cm. At other locations,
particularly in the neighborhood of the plane of rotation of the
propeller, the harmonic sound pressure levels show much smaller
increases with angle of incidence. This is to be expected,
because of the directivity of the radiated noise due to unsteady
loads on the propeller.

6.2 Prediction Procedures--Empirical

Prediction procedures for propeller noise can be divided into near
and far-field regimes and, within each regime, into empirical and
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analytical methods. Most of the procedures are applicable to
tractor rather than pusher propellers, because most of past
interest has been directed towards the design and operation of
aircraft with tractor propellers. As a consequence there is
little test data from pusher propellers and little experience in
the validity of prediction procedures for pusher propellers.

Consider first, the empirical prediction procedures. Since these
are totally dependent on test data from tractor propellers they
are applicable to radiation directions close to the plane of
rotation of the propellers, since it is in these directions that
the maximum sound pressure levels occur. Far-field sound pressure
levels are estimated in terms of unweighted or A-weighted sound
levels, or Perceived Noise Level. Thus, SAE Aerospace Information
Report AIR 1407 [42) calculates first the overall sound pressure
level and then converts the result to Perceived Noise Level and
A-weighted sound level. (This AIR is currently under revision by
SAE). The procedure is in graphical form, but the equivalent
equation for the overall sound pressure level is

0
OASPL = 86.0 + 15.4 log P - 10 log |22 -]+ 38.1 My  (9)

vhere P is the shaft power (kW), N the number of propellers, D the
proveller diameter (m), B the number of blades on each propeller,

My the propeller tip rocational Mach number and r the distance
(m) of the observer from the propeller. The equation represents

the maximum sideline sound level, irrespective of the angle of
radiation.

Other empirical prediction procedures in terms of the A-weighted

sound level or A-weighted harmonic sound levels are discussed by
Galloway and Wilby [43] and Galloway [44]). For light general

aviation aircraft, Galloway initially developed a simple linear
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regression line whose equation gave the maximum sideline
A-weighted sound level L,

Lam = 146 + 240 log Mp - 20 log r (10)

where M, is the helical Mach number of the blade tip. In later
work, this was revised to

Lam = 129.6 + 10 log P + 175 log M - 24 log r (11)

For larger multi-engined aircraft, Galloway and Wilby [43]
obtained a relationship

Lam = 103.2 + 10 log(NP) + 66 log My - 19.1 log r (12)

Heller, et al, [45) derived an empirical prediction procedure for
maximum unweighted sound levels for each harmonic of the blade
passage frequency. The procedure can be written in the form

Lp(m) = Cp + 10 log [Mﬁpl‘sj - 20 log r (13)

where n = 1.57mB - 1.3 and C, is a constant dependent on

harmonic order m. Equation (13) is applicable to small,
single-engined general aviation aircraft. Galloway and Wilby [43]
developed a somewhat similar calculation procedure for the maximum
unweighted harmonic sound pressure levels of larger aircraft

SPL(m) = Cp, + 10 log(NP) + 70 log Mp - 20 log r (14)

Empirical prediction procedures for near field propeller noise
[42,46] calculate the unweighted overall and harmonic sound
pressure levels. The overall sound pressure level is given as a
function of the rotational Mach number of the propeller tip,, but
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the helical Mach number is used when estimating the relative
values of the harmonic sound pressure levels. Comparisons of tie
two methods [47] suggests that the SAE method [42] is the more
accurate procedure for static operation of the propeller, but the
method given by Ungar, et al [46], is the more accurate when there
is forward motion of the airplane. The SAE method predicts higher
sound levels for the higher order harmonics than does the other
method and, to that extent, estimates spectral shapes which are
more similar to those measured in the empennage tests.

Although the emphasis of the present test is placed on noise
radiation from the propeller operating behind an empennage, it is
of interest to compared test data for the propeller alone with
predicted sound levels. The prediction procedure which is most
appropriate is that given in Equation (13). In order to apply
this procedure it is necessary to determine values for the tip
helical Mach number and power of the propeller. For a propeller
rpm of 8200 and a flow speed of 62.5 m/s the tip helical Mach
number is 0.77. Measurements of the propeller thrust show a
fairly wide variation in values for nominally identical
conditions. From the test data an average value of 84.1 N (18.9
1b) has been used for present purposes.

The relationship between thrust T and power P is given by
g = TV/P

where ¢ is the propeller efficiency and V the forward speed of the
airplane. Thus, it is necessary to estimate the efficiency.
Assuming that the efficiency lies between 0.4 and 0.8, a geometric

mean value of 0.57 has been assumed. The resulting estimate for
the average power of the propeller is 9.2 kW. This value of the

-181- C -5




power is obviously much lower than the range of values associated
with the development of Equation (13).

Finally, it is necessary to determine the appropriate values for
Cm in Equation (13). Data of Heller, et al, show Cp varying

with harmonic order m and number of blades B, with B having values
of 2 or 3; in the present test B = 4. 1In the absence of other
evidence an average value of 105 was assumed for Cp for all m.

The resulting estimated values for the harmonic sound pressure
levels associated with 8200 rpm, 62.5 m/s test conditions are
plotted in Figure 97 where they are compared with test data for
four measurement locations. The agreement is very good consider-
ing the uncertainties in the analysis. The largest discrepancy
occurs at the fundamental (m = 1) where the measured levels are
lower than the predicted value. The reasons for this discrepancy
have not been determined, but, since the acoustic treatment in the
test chamber will be least effective at the lowest frequency, it
is possible that there may be effects due to destructive
interference between direct and reflected acoustic signals.

When A-weighted sound levels are computed from the model test data
it is necessary to perform frequency scaling prior to the
weighting so that equivalent full-scale levels can be obtained.
This could be accomplished either from analysis of narrowband
(harmonic sound levels) or one-third octave band spectra. In
order to maintain the blade tip rotational or helical Mach number
constant, frequency scaling should be performed on the basis of
propeller diameter.

Use of the harmonic sound pressure levels in the calculation of
A-weighted sound levels has the advantage that any concern that

the broadband sound levels are not associated with the propeller
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can be overcome. Furthermore, it is often found that flyover
noise levels of general aviation aircraft are dominated by propel-
ler tones. Broadband noise can be included separately so that the
relative contributions can be identified.

Since the empirical methods are all based on tractor propeller
data they are of little use for a propeller in the wake of an
empennage. It is possible that ad hoc adjustments could be incor-
porated, but it is not an appropriate approach for the present
investigation. The alternative is to consider available analyti-
cal methods which have been developed in recent years.

6.3 Prediction Procedures--Analytical

Early analytical studies of propeller noise were restricted to
uniform inflow conditions, but, more recently, attention has been
directed towards effects such as inflow turbulence, wakes and
counter-rotating propellers. It is this later work which is of
specific interest to the present study. In this section at:ention
will be drawn to some of the published analytical studies.
However, it is not possible to use the results of the studies to
predict radiated sound levels for the test propeller without hav-
ing information about the wakes behind the empennage.

Current analytical models are based on the acoustic analogy
developed by Lighthill and Ffowcs Williams. The models can be
divided into two groups, one of which utilizes the time domain and
the other the frequency domain. The time domain approach is the
more common method and has the advantage that it does not involve
transcendental functions, but it does require the use of high-
speed computers to perform the required numerical differentiation
and integration. Also it has the disadvantage that it is diffi-
cult to establish the relative importance of different parameters
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without performing extensive calculations involving parametric
variations. Frequency domain analysis with its closed-form repre-
sentations allows direct evaluation of the role played by differ-
ent parameters. However, it has the disadvantage that the func-
tions involved in the representations can become extremely compli-
cated when the inflow is distorted. The time domain approach has
been used by Farassat [48-51], Succi [50-51], and Woan and
Gregorek [53]). The frequency approach used by Hanson [41,54,55]
presents closed form results which demonstrate the roles of blade
geometry and operating conditions. The frequency domain approach
gives the harmonic sound pressure levels directly; the time domain
approach gives harmonic sound levels after Fourier

transformation.

The particular condition applicable to the present tests of a
propeller operating in the wake of an empennage is that of a fixed
distortion of the inflow (in contrast to a rotating distortion
associated, for example, with counter-rotating propellers).
Treatment of the fixed distortion case can be found in textbooks
[56,57] as well as in published papers. A recent paper by Hanson
[41] treats the fixed distortion problem as a special case of the
counter-rotating propeller, but it can be addressed directly with-
out considering counter-rotation [55,58].

Depending on the analytical model selected, calculation of the
radiated sound pressure levels will require detailed inputs for
the aerodynamic inflow and the blade geometry. The procedure for
NASA Aircraft Noise Prediction Program (ANOPP), which is based on
the work of Farassat, is described by Zorumski [59]. This
procedure was used by Block [39]; a computer-generated three-
dimensional display of the SR-2 blade used by Block [39] is shown
in Figure 98. This is the blade used in the present study.
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The model for the flow field used by Hanson [41,55] is in the form
of a compcsite source function g(y,£,r) where, modifying Hanson's
notatior. slightly [55],

2

9(ri8ir) = (Ui h(vir) + §5 DO + g5 F (L) 16 (64FR)
Y
a2
]
+ AP(y,r)8 (E+FA) + W Tij(y'g'r)

Here U = relative velocity at source point
h = blade thickness
D = drag force per unit area
F_ = radial force per unit area
AP = 1lift force per unit area
T..= Lighthill's stress tensor

and (v,£,r) are the helicoidal source point coordinates. If this
model is to be used for the present test configuration the
measured flow field will have to be decomposed into terms of this
type. A similar approach would be required for the time domain
approach.
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7. CONCLUSIONS

The data presented in this report have been subjected to only a
brief evaluation and analysis, but several conclusions can be
drawn. Obviously a fairly extensive analysis is required if full
benefit is to be obtained from results. This analysis would
incorporate aerodynamic data for the flow field entering the
propeller disc and would make use of available analytical predic-
tion procedures (either time or frequency domain) in order to com-
pare the test data with theory.

The conclusions drawn from the present evaluation and analysis can
be summarized as follows:

(a) Test data measured at several of the microphone locations
show a fairly high variability which masks some of the trends
associated with parametric changes. The reasons for their
variability have not been determined, but may be caused, in
part, by propagation through the turbulent shear flow and
reflections in the test chamber. It may be possible, by
judicious use of averaging techniques, to overcome some of
the problems created by the data variability.

(b) Measured sound pressure levels at harmonics of the blade pas-
sage frequency are consistent with values predicted on the
basis of existing empirical procedures, when the'propeller is
operated alone in the test section.

(c) The presence of the fuselage and its supports upstream of the
prop2ller caused an increase in the harmonic sound pressure
levels generated by the propellers, but the main increase
occurred when the empennage was installed.

(d) The influence of the empennage on radiated harmonic sound
pressure levels is greatest at locations nearest to the
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propeller axis and least near to the plane of rotation of the
propeller.

(e) The presence of the empennage effects the sound levels of
higher order harmonics (m greater than or equal to 4, approx-
imately) more than it does the lower order harmonics.

(f) The harmonic pressure levels generally increase as axial sep-
aration distance between the empennage and propeller
decreases. Also the harmonic levels increase with angle of
incidence of the empennage. An increase in harmonic sound
pressure level was observed when the propeller axis was moved
below the Y-tail empennage centerline. This may be associ-
ated with flow effects from the tip of the ventral fin, but
this explanation is only conjectural at this stage.

(g) 1Increases in propeller rpm resulted in increases in harmonic
sound pressure level. The effect was more pronounced when
the propeller was operating alone than when it was operating
downstream of an empennage.

(h) Wwhen the propeller was operated at 8200 rpm, the broadband
sound pressure levels at frequencies above about 1000 Hz were
generally higher than the tunnel background noise levels.
However, there was little or no further increase when the
fuselage, with or without an empennage, was introduced
upstream of the propeller. Thus, the empennage has only a
negligible effect on the measured broadband sound pressure
levels.

The present study has concentrated on far-field sound pressure
levels with application to airplane flyover noise. However, the
data indicate that the main changes in sound pressure level occur
at locations close to the propeller axis. Thus, the effect on
flyover sound pressure levels should be evaluated in terms of
sideline as well as constant radius locations in order to adjust
for the greater propagation distances from propeller to ground

-189-




associated with acoustic radiation angles closer to the propeller
axis.

A second factor should also be considered. Since high sound
levels radiated by a propeller behind an empennage can propagate
forward along the fuselage sidewall, the influence of these sound
levels on cabin interior noise should be evaluated.
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APPENDIX A

HP87 Computer Programs

This appendix presents listings, sample outputs and brief discus- A

sion of computer programs used during reduction of the test data.

A.l
A.2
A.3
A.4
A.5
A.6
A.7

SHEARSCALE.
GENRAD3 . .
CEDAR2. . .
HARMPLOT2 .
NBSPECTRA2.
PINEVERT. .
PINEHOR . .

Page
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A.l Program SHEARSCALE
The corrected pressures and angles due tc the presence of a shear
layer are calculated using Amiet's method [20]. These corrections
are independent of frequency.
Input required:
Microphone Number
Angle (degrees)
Radial distance (feet) from source to microphone
Distance (Feet) from source to shear layer

The convention for microphone angles is

0° = upstream
90° = port side

Output:
Corrected angle (in degrees)
Shear Layer Correction (dB), to be added to measured

pressure spectrum levels

The corrected pressures and angles are entered and stored in the
programs GENRAD3 and CEDAR2, for the two Mach numbers used in the
current test.

'"RPCEDING PAGE BLANK NOT FIEMED
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10
20
JI0
40
S0
60
7G
8o
190
110
120
121
122
123
125
120
140
150
160
190
200
220
230
2480
247
244
25C
o680
27¢
28N
310
320
IO
340

P .=

Jen
70
380
92
=34
4
410
42
£2%
470
447
45,
460
4770
48
490,
00
S10
520
30
Sac
S50
Seu
s70
S80

%e0

LAl o
C{‘-‘ "Q! L
OB POC. :
{

FEM-- -- - - ——
REM PROGRAM "SHEARSCALE" CALCULATES AMIET’S SHEAR LAYER CORRECTIONS |
REM BASED ON AIAA PAPER 75-532
REM=== == <
REM

REM ORIGINALLY WRITTEN BY P.SDDERMAN MARCH 1984 FOR HFB87
REM CONVERTED TO AFFLE III
REM

OFEN#2 AS DUTFUT.".PRINTER"

LF$=CHRS$ (10, :REM LINEFEED

FFe=CHR® (12) : REM FORMFEEL

P1=3. 141559245

DEG=FI., 180G

DY=0.2+DEG

FE="4) . 28.6X, 28.280.5X, 28. 28, 7X , +38. 28, 6X  +3H. 28, BX, +24. 24"

REM

HOME

FRINT"START OF PFOGRAM"

PRINT"UNITS ARE FEET AND DEGREES"

PRINT"SHEAR LAYER CORRECTIONS WILL RE CALCULATED FOR POINTS AT GIVEN"

PRINT"INFUT RADIAL DISTANCES"

FRINT" *

INFUT"MACH NUMBER = "iM !
PRINT" * '
PRINT" ANGLE CONVENTIONS - UPSTREAM = O ., PORT SIDE = 20"

EETA=(1-M 1) 0.5

FRINT®Z:iFFS

FRINT#2LFS

FFRINTH#2ILFS

FRINT#21" SHEAF LAYER CORRECTIONS USING AMIET'S METHOD"

PEINT#2:" ™

FRINTH#D:" MACH NUMEER = ":iM

FRINT#2:" "

PRINT#Z(" MIC No RADTAL SHEAR LAYER UNCORRECTED' CORRECTED SHE A
R LRYER"

FRINT#2:" DISTANCE DISTRNCE ANGLE ANGLE CORRE
CTION ‘dE)"

FPFINT#Z:" "

REM INFUT MIC No and ANGLE

INFUT"MICROFHONE NUMBEF = "tMC

INFUT"MICROFHMNE ANGLE (1n Dearees) = "iTHETA

INFUT"RATIAL DISTANCE (1n feet) = "iIR

INFUT"SHEAFR LAYER DISTANCE (feet) = "iH T
IF THETA- 18" THEN THETAM=180-THETA B

IF THETA. 18¢ THEN THETAM=THETA-180

REM AMIETS CONVENTION FOR ANGLES

Y1=R+SINI(THETAM®DEG)

REF STARTING POINT IN ITERATION

TH=THETAM«DEG

IF THETAM 90 THEN TH=(THETAM+20)#DEG

FREINT"THETA"$TH

ZETh=( (1=M*COS(TH) ) "Z=(COS(TH)) "2) 0. %

FRINT"ZETA"IZETA

FRIME=ZETA  (BETA Z#COS(THY+M)

THETAF=ATN (FRIME»

IF FRIME O THEN THETAF:= THETAF+FI

COAT=(Y1/TAN(THETAM+DEG) -H/TAN(THETAP) ) “ (Y1-H)

THETAZ=ATN (1 /COAT)

IF(1/COAT)« 0 THEN THETA2=THETA2+FI

DIFF=TH-THETAZ

FRINT"LIFF "sDIFF:" THETAF "t1THETAFt" COAT "3$COAT:" THETAZ "§THETF2 | |
FRINT" " |
IF DIFF -D» OR DIFF:DX THEN TH=TH-DIFF/2

IF DIFF<-DX OR DIFF:DX THEN GOTO 460
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600
610
620
630
640
650
660
670
&80
690
700
710
712
714
720
730

Pi=(SIN(TH)+ZETA®(Y1/H=1)) "0.5#H,/ (R*ZETA 2#SIN(TH) :
FP2= (SIN(TH) "3+ (Y1/H-1)#ZETA"3)*0.5

P3m (M 2% (1=-MeCOS(TH)) "2+ (1=M"2# (COS(TH) )" 2)) " .5/ (Z. 0#SIN(TH))
PA=ZETA+SIN(TH) # (1-MeCOS(TH) ) *2

PEPM=PF | #F2#FP3#F4

DELDE=20#L0G (PBPM) /LDG (10)

IF THETA<1BO THEN THETAFP=1B80-THETAF/DEG

IF THETA:>180 THEN THETAP=1B0+THETAF/DEG

REM

PRINT#2 USING E$}MC.R.H.THETA.THETAF,DELDE

INPUT" ANY MORE MICS? (Y/N) "ifP$

IF As="Y" THEN GOTO 70

INPUT" ANY MORE MACH NUMBERS ? (Y/N)"iCse

IF Ce="Y" THEN BOTO 230 AL PAGE IS
PRINT" END OF PROGRAM" ORIGHAL 4 ALITY
i OF POOR QUALII

SHEAR LAYER CORRECTIONS USING AMIET'S METHOD

MACH NUMBER = .134

MIC No RADIAL SHEAR LAYER UNCORRECTED CORRECTED SHEAR LAYER

oS-

DISTANCE DISTANCE ANGLE PNGLE CORRECTION (dE)
14,00 S5.00 + 60,00 + 465.93 + (.81
14.00 5.00 + 70.00 +* 75.33 + 0.59
14,00 S.00 + 80,00 + B5.21 + 0.37
14,00 S.00 + 90,00 + 94.97 + 0,12
14,00 5.00 +105. 00 +109,70 - 0,22
14,00 S.00 +120.00 +124.61 - 0.52

7.92 S.00 +250,00 +286.91 + 0,456
14,00 4,04 + 90,00 + 95.852 + 0,12
14,00 S.77 + 20,00 + 94,60 + 0,13

7.58 .00 +270.00 +267. 33 + 0,13

SHEAR LAYER CORRECTIONS USING AMIET'S METHOD

MACH NUMEER = 1873

MIC No RADIAL SHEAR LAYER UNCORRECTED CORRECTED SHEAR LAYER

s L B R BN

[y
-0

-
N

13

DISTANCE DISTANCE ANGLE ANGLE CORRECTION (dE)
14.00 S.00 + 60,00 + 6B.48 + 1.19
14.00 S.00 + 70.00 + 77.7%9 + 0.B%
14,00 5. 00 + BO.0O + B87.23% + 0.57
14,00 S.00 + 90.00 + 96.80 + 0.25
14,00 S.00 +105, 00 +3111.21 - 0.24
14,00 S.00 +120.00 +126.06 - 0,64

7.92 5.00 +290. 00 +285.62 + 0,71
14,00 4,04 + 90,00 + 97.83 + 0,23
14,00 S.77 + 90,00 + 96.30 + 0.25
7.58 5. 00 +270.00 +266.33 + 0.25
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A.2 Program GENRAD3

A flow chart for program GENRAD3 is given in Figure A.l. The
one-third octave band average pressure spectrum is formed on the
GR1995 and transferred to the HP87 by the program. There is an
option for the spectrum levels to be corrected for shear layer and
normalized to a distance of 4.3m (14 feet). The correction data
is stored for Mach numbers 0, 0.13 and 0.18 only. The spectra may
be stored on disc, either in uncorrected or corrected form, for
future retrieval.

Since the model is not full scale, an A-weighted spectrum level
calculated directly from the model measurements will have no
meaning full scale. Thus, a scale factor is input, representing
the fullscale/model size ratio, which must be in the range 1 to
10. This is used to shift the spectrum down in frequency for the
calculation of the scaled A-level. For example, a scale factor of
2 shifts the spectrum down by 3 one-third octave bands.

Input required:
Scale factor (in the range 1 to 10)
Run Number
Data Point
Microphone Number
Microphone Gain, relative to calibration signal
Wind speed (ft/sec)

Outputs (as selected):
Plot of spectrum
Listing of spectrum, overall SPL, A-level and scaled
A-level
Spectra stored on disk using the file names
Uncorrected: RT Run No - Data Pt - Mic. No.
Corrected: CT Run No - Data Pt - Mic No.
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WP o7 GR 1995

Controller 1/3 Octave
Program Bend Analyzer
GENRAD 3

Input :

Data from Tln
Form Averag

1/30.8. S’oﬂm

rophone
Gain, Wind Spooa

-

Request and Transfer
Receive Binary 1/30.8.
Data from Spectrum
CR 1995 Levels

AN T

Adjust Spectrum
for Gain

Save
Uncorn:ud

—
HP 26N
Printer

Corrections for
Shesr Layer
and Distance.
Print Corrected

Spectrum

HP 7470
Plotter

FIGURE A.1 FLOW CHART FOR PROGRAM GENDRAD 3
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11,186

as50

‘GENRAD3" TAKES DATA “ROM THE GR '995 1/3-0CTAVE BAND ﬂNﬂLYZER
AND TABULATES. GRAPHS AND STORES I7 ON DIST DRIVE D70°

THIS VERSION is T0 BE USED rOR THE PUSHEr—’ROP TEST IN 7X16.
DATA CAN BE CORRECTELC DIRECTLY

4P97 VERSION

PAUL SODERMAN -LISA LEE 6/8/84

PRINTER IS !
OPTIONK RASEZ 1
DIM T(s70).Band(33) ,Level(33) ,Freq(20).C(30)
DIM Micno(13).004) .Speed(4) .Refaistt4) ,Cangle(13,.4) .Corr(13,4)
DIM Dist(i3), Shift(11),Factorc11), Guenqhttg
DIM AS[G €]
DATA 1,2 .3,4,5.6,7,8,9.10.1%.,12,13
! AT HICRDPHONE RADIAL DISTANCES
DATA '4,:4, .14,14,4.5.4.5, 8 7 q‘ .14,14,7 .58
! CORRECTIDNS FUR 0-0 U-O NC DIST PDRR-CT70N
éathC0§R%CTED ANGLES AND ZERG CORPEF*IONS
DATA 60.70.80, 50 105,120.105.140,15,290,96.90.270
DATA 0.C.0.0. O .0,0.0,0.0.C.C
' CORRECTIONS FOR 0=0.U=0.REF DISTANCE=14 feet
BR gN'ORRECTED ANGLES AND DISTANCE CORRECTIONS ONLY
[}
DATA €0.70.80.90,105.120.105.40,15.290.90.90.270
DATA 0.0.0.0.0,0.-9.9.-9.9.-4.9.-4.9,0 C,-5.2
' CORRECTIONS FOR Q=27 .U=150.REF DISTANCE=14 feet
BR ng?E?g%D‘zﬂc LES AND SHEAR/DISTANCE CORRECTIONS
|
DATA 65.9,75.5.85.2,95.109.7, 12# 6. 105 |ao 15 286 9.95.5.94.6.267.3
DATA .B..6..4,.1.-.2.-.5.-9, 9,-9.9,- «1.-5.2
! CDRRECTZGN° FUR 0=50.U=205.REF DI°TGNCE 14 voot
én gﬂgg:sggb ANGLES AND SHEAR/DISTANCZ CORRECTIONS
» |‘
DATA 68, S 77 g. 87 2 96 S 11' 2.126.1.105.140,15, 28‘ 6 97 5.96.3.266.3
DATA 1.Z2..9.. 6.. .6.-9,8.-5.9,-4£.S.-4,
' THESZ CORREC XONS ﬂUST BE ano:n 79 THE SPEC:PUH LEVEL

g FREQUENCY DATA FOR BANDS

DATA 25.31.5.40,50.63,80.100.125.160.200.250.315.400 500.6320.300.1000
?hTF 1250,7600.2000.2500.3150.4000,5009.€30C.8000,1000.12500.1€00C.2000C

' DATA FOR SCALE rQCTOR SHI*T IN A-KEIGHTING
DATA 0.1,2.3.4.5,6.7,6.9.1
DATA !.118.1.4086.1.78:2.2, 2361 2.£169.3.5638.4.4723.5.5897.7.0721,8.9445,

' A-He:zht.ngs for 16 Hz to 20 Hz (33 Valiues)

DATA -6 7.-50.5,-44.7.-39.4, -34 6,-30.2.-26.2.-22.5.
DATA "Q ‘ "0 9 8 60 6 G 4 3 "-90'- -0.-601. 2
?GT“ 1.8.°.9.,~1.1,-2.5.-4, J.-G 5

FOR I=t TO '3

RERD Micnot D)

NEXT I

FOF I=1 70 12

READ Dict(I) P o v
NEXT T ORIG#

FOR J=1 70 4 OF POOR QUALL
RERD Q). Soood(l) Reaist(J))
FOR I=1 T0 13
RERDL Canz cie(l, 2
NEXT 1

B R T e

=15.1.-16.1
1.3.1.2
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FOF I=% T0 °
READ gorr(..J)

NEXT J
FOR I-v T 30
READ FreqtD)
NEXT I
FOR i=1 TC N
READ Shift(I)
NEXT 1

FOR I=1 TO 37°
READ ‘nctor(l)

FOR '-1 ™ 23
REGD ?uoxght‘l)

RESTORE
g USER INPUTS

CLEAR
DISE * *

LINPUT "INPUT DATE", Jour$
1sp " ow

pIss
DISP " INPJUT SCALE FACTOR TC BE
DIS® * Factor shoulo pe ir. the Ranrge °

INPUT Scalef
Tobshift=(
FOR I=1 TO "1

ORIGINAL PAGR 7
OF POOR QUALITY

USED “NR SCALED A-LEVEL™

IF Scalef>Factor¢I) THEN GOTD 700

TobshifteShiit(l)
GOTO 710
NEXT I

IF Scaief>Factor('1) THEM Tobenift=10

PRINT “SET UP AND' INTEGRATE SIGNAL INTD THZ GENRAD"

DISF "INPUT RUN NUMBER"
INBYT R
DISP “INPUT DATA POINT®
INPUT Do
DISP " "
DISP “INPUT MIC NUMBER"
INPUT #;¢

ISP - "

te 0"

D
DISP "INPUT MIC GAIN RELATIVE T0 CALIBRATION"

INPUT Gain
DIsp ™ ™

DISP "INPUT WIND SPEED (f/¢)"

INPUT L
D SP LU L)

DISg “'RANSFVRE IS STARTING"

RESET
.

"t TAIS COMMAND TELLS THE GR TD SFMD THE BINARY DATA

QUTPUT 720 USING “#.K" :
§END 7 : MTA MLA UNT TALK 2¢

' TRIS COMMAND ENTERS THE DATA INTO THE T ARRAY AS DECIMAL NUMBERS
L}

FOR Jet TO 33
ENTER 7 USING "o ,#B" :
NEXT I

T«D

u-LSu
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1900 RESET 7 ORIGHIAL Frve 5

1110 DISP "TRANSFER IS FINISHED" prR - =

"2 * OF POCR QUALILT

;;28 z COMPUTE AND LIST THE ¢B LEVELS

1150 FOR I=! TO 33 -

1160 Level(D)=T(I)/a+T(1)/2-Gain ! FOR LS BINARY TRANSFER

170 Band(I1eJ+1(

‘180 NEXT I

1190 (Overaila$="A"

1200 OveralifS="F"

1270 Oa=T(2)/4+7¢1)/2-6ain

*220 Of=T(3074+7¢1)/2-Gain

1230 Bottom="(¢1)/2+3.5-Gain

1231 Teme=0

1232 FOR I=4 TU 34

1233 K=I-Topshi

1234 IF K1 THEN GOTC 1237

1235 Ax=!0 ((Level(I)+Aueight(K))/10)

1236 Temp=Temo+Ax

1237 NEXT I

1238 Ascaied=10-LGT (Temp)

1240 pIse » *

1249 5070 1595

1250 LINPUT "DC YOU WISH ’D PRINT THE RAW DATA ON THE PRINTER ?",QGpS

1250 IF Gp$="N" THEN GOTC 16C(

1270 PRINTER IS 708

7280 PRINT = *

1290 IF Flog=! THEN GOTC 1340

1300 PRINT ™ 1/3-0CTAVE BAND RAK DATA TEST 706"

1210 PRINT " "

1220 PRINT ™ RUN":Rn:"  DRTA PCINT *“:Dp:" MIC":iMic

1330 60'0 '37(

:ggg :21?’ 1/3 OCTAVE BAND CCRRECTED DATA TEST 706"

' 1' " "

1360 PRINT RUN":Rn:" DATA 2NINT “:Dp:" MIC":Mic:

127¢ PRINT " GRIN":Ga:n

'?80 :‘:NT L1l "

1290 PRINT * ", JourS."” GENRAD PROGRAM"

1‘00 PRINT U 1)

) FRINT * 3AND NUMBER FREQUENCY. h2 Lp. 9B "

1420 PRINT® = ececcccceccecccccccccccccscccncasccranscaccanconcncnnass

t430 IMAGE *aX.AA.34X,0DD.D

144( PRINT USIKNG 1430 : Dvera!ia®.la

1450 PRINT USING 1420 : Overalifs.of

146 IMAGE 14X ,D0,12Y.DDDDD.7X.DDD.D

147¢ FCR I=' 70 30

1480 PRINT USING 1460 : Band(I+3).Freatl).ievel(l+3)

149  NEXT I

'500 PRINT "

150" Aszalec=IP (Ascaiec~'0)

1502 Ascaled=Rscaled/!

:gio ppps N' o MINIMUM LEVEL ON GR SCREEN WAS “:Bottom:" dB“
10 v'.-

1212 PRINT ™ SCALE FACTOR =*:Scalef:" SHIFTS THE SPECTRUM DOWN"

15?3 PRINT ™ BY":Tobshift:" 17% 0CTAVE BAND‘ FOR THE SCALED R-LEVEL OK_Y

‘14 PRINT " "

1515 PRINT * SCALED A-LEVEL = “":As-aled:" dBR"

1520 PRINT CHRE (12)

'53C  PRINTER IS !

1547 DisP ™

‘sso0  pIsP ™ ¢

:g?g gggg : ﬁDVQNCE TORM FEED ON PRINTER WHEN FINISHED PRINTING"

Vaord
'S80 Disp " *
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OHIGHAL PAGKE 'b::'
CF POOR QUALITY
IF Floa=! ThEN GOTO 1920
GOTC 1670
;?ég'“"sﬁﬂ DATA ARE BEING SAVED IN FTLE RT-RUN-POINT-MIC"

T11e$="RT"AVALS (Rm)&"-"4VALS (Dc)&"-"8VALS (M)
MASS STORAGE IS ":D701"
CREATE F1.e%.3

SSIGNe * TO FileS
PRINT# ' : Overa.la$,0a.0Overallfs.0f/.9

;ovol¢1v-nsccloc
fOR I 33

PRI#’glﬁ : Band(1).Level(I)
, ASSIGKs 1 T2«
* LINPUT DO YOU WANT TO CORRECT THE DATA FOR SMEAR LAYER EFFECTS 7.A15

IF A1S~"N" THEN GDTOD 1920
IM=0

FOR I=1 7O 13

%F ;lc<> Micnot¢I) THEN GOTD 1740
”-

Gu'O 1750
NEXT

1

'hotn-Canqlo(IH.!)

Thetac=Tneta
rlog-:

Ll-

TO0R 1=2 i0 4
IV U< Speed(I) THEN GOTO 1820

1

Us]

NEXT I

F

Hotnc-.angtotlh n

OR J=3 TC 3

ca )-Corr('ﬂ In
Levei(IteLevel (I)+C(1)
NEXT I

Ascaled=Ascaled+ (1)

Ca=0a+C()
(feQfec(1)
.GOTD 1270

' PLOTTER

]

:

PLOTTER IS 70S
GRAPEICS

LIMIT 20,200.20.!85
%DCQYE 20.100.20.87

' LABEL THE "LOT
L

CS128 2.7

LORG €

MOVE 79,9

LABEL USING “K" : “PUSHER PROP DATA TEST 706 ".Jour$

MOVE &4,94

If Flog=! THEN GOTO 20RO

LSSELBESING K" : “RAW 1/3-CCTAVE BAND SPECTRUM FROM “GENRARD ™

6070 2080

LABEL USING “K" : “CORRECTED 1/3-0CTAVE BAND SPECTRLI® FROM "GENRAD  *

MOVE &£ .8BS

. 235. USTHG “K.X.K.X" : “RUN “:Rn:" DATA PDINT “:De:" MIC":iMic:”
R 1

CS12E 2.0

SCALE 0 30.00, '20

AXES 0.10.0.80
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775v
2760
2770

ABEL THE AXES JF THE P'CT
Y AXIS

OR I=60 TO 120 STEP 10
MOVE -2
LRBEL USING “w.x* : 1
NEXT

MOVE -5.8.85
%QBE- USING *¥" : "Lo. dB"

3 X AXIS

CSIZE 2.2
MOVE 4.57
FOR I=2 TC 50 STEP 3
MOVE 1-1.57
LABEL USING "K.X" : FreatI)

N o-@-orace

LRBE~ USING “K" 1 "1/3 0.B. FREQUENCY. HZ™
: GRPPH THE SPL'S

FOR I=1 70 30
IF Level(I+3)<60 THEN GOTC 2450
CLIP I-1.1.60.Level(I+3)
FRAME

NEXT I

UNCLIP

MOVE 2.5.60

DRAK 2.5.50.5

FOR I=1 70 9 ! PLT TICKS ON X AXIS

MOVE 2.5+I+2.60

DRAW 2.5+1#2 €G.5

NEXT T

PEN 1P

ALPHA

SRINTER IS !

DISP * *

IF Flog=0 THEN GOTO 2700

LINPUT “DO YOU WANT TO_SAVE THE CORRECTED DATA IN A FILE 2tY/N)".A28

IF A25-"N" THEN GOTC 27060

MASS STORAGE IS ":D701"

0f11eS="CT"8VALE (Rn)&"-"8VALS (Dpr&"-"8VALE (M;c)
CREATE 0f:1e5,3

g S%GH"S TC Qfiles

PRINT "CORRECTED FILE IS BEING SAVED ON D701 AS™:0f:le$
gg%ul “(A-WNEIGHT AND OVERALL LEVELS ARE CORRECTED»"

N T " o»n

PRINT# 3 : Overalla$.0a.0verallfs.Of.UL
Level(1)=Ascaled

FOR T=1 70 32

PRINT# 3 : Band(I).Levei(I)

NEXT I v

ASSIGNs 2 TO =

LINPUT "ANY MORE MICS ?".918

D I Sp L1} "

IF @'$="Y" THEN GOTM 710
MASS STORAGE IS “:D/O0C"

REMOTE 720

RESET 7

PRINT "PROGRAM END"
END
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PUSHER PROP DATA TEST 708  3/26/84
CORRECTED 1/3-OCTAVE BAND SPECTRUM FROM ‘GENRAD’ T20S2
RUN 7  DATA POINT 1 MiC 2 GAIN 20

1201
110
100}
—
1"1
wfl| '1
—
LI L4 T
” -
n -
80 J 1 =
40 60 180 315 @630 1250 2300 SO000 10000 20000
173 0.8. FREQUENCY, M2
1/3 OCTAVE BAND CORRECTED DATA TEST 706
RUN 7 DATA PDINT 1 nIc 2
GAIN 20
4/17/84 GENRAD PROGRA*
BAND NUMBER FREQUENCY, W2 Lo. @B
q .7
F 107.7
14 25 93.7
18 32 9%.4
"% A0 8%.9
1?7 Sn 89.7
'8 63 91.2
19 80 85.4
20 100 85.9
21 125 2.9
2 160 85.9
23 200 $
24 250 R6.7
25 315 B4,
2 ang 84.2
27 SnC 9e.4
28 630 95.7
25 800 83.4
30 1000 9n.2
3 1250 88.4
2 1600 91.9
33 2000 8E.4
34 2509 86.9
35 3150 82.5
36 4000 79.9
37 5000 76.4
38 6200 76.9
39 8000 74.%
a0 1000 73.4
4 12500 n.?
a2 18070 74,2
43 20000 69.2

WINIMUM LEVEL On GR SCREEN WAS 70 db

SCALE FACTOR = 2 SHIFTS THE SPECTRI .
BY 3 1/2 OCTAVE BANDS FOR THE SCﬂLf’; 2?'2"& ONLY

SCALED RA-LEVEL = 97.6 dBa
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A.3 Program CEDAR2 \

A flow chart for program CEDAR2 is given in Figure A.2. The
averaged narrowband spectrum is formed on the HP4520, with the
harmonics indicated by the cursor, and is tranferred to the HP87
by the program. There is an option for the spectrum levels to be
corrected for shear layer and normalized to a distance of 4.3 m
(14 feet). The correction data is stored in the program for Mach
numbers O, 0.13 and 0.18 only. The spectra and harmonic levels
may be stored on disk, either in uncorrected or corrected form,
for future retrieval.

Input required:
Run Number
Data Point
Microphone Number
Microphone Gain, relative to calibration signal
Wind Speed (ft/sec)
Propeller rpm (
Propeller angle, B (degrees) L
Separation distance, X(inches), between propeller and -
empennage %7

Output (as selected):
Plot of spectrum
Listing of harmonic frequencies and levels T}
Spectra and harmonics stored on disk using the file names

Uncorrected: RH Run No - Data Pt - Mic No ‘
Corrected: CH Run No - Data Pt - Mic No iJ
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HP 5420
FFT
Narrowband
Anslyzer

Data From Tape.
Form Average
Spectrum
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1st Harmonic.
Select Harmonics .

I

v

Receive ASCII
Data Transfer
from HP 5420
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Spectrum,
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>

Adjust Spectrum
and Harmonic
Levels for Gain

Corrections for
Shear Layer and

HP 7470
Plotter

HP 267
Printer

FIGURE A.2 FLOW CHART FOR PROGRAM CEDAR 2
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FROGRAM CEDAR2 PLOTS FROP/EMPENNAGF INTERACTION NOISE SPECTRA

THE HPB7 IS THE CONTROLLER AND THE 5420B IS THE SIGNAL ANALYZER

THE RAW DATA ARE SAVED IN DATA FILES ON DISC D701

THE DATA ARE CORRECTED FOR SHEAR LAYER MODIFICATION OF LEVEL AND ANGLE
FROM DATA FILES ON DISC D700 GENERATED FROM °SPRUCE’

ROUNDS OFF U TO 2 DECIMAL PLACES

PAUL SODERMAN-LISA LEE 4/17/84  HP87

THIS PROGRAM USES INTERRUPTS

OFTION BASE 1
CLEAR

LEA

DIM C(30),H(9),Dt1024) .Hfreq(50) .Harm(50) ,Arr¢5,2),Brr16.2),Crr(32)
DIM Micno(13).0(4) ,Speed(4) ,Refdist(4) ,Cangle(13,4).Corr(13,4),Dist(13)
COM AC1050).B(530) ,Frea(530)

}ﬂhGE D.8DE

! SHEAR LAYER AND DISTANCE CORRECTIONS

! FOR HICRDPHONE NUMBERS

DATA 1,2.3.4.5.6.7,8,2.10,11,12.13

! AT HICROPHDNE RADIAL DISTANCES

DATA 14,14,14,14.14,14,4,5,4,5,8,7.92,14,14,7.58

! CORRECTIONS FOR 0=0,U=0,NO DISTANCE CORRECTION
BATENEORRECTED ANGLES AND ZERD CORRECTIONS

DATA 606.,70.80,90.,105.120, 105.-40 15.290,90,90.270

DATA 0,0,0.0.0,0,0,0,0.0.0.0.0

Y CORRECTIONS FOR @=0.U=0.REF DISTANCE=14 feet
6nTgﬂgogRECTED ANGLES AND DISTANCE CORRECTIONS ONLY

DATA 60,70,80. 90 105,120.105,140,15, 290 90 90,270

DATA 0,0,0,0,0.0.-9.9,-9.9,-4.9,-4.9 -5.3

' CORRECTIONS FOR @=27.U=150,REF DISTRNCE 14 feet

! CORRECTED ANGLES AND SHEAR/DISTANCE CORRECTIONS

DATA 27,150,14

DATA 65.9,75.5, 85 2,95.109.7,124.6,105.140,15, 286 9.95.5,94.6,267.3
DATA .B,.6,.4,.1,-:2,-.5.-9.9,-9. 9*-0 :9.~4.4, «1.-5.2
! CORRECTIONS FOR 0-50.U=205 .REF DISTANCE=14 foet

' CORRECTED ANGLES AND SHEAR/D'STQNCE CORRECTIONS

DATA 50.205,14

DATA 68.5,77.8,87.2,96.8.111.2.126.1 ’05 140,15,285. 6 97 5,96.3,266.3
DATA 1.2,.9,.6,.2.-.2,-.6.-9.9.-9,9.-4.9,-4.2..2,

z THESE CORRECTIONS MUST BE ADDED TO THE SPECTRUM LEVELS

DISP “ SETTING UP CORRECTION MATRICES *
FOR I=1T0 13
READ Micno(I)
NEXT 1
FOR I=1 T0 13
READ Dist(D)
NEXT I
FOR J=1 T0 4
READ 0(J) .Speed(4) Refdist ()
=1 1
READ Cangle T, ORIGINAL PAGE 1S

FOR I=1 TO 13 OF POOR QUALITY

READ Corr(I,J)
NEXT I

NEXT J

RESTORE

FOR I=1 T0 2
FOR J=1 TO S
Arr(J. D=0
NEXT J

FOR J=1 TD 16

e
-
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Brr(J,1)=0 —
2 ORIGINAL PAGE 1S

FOR I=1 10 32 OF POOR QUALITY

Crr(I)=0

NEXT I

FOR I=1 TO 21

Hfrea(I)=0

Harm(I)=0

NEXT T,

PRINT "THIS PROGRAM DESIGNED FOR HIGH RESOLUTION AUTD-SPECTRUM ANALYSIS O

?354200?gING LOG MAG FORMAT, WITH SINUSODIDAL. WINDOW"

800
810

Naxs-lZO

PRINT " MAXIMUM SPECTRUM LEVEL PLOTTED IS ' ™axs:"dB"

LINPUT DD YOU HISH T0 CHRNGE THIS?" ,A9S

IF A9%="N" THEN GOTOD 870

DISP "INPUT HAXINUH SPECTRUM LEVEL FOR PLOT IN dB"

INPUT Maxs

Risa-tess-70

PRINT “THIS PROGRAM WILL SAVE RAW AND/NR CORRECTED DATA ON DISC"
LINPUT "DO YOU WANT TD SAVE AND PLGT ONLY CORRECTED DATA ?*,P2$
IF P2%="Y" THEN A1$="N"

IF P2%="Y" THEN R2S="Y"

DISP " own

RESET 7

REMOTE 704

OUTPUT 704 :"1FM" ! SINGLE SCREZN FORMAT FOR 5420

?UTPUT 704 ;"17C" ! TRACE A IS ACTIVE

DISP " o»n

DISP "INPUT RUN NUMBER" ! USER INPUTS

INPUT Rn

DISP "INPUT DATA POINT"

INPUT D

gﬁSPT"INPUT MIC NUMBER"

DISP “INPUT MIC GAIN RELATIVE TO CALIBRATION"
INPUT Ga:n

DISP "INPUT WIND SPEED (f/s)"

}NPUT u

PRINT "THE FOLLOWING PARAMETERS ARF ONLY REQUIRED FOR TITLES"™
DISP “INPUT PROP RPM"

INPUT Rpm

?ISP "INPUT BETA IN Degrees"

DISP "INPUT SEPARATION X IN Inches"
}NPUT Sepx

.DISP " w

PRINT " CAPTURE PROPER DATA RECORD ON 5420" ! SET UP 5420 CH 1
S?ggT“"“ AFTER CAPTURE HIT "CONTINUF" ON HPB7 (Ch 1 IS ACTIVE)"
PAUSE

REMOTE 704

ON INTR 7 GOSUB Srq ! INTERRUPT FROM 5420

ENSBLE INTR 7:8

OUTPUT 704 :“401SA" ! REQUEST ASCII SAVE OF Ch 1 DATA TRACE TO HP87

IF S<> 96 THEN 1300 ! WAIT FOR SAVE TO START AND COMPLETE
! QUTPUT 704 CAUSES INTERRUPT #7
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1320 !

1330 ! CONVERT FROM WATTS TO DB, AND ADJUST FOR GAIN
1340 PRINT " TRANSFER COMPLETE. ADJUSTING FOR GAIN"
1350 PRINT * SET UP CURSOR AND HARMONICS ON 5420"

1360 K=0

1370 FOR I=17 TO Fin

1380 K=K+1

1390 B(K)=10«LGT (A(I))-Gain
1400 NEXT 1

1410 Nlines=K

1420 !

1430 Y SETTING UP FREQUENCY INFORMATION

1440 Delf=AC13)

1450 Range=Delf«(Nlines-1)

::gg E?ég’»"»AFTER HARMONICS ARE SET UP, HIT "CONTINUE® ON HP87"

1480 PAUSE
1430 ENABLE INTR 7:8
1500 S=0

1510 OQUTPUT 704 :",0.1PRPR" ! REQUEST ASCII DATA TRANSFER
1520 IF S<> 100 THEN 1520

1530 PRINT “SETTING UP HARMONIC MATRICES"
1540 Nharm=T/2

1550 IF Nharm>25 THEN Nharm=25

1560 PRINT “NUMBER OF HRRMONICS =":Nharm
1570 FOR I=1 TO Nharm

1580 Hfreq(I)=D(2=1-1)

1590 Harm(I)=D(2=])-Gain

1600  NEXT I

1610  IN=0

1620 FOR I=1 TC 13

1630 IF Mc<> Micno(I) THEN GOTO 1660

1640  IM=I
1650 GOTO 1670
1660  NEXT I

1670 Theta=Cangle(IM.1)

1680 Thetac=Theta

1690 !

1700 DIsP " "

1710 CS="N"

1720 Nharmc=0

1730 Flog=1

1740 IF P2s="Y" THEN GOTO 1840
1750 LINPUT DD YOU WANT TO SAVE THE RAW DATA IN A DATA FILE ?",A1S
1760 IF A1$="N" THEN GOTO 1860
i765 A4S="N"

1770 DISP " ™
1780 PRINT “SPECTRUM 1S BEING SAVED ON D701 AS RAWS='RH’-RUN-POINT-MIC"
} ggg 915p “"won

1810  GOSUB Spectra ! SAVE RAW DATA ON DISC D701

1820 ! CAT ":D701" LISTS FILES WITH NEW ONE ADDED

1830  DISP " *

1850 IF P28="Y* THEN GOTO 1980

1860 _LINPUT “DO YOU WANT TO CORRECT THE DATA FOR SHEAR LAYER EFFECTS & DISTANC
E 7".A28

1870 IF_A2$="N" THEN 6OTO 2200

1880  GOTD 1980

1890 !

1900 ¢ DUTPUT 704 :"2FM" ¢ SPLIT SCREEN

1910 1 QUTPUT 704 :"2TCLM" ! MAKE LOWER TRACE ACTIVE

1920 ! .
1330 DISP "CORRECTION FACTORS ARE STORED FOR WIND SPEEDS 0,150 AND 205 ONLY
1940  DISP "AND FOR A DISTANCE OF 14 FEET"

1950 DISP “ *
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gagsT"sNPUT WIND SPEED (f/s)"
?65% “CORRECTION FOR SHEAR LAYER AND DISTANCE IS SELECTED"

FOR I=2 TO 4

{F ?() Spood(l) THEN GOTD 2040
GDTD 2050

NEXT I

PRINT “CORRECTION FILE PARAMETERS ARE: MIC =":Micno(IM) ;" U=";Speed(IU)
LINPUT "IS THIS CORRECT?".A7$
IF A7$="N" THEN GOTO 1930
Thetac=Cangle(IM, IV
Dbcorr=Corr(IM,.IU)

FOR I=1 TO Nlimnes
B(I)=B(I)+Dbcorr

NEXT I

FOR I=1 TO Nharm
Harm(I)=Harm(I)+Dbcorr

NEXT I

‘ OUTPUT 704 :“401RA™ ! SEND CORRECTED DATA BACK TO THE 5420 LOWER TRACE
Blgg $<> 112 THEN 1340

LINPUT "DOD YOU WANT TO PLOT THE RESULTS?",A3S

IF A3$="N" THEN GOTD 2250

!
?OSUB Plotting ! PLOT RESULTS

LINPUT * DD YOU WANT TO LIST THE HARMONICS ON THE PRINTER?",A8S
IF ABS="N" THEN GOTD 2300

'
QDSUB Printing ! PRINT HARMONICS

LINPUT “ DO YOU WANT TO SARVE THE CORRECTED DATA IN A FILE ? (Y/N)".A4S

IF A4S="N" THEN GDTD 239C

:?INTZ" CORRECTED FILE TS BEING SAVED ON D701 AS °‘CH’-RUN-POINT-MIC"
og*

"

GOSUB Spectra
z CAT ":D701" ¢ LISTS FILES WITH NEW ONE ADDED

ISP " v

LINPUT "MEASUREMENT CONPLETED. DG YOU HAVE ANOTHER7™.RSS
IF ASS="Y" THEN GOTO 95¢

PRINT "PROGRAH END"

MASS STORAGE IS *:D700"

STOP ! END PROGRAM

! GO ABRNRRN NSRS RRRNARRRRRNRRNRRPIANENSRSGERRBRRIRRRRRARRRERTRERNRERERS

'
Srq: S=SPOLL (704)

STATUS 7.1 ; B ! DETERMINES STATUS OF 5420
PRINT "SRQ =":S

IF S=96 THEN GOSUB Asave_trace ! ON INTERUPT #7
IF S=100 THEN GOSUB Aprint ! ON INTERRUPT #7
IF S=102 THEN GOSUB Aprint ! ON INTERRUPT #7
IF S=104 THEN SEND 7 : CMD "7D%"

IF S=112 THEN GOSUB ﬂrocall _trace

IF S$=120 THEN SEND 7 ; CMD “7Es"

IF S=98 THEN PRINT "END OF PLOT"

PRINT "SRQ=";S

RESUME 7

ENABLE INTR 7;8

RETURN
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!
! THIS ROUTINE IS NOT BEING US

ED
. Frgqslot: PRINT “PLOTTING SPECTRUM" ! PLOTS ON 7470A USING HP5420A

IF A28="N" THEN GOTO 2700

22}$U10384 i"=1 TX RAW AND CORRECTED DATA (TOP/BOTTOM);" ! TEXT EDIT
GOTO 2720
OUTPUT 704 :"-1 TX RAW DATA:" ! TEXT EDIT
WAIT 1000

PRINT “AT LINE 963"

OUTPUT 704 :*0,523,656PL1.7206,6300PL.1PLPL"

! PLOT FORMAT: ORIGIN,X,Y PL UPPER RIGHT X,Y PL GO PLOT

IF _S<> 98 THEN 2750

'RETURN

!

: Asave_trace: PRINT "ASCII SAVE TRACE FROM 5420"

FOR T=1 TO 16 ! READ HEADER VARIABLES FROM 5420
EE;%RI704 ¢ ALD

T=A(3)/2

Fin=16+T

PRINT “READING DATA  STAND BY"

FOR I=17 TO Fin ! READ DATA FROM 5420
ENTER 704 : A(D)

NEXT I

?ETURN

! THIS ROUTINE IS NOT BEING USED

2 Arecall_trace: PRINT “ASCII RECALL TRACE FROM 9845"

FOR I=T TO 16 ! WRITE HEADER VARIABLES TO 5420
QUTPUT 704 ;A(D)

NEXT I

T=A(3)/2

Fin=16+7

PRINT “SENDING DATA STAND BY"

FOR I=17 TD Fin ' WRITE DATA TD 5420

OUTPUT 704 :ACD)

NEXT I

EETURN

Aprint: PRINT “ASCII DATA TRANSFER"

IF S=100_ THEN GOTD 309¢

FOR I=1 TO 9

52;5R1704 i H(I) ' READS 9 HEADERS
ENTER 704 ; T ! READS NO OF VARIABLES
FOR I=1 TO T

EE;%RI704 : DCI) ' READS DATA VARIABLES

PRINT * DATA TRANSFER ENDED"
?ETURN

! - .....I....I................'...Q......................................0

Spectra: ! CREATE DATA FILE ON DISC D?01

S RAN DATA FILE NAME IS RHRn-Dp-Mc (RH RUN-PDINT-MIC)

' coaasg;zggo?;a r£%51nans IS CHRn-Do-Mc (CH RUN-POINT-MIC)

MASS STORA *:D701"

If 31..»vw THEN RawS="RH"SVALS (Rn)a"-"aVALS (Do)4"-"4VALS (Nc)
IF A4S="Y" THEN Raws="CH"SVALS (Rn)8"-"4VALS (Dc)8"-"SVALS (Mc)
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3780
3790
3800
3810

CREATE Raw$,18.256 ! (18#256)= 576 NUMBERS X 8 BYTES/NUMBER
ASSIGN# 2 TO Raws

FOR I=1 TO S

Arr(l,.1)=Hfreq(l)

cE;;IiZ)-Ncra(I)

PRINT# 2.1 : Nlines,Delf .Nharm.Rom.U.Reta.Sepx.Thetac .Nharmc.CS,.Arr(,)
IF Nharm<= S THEN GOTD 3390

FOR K=6 TD Nharm

Brr(K-5,1)=Hf req(K)

Brr(K-5,2)=Harm(K)

NEXT K

PRINT# 2,2 : Brr(.)

Number=INT ((N!ines-4)/32)+1

IF Number>16 THLN Number=16

FOR I=3 TC Number+2

FOR J=1 TOD 32

sgr¢4»-s«<1-3)-3204)

XT J
PRINTs 2,1 ; CrrC)
NEXT I
ASSIGN# 2 TO =
RETURN
END
Plottxns ! PLOTS ON 7470A DIRECTLY
7R1NT START PLOT"

Neoints=26

Spacing=Range/Npoints

IF Spacing>250 THEN Value=50

IF Spacing<= 250 THEN Va)ue=25

IF Spacing<= 125 THEN Value=12.5
F Spacing<= 100 THEN Value=10

PLOTTER IS 1

PLOTTER IS 705

GRAPHICS

LIMIT 10,200,15.170

LOCATE 20.120.16,98 ! SCALE AREA
SCALE 0,256,Mins ,Maxs

AXES 10.10,0,Mins

!

! PLOT SPECTRUM LEVEL VS FREQUENCY
MOVE 0,Mins

FOR I=1 TO Nlines
Freq(I)=Delfe(I-1)
Xcoord=Freq(I)/Value

PLOT Xcoord,B(I) .1

?EXT I

! LABEL PLOTS

CSIZE 3.2

LORG 1

MOVE 21.Maxs

IF A2%="N" THEN GOTD 3840

LABEL USING K" : "NARROW BAND SFECTRUM CORRECTED FOR SHEAR LAYER AND 4.3

3820
m DISTANCE"

3830
3840
3850
3860

3910

GOTD 3850

LABEL USING "K" : “RAW NARROW BAND SPECTRUM"

CSIZE 3.2

LORG 1

MOVE 50.Maxs-2.5

LABEL USING "K" : "“TEST 706 RUN “:Rn:" DATA POINT ":Dp
MOVE 21.Maxs-5

Vele, 3048

Ve=V+,005
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970
3980

VeVa10

VeIP (V)

V=y/10

IF A2$="N" THEN GOTO 3980

LABEL USING "K" : "MIC “:Mc:" THETA = ";Thetac:" deg (corrected) ":"U ="

m/sec” ;" GAIN=":Gain

GOTD 3990
LABEL USING "K' : "MIC ":Mc:" THETA = ";Theta:" deg (uncorrected) U =":

v:" a/soc """ GAIN=";Gain

3990
4000
4010

' ! LABEL Y-AXIS
CSIZE 2.8

LORG 8

FOR Y=Minse TO Maxs STEP 10
MOVE -.1,Y

LABEL USING “K.X" : Y

NEXT Y

34
LABEL USING "K* : “Lp(f)"
MOVE -17,Maxs-37
LABEL USING “k* : "dB"

!

! LABEL X-AXIS

LORG ©

MOVE 120.Mins-7

LABEL USING "K" ; "FREQUENCY, H12"
LORG S

CSIZE 2.4

FOR J=1 TO 26 STEP 2
JJ=10e(J-1)
Freq(J)=Value*JJ

MOVE JJ.Mine-1

LABEL USING “K" ; Freq(J)
JK=10=

Freq(J)=Value=JK

MOVE JK . Mins-2.7

LABEL USING “K" ; Freq(J)
?EXT J

ALPHA

DISP * *
DISP LU L)
ALPHA
PRINTER 1S 1
RETUR

Printing: ' PRINTS ON 708
PRINTE IS 708

PRINT *

PRINT LU 1)

PRINT " *

PRINT ™ *

PRINT ™ *

PRINT " *

PRI 7 " on

Ve(Ue, 3048+ ,005)=10

Ve, 1eIP (N

IF QZS-“N“ THEN GOTO 4540

PRINT NARROWBAND SPECTRUM"

PRINT * CORRECTED FOR SHEAR LAYER AND 4.3 m DISTANCE"

PRINT * TEST 708 RUN":Rn;" DATA POINT":Dp:" GAIN=":

PRINT * MIC":Mc:" THETA=":Thetac:"deg (corrected) U=":V:"m/s
PRINT " "

ORIGINAL PAGE IS
OF POOR QUALITY
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Eg%gT‘;7° THESE LEVELS ARE NOT ADJUSTED FOR BROADBAND CONTRIBUTIONS"
PRINT * RAW NAR<OWBAND SPECTRUM"

PRINT * TEST 706 RUN" :Rn:" DATA PDINT";:Dp:" GAIN=";
PRINT * MIC":iMc:" THETA=":Thetac:"deg (corrected) U=":Vi"m/s
PRINT * *

PRINT * ©

PRINT * HARMONTC FREQUENCY .Mz LEVEL .dB"

PRINTI * === ceccccccccccccccccsccccccccccacccess "

IMAGE 19%,DD,9X,.DDDDD.D.9X.DDD.D

FOR I=1 TO Nharm

PRINT USING 4610 ; I,Hfrea(]) . Harm(I)
NEXT I

PRINT CHRS (12)
PRINTER IS 1
RETURN

END

12 NAVRROY SAD SPECTRUM CORRECTED FOR SMEAR LAYER MD 4.3 o DISTANCE

TEST 708 LT RV DATA POINT 1
NIC 4 THETA = 05.0 dog (sorrected) U =62.4 /ssc GAINS20
nef
- ORIGHINAL PAGE S
OF POOR QUALITY
13
W
&3
[ 13
nt
|
L J

'L-‘--‘--‘-‘HW

CORRECTED F! m "2 %CIW' STANCE
)
vts? 7& RUN ;S uga ’8!!1 1 GAIN= 20
MIC & THETA= 96.6 dep (corrected) U 62.4 m/sec
THESE LEVELS ARE NOT ADJUSTED FOR BROADBAND CONTRIBUTIONS

HARMONIC FREQUENTY M2 LEVEL .dB

$50.0 9.8

1

2 1087.5 9%.7
3 1637.5 93.5
a ‘87,8 87
5 737.8 9.5
€ 3275.0 7.8
7 2%.0 72
5 437 .0 20.2
3 49125 6.1
1 . .
1" 0‘.5.; 8.'
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A.4 Program HARNPLOT2

The program plots harmonic level versus harmonic order for up to 7
cases on each graph. The harmonic levels, stored on disk by
program CEDAR2, must be adjusted to allow for broadband contribu-
tions before plotting. These adjustments (always negative) to the
harmonic levels must be estimated manually from the na:-rowband
plots output by CEDAR2, and entered as input to program HARMPLOT2
for each harmonic in turn. The adjusted harmonic levels are
plotted for the cases selected, and stored on disk.

The program checks whether the harmonic levels have already been
adjusted when reading from disk, so that the adjustments are per-
formed only once for each case.

It is necessary to select the appropriate storage disk for each
case to be plotted. If the file associated with that case cannot
be found on the disk currently being read, the program will expect
another disk to be input.

Input required:
Parameter to be used for the key to the graph
(Mic No, Mic Angle 6, Wind Speed U, RPM, Propeller Angle B8
or Separation X)

For each plot:
Run Number
Data Point
Microphone Number

For adjustments to harmonic levels:
Number of valid harmonics
Harmonic number
[Corroction (dB) to be added to the harmonic level
These are entered for each harmonic to be adjusted.
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Disks containing filees, either with or without shear layer
and distance corrections created by CEDAR2

Uncorrected: RH Run No - Data Pt - Mic No

Corrected: CH Run No - Data Pt - Mi~ No

Output:
Listing of adjusted harmonic levels
Graph of harmonic level vs order for 7 cases maximum
Adjusted harmonic levels, stored ¢n disk, overwriting
the unad justed levels, with an indicator to show that
adjustments have been made to that file.
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' PROGRAM HARMPLOT2. 5/11/84  T.WILBY

'
b e BN SO Gk a bR "CH>. AND UP 1O 7 Chses

: MAY BE PLOTTED ON ONE GRAPH
DPTION BASE 1

CLEAR

MASS STORAGE IS *":D701"

DIM Tntlos(s).Koy(7) Nharm(7) ,Rpm(7),(?) ,Beta(7) ,.Sepx(7) ,File!S(?7)
DIM Thetac(?), Nhlrnc(?) CodoS(?) Harn(’ 21) Arr(5.,2). Brr(16 2)

DIH Chango(Z!) Harmx(7,21) Hfreq(7.21). 9ynbol(7)

DATA " Mic “,"Theta"."U(m/s)"," Rpm "." Reta"." X(m)"
FOR I=1 TC 6

READ TitleS(I)

NEXT 1

RESTORE

PRINT “SETTING UP MATRICES"
FOR I=1 TD 2

FOR J=1 T0 S

Arr(J.1)=0

NEXT J

FOR J=1 TD 16

Brr¢J,I)=0

NEXT J

FOR I=% TO 21

Change(I1)=0

?EXT I

PRINT "CASES WILL BE SELECTED FRNOM THE CORRECTED FILES ONLY. WHICH"
PRINT “ARE STORED AS CH Run-Point-Mic . UNLESS THE OFTION FOR *
PRINT "RAW DATA 1S SPECIFIED"

LINPUT “WILL ANY RAW DATA BE PLOTTED? (Y/N) ".A1S

! A1$="N" ONLY CORRECTED MAY BE SELECTED

! A1S="Y" RAW OR CORRECTED DATA MAY BE SELECTED

%F A18="N" THEN AS5S="N"

' SET UP SCALE

Maxs=120

PRINT “MAXIMUM SPECTRUM LEVEL PLOTTED IS ":Maxs:" dB"
LINPUT DO YOU WISH TOD CHANGE THIS?" .P's

IF P1$="N" THEN GOTO 550

DISP “INPUT MAXIMUM SPECTRUM LEVEL FOR PLOT IN DB"
INPUT Maxs

?xns-ﬂaxs-70

PRINT " "

Nplot=0

PRINT “Maximum Number of Plots on this Graph = 6"
Npiot=Nplot+i

PRINz "Plot Number ":Nplot:" on Graph"

Ys..l L1

DISP (1] "

DISP "INPUT RUN NUMBER"

INPUT Rn

DISP "INPU1 DATA POINT"

INPUT Dp

DISP "INPUT MIC NUMBER"

INPUT Mc

Symbol(Nplot)=Nplot

! PRINT "INPUT SYMBOL FOR PLOT":Nplot:" (NUMBERS 0 TO 9"
! INPUT Symbol(Nplot)

IF A1$="N" THEN GOTD 750

b%g;Ul :DD YOU WANT THE RAW DATA FILE"".AS%

IF Nplot<> 1 THEN GOTOD 850

ORIGKVAL PAGE s

OF POOR QUALITY
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OF POOR QUALIT!

770 DISP “THE KEY FOR THE GRAPH WILL DISPLAY Run-Point-Mic FOR EACH CURVE"

780 DISP “WHAT ADDITIONAL PARRHETER DO YOU WANT ON THE KEY?"

790 DISP "“POSSIBLE PARAMETERS ARE :

800 DISP "Mic=1, Theta=2, U=3. Rpm -4 Beta*5. X=6 *

810 DISP "INPUT THE PﬂRRHETER NUHBER YOU REQUIRE *

820 INPUT KK

830 IF KK<! THEN KK=1

840 IF KK>6 THEN KK=1

850 K=Nplot

860 Ntimee=0

870 YS="Y"

880 IF ASS="Y" THEN Fi1le!1S(K)="RH"&VALS (Rn)&"-"&VALS (Dp)a"-"&VALS (Mc)

890 IF ASS="N" THEN File1$S(K)="CH"&VALS (Rn)8"-"&VALS (Dp)a"-"8VALS (Mc)

900 ON ERROR GOTO 3220

910 ASSIGN# K TO File1S(K)

920 OFF ERROR

930 PRINT "File Requested from D701 is ":File!1$(K)

940 PRINT "READING DATA"

950 READ# K,1 ; Nlines,Delf .Nharm(K) ,Rpm(K), U(K),Beta(K),Sepx(K),Thetac(K) ,Nharm
ctK),Code$(K) . .Arr(,)

960 V=(U(K)=,3048+.005)=10

970 V=IP (WV)/10

980 X=(Sepx(K)/12+=,3048+.001>=1000

990 X=IP (X)>/1000

1000 FOR I=! TO 5

1010 Harm(K,I)=Arr(I.2)

1020 Hfreq(K.I)=Arr¢I. 1)

1030 NEXT I

1040 IF Nharm(K)<= 5 THEN GOTO 1110

1050 READ# K.2 : Brr(.)

1060 FOR I=6 TO Nharm(K)

1070 Harm(K,I)=Brr(I-5,2)

1080 Hfreq(K,I)=Brr¢I-5,1)

1090 NEXT 1

OFF ERROR

10 PRINT “DATA TRANSFER ENDED"

20 IF KK=1 THEN Key(K)=Mc

30 IF KK=2 THEN Key(K)=Thetac(K)

40 IF KK=3 THEN Key(K)=V

50 IF KK=4 THEN Key(K)=Rpm(K)

gg IF KK=5 THEN Key(K)=Beta(K)
80
90
00

=
=
=)

IF KK=6 THEN Key(K)=X

D ISP " "

IF Code$(K) <> "Y" THEN GOTO 1220

PRINT "THIS FILE HAS ALREADY BEEN ADJUSTED FOR BROADBAND CONTRIBUTIONS"
}g;g 28%311;BHE MAXIMUM NO OF HARMONICS TO BE USED IS ".Nharmc(K)

1230 ;?INT "THIS FILE HAS NOT BEEN ADJUSTED FOR BROADBAND CONTRIBUTIONS®
1240 DISP ™ ™

1250 PR{NT “NO OF HARMONICS STORED = *:Nharm(K)

1260 PRINT “INPUT NC OF VALID HARMONICS *

1270 INPUT Nharmc(K)

1280 Nharm(K)=Nharmc(K)

1290 FOR I=1 TO Nharmc(K)

1300 Harmx(K,I)=Harm(k,I)

1310 NEXT I

1320 LINPUT “ARE THERE ANY CORRECTIONS 70 BE MADE TO THE HARMONIC LEVELS?",A2%
1330 IF A2%="N" THEN GOTD 1530

1340 FOR I=1 TO 21

1350 Change(1)=0

1360 NEXT 1

1370 DISP " *

1380 PRINT " INPUT THE HARMONIC ORDER TO BE CORRECTED (Max=21)"

1390 INPUT J

1400 IF Change(J)=0 THEN GOTO 1460

1410 PRINT “THIS HARMONIC HAS ALREADY BEEN CHANGED BY ":Change(J):" dB"

1420 LINPUT "DD YOU WISH TD MAKE ADDITIONAL CHANGES TO THIS HARMONIC ? ".A3s
1430 IF A3%="N" THEN GOTO 1500

1440 PRINT "INPUT THE ADDITIONAL CHANGE IN dB FOR HARMONIC ":J
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1450 GOTO 1470

1460 PRINT "INPUT THE CHANGE IN dB FOR HARMONIC":J

1470 INPUT Ch

1480 Change(J)=Change(J)+Ch

1490 Harm(K,J)=Harm(K.J)+Ch

1500 LINPUT “ANY MORE CORRECTIONS ?".A4S

1510 IF A4S <> “N" THEN GOTO 1380

1520 PRINT "THE FILE HAS BEEN ADJUSTED FOR BROADBAND CONTRIBUTIONS®
1530 PRINT “PRINT ADJUSTED HARMONIC LEVELS"

1540 ?OSUB Printing

1560 LINPUT “ARE THE ADJUSTED HARMONICS OK TO STORE ON DISC701 ?",A9S
1570 IF A9%="N" THEN GOTD 1700

1580 CodeS$(K)="Y"

1590 DISP * *

1600 FOR I=1 TO 5

1610 Arr¢I,2)=Harm(K,I)

1620 NEXT I

1630 PRINT# K,1 : Nlines,Delf.Nharm(K) .Rpm(K) ,U(K) ,.Beta(K) ,Sepx(K),Thetac(K) ,Nha
rmc(K) ,Code$(K),Arr(,)

1640 IF Nharm(K)<= S THEN GOTO 1690

1650 FOR I=6 TO Nharm(K)

1660 Brr(I-5,2)=Harm(K,I)

1670 NEXT I

1680 PRINT# K,2 ; Brr¢.)

1690 PRINT "“DATA TRANSFER ENDED"

1700 eSSIGﬂc KTO =

1720 gosua Plotting

1740 PRINT "YGU HAVE JUST FINISHED PLOT “:Nplot

1750 PRINT "THIS GRAPH IS FINISHED"

1760 DISP " *

1770 IF Nplot=7 THEN GOTO 1800

1780 LINPUT “ANY MORE PLOTS ON THIS GRAPH ?7".A7%

1790 IF A7$ <> "N" THEN GOTO 600

1800 LINPUT "ANY MORE GRAPHS ? *.AB8S

1810 IF ABS <> "N" THEN GOTD 1850

1820 MASS STORAGE IS *:D700"

1830 DISP "PROGRAM END"

1840 STOP

1850 PRINT "STARTING A NEW GRAPH, WITH MAX LEVEL = “:Maxs:" dB"
1860 IF A1$="N" THEN PRINT “ONLY CORRECTED DATA WILL BE PLOTTED"
1870 IF A1S <> “N" THEN PRINT "RAW OR CORRECTED DATA MAY BE PLDTTED"
1880 LINPUT “ANY CHANGES ? (Y/N) *,A6S

1890 IF AGS="N" THEN GOTO 570

1900 {F ABS <> "N" THEN GOTD 400

1 92 ! RN RN RN AN NN RN AN NN AR R NE RN SRR NN NN RER RN EREARNAEREARERRRRRE.

1930 !

1940 Plotting: ! Plots Harmonic Level versus Order
1950 ! For a Maximum of 7 Plots on 1 Grarh
1338 1 ! Maximum No of Harmonics = 11

1980 PRINT “START PLOT"

1990 PLOTTER IS 1 ! Sets Default Size
2000 PLOTTER IS 70%

2010 GRAPHICS

2020 LIMIT 10,210.15.170

2030 LOCATE 20.120.16.98

2040 SCALE 0,12,Mins.Maxs

2050 IF Nplot<> 1 THEN GOTD 2530

2060 eXES 1.10,0,Mins

2080 ! LABEL Y-AXIS

G
2110 FOR Y=Mins TO Maxs STEP 10
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"DVE '.1|Y
LABEL USING “K" : Y
NEXT Y

CSIZE 3.2

MOVE -.3,Maxs-32.5

LABEL USING "K" : "Harmonic"
MOVE -.3,Maxs-35

LABEL USING "K.2X" ¢ “Level"
MOV Hals-38

%RBEL USING "K,3X" ; “dB"

! LABEL X-AXIS
LORG 6
MOVE 6.Mins-3

LABEL USING "K" ; “Harmonic Order"

CSIZE 2.8

FOR I=1 TO 11

MOVE I,Mins-.5
LABEL USING "K" : I
?EXT 1

! LABEL PLOTS
CSIZE 3.5
LORG 1
HDVE 1.Maxs
ASS-“Y" THEN LABEL USING *K* :

DNTRIBUTIDNS"

2380

R AND 4.3m DISTANCE"

2390
2400

2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520

2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2630
2700
2710
2720
2730
2740
2750
2760 N
2770

IF ASS="N" THEN LABEL USING “K"

MOVE 2,Maxs-2.5

IF AS$="N" THEN LABEL USING "K" .
'

! LABEL Key

! KK is the Keyv Number

LORG 4

Y=Maxs-6

MOVE 8.3.Y

CSIZE 2.8

LABEL USING "K" : “Symbol"
MOVE 9.6.Y

LABEL USING "K" : TitleS(KK)
MOVE 11.5.Y

"HARMOMIC LEVELS ADJUSTED FOR BROADBAND C

¢ "HARMONIC LEVELS CORRECTED FOR SHEAR LAYE

"AND ADJUSTED FOR BRDADBAND CONTRIBUTIONS

LABEL USING K" : "Run-Data pt-Mic"
2530 !

! Plot Spectrunm Level versus Order
YK=Maxs-6

J=Nplot

IF Y$="N" THEN GOTOD 2770
KT=Nplot+2

IF Nplot=1 THEN KT=1

LINE TYPE KT

MOVE 7.8.YK-2.5%J

DRAN 8.8,YK-2.5=J

PEN UP

MOVE 0.,Mins

LORG S

CSIZE 2.6

Nh=Nharm(J)

IF Nharm(J)>11 THEN Nh=1!
FOR I=1 TO Nh

IF Harm(J,I)=0 THEN GOTD 2750
PLOT I.Harm¢J.D).2

LABEL Symbol(J)

PLOT I.Harm¢J,I).1

GOTD 2760

HUVE I.Mins

EXT I
LINE TYPE 1
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2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2830
2900
2910
2920
2930
2940

!

! Key

LORG S

Y=Maxs-6

YJ=Y-2.5eNplot

MOVE 8.3.YJ

CSIZE 2.6

IF Y$ O "N“ THEN LABEL Symboli(Nplot)
CSIZE 2. 6

MOVE 9.6.Y

IF Y$ O "N" THEN LABEL Key(Nplot)
MOVE 10.9,Y.

LORG 2

LABEL USING “K" : Filel1S())
PLOTTER IS 1

RETURN

]
.

2950 ! BRSNS AR NN R RGNS R N RNEENCOARNRNNRaRARANNANEREERRRNANGNNTENNRRNN

2960
2970
2980 !
2990

3010
3020
3030
3040
E“

3050
3060
3070

]
Prlntnng: ! Prints Adjusted and Unadjusted Harmonic Levels

PRINTER IS 708
0 FOR I=1 70 6
PRINT !0 "

NEXT I

PRINT * NARROWBAND HARMONIC LEVELS"
IF ASS="N" THEN PRINT *

PRINT LU L)
PRINT * TEST 706 RUN":Rn:*" DATA POINT":Dp
PRINT * MIC":Mc:" THETA=":Thetac(K):"deg (corrected)

m/sec”

3080
3090
3100
3110
3120
3130
3140
3150
3160

PRINT " "

PRINT * "

PRINT * ADJ ADJUSTED"
PRINT " HARMONIC FREQUENCY.Hz LEVEL.dB dB LEVEL.dB"
PRINT * = smcmcccccccmccecccccccccccccccmccc e cceemmmmm o "
PRINT " "

IMAGE 12x.DD.7X,DDDDD.D.7X.DDD.D.2X.DDD.D.3X.DDD.D

FOR I=1 TO Nharm(k)

PRINT USING 3140 : I,Hfreqt¢K.I).Harmx(K,I).Change(I).Harm¢K,I)

3170 NEXT I

3180
3190
3200

PRINT CHRS (12)
PRINTER IS 1
RETURN

3210 !

3220
3230
3240
3250
3260
3270

' ERROR RECOVERY

Ntimes=Ntimes+!

IF Ntimes=! THEN GOTOD 3400

PRINT "DDES THE FILE ":FilelS¢K):™ EXIST 7"

DISP “IF THE FILE DOES EXIST, TRY ANOTHFR DISC AND TYPE "Y"™
DISP “IF THE FILE DDES NOT EXIST, TYPE "N°" .

LINPUT "IF THE FILE NUMBER IS IN ERROR. TYPE ‘E"".,Y$

IF Ys="Y" THEN GOTO 900

OFF ERROR

IF Y$="E" THEN GOTO 610

CORRECTED FOR SHEAR LAYER AND 4.3m DISTANC

U =":v;"

PRINT “THE PROGRAM WILL ASSUME THE FILE ":File!$(K):" DOES NOT EXIST"

Key(K)=0

Nharm(K)=1

CodeS(K)="Y"

FOR I=1 TO 21

Harm(K,I)=0

NEXT 1

GOTO 1710

DISP " TRY ANOTHER DISC "
DISP * WHEN READY, PRESS ANY LETTER, THEN “END LINE""
INPUT XS

GOTD 900

! END OF PROGRAM

ORIGNNAL PAGE 1S
OF POOR QUALITY,
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120 HARMONIC LEVELS CORRECTED FOR SHEAR LAYER AND 4.3m DISTANCE

AND ADJUSTED FOR BROADBAND CONTRIBUTIONS
Sysbol Rps  Run-Dota pt-Mic
— 5200 CHB7-1-1
uor -2 - 000 Oe-1-1
-3 4000 CHBS-1-1
100
wr-
Harmonic
Level
dé
80
70+
eof
o S R S S S R R R T R T E—
Hormonic Order

HAKKOWBAND HARMOMIC LEVELS
CORRECTED FOR SHEAR LAYER AND 4.3m DISTANCE

TEST 706 RUN &7 DATA PLINT 1
MIC 1 THETA= 68.5 dea (correctec) !' = 62.4 m/sec

AD.  ADJUSTED
HARMONIC FREQUENCY.Hz LEVEL.dE dE LEVEL.dE

] 550.0 99,1 0.0 99.1
2 1087.5 99.4 0.0 99.4
3 1627.5 9c.2 0.C qh.z
4 2187.5 £2.2 =i RY.6
5 2737.5 eo.c =7 75.%
6 3275.0 7%.2 -1.5 74,7
7 3825.0 73:9 =142 72.7
A 4375.0 7.5 = 77.0
9 43872.5 71.3  =2.0 69.3
10 5462.5 73:0 =i.1 21,9
M 6012.5 69.5 -2.5 67.0

ORIGHNAL PAGE T8
OF POOR QUALITY
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A.5 Program NBSPECTRA2

The program plots the narrowband spectra, which were stored on

disk by program CEDAR2. Either one or two spectra may be plotted
on each graph.

The program is useful if the plots obtained from CEDAR2 need to be
replotted on a different scale. It is also used to compare two
narrowband spectra. |

Input required: :]
For each plot:- Run Number
Data Point 1
Microphone Number

———y

Disks containing files, with shear layer and distance
corrections, created by CEDAR2
CH Run No - Data Pt - Mic No

omr-

Output:
Plot of narrowband spectra

—

.y
(Pt 28,
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'
!
!
!
]
!
'

! PROGRAM NBSPECTRA2 PLOTS PROP/EMPENNAGE INTERACTION NOISE SPECTRA
FROM FILES OF DATA CREATED BY CEDAR AND STORED O~ D70!

THO CURVES CAN BE PLOTTED ON ONE GRAPH
TYPICAL FILE NAMES ARE C-RUN-PDINT-MIC

! PAUL SODERMAN-LISA LEE 4/4/84 WP8?

OPTION BASE 1
PRINTER 1S 1

DIM A(540),Lp1¢(540).Lp2(540) .NDomaint540),C(540)

DIM Thota(Z) Crr(32)

DISP

PRINT “THIS IS DISC D701"
MASS STORAGE IS ":D701"
S?T l.:D707.|

S
S?égT"“EURRECTED FILES ARE LISTED CH RUN-POINT-MIC"

DI

SP * INPUT TODAYS DATE"

INPUT Jour$

PRINT "MAXIMUM SPECTRUM LEVEL PLOTTED IS *:Maxs:" dB"

LINPUT “DO YOU WISH TDO CHANGE THIS?".Pit
IF P1€="N" THEN GOTO 280

DISP "INPUT MAXIMUM SPECTRUM LEVEL FOR PLOT IN dB"
INPUT Maxs

Mins=Maxs-70

Flog=1

K=0

f;n-274

; INPUTS FOR ONE SPECTRA

DISP LA 1)

DISP * WHAT RUN DO YOU WANT 2%

INPUT Rn

DISP " WHAT DATA POINT 27"

IN
DI

PUT Dp
SP ** WHAT MICROPHONE ?*

INFUT Mc
IF Flog=2 THEN GOTC 470
DISP " *

IF Flog=1 THEN Rni=Rn
IF Flog=1 THEN Dp1=Dp
IF Fiog=1 THEN Mc1=Mc
§-K41

'
!

READ THE DATA FILE ON DISC 701
File1$="CH"&VALS (Rn)&"-"&VALS (Dp)a&"-"&VALS (Mc)

PRINT “FILE NAME CALLED IS".Filel$
ASSIGN# K TO Filel$S

READ» K, 1

IF Flog=1 THEN Delf1=Delf
IF Flog=1 THEN GOTOD 600
IF Delf1=Delf THEN GOTO 600

PRINT “BANDWIDTHS DIFFER. RETURN TO INPUT FIRST SPECTRUM AGAIN"

GOTO 290

Number=INT ((N]ines-4)/32)+1
IF Number>16 THEN Number=16
FOR I=3 TO Number+2

READ# K.I : Crr()

rOk J=i 10 3¢

IF

Flog=1 THEN Lp1((I-3)#32+)=Crr())

IF Flog=2 THEN Lp2((I-3)#32+J)=Crr()
NEXT J

NEXT 1

IF Nlines>512 THEN Nlines=512

IF Flog=1 THEN Thetal=Theta(Flog)

DISP * "
!

SECOND CURVE OPTTONAL
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1400
1410
1420

1460

IF Flog=2 THEN GOTO 830
Flog=2

D
b{ggUI “DO YOU WANT A SECOND CURVE ON THE SAME GRAPH °",Q2s

IF Q2$="Y" THEN DISP "MUST USE THE SAME Bu"
IF Q2$="Y" THEN GDTD 300

Fin=260

Steps=12

Nstep=Nlines/13

IF Nstep>2! THEN Nstep=4D

IF Nstep<2! THEN Nstep=20
D?g‘NSQOP/ZG

g%g; " COMPUTING FREQUENCIES TO BE PLNTTED STAND BY"

FOR I=! TO Fin STEP 20
Domain(I)=Delfe(I-1)eNL
agx?o?aan(1)<50 THEN Domain(I)=50

i RN RN AR RN RA NN aARE RSP RRRRRNCERRRRRRN RN aARRIRRENRE
; PLOT RESULTS

PLOTTER IS 705
GRAPHICS

LIMIT 10,200.15.170
LOCATE 20.120.16.98
SCALE 0,256 .Mins.Maxs
eXES 0,10.0,Mins

z TITLE

CSIZE 3.6

LORG 2

MOVE 31.Maxs

LABEL USING "K' : "POWER SPECTRAL DENSITY ":Jour$:" (NBSPECTRA2)"

MOVE 68.Maxc-3

%SBEL USING “K" : "RUN ":Rn1:" PT “:Dp1:" MIC ":Mc1:" Theta= “iTheta!
N1

MOVE 208 .Maxs-3

DRAW 228 ,Maxs-3

PEN UP

IF Q2$="N" THEN GOTOD 1320

PEN 1

LINE TYPE 1

MOVE 68.Maxes-€

LABEL USING "K' : “RUN ":Rn:" PT ":Dp:" MIC ":Mc:" Theta= ":Theta(Flog

PEN 2
LINE TYPE 6
MOVE 208,Maxs-6
DRAW 228 .Maxs-6
PEN UP
PEN 1

!

'

ORG 8
%DR Y=Mins TO Maxs STEP 10
MOVE -.1.Y

LINE TYPE 1

LABEL USING “"K.X" : Y

NEXT Y

MOVE -11,Maxs-34 w
LABEL USING “K" : "Le(f)
MOVE -17 .Maxs-37

LABEL Y-AXIS

LABEL USING “K" i “dB"

]

i LABEL X-AXIS ORIGIVAL PAGE 1S
'

LORG S OF POOR QUALITY
MOVE 120,Mins-7

-232~

-,“




o —

.-

[ e ]

M B - - . . T

LABEL USING "K" : "FREQUENCY. Mz "
CSIZE

3
FOR J=1 TO Fin STEP 20 ORIGMAL Pacr (g

MOVE J.Mins-2 OF
I'.‘E\%LJUSiRE “K" : Domain(J) F. POOR QUALITY

[ ]

FOR I=1 TO Fin STEP 20 ! PUT TICKS ON X-AXIS
MOVE I.Mins

DRAW I.Mins+.6

NEXT 1

MOVE 256 .Mins

DRAN 256 ,Mins+.6

?EN upP

! PLOTTING FIRST DIRECTIVITY PLOT

!

FOR I=1 TO Nlines

K=I/NL

PLOT K,Lp1¢I),1 ! PLOTS WITH LEFT PEN 1
NEXT 1

'
z PLOTTING SECOND DIRECTIVITY PLOT

IF Q2%="N" THEN GOTO 1839

PEN 2 ' PLOT WITH RIGHT PEN 2
LINE TYPE 6

MOVE 1.Lp2(1)

FOR K=1 TO Nlines

J=K/NL

PLOT J.Lp2¢K),1

NEXT K

LINE TYPE 1

EEN 1

ALPHA

, LA A AL AL LI LR AR R R R 1 P XX R X X R L Ll 2l

PRINT * *

DISP_"DO YOU HAVE ANOTHER GRAFH TO MAKE 7"

INPUT Q35

I 38=7Y" THEN GOTO 150

MASS STORAGE IS ":D700"

PRINT “PROGRAM END"

END 120 POVWER SPECTRAL DENSITY 7-8-84 (NBSPECTRA2)
RUN 14 PT1 MIC ! Theto- 68.5 ——
RUNSPT2 MIC1 Theto- 66.5 ——

110

100
o0+
Lpth)
d8
80
70
60
S 0 1m0 130 20 70 20 B0 00 00 000 0 8000
FREQUENCY, Mz
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A.6 Program PINEVERT

The program plots the noise directivity in the vertical plane,
only for test conditions with runs made with both fuselage test
orientations (V = O and 90°). The adjusted harmonic levels are
plotted versus angle relative to the vertical. The angles and

associated microphones are:

Vertical Angle Mic. No. v
(degrees)

0 4 90

90 13 0
180 13 90
210 11 0
240 12 0
270 4 0
300 11 90
330 12 90
360 4 90

A maximum of 6 plots can appear on each graph and two options are

available.

(1) The SAME harmonic order will be used for all curves on the

graph.

(2) Each curve will refer to a DIFFERENT harmonic order of the

same data set.

Input required:
For v = 0, Run Number
Data point

For V = 90, Run Number
Data point

-234-
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Disks cortaining files for Microphones 4, 11, 12 and 13,
with shear layer and distance corrections, created by CEDAR2
and adjusted by HARMPLOT2.

Output:

Listing of harmonic levels plotted
Plot of noise directivity in vertical plane.
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53 ; PROGRAM PINE%ERT EPb%;%}E%EP/ENPENNﬁGE INTERACTION NOISE DIRECTIVITY
30 ! AT SELECTED HARMONIC FREGUENCIES ¢(NARROW BAND)

40 ! A MAXIMUM DOF 6 CURVES CAN BE PLOTTED ON ONE GRAPH

50 ! THE DATA ARE TAKEN FROM CORRECTED SPECTRA CREATED BY "CEDAR2’ AND 1
35 ! ADJUSTED BY °HARMPLOT’ ,FOR MICROPHONES 4.11,12,13 FOR PS1=0 AND SC

60 ! STORED ON DISC 1

70 ! THE FILE NAMES ARE CH-RUN-PRINT-MIC

gg z PAUL SODERMAN - LISA LEE S/710/R4 HPB?

100 OPTION BASE 1

110 PRINTER IS 1

120 DIM Nharm(20),Code$¢(20).File1$(20)

130 DIM File$(20),Arr(5,2), Brr(16.2)

140 DIM Level(21, 9) Mic(4).0rder(8).Angle(9)

150 DATA 4,11,12,13,6.4,5, 2 1.7,8.3,0,90.180,210,240,270,300.330,360

160 FOR I=1 TO 4

170  READ Mic(D)

180 NEXT I

190 FOR I=1 TO 8

200 RERD Order(D)

210  NEXT 1

220 FOR I=1 10 9

230 READ Angle(D

240  NEXT 1

25¢ RESTORE

260 FOR I=1 TO 21

270 Level(1,2)=0

280 Level(I.3)=0

290  NEXT 1

300 FOR I=1 70 9

310 Nharm( D)=

320 FiieS(I)s"CH - *

330 File1S(I)="CH =~ =-33"

340 NEXT I

350 MASS STORAGE IS “:D701"

360 DIsp "™ ™

370 PRINT "A DATA SET COMPRISED OF DIFFERENT DIRECTIVITY ANGLES"

ggg ;§ég1“"goa THE SAME OPERATING CONDITIONS WILL EE COMPILED AND PLOTTED *
400 PRINT "CASES WILL BE SELECTED FROM CORRECTED FILES OF HARMONIC LEVELS "
410 PRINT "WHICH ARE STORED AS FILES CH Run-Data Pt-Mic"

3%3" PRINT “FILES FOR MICROPHONES 4.11,12.AND (EVENTUALLY) 13 ARE REQUIRED IN T
430 DpIsp "

440 ! SET UP SCALE

450 Maxs=120

460 PRINT “MAXIMUM SPECTRUM LEVEL PLOTTED IS":Maxs:"dB"

470 LINPUT "DD YOU WISH TD CHANGE THIS ?7".P1%

480 IF P1S="N" THEN GOTOD 510

490 DISP "INPUT MAXIMUM SPECTRUM LEVEL FDR PLDT IN dB"

500 INPUT Maxs

510 Mins=fiavs-70

520 Nmics=9

530 Nrmicine=4

540 Nplot=0

550 DIsp " *

560 DISP "A MAXIMUM OF 6 CURVES CAN APPEAR ON THIS GRAPH"

570 DISP "THERE ARE 2 OPTIONS FOR PLOTTING"

580 DISP " Option 1 :*

592 RISP ” The SAME Harmonic Order will be used for all Curves on thi
s Grap

600 DISP " Optlo it

610 DISP * DIFFERENT Harmonics of the same Data set will be used for
each Curve"”

620 DIsP ™ *

ORIGHNAL PAGE IS
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DISP * Which Option do you wish 7 1 or 2 ?"
INPUT Ogtnon

DIS
PRINT "CURVE NUMBER™iNplot+1 i ON GRAPH"
DISP 1THE FIRST DATA SET IS FOR VERTICAL TAIL. PSI=0"

Nset=1
DISP * WHAT RUN DO YOU WANT 7"
INPUT Rn
DISP * WHAT DATA POINT 7
INPUT Dp
lot=Nplot+!
tion=1 THEN GOTD 810
PRINT “INPUT HARMONIC ORDER FOR PLOT"‘'Nplot
INPUT Harm
IF Nplot=1 THEN GOTD 840
IF Nplot<> 1 THEN GOTO 1320
IF Nplot<> 1 THEN GOTO 840
é;ﬁgaglon-l THEN PRINT “INPUT HARMONIC ORDER, TO BE USED FOR ALL CURVES ON

INPUT Harm
?y-bol-ﬂolot

ON ERROR GOTD 2670

FOR JK=1 TD Nmicin

K=Order(JK+(Nset-1)=4)

4 READ THE DATA FILE ON DISC 1, FOR MICS 1 T0 6
Mc=Mic(JK)

Nt :mes=0

File!S(K)="CH"&VALS (Rn)&"-"&VALS (Dp)a"-"&VALS (Mc)

FileS(KY="CH"8VALS (Rn)&"-"8VALS (Dp)

ON ERROR GOTO 2670

ASSIGN#s K TD FilelS(K)

OFF ERROR

IMAGE AAARAARAAAA," HARM = " .DD."

PRINT USING 970 : File1$(K) Harm

READ# K,1 : Nlines,Delf .Nharm(K), ,Rpm. || .Beta.Sepx.Thetac.Nharmc.Code$S(K) ,Ar

READ# K.2 : Brr¢,)

IF Code$(K)="Y" THEN Nharm(K)=Nharmc

IF CodeS(K)="Y" THEN GOTD 1060

IF Code$(K) <> "Y" THEN LINPUT "UNADJUSTED DATA. DO YOU WISH TO PLOT IT ?

IF X18="N" THEN PRINT " START A NEW GRAPH"
IF X1$="N" THEN GOTO 540

FOR J=1 TD S

Level (J.K)=Arr(J,2)

NEXT J

IF Nharm(K)<6 THEN GOTD 1140

FOR J=6 TO Nharm(V)

Level(J,K)=Brr(J-5,2)

NEXT J

ASSIGN#s K T0 =

NEXT JK

Nset=Nset+1

g;sgsst£> 2 THEN GOTD 1240
DISP “THE SECOND DATA SET IS FNR HORIZONTAL TAIL. PSI=90"
DISP "WHAT RUN DO YOU WANT 2"
INPUT Rn

DISP "WHAT DATA POINT 2"
INPUT Dp

GOTC 870

FOR J=1 TO Nharm(1)
Level(J,9)=Level(J,1)

NEXT J
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1270  Nharm(9)=Nharm(1)
1280 File$(9)=F, jeS(1)
1290 511e1$(9)-Fxlo18(1)

13' o ! SRR NEAANN AN ENNEARRERNENtERNCEERRRERERNANERNNIERERREAREERRNERas
1320 z PLOT RESULTS

1340 PLOTTER IS 705

1350 GRAPHICS

1360 ! FRAME

1370 LIMIT 10,210,15,170

1380 LOCATE 20.120,10.92

1390 SCALE 0.18,Mins,.Maxs

1400 IF Nplot<> 1 THEN GOTO 1980
1410 ?XES .5,10.0,Mins

1430 ! TITIE

1440 Mixs=Maxs+4.8

1450 CSIZE 3.5

1460 LORG 4

1470 MOVE 9.7 .Mixe

1480 LABEL USING "K' : "NOISE DIRECTIVITY IN VERTICAL PLANE (MICS 4,11,12 & '3

1490 CSIZE 3.2

1500 MOVE 9.7 .Mixs-2.
1510 LABEL USING "K" : "HARMONIC LEVELS CNRRECTED FOR SHEAR LAYER,4.3m DISTANC
ESﬁgD B?OADBRND“

wn

1530 ¢ LABEL KEY
1840
1850  LORG 4

1560 Y=Mixs-6

1570 MOVE 12.2,Y

1580 CSIZE 2.8

1590 LABEL USING "K" : "“Symbol"
1600 MOVE 14.3.Y

1610 LABEL USING "K' : "“Harmonic"
1620 MOVE 16.1.Y

1630 LABEL USING “K" : "Run-Dp"
1640 MOVE 17.8.Y

1650 %RBEL USING "K" : “Run-Dp"

1660

1670 !

1680 ! LABEL Y-AXIS
1690 !

1700 CSIZE 2.8

1710 LORG 8

1720  FOR Y=Mine TD Maxs STEP 10

1730 MOVE -.15,Y

1740 LABEL USING "K" ;Y

1750 NEXT Y

1760  CSIZE 3.2

1770 MOVE -.45.Maxs-32.5

1780 LABEL USING "K' : "Harmonic"

1790 MOVE -.45.Maxs-35

1800 LABEL USING "K.,2X" ; "Level"

1810 MOVE -.45,Maxs-28

1820 LABEL USING "K.3X" ; "dB"

1830 !

1840 ! LABEL X-AXIS

1850 !

1860 CSIZE 3.2

1870 LORG 6

1880 MOVE 9.Mins-3 N
1890 LABEL USING "K" ; "Angle Relative to Vertical. Degrees
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2410
2420

2440

MOVE 9.Mins-5.5

LABEL USING "K" : "“(Zero 1s Below the Fuselage C/L)"
CSIZE 2.8

FOR J=0 TO 36 STEP 3

MOVE J/2,Mins-.5

LABEL USING "K" : 10eJ

NEXT J

'
z PLOT HARMONIC LEVEL VERSUS ANGLE

YK=Mixs-6

KT=Nplot+2

IF Nplot=1 THEN KT=1
LINE TYPE KT

MOVE 11.5,.YK-2.5=Nplot
DRAW 13.YK-2.5+=Nplot
PEN UP

MOVE 0,Mins

LORG S5

CSIZE 2.6

FOR I=1 TO Nmics

IF Harm>Nharm(I) THEN Level(Harm.I)=D
IF Level(Harm.I)=0 THEN GOTO 2180
PLOT Angle(1)/20,Level (Harm,I).2
IF Option=1 THEN LABEL Symbol

IF Option=2 THEN LABEL Harm

PLOT Angle(I)/20.Level (Harm.I) .1
GOTD 2190

MOVE Angle(I)/20,Mins

NEXT I

LINE TYPE 1

LORG S5

Y=Mixs-6

YJ=Y-2.5#Npiot

MOVE 12.2,YJ

CSIZE 2.6

IF Option=1 THEN LABEL Symbol

IF Option=2 THEN LABEL Harm

MOVE 14.3.YJ

LABEL Harm

MOVE 16.1,YJ

LABEL USING “K" ; FileS(H)

MOVE 17.8.YJ

LABEL USING "K" : File$S(1)

ALPHA

' SRS NNTRNRBURPARPERRABVARRBRERRBRARRBRRRRARPRRARBRERBRRARRRRBERBRBRRREREN
PRINTER 1S 708

PRINT ™ *

IMAGE " TABULATED OUPUT. *."Harmonic",DDD
PRINT USING 2380 ; Harm

PRINT (1] "

PRINT " FILE ANGLE  LEVEL.dB "
PRINT ™ *

FOR I=1 TO Nm

PRINT USING “10X AAAAAAARAAA,2X .DDD.D.2X.DDD.D" : File!1$(I).Angie(I),Levell

Harm,I)

2450
2460
2470
2480

2490
2500
2510
2520

NEXT 1

DISP *

IF Dptxon-l THEN DISP "YOU HAVE JUST FINISHED CURVE":Nplo

IF Option=2 THEN DISP "YOU HAVE JUST FINISHED THE CURVE FDR HARMONIC" :Harm

DISP ™ "
IF Nplot=8 THEN GOTO 2560
LINPUT "ANY MORE CURVES ON THIS GRAPH?",A7S
IF A7S="N" THEN GOTO 2560
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PRINTER IS 1

IF Option=1 THEN GOTD 650

IF Dption=2 THEN GOTO 750
DISP “THIS GRAPH IS FINISHED"
PRINT CHRS (12)

PRINTER 1S 1

LINPUT “ANY MORE GRAPHS?".A8S
IF ABS="N" THEN GOTO 2880
PRINT “STARTING A NEW GRAPH WITH MAX LEVEL =";Maxs:"dB"
LINPUT "ANY CHANGES?" .A6S

IF ABS="N" THEN GDTD 540

}F AES <> "N" THEN GOTO 450

0 ' ERROR RECOVERY

Ntimes=Ntimes+!
IF Ntimes=1 THEN GOTO 2810
PRINT "DOES THE FILE “:Filel1S(K):* EXIST 7"

DISP “IF THE FILE DOES EXIST. TRY ANOTHER DISC QND TYPE Y’

LINPUT "IF THE FILE DOES NOT EXIST. TYPE'N"*

IF Y$ <> "N" THEN GOTO 940

DISP “THE PROGRAM WILL ASSUME THE FILE DODES NOT EXIST™
OFF ERROR

CodeS(K)="Y"

Nharm(K)=1

FOR I=1 TO 21

Level (I ,K)=0

NEXT 1

GOTO 1140

D
;?ggT"“EOOKING FOR FILE “:F1ile!S(K)
PRINT “REMAINING FILES ARE ON A DIFFERENT DISC."

PRINT “LOAD THE CORRECT DISC AND PRESS ANY LETTER AND (END LINED™

INPUT GOS
GOTO 940

MASS STORAGE IS *:D700"
DISP *“PROGRAM END*"

STOP
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NOISE DIRECTIVITY IN VERTICAL PLANE (MICS 4,11.12 8 13
C LEVELS CORRECTED FOR SMEAR LAYER, 4. 3u DISTANCE AND BROADBAND

'lr Syshol Mermsnic An-Op An-Op
—— 1 oune-1 om-1

- 2 one-1 om-1

10 — - ] oue-: om-1
—— L} ounes-1 om-1

e Relotive to Verticol. Degress
e Below the Fuseloge C/L)

TABULATED CWUPUT. Harsomic '

FILE ANG_E LEVEL.dE
CHET-1-a 0.0 9% 2
CHB-1-13 9.4 0.2
CHE7-7-12  180.0 103.2
CHY6-1-%7  210.0 9&.1
CHi6-1-12 240 0 *0°.8
CH16-1-8 270.¢ BE.7
CHE7-1-11  300.C 1'02.0
CHEZ7-1-12 30.C 2.2
CHE?-1-4 360.C .2
TABULATED CUPUT. Harmonmic 2
itk ANGLE  LIVEL .dk
CHET-1-4 6.0 97.2
CH16-'-13 8t.0 99.3
CHE7-1-13  18C.0 96 8
CR16-1-11  2'C.0 Q20
CH1B-1-12 240.0 9a.5
CHYE-1-4 27C.0 95.7
CH67-1-' 300.0 20.6
CHE?7-1-12 330.0 95.°
CHE?-1-4 366.¢ 97.2
TABULATED CUFUT. Harmonic 3

FILE ANGLE  LEVEL.dF
CHE7-1-4 0.0 9.3
CHIE-1-13 0.0 9.4
CHB7-1-13 180.0 92.3
CH16-1-1Y  2%¢ G 92.%
C4!6-1-12 240.0 RS.9
CH16-i -4 276.0 5
C467-1-1'  300.0 93.6
CHe7-1-12 33¢.C 9%.0
CHE7-1-4 3%0.0 9.
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A.7 Program PINEHOR

The program plots the noise directivity in the horizontal plane,
for microphones 1 through 9. The adjusted harmonic levels are
plotted versus angle relative to the flight direction, using the
angles corrected for shear layer effects.

A maximum of 6 curves may appear on each graph and two options are
available.

(1) The SAME harmonic order will be used for all curves on this
graph.

(2) Each curve will refer to a DIFFERENT harmonic order of the
same data set.

Input required:
Run Number
Data Point

Disks containing files for Microphones 1 - 9, with shear
layer and distance corrections, created by CEDARZ2 and
adjusted by HARMPLOT2. If Microphone 7 data is not
available, the directivity plot will be made without it.

Output:

Listing of harmonic levels plotted
Plot of noise directivity in horizontal plane.
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‘0 ' PINEHCR

20 t PLOTS RPOP/EMPENNAGE INTERACTION NOISE DIRECTIVITY

30 ! IN THE HORIZONTAL PLANE

a0 ' AT SELECTED HARMONIC FREQUENCIES (NARROW BAND)

50 ! A MAXIMUM OF 6 CURVES CAN BE PLOTTED ON ONE GRAP

) ! THE DATA ARE TAKEN FROM CORRECTED SPECTRA CREATED BY ‘CEDAR2° AND 1
65 ' ADJUSTED BY "HARMPLOT' ,FOR MTCROPHONES 1 TO 9

70 ! STORED ON DISC !

gg z THE FILE NAMES ARE CH-RUN-POINT-MIC

;?g z PAUL SODERMAN - LISA LFE 5/10/84 HP87 DISC 2.5
120 OPTION BASE 1

130 PRINTER IS 1

140 DIM Code$(20),File!1$(20)

i50 DIM Arr¢5,2),Brr(16,2),Thetac(¢20) ,Nharm(20)

160 DIM Level(21.,9).0rder(9)

170 DATA 9.1,2.3.,4.7,5.6.8

180 FOR I=1 T0 9

190 READ Order¢I)

200 NEXT I

210 DIsPp " ™

ggg B?gg §TQRRGE IS ":D701"

240 PRINT "A DATA SET COMPRISED OF DIFFERENT DIRECTIVITY ANGLES"
ggg ;?ggT““EﬂR THE SAME OPERATING CONDITIONS WILL BE COMPILED AND PLOTTED *
270 PRINT "CASES WILL BE SELECTED FROM CORRECTED FILES OF HARMONIC LEVELS "
280 PRINT "WHICH ARE STORED AS FILES CH Run-Data Pt-Mic"

290 PRINT “FILES FOR MICROPHONES 1 TO 9 ARE REQUIRED IN TURN"
300 DISP " "

310 ' SET UP SCALE

320 Maxs=120

330 PRINT "MAXIMUM SPECTRUM LEVEL PLOTTED IS":Maxs:"dB"

340 LINPUY DO YOU WISH TO CHANGE THIS ?",P1%

350 IF P1$="N" THEN GOTO 380

360 DISP "INPUT MAXIMUM SPECTRUM LEVEL FOR PLOT IN dB"

370  INPUT Maxs

380 Mins=Maxs-70

390 Nmics=9

400 Nplot=0

410 DIsSP " *

420 DISP "A MAXIMUM OF 6 CURVES CAN APPEAR ON THIS GRAPH"

430 DISP "THERE ARE 2 OPTIONS FOR PLOTTING"

440 DISP " Option | :"

452 pIisp * The SAME Harmonic Orcder will be used for all Curves on thi
s Graph"

460 DISP " Option 2 :"

470 DISP " Each Curve will refer to a DIFFERENT Harmonic Order of SAM
E Data Set"

480 DISP ™ *

490 DISP " Which Option do you wish ? 1 or 2 7"

500 INPUT Option

510 DIsP " *

520  Y$="Y"

530 IF Y$="E" THEN Nplot=Nplot-|

2;8 SRINT""EURVE NUMBER" :Nplot+1:"0ON GRAPH"

S60 DISP " WHAT RUN DO YOU WANT 2"

570 INPUT Rn

580 DISP " WHAT DATA POINT 2*

590 INPUT Dp

500 LINPUT ™ IS THERE DATA FOR MIC 7 (Y/N) ?",P7$

610 Nplot=Nplot+!

620 PRINTER IS 1

630 IF Option=1 THEN GOTD 680
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E AND

PRINT "INPUT HARMONIC ORDER FOR PLOT":Nplot

INPUT Harm .

IF Nplot=1 THEN GOTO 710

IF Nplot<> 1 THEN GOTOD 1040

IF Nplot<> ! THEN GOTO 7

éF Oﬂﬁnon-t THEN PRINT “INPUT HARMONIC ORDER, TO BE USED FOR ALL CURVES ON
INPUT Harm

?v-bol-Nplot

FOR K=1 TO Nmics
READ THE DA*A FILE ON DISC t', FOR MICS ' TO 6
IF K=7 AND P7%="N" THEN GOTO i000
Mc=K
Ntimes=0
File!S(K)="CH"AVALS (Rn)&"-"&VALS (Dp)&"-"&VALS (Mc)
File$="CH"&VALS (Rn)&"-"&VALS (Dpr4&"-"
ON ERROR GOTO 2380
ASSIGN# K TD Filel1S(K)
OFF ERROR
IMAGE AAARAAARAA." HARM = *“.DD."
PRINT USING 830 : Filel1S(K) .Harm
READ# K,1 ; Nlines,Delf.Nharm(K) .Rpm,U.Beta.Sepx.Thetac(K) ,Nharmc.Code$(K)

)

READ# K.2 : Brr(.)

IF CodeS(K)="Y" THEN Nharm(K)=Nharmc

IF Code$(K)="Y" THEN GOTO 920

IF CodeS(K) <> "Y" THEN LINPUT “UNADJUSTED DATA. DO YOU WISH TO PLOT IT 7"

IF X1$="N" THEN PRINT " START A NEW GRAPH"
IF X1$="N" THEN GOTO 400
FOR J=1 TO 5
Level(J,K)=Arr(J,2)

NEXT J

IF Nharm(K)<6 THEN GOTO 990
FOR J=6 TO Nharm(K)
Level(J,K)=Brr(J-5,2)

NEXT J

ASSIGN# K TO =

NEXT K

QFF ZRROR

é RN NCN BT RRRANRRNANSANEANNBE ARG NN RNTANARNARANBRRRNBARVAR RN RNRBERRRRREN
: PLOT RESULTS

PLOTTER IS 705

GRAPHICS

! FRAME

LIMIT 10.210,15.170

LOCATE 20.,120,10.92

SCRLE 0,18.Mins.Maxs
Nplot() 1 THEN GOTO 1680

hXES ,10,0,Mins

§ TITLE

Mixs=Maxs+4.8

CSIZE 3.5

HOVE 9.7

LABEL USING "K” : “NOISE DIRECTIVITY IN HORIZONTAL PLANE (MICS 1 T0 9"
CSIZE 3

MOVE 9.7 Hxxs-? 5

LABEL USING “K* i "HARMONIC LEVELS CORRECTED FOR SHEAR LAYER,4.3m DISTANC
BROADBAND"
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1700
1710

1730
1740
1750
'760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930

!

! LABEL KEY

; ORIGINAL PAGCE 18
LORG 4 e |

Y=Mixs-6 OF POOR QuUAL
MOVE 12 2 Y Q Ty
CSIZE

LABEL USING "K*" : "Symbol"

MOVE 14.3

LABEL USING "K' ; "Harmonic"

MOVE 17.,Y

%RBEL USING “K" : “Run-Data Pt"

'
E LABEL Y-AXIS

CSIZE 2.8

LORG 8

FOR Y=Mins TO Maxs STEP '0
MOVE -.15.Y

LABEL USING "K" : Y

NEXT Y

CSIZE 3.2

MOVE -.45,Maxs-32.5

LABEL USING "K" : “Harmonic"
MOVE -.45.Maxs-35

LABEL USING "K.2X" : "Level"
MOVE -.45.Maxs-3

%ABEL USING "K,3X"™ ; "dB"

g LABEL X-AXIS
CSIZE 3.2

LORG 6

MOVE 9.Mins-3

LABEL USING “X" : "Angle Relative to Flight Direction, Degrees"

! MOVE 9.Mins-5.5

! LABEL USING “K" : "¢30 is Starboard Side)"
CSIZE 2.8

FOR J=0 TO 18 STEP 3

MOVE J.Mins-.5

LABEL USING X" : 10e=J

?EXT J

g PLOT HARMONIC LEVEL VERSUS ANGLE

YK=Mixs-6

KT=Nplot+2

IF Nplot=1 THEN KT=1
LINE TYPE KT

MOVE 11.5,YK-2.5#Nplot
DRAW 13,YK-2.5=Nplot
PEN UP

MOVE 0.Mins

FOR J=1 TO Nmic

IF J=6 AND PTS-”N“ THEN GOTD 1910
I=0Order(J)

IF Harm>Nharm(I) THEN Level(Harm.I)=0
IF Level(Harm,I)=0 THEN GOTO 1900
PLOT Thetac(I)/!0.Level(Harm,I),2
IF Option=1 THEN LABEL Symbol

IF Option=2 THEN LABEL Harm

PLOT Thetac(I)/10,Level(Harm,I).!
GOTD 1910

MOVE Thetac(I)/10,Mins

NEXT J

LINE TYPE 1
LORG 5
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1940 Y=Mixs-6
1950 YJ=Y-2.5«Nplot
1960 MOVE 12.2.YJ
1970 CSIZE 2.6
1980 IF Option=1 THEN LABEL Symbol
1990 IF Option=2 THEN LABEL Harm
2000 MOVE 14.3,YJ
2010 LABEL Harn
2020 MOVE 17,Y
5030 LABEL USING "K" : Filas
2040 ALPHA
2050 ' ....................................-...Q...............................
2060 PRINTER IS 708
2070 PRINT " *
2080 IMAGE " TABULATED OUPUT.  Run".DDD,.3X."Data Point",DD.3X,"Harmonic",DDD
2090 PRINT USING 2080 : Rn,Dp.Harm
2100 PRINT ™ *
2110 PRINT * FILE THETA Lp(H) »
2120 PRINT "™ *
2130 FOR J=! TO Nmics
2140 IF J=6 AND P78="N" THEN GDTO 2170
2150 I=0Order(J)
2&60 ?RINT USING "10X.AAAAAAAAAA,2X.DDD.D.2X.DDD.D" : File!S(I) ,Thetac(I),Level
(Harm, D)
2170 NEXT J
2180 DISP " *
2190 IF Option=1 THEN DISP "YOU HAVE JUST FINISHED CURVE":Nplot
gg?g ngoptnon-Z THEN DISP "YOU HAVE JUST FINISHED THE CURVE FOP HARMONIC'" :Harm
(4
2220 IF Nplot=8 THEN GOTO 2280
2230 LINPUT "ANY MORE CURVES ON THIS GRAPH?" .A7$
2240 IF A7$="N" THEN GOTO 2280
2250 PRINTER IS 1
2260 IF Option=1 THEN GOTO S'0
2270 IF Option=2 THEN GOTO 610
2280 DISP “THIS GRAPH IS FINISHED"
2290 PRINT CHRS (12)
2300 PRINTER IS 1
2310 INPUT “ANY MORE GRAPHS?",A8S
2320 IF ABS$="N" THEN GOTO 2600
2330 PRINT “STARTING A NEW GRAPH WITH MAX LEVEL =":Maxs:'dB"
2340 LINPUT "ANY CHANGES?",A6$
2350 IF AGS="N" THEN GOTO 400
2360 IF ABS <> "N" THEN GOTO 320
2370 !
2380 Ntimes=Ntimes+)
2390 IF Ntimes=1' THEN GOTO 2540
2400 PRINT "DOES THE FILE ":FilelS(K):" EXIST ?*"
2410 DISP “IF THE FILE DOES EXIST,TRY ANDTHER DISC AND TYPE "Y""
2420 DISP "IF THE FILE DOES NOT EXIST TYPE °N’
2430 LINPUT "IF THE FILE NUMBER IS In ERROk. TYPE ‘E° ".Y$
2440 IF Y$="E" THEN GOTO 530
3080 DISP “TWE PROGRAM Wfiy ASS
T RAM WILL ASSUME THE FILE DOES NOT EXIST"
2470 OFF ERROR
2480 CodeS(K)="Y"
2490 Nharm(K)=1
2500 FOR I=1 TO 21
2510 Level(I,K)=0
2520 NEXT I
5220 PRINT ~LOOKING FOR
- KING F FILE ":Filet1$(K)
2550 DIsSP " "
58 PN S L B I
Y R AND ¢ »
2580 INPUT GOS KGHEE i (END: LDNE
2590 GOTO 800
2600 MASS STORhGE IS “:D700"
2610 DISP “PROGRAM END"
2620 STOP
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APPENDIX B
ADDITIONAL COMMENTS ON SPECTRAL BROADENING

The influence of turbulence scattering on the acoustic signal
propagating through the shear layer is discussed in Section 3.5
and example spectra are presented in Figures 23 and 24 to demon-
strate the resulting spectral broadening. The spectra were
obtained using the sinusoidal, high resolution spectrum mode of
the HP 5420B analyzer (see Section 2.3.2). The effective filter
bandwidth was approximately 42Hz. An alternative data reduction
procedure available in the analyzer is the random, high resolution
spectrum mode, in which case the effective filter bandwidth is
about 18.75 Hz for the frequency range of interest. In the random
mode the spectra are presented in terms of power spectral density
instead of power-in-the-band (as is the case for the sinusoidal
mode), but the difference is of no consequence when interest is
directed to the spectral broadening phenomenon.

Data reduction of the acoustic signals analyzed in Figures 23 and
24 was repeated using the random, high resolution spectrum mode;
the resulting spectra are plotted in Figures B.l and B.2. Because
of the smaller bandwidth, the effect of spectral broadening can be .
seen more clearly in Figures B.l and B.2 than in Figures 23 and '
24.

Figures B.l compares spectra measured at locations 5 and 7, which
are on either side of the shear layer and at approximately the
same angle of radiation. Spectral broadening can be observed at
the higher frequencies.

Figure B.2 compares spectra measured outside the shear layer at
locations 2 and 6. Following the simple empirical analysis

developed in Section 3.5 it is predicted that spectral broadening
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(a) Microphone 7 (In Flow)
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(b) Microphone 5 (Out of Flow)
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FIGURE B-1.
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(a) Microphone 2 (Forward of Plane of Rotation)
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would become evident at location 2 at frequencies above about

2700 Hz and at location 6 above about 1450 Hz. Inspaction of
Figure B.2 suggests that the simple prediction procedure is a
reasonably good guide to the onset of spectral broadening. In the
case of microphone 6, the width of the spectral peak at 5500 Hz,
measured at the 10dB-down point, is about three times larger than
the width at 1000 Hz.
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