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NOTICE
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FOREWORD

This report contains the description of a propeller acoustics test
facility utilized to conduct a number of propeller performance and
acoustic tests over the period from 1970 to 1976. The facility was
developed by the Turbine Engine Division and the Technical Facilities
Division of the Air Force Aero-Propulsion Laboratory, Wright-Patterson
AFB, Ohio,under Project 3066, Task 12, Work Unit 02. The effort was
conducted by Paul A. Shahady, AFAPL/TBC, and Sigmund W. Kizirnis, AFAPL/TFE
during the period of 1 January 1970 to 31 October 1976. 2/Lt Robert M,
McGregor provided major computer support to the project.

Special appreciation is extended to Raymond Allen for providing
outstanding instrumentation support to the facility. Appreciation is also
given to George Medisch, foreman of the facility test crew during most
of the testing period, to Wellington Steel, William Howerton, Harold Crouch,
Walt Stebel, and Harold Lee, members of the facility test crew and to
Joseph Simmons for his support to the acoustic tests.
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1. INTRODUCTION

The purpose of this report is to describe the development of a
research facility to investigate fan and propeller noise generation
mechanisms. Over the past several decades, a considerable amount of
propeller noise experimental data has been obtained. Much of this
data was acquired using simplified test rigs employing reciprocating
or gas turbine engines as the means for driving the propeller. Noise
from these drive systems seriously contaminated much of the measured
propeller noise under certain operating conditions. The more recently
constructed turbine engine fan test facilities have alleviated the
drive noise contamination problem by properly suppressing drive system
noise. However, most of the facilities capable of large-scale acoustic
testing are located outdoors and are subject to weather conditions.
Therefore, a program was initiated to develop an all-weather test
capability to measure near- and far-field propelier and fan noise
free of contamination from excessive background noise.

A 3500-horsepower electric whirl rig, located in Building 20A
at Wright-Patterson AFB, was modified to allow both near- and far-
field acoustic testing. The rig is located in a large building with
acoustically treated walls. Reverberation time and sound pressure level
measurements were conducted to determine the acoustic characteristics
of the building. Acoustic data was acquired using a 12-channel portable
data acquisition system consisting of microphone stands, microphones,
land lines, signal conditioning equipment, a multi-channel analog FM
tape recorder, and associated calibration equipment. Acoustic data
is frequency analyzed into one-third octave or narrow bands and auto-
matically plotted using a computerized dynamic analysis system located
in the Air Force Flight Dynamics Laboratory at Wright-Patterson Air
Force Base. A series of data presentation programs have been developed
to cross plot a number of key performance and acoustic parameters.




II. FACILITY DESCRIPTION AND PERFORMANCE MEASUREMENT SYSTEM

The 3500-horsepower electric whirl rig consists of a large
concrete pier which houses the electric drive motor, thrust and RPM
measuring equipment, and various accessory drives. The pier rises
about 25 feet off the floor of a large open building. The facility
side walls and floor were covered with six-inch thick Coustic TM
polyurethane foam to minimize acoustic reflections. The control
room is located under the pier and the propeller may be observed
via a periscope and strobe light arrangement. Closed circuit TV
cameras are also used to monitor the facility. Various parts of the
facility are shown in Figure 1. The following technical summary of
the performance measurement system is taken from Reference 1. The
input power to the propeller is calculated from measuring the armature
voltage and amperage at the electric drive motor. Predetermined
correction factors are then applied to allow for the copper and
field winding losses. The resultant watts are then converted to
horsepower and an atmospheric correction factor is used to adjust
the data to standard day conditions. These calculations are made
with an e’ onic desk calculator during the course of the test so

that fi /es can be drawn to check for obvious data discrepancies.
The s) alibrated against a well documented test propeller
whos¢ e been accurately set and locked into place. No-

load ire determined by motoring the rig at various RPM

settings without a propeller attached.

The thrust is measured by converting the movement of the
propeller shaft to hydraulic pressure via a hydraulic diaphragm.
The pressure signal is then directly converted to pounds thrust with
a precalibrated Emery-Tate load indicator and then corrected to
standard day conditions. The thrust system is calibrated statically
by applying a known load (lead weights) to the propeller shaft.
Accurate shaft RPM was obtained from a magnetic pickup which receives
impulses from the drive motor shaft. These impulses are then presented
on a digital display in the control room as propeller RPM.

A11 of the previously mentioned performance data, horsepower,
thrust, and RPM, is taken directly from the instrumentation in the
control room. This data is then corrected for the various loss and
atmospheric effects by empioying pre-determined correction factors.
The data is tabulated on the form shown in Figure 2 and turned over
to the project engineer for reduction. This is accomplished by using
a computer program entitled "Computer Program for Reducing Static
Propeller Test Data" (Reference 2). The following explanation of
the program generally follows that of Chopin (Reference 3).

The program accepts whirl rig data in the format in which it is
taken from the rig by the test crew. This is then reduced by the
computer into power coefficients (Cp). thrust coefficients (Ct).




a) 3500 HP Whirl Rig b) Performance Data Acquisition

Figure 1:

System

c) Acoustic Data
Acquisition System

Propeller Acoustics Test Facility at Wright-Patterson AFB, Ohio
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M&chpnumber.

C,/C_, figure of merit (F.M.), thrust/horsepower (Th/HP), and propeller tip

The output format of the program is shown in Table 1. The
symbols presented in Table 1 are defined as follows:

PROPELLER CHARACTERISTICS

BETA
AF
DIA
NBL
TEMPC
TEMPR
SIGMA

Test blade angle

Blade activity factor

Propeller diameter in feet

Number of blades

Ambient temperature in degrees Centigrade
Ambient temperature in degrees Rankine
Density ratio

RAW DATA POINTS

RPM
HP
TH
TMACH
} RCT
RCP
RCT/CP
RFM
RTH/HP

FITTED CURVE

MACH
HP

TH
TIPS
RPM
cT

cp
cT/CP

RM
TH/HP

Propeller rpm

Corrected horsepower

Corrected thrust

Propeller tip Mach number

Raw thrust coefficient

Raw power coefficient

Ratio of raw thrust to raw power coefficient

Raw figure of merit

Ratio of raw corrected thrust to corrected horsepower

DATA FOR CONSTANT MACH NUMBER INCREMENTS

Selected Mach number increment

Horsepower at Mach increment

Thrust at Mach increment

Propeller tip speed in ft/sec corresponding to Mach increment
Propeller rpm at Mach increment

Thrust coefficient at Mach incremeént

Power coefficient at Mach increment

Ratio of thrust coefficient to power coefficient at Mach
increment

Figure of merit at Mach increment
Ratio of thrust to horsepower at Mach increment
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IIT. ACOUSTIC DATA ACQUISITION SYSTEM

The acoustic data acquisition system consists of Bruel and Kjaer half-
inch microphones and cathode followers and in-house designed line drive
amplifiers mounted on portable microphone stands. The microphones are
located 23 feet above the fioor in a horizontal plane through the propeller
centerline. A typical microphone array used for several test programs is
shown in Figure 3.

The data signals are carried by 250-foot land lines to an instrumentation
control room located below the rig. The signals were conditioned through
variable gain amplifiers and recorded on a 14-channel AMPEX FR 1300 tape
unit for later analysis. A data flow schematic of the acoustic data
acquisition system is shown in Figure 4. The two symbols for the tape
recorder represent the data flow in the record mode and in the reproduce
mode respectively. Gain and attenuator adjustments are accessible at
various points in the system. Phase and gain controls are located at the line
drive amplifier for system calibration adjustments. A zero to twenty dB
attenuation is available at the junction box. Final adjustments are made at
the variable gain amplifiers before the signals are input to the tape recorder.
The data signals can be monitored at various points in the system. A signal
output BNC is located at the line drive amplifier and at the junction box.
Individual channel scopes are used to monitor either the tape recorder input
signals or the reproduced output signals. A signal selector circuit is used
to provide any of the tape recorder input signals for detailed analysis. These
signals are recorded on the loop recorder for on-line frequency analysis. These
various monitor outputs allow the signal to be evaluated on the output side of
each major component from the line drive amplifier to the tape recorder. The
total system is calibrated at the beginning and end of each tape and at the
beginning and end of each test day. An NBS traceable piston phone provides
a 124 dB pressure signal at 250 Hertz to the microphone diaphragm. This
signal is recorded on tape for each microphone channel. Gains for the
various data acquisition system components are reccrded manually on data
log sheets.

The data acquisition system is primarily comprised of off-the-shelf
general purpose instrumentation. However, four of the components, the
line drive amplifier, junction box, signal selector, and audio monitor
system were designed in-house. Detailed schematics of these components are
presented in Appendix A.
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IV. ACOUSTIC DATA ANALYSIS SYSTEM

There are several systems available for analysis of acoustic data.
One system available for single channel on-site analysis consists of an
AMPEX FR 1300 multichannel tape recorder, scopes, variable gain amplifiers,
an AMPEX loop recorder, and B&K frequency analysis instrumentation. A data
flow schematic of this acoustic analysis system is shown in Figure 5.
Signals are reproduced from the tape recorder and are monitored on individual
channel scopes. They are then input to variable gain amplifiers. Output
signals from the amplifiers are routed either to the loop recorder and back
to a signal selector or to the signal selector directly. The signal is then a-
vailable at the output of the selector circuit for either narrow band or one-
third octave analysis. The signals can be monitored aurally, visually, and
graphically using the audio monitor, an oscilloscope, and a level recorder.

A second system is available off-site at the Air Force Flight Dynamics
Laboratory. The system handles third-octave data in real time using a
General Radio Model 1933 real time 1/3 octave analyzer. Results are available in
tabular output or in plot tape form. Narrow band analysis is accomplished using
a digital FFT system. The data flow schematic for both systems are presented
in Figure 6. The analog signal from the tape deck is first edited and then
digitized in frequency decades. Narrow band analysis is then conducted using
a digital FFT system. The results are tabulated, run through a sort/merge
process and a post processor to create a plot tape. The results are then
plotted on a calcomp plotter. Pictures of the Air Force Flight Dynamics
Laboratory's data analysis system are shown in Figure 7.
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V. ACOQUSTIC DATA PRESENTATION SYSTEM

Several computer programs were written to reduce and plot propeller
performance and acoustic test data. The data comes in two basic forms:
Propeller Whirl Test Data Sheets (AFAPL Form 14A), and digitized sound
spectra computer cards.

Data from the test rig sheets must first be coded onto computer cards
as shown in Figure 8. In this format it is compatible with programs written
for data reduction programs in ASD-TR-68-19, "Computer Program for Reducing
Static Propeller Test Data." Not all data on these cards will be required
by each individual program, but with commonality, the number of cards and
the time spent punching them is reduced.

The digitized spectra data cards were obtained from a General Radio
1933 Real Time third-octave band analyzer, and come in two formats. The
first format covers the frequencies from 3.15 Hz through 20,000 Hz, while
the second covers 20 Hz through 20,000 Hz. Each block of data consists
of four cards, the first containing the run and microphone channel
identification numbers. The last number on the last card is the overall
sound pressure level (OASPL) in dB for that block. Al11 other numbers
represent the SPL's for their respective third-octave bands. Figure 8.a.
shows data sets for three microphones (4, 5, 6) during run number six of
a particular configuration.

The basic coded rig data and spectra data are used by five programs:
HORSE, THORSE, NOISY1, NOISY2, and DBA. Each program is written in FORTRAN
IV-Extended for the CDC 6600 computer, and with the exception of DBA, requires
a CALCOMP plotter and associated software. DBA requires a peripheral card
punch. References 2 and 4 were used in the development of these programs.

HORSE

Program HORSE plots thrust vs. horsepower for any configuration. Several
parameters which control the output format have been preset within the
main program body. Changes should be made using a NAMELIST card. Input
may include 600, 750, 900, 1050, and 1200 RPM data or 600, 900, and 1200
RPM data. If five points are entered, all five will be used. Likewise,
if three are entered, three will be plotted. Setting the Namelist variable
IORPM = 2 gives three-point output even if five points are entered. Three
blade angles are required for each RPM. Spline-fitted curves through

all points are standard. Thrust and horsepower limits are preset at 1600
and 240 respectively, and are held constant for easy comparison between
plots. If desired, the user may specify his own limits. Different limits
need only be set once for any number of plots generated during a single
program run. If changes are required, however, 99999 in columns 1 - §
alerts the program to a new $INPUT card. A program listing with sample
input cards and output plots is found in Appendix B.1.
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THORSE

Program THORSE is a derivative of HORSE, and plots the ratio of thrust
to horsepower versus horsepower. Input cards are exactly the same as those
for HORSE. Any section of a plot which falls below the X-axis is automatically
eliminated. This is not true for values exceeding the Y-axis maximum (preset
at 11.) where the user risks running the plotter into the travel stops, and
throwing all remaining points out of place. A program Tisting with sample
input cards and output plots is found in Appendix B.2.

NOISY1

Program NOISY1 plots SPL (dB) versus third-octave band frequency. The
user may select any range between 20 Hz and 10,000 Hz for plotting. The
overall SPL for the selected range is plotted separately on the right of the
graph. The user may elect to have the A-weighted spectra plotted along with
the dB spectra. Any number of spectra may be put on the same axes as long
as they are from the same microphone channel. As in the previous programs,
plotting parameters are preset but may be changed using the standard NAMELIST
format. A blank card at the end of a block of data signals an end to plotting
on that set of axes. The user then has three options: (1) end that session
of plotting with an ENDDATA card, (2) start another plot with a new set of
data cards or, (3) change the output Namelist parameters using a NEWPARAM card.
Following the NEWPARAM card should be a new set of data. The program listing,
sample input cards and output plots are found in Appendix B.3.

NOISY2

Program NOISY2 is a derivative of NOISY1. NOISY2 plots the spectra
of several microphones on the same axes as long as the RPM remains constant.
This differs from NOISY1 where the RPM varied for a single microphone.
A program listing with sample input cards and output plots is found in
Appendix B.4.

DBA

Program DBA reduces the digitized spectra data to dB and dBA sound
pressure levels, The program sorts through each run of the basic data,
stopping at user-specified microphone numbers. Over any given spectra
range, the program will then calculate the overall SPL in both dB and
dBA. The data are then punched on cards with the corresponding identifica-
tion numbers and calculation range indices. If cards are not desired,
the user may set IPUNCH = 0 and receive only the printput. Punched cards
from DBA are used by program NEWCITY. A program listing with sample input
cards and an output listing are found in Appendix B.5.

NEWCITY

The final data presentation program is NEWCITY. Using both the
basic rig data and the SPL data cards from DBA, NEWCITY will plot SPL vs,
thrust and SPL vs., horsepower. Several options for presentation are open
to the user. The user may elect to receive either the thrust or horsepower

17
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plots or both. The legend block may be eliminated. Three or five RPM
values may be used, depending on the input data. Output curves may be in
either dB or dBA, with spline or up to 6th-order polynomial-fitted curves.
If the number of points is too few for the requested polynomial fit, NEWCITY
will default to the highest possible polynomial. A program listing with
sample input cards and an output listing are found in Appendix B.6.
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VI. FACILITY ACOUSTIC CHARACTERISTICS

Ideally, we would 1ike to be able to measure noise characteristics in a
free-field environment uncontaminated by acoustic reflections, room mode
interactions, reverberation, background noise, etc. Unfortunately, we are
faced with all these problems when we attempt to evaluate acoustic sources
in an enclosure, We must, therefore, either minimize these problems or
carefully define their effect on the acoustic characteristics of the source.

Acoustic Reflections

The problem of acoustic reflections contaminating data measured on
propeller whirl rig #2 has been minimized by the use of high absorption
acoustic treatment on the near walls and the floor of the test rig. Six-
inch thick pads of Custifoam were used to eliminate all reflections above
five hundred Hertz and minimize reflections in the 100 to 500 Hertz range.

Room Mode Interactions

The acoustic power output of a source depends on the impedance presented
to it by the surrounding medium. Reverberant room modes may increase or
decrease this impedance depending on the location of the source and on its
frequency relative to the room mode frequencies, If the room is very large
in comparison with the acoustic wavelength, there will be so many modes at
any given frequency that the eifects of the individual modes are likely to
cancel out. The total number of room resonances occurring in a rectangular
room in the frequency range from 0 to f is given by the expression.

o = WP D5 D M
Where: V = room volume (m3)
S = room surface (m2)
L = room edges, 1, + ly * 15 (m)
¢ = velocity of sound (m/sec)

In a narrow frequency band (f = f2 - f]) around f the number of resonances
are
80 = Q -Q (2)

2 1
For Building 20A, V = 69,859 m3, S = 13,012 m2 and L = 170 m
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Figure 9 gives the number of room resonances for the propeller test facility
for one-third octave bands at octave band center frequencies from 63 Hertz

to 8 KHz. Figure 10 shows the uncertainty of the power output at a single
arbitrary source position for a simple source for both pure tones and bands
of noise. This shows that the expected error can be neglected if the room is
large enough assuming that the source is more than a wavelength from a wall
(Reference 5). For the propeller rigs, the near walls and the floor ad-
versely affect the data below 60 Hertz,

Reverberation

The reverberation characteristics of the facility were evaluated using
the Norris-Eyring Formula (Reference 6) where the reverberation time in
seconds is given by the expression

0.161V

T = 3123 tog. . (1-8)] (3)
10
Where: V = volume of room, m3 .
S = area of bounding surface, m2

-
o

m

average absorption coefficient of the room

The average absorption coefficient is therefore given by

R St L (a)

The room constant, RT’ is given by the expression

wn
al

|

o) (5)

"l

Reverberation time measurements were made in the facility using a rifle

as the sound source. A number of shots were recorded on magnetic tape at
various locations in the facility. The data was then analyzed in one-third
octave frequency bands at octave band center frequencies. Plots of amplitude
versus time for these bands were used to determine the reverberation time.

The reverberation time, average absorption coefficient, and room constant

are given as a function of third-octave bands at octave band center frequencies
in Table 2. Figure 11 gives the relative sound pressure level as a function
of distance from the acoustic center of a non-directional source for Building
20A. Relative sound pressure level is given by the expression

SPL-PWL = 10 log,, (29—7 + %;) (6)
nr

20




NUMBER OF ROOM RESONANCES, Q
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FIGURE 9: ROOM RESONANCES IN THIRD OCTAVE BANDS AROUND OCTAVE
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Where: RT is the room constant in m2
r is the distance inm

Q is a directivity factor (equal to 1 for propeller
test rigs)

Since the room constants for Building 20A are the same for all frequency
bands between 63 Hertz and 2 KHz, this range is represented by the top
curve in Figure 11. The straight 1ine shows the variation of relative
sound pressure level with distance for a free-field environment (no
reflections, reverberations, etc.).

Background Noise

Background noise during testing in the Building 20A facility is not
a significant problem. Figure 12 shows a plot of background noise without
the facility drive motors operating. Figure 13 shows the background noise
as a function of RPM for a rotating propeller hub without blades. Neither
case results in significant background noise when compared to the noise
generated by a typical propeller. The measurements were made at a typical
microphone position approximately 3 meters from the source. During each
propeller test program, ambient and drive motor background levels are
recorded as a function of RPM for each microphone position. In this way
the source noise levels can be compared directly with the background noise
to ensure that the signal-to-noise ratio is adequate. Generally, we
require that the signal be at least 10 dB above the background noise in
each third-octave band of interest.

We have now evaluated several problem areas relative to acoustic testing
in Building 20A--acoustic reflections, room mode interactions, reverberation,
and background noise. One other area should be investigated to properly
understand the acoustic data obtained during propeller testing. Since
acoustic propagation characteristics with distance change depending on the
source, we should know what to expect in terms of noise level variation with
distance from the propeller. It is beyond the scope of this report to
discuss all of the noise generation and propagation theories applicable to
propellers. An excellent review of propeller noise theory is contained
in Reference 7. It is sufficient to point out that the broadband character-
istics of a propelier can best be evaluated from noise measurements made
along the axis of the propeller. Along the axis there is no Doppler effect.
Also, the acoustic spectrum measured on the axis is generated entirely by
fluctuating loads on the blade and is simply related to their integrated
spectrum. Measurements made in the plane of rotation involve predominantly
rotational noise due to harmonics of the blade passage frequency.

Reference 8 provides the basis for a preliminary analysis of noise

propagation with distance from a propeller. In our application, we use
a slightly modified version of Maekawa's result for circular plane noise

25
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sources in order to predict propagation characteristics along the axis
of a propeller. For measurements made in thd plane of rotation we have

developed a new analysis based on propagation from a curved array of point
sources.

Noise Propagation Along the Propeller Axis

When viewed from the axis, the propeller can be represented as a circle
of radius R made up of point sources distributed continuously on the surface
and radiating noise energy spherically in random phase so that the nature of
wave motion can be neglected. Sound intensity at a particular measurement
point will be obtained by integrating the sound energy radiating from each
point. Consider the sound intensity at a measurement point, P, on the
propeller axis as shown in Figure 14. The energy density at P, a distance,
d, from the propeller center is given by

I s o ™
S 4a(d"+x%)c 5
Where: W is the sound power per unit area

Equation (7) can be rewritten as

E = gE'.{: taneds (8)

Evaluating the integral from 0 to « we obtain

E = g; [-1n cos @ l;] = ;E [-1n l?;?:§73T77|] (9)

E = & {-1n [1+ (d/R)'ZJ-'l/Z} (10)
e = % {0 s amrid
We can express this in terms of decibels as follows:
2
E =
pC

Where: p 1is the sound pressure (N/mz)
p 1is the density of air (kg/m3)

¢ 1is the speed of sound (m/sec)

28
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FIGURE 14:

GEOMETRY FOR A PROPELLER AS VIEWED FROM
A MEASUREMENT POINT, P, ON THE AXIS
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0= W& D+ @Ry (12)

By referencing the pressure to .00002 N/m2 and the power to 10']2 watts

we obtain

2 -12
P - — ¢ fene @m0
Pref ref (.00002)
Where: oc = 408 kg/mz/sec for air

Taking 10 10910 of each side we obtain
(14)

Z : -2
) +10 log;, (.255) + 10 ‘°910{]n [1+ (d/R) ]}

10 log;o (B—) = 10 1og,, |
P ref

. W
Href

Equation (14) can be expressed as

SPL = PWL, - 6 + 10 Tog,, {ln 1+ (d/R)'ZJ} (15)

Where: PHLA is the power level per unit area

Figure 15 is a plot of the third expression in equation (15) as a function of

d/R. The plot shows that in a free-field environment, the noise level should

drop off at 6dB per doubling of distance for all points along the axis greater
than approximately one diameter (2R) away.

Equation (15) was developed by assuming that source elements on the
surface of the propeller radiate omnidirectionally. A similar equation
can be developed by considering that each surface element on the plane noise
source has some directivity of its own. A directional radiation power can
be given by the expression:

Je = Jo cos" 6 (16)

Where: Jo is the radiation power to the norga] of a surface
element given in the units watt/m</sterad.

8 is the angle between J, and the normal to the surface.
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Figure 16 shows the form of the assumed directivity patterns for various
values of n. In the figure, when n = 0 the element is omnidirectional and
when n = « the sound is radiated only to the normal and makes a plane wave.
Figure 17 shows the characteristics of the directivity of propeller noise
for various generation mechanisms. The patterns assumed for this study are
representative of those expected for on-axis measurements.

The radiation power of the surface per unit area, W, is given by

/2 n/2
W =f Je 2m sinede = 2nd f cos"esinado (17)
0
0 0
Using the identity scos"esinede = -cos"+] /(n+1), we obtain
|

W o= 2, (18)

n+|

Using equations (7), (8) and (18), the sound energy density at a
receiving point, P, as defined in Figure 18 is given by

9, 2n xE sino do

E = — (19)

2¢/g 2 cose

(-4 4
£ =X f J, cos"otanodo (20)
0
When n = 0, equation (20) reduces to

T o

E = Efo J, tanede (21)

Noting that
- W(n+l
o _%'17—)' (22)

E = g-c-_/:tanede (23)

the same as equation (8)
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FIGURE 16:  ASSUMED DIRECTIVITY PATTERN FOR SOUND RADIATION
FROM ELEMENTAL SOURCES DISTRIBUTED
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AXIS OF
R
ROTATION
A. THICKNESS B. TORQUE
C. VORTEX SHEDDING D. THRUST E. THRUST AND TORQUE

FIGURE 17: THEORETICAL NOISE PATTERNS FOR PROPELLER
NOISE (REFERENCE 9)
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FIGURE 18: GEOMETRY FOR AN ASSUMED ELEMENTAL SOURCE
DIRECTIVITY PATTERN AS VIEWED FROM A MEASUREMENT
POINT, P, ON THE AXIS.
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When n > 0, equation (20) becomes

E = !é'cﬂ)— fcos"o tane do (24)
0
Using the identity seos"o tane do = -cosno/n, we obtain
E = %E Lﬂ%ll [1 - (cos«)™ (25)

Replacing cos= with the proper rectilinear coordinates yields

n+l

1
)0 - "] (26)

V-(R/d)zﬂ

N

Repeating the approach used to derive equations (11) through (15), we obtain

SPL = PWL, -3 +10 10910 ;‘ﬂ%ll'[] - g7z57&72:7)n]§ (27)

Figure 19 is a plot of the third expression in equation (27) as a
function of d/R, for various directivity indices, n. The directivity
index, n, increases as the frequency of the source element increases. There-
fore, at high frequency, sound drop-off with distance on the center axis is
gradual. This is not true for measurement points out of the center axis.

In order to compare equations (15) and (27) with equation (6),

the equations must be converted to total power level equations where the
total power level, PWL, is given by

- ' 2
PWL = PWLA + 10 'log.l0 R (28)
Therefore, equations (15) and (27) can be expressed as follows:
Forn = 0

SPL-PHL = -6 - 10 10gy +RZ + 10 log,~ {1n[1+(d/R)~%] (29)
10 10
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For n > 0

SPL-PWL = -3 - 10 log,. "R® + 10 log mﬂ)-[1-(——2——‘ ™1 (30)

Figure 20 is a plot of equation (29) for propeller diameters of 2.0, 3.0,

4.0, and 5.0 meters. The curve shows that on the axis you must be approximately
one diameter away from the propeller before a 6 dB dropoff per doubling of
distance occurs.

Noise Propagation in the Plane of Rotation

In the plane of rotation, the propeller can be modelled as a convex
arc as shown in Figure 21. If we assume that point sources are distributed
continuously along the arc, the total energy density at a receiving point
P in the plane of rotation at a distance, d, from the axis of rotation is
given by

2f52 WdS W /5 ds

S 4nr-c enc S 2 (3])
1

Where: W is the sound power per unit length of arc

¢ 1is the velocity of sound

Using the law of cosines

r = d + R% - 2Rd cos P (32)
- f Rap (33)
+R -2Rd cosp
f (34)
5 d +8? S25)+(-2d) cos P
Using the identity dp 2 1 Valob? tan /2 ol 5 b2,

‘atboss " oTpz " at
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FROM LAW OF COSINES

r® « '@% + /% - 2Rd cos @

FIGURE 21: GEOMETRY FOR A PROPELLER AS VIEWED FROM
A MEASUREMENT POINT, P, IN THE PLANE OF
ROTATION
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we obtain

W 1 -1 NVNa“-p g =
—l——tan ' (F=-tanp/2)) °

C atb [
a Vaz-b2

W 1 q (+1) 1 -1
— [—— ) - ——— tan
mc a+b

Vaz-b a2-b2

q € .t
tan-] (—é_lg_)]

2W 1
F- i a+b

nc !a 2- b'2_

2
- id +R° 12,2
o | [ } tan™! ( )]

R
nc
¥ 2.2
(d +R d+R, 4d2 d ;R - 2d
d°+r%)2-44%R2
7
A= g e )]
(d%+r%)2- 4422 (d°+R?) - 24R
2 R
24 . R 1, d+R
we (7 7 tan " ()]

P2 I EONC BT 7.5

[
WCR (d/R)Z_] d/R‘]

(35)

(37)

(38)

(39)

(40)

(41)

Repeating the approach used to derive equations (11) through (15), we obtain

SPL = PwLL +3-10 log]OnR +10 log10 [

(d/R)2

R (a2)

d/R-1

Where: PHLL is the power level per unit length
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If we assume that the length of radiating arc is equal to the propeller
circumference, we obtain the following expression for total power level

PWL = PNLL + 10 log]OZnR (43)
Therefore,
SPL-PHL = -20 log, mR + 10 Tog,y [——— tan” (YR (a8)
(d/R)%-1

Figure 22 is a plot of the third expression of equation (44) as a function

of d/R. The curve shows that the plane of rotation measurement points must

be approximately 3 diameters from the propeller blade tip before a true 6 dB

per doulbing of distance is obtained. Figure 23 is a plot of equation (44)

as a function of measurement distance, d, and propeller radius, R, in meters.
This result can be directly compared with the result from equation (6) as plotted
in Figure 11 to determine the effects of reverberation and source geometry on

the noise propagation characteristics.
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VII. CONCLUSIONS AND RECOMMENDATIONS

This report has described the development of an indoor acoustic test
facility for static testing of fans and propellers. The performance measure-
ment system has been used for many years with demonstrated accuracy and
dependability. The acoustic characteristics of the facility have been
thoroughly studied and documented. The problem of data contamination due to
acoustic reflections has been minimized by the use of high absorption acoustic
treatment on the near walls and the floor of the test rig. Room mode inter-
actions are not considered significant above 60 Hertz due to the large size
of the room. Reverberation characteristics for the facility have been
thoroughly evaluated and can be used to correct measured data where necessary.
Finally, background noise has been assessed and is not considered a problem
for most propeller and fan configurations. However, background noise measure-
ments are made an integral part of each test program to ensure that the
test data is not contaminated in the frequency range of interest.

In Section six of this report, a brief study was made to assess acoustic
propagation characteristics with distance in the plane of rotation and along
the propeller axis. Characteristic curves for on-axis propagation (Figure 20)
and plane of rotation propagation (Figure 22) should be developed for the
propeller under test. These curves, together with the facility reverberation
curves can then be used to select optimum microphone measurement arrays.

For propellers in the diameter range of 2 to 4 meters, the optimum location

for far-field measurements in this facility falls between one and two diameters
from the propeller center in the plane of rotation. The farthest microphone
point is limited by wall effects and reverberation while the nearest microphone
position is limited by the extent of the propeller near field. The propeller
near field is generally defined as the space within one propeller diameter

from the blade tips. Measurements in this area are generally free from inter-
ference by reflection, reverberation, and background noise, but do not show

the directivity patterns characteristic of far-field noise. Near-field noise
does not exhibit radial variation in sound pressure in accordance with the
far-field "inverse square law" where the level drops 6 dB per doubling of
distance (Reference 9).

A number of useful data presentation programs have been developed to aid
in assessing noise/performance tradeoffs for the articles under test. These
programs were described in Section V and detailed listings with sample plots
are shown in Appendix B. This plotting capability coupled with the performance
and acoustic measurement systems provides a very versatile tool for conducting
static propeller/fan performance and acoustic tests and for conducting noise/
performance trade studies.
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APPENDIX B-1

PROGRAM HORSE
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! RM5,STCSA,CM77777,720,1I720. P727119 MCGREGOR 5274«

FTN,R=3,

MAP,PART,

ATTACH,CCAUX,CCAUX,ID=XA54L371,

LIBRARY,CCAUX,

LGO.

*  END OF RECO2D
PROGRAM HORSF (TNPUT,O0UTPUT,TAPES=INPUT,TAPEG=QUTPUT,PLOT)

¢es PROGPAM HORSF IS USEN TO PLOT THRUST VS HORSEPOWER FOR VARIOUS
QUIET PROPELLER CONFIGURATTIONS., IT WILL ACREPT UATA WITH 3 OR 5
RPM RUNS.,

PRESET PARAMETERS (NAMFLIST) !
TORPM = (1) .. ALL AVAILARLE DATA USFD IN PLOTS
2 ee 3 RPM VALUES USED REGARDLESS OF DATA INPUT
MINIMUM THRUST (YMIN) = 0.
MAXTMUM THRUST (Y™MAX) = 1600,
MINIMUM HORSEPNWER (XMIN) = 0,
MAXIMUM HORSEPOWEF (XMAX) = 240,
RPM DATA POINTS (WRPM(1-5)) = 6004975049900, ,91050.,1230.,

® CHANGES TO THESE PARAMETERS SHOULD BE MADE USING THE STANDARL
NAMELIST FORMAT (EXAMPLE? STNPUT YMIN=10,,XMIN=170,3)

DOIDIIIODOIIOOD IVDOOO

INTEGER HEAN
DIMENSION HEAD(WC), RETA(3)y X(25345)y CX(T)y CY(7), WAPM(5)
NAMELIST/ INPUT/ WRPM, TURPMy YMIN, YMAX, XMIN, XAX
DATA WRP/60049750.9900e91050.5123047/
IORPM=1 T YMIN=0, ¢ YMAX=1600. $ X4IN=0, 3 XMAX=240,
CALL PLOT (D0.yley=3)
1 READ(S, INPUT)
YSTEP=(YYAX=YMIN) /8.0
XSTEP= (X1AX=XH4IN) /640
C #® READ IN NUMBFx OF RPM RUNS
2 RFAN (5,8) NRPM
IF(NRPM,E0.,99997) GO YO 1
IF (MRPM.EQ.0) GO TN 7
CALL REANER(HEAN,3FTA,X,YyNRPMy 0, IORPMyNSTZ, D)
CALL CENTER (HEAD,40)
C ** SET UF AXIS FOP PLOTTTMNG
CALL AXIS (04900921 HTHRUST (POUNDS FORCE) 92198990 ¢y YMIN,YSTEP)
CALL AXIS (0.90eyl0HHORSEPOWERy=179645904 9y XMIN,XSTFP)
ENCONF (40,190,HEAD) HEAD
100 FORMAT (4NA1)
CALL SYMI0L (0425483550615, HEADyJ.4y&0)
C ** SET UP DATA ARRAY FOR CONSTANT BLAJE ANGLES
10 & I=1,3
00 3 J=1,y,NSIZ
Cx(J)=x(1 v I,J)
3 CY(N)=X(2,1,J)
CX(NSIZe¢1)=XMIN
CX(NSIZ¢2)=XSTEP
CY(NSIZ#+1)=YMIN
CY(NSIZ+?)=YSTE®
C ** PLOT POINTS AND ORAW A SMOOTH CURVE
CALL FLINFE (CXyCYy=NSIZy1,1,(I=-1))

s BEST AVAILABLE COPY

—di




T — N ———

C ** DRAW LFGEWD 3Y END OF LINE
CALL WLINE (CX,CY,(NSIZ#2),0.,XLyYL)
CALL SYMI0L ((XL#,1),YLye08y22H== DEG. BLADE ANGLE,0.,22)
L CALL NUM3FR ((XL+.34),YLy0.,08,BETA(TI)y0ey-1)
C ** SFT UP DATA ARRPAY FQR CUNSTANT RPM'’S
00 & J=1,NSIZ
90 ¢ Iziys
CX(IVN=X(1,I,U)
5 CY(I)=X(2,1I,J)
CX(L)=XMTN
CX(5)=XSTFP
CY(L)=YMIN
CY(5)=YSTFP
*% PLOYT POINTS AND NRAW A SMONTH CURVE
CALL FLIME (CX,fY¥y=34141,(J-1))
C ** DRAW LEGEND 83Y END OF LINE
CALL WLINE (CX,yCYy5,906yXL,YL)
CALL SYM30L (XLy(YL#*e1),ye08y11H== RPMy90.4511)
T *% COMPUTE DESIRED TNDEX FOR TITLE’S RPM VALUE
LABFUL=IFIX(FLOAT(J))*(5.,D0/FLOATI(NSIZ))+,.001)
A CALL NUMBER (XLy(YL®#e34) ye03,WRPM(LABEL) y904,y~-1)
CALL PLOT (9.5,0.,=3)
GO Y0 2
7 CONTINUF
CALL PLOTE
STOP

O

)

2 FORMAT (10I5)
FND

BEST_AVAILABLE COPY

k]




SUBROUT INE WADER (HEAD, PETA 4 X, Y, NRPMyNMIKE ) IORPM4NSTZ,T0J3A)
OIMENSION HEAD(4M)y X(2935,5), Y(L,2,5), 3ETA(3)
INTEGFR HEAD
REAN (5,14) HFAN
IF (IORPM,EN.1) GO TN 9
IF (IORPM.EN,2.AND.NRPM.EQe3) GO TN 3
C ** READ 3 POINTS TF 5 ARE AVAILABLE

20 2 I=1’3
RFAD (5,15) SBFTA(I)
no 1 J=1,2
READ (S5,16) POM X (1,T,4),X(2,T,J)

1 READ (F,17) TRASH

2 READ (5,16) RPMyX(19T,3),X(2,7,3)

8 NSIZ=2
GO 70 13

C ®** READ ALL AVAILAZLF DATA

9 0O 10 I=1,3
READ (5,15) BFTA(I)
N0 10 J=1,NRPM

10 READ (5,16) RPMyX(191,4) sX(251,0)
NSI7=N~9P4

13 RETURN

D

14 FORMAT (u0A1l)
15 FORMAT (2nX,F10,3)
16 FORMAT (3F10.%)
17 FORMAT (F10.3)
END

SU3POUTINE CENTER (HFAD,ZLENGTH)
®#% SUBPOUTINE MENTER IS USED TO CENTER A HEANTNG WITHIN A VARIA3LE~
LENGTH TITLE LINF
INTEGER 4FAD
DIMENSTION HFAN(LENGTH)
INK=1
®% COUNT THE PIGHT=HANND QLANKS
1 LOC=LENGTH=INK
IF (HEAD(LON) «NF. 14 ) GO TO 2
TNK=TNK+ 1
G0 YO 1
*% PLACE HALF THE DFTECTED ALANKS ON TYE HFADING®S L~"FT 3INF
2 MOVF=IFIY(((FLOAT(INX))/2)e,001)
IF(MOVE.FQ.N) RETURN
DO & I=1,MOVF
N=LENGTH=-1
IPOS=LENGTH#*1
DO T J=iyN
HEAD(IPOS=J)=HEAN(LENGTH=))
HEAD(I) =1 H

BEST AVAILABLE COPY

a0

O

O

| )




OO0

O

(%]

SUSROUTINF WLINE (X9 YyNyWTH, XL, YL)
#%% SURROUTINE WLINF ARRANGES TATA SFTS IN DECRFEASING DORDEK RESFECTIVE
TO EITHF® X OR Y, IT THEN RPFTURNS THE PHYSICAL PAGE CNNARIINATES
OF THE OATA SET FOUND GREATFSY RFLATTVE TN THE OTHERS.
DTMENSTON X(N), Y(N)
IP2=N-3
IP3=N-?
N0 % I=1,IP2
IP1=1+1
00 3 U=IP1,IP%
IF (WCH.FN.2%0.) GO TO 1
s® COMPARF *x* VALUFS
IF (X(I).GE.X(J)) GO TO 3
GO TO 2
*® COMPAPE *Y*™ VALUES
1 TF (Y(I).GE.Y(J)) GO TO 3
¢ INTERCHANGE THE NUT=-0F=-0RDFR X=-Y 0DATA SFTS
2 TEMP=X(I)
X(I)=xX(J)
X(J)=TENMP
TEMF=Y(I)
Y(I)=yn
Y(J)=TEMF
3 TONTINUE
*% COMPUTE THE PHYSICAL PAGE COORDINATES
YL=(Y(1)=Y(N=1)) 7Y (N)
XL=(X(1)=X(N=1)) /X (N)
RETURN
£ND
END OF PECORN

-

grST AVHLOLE COF




k. 4

SINPUT INRPM=2¢

s
6 BLADES, STANNAR?D
6 116.75 9,33 5.0 be" 1.0133
602, 13, 58.
750, 22 93.
901, 0. 134,
1050. 34, 186.
1200, SLe 2Ls,
) 116.75 9,33 10.9 4.0 1.0133
601. 2he 188,
752. 27 298
900. 56 L30,
1n50. 3% f01.
1201. 1?1 . 786
6 11A.75 9.33 15.9 4.0 1.0133
600, 3he Iu?e
751. Ale. 537
900. 194, 78%,
1051. 162, 1081,
1203, 240, 1430,
994999
SINPUT XMAX=120,, YMAX=80[,¢
3
2 SETS (5"SHRT, 3"SHRT,NORM)
6 1.1
630, 8 2e
an2. 21. Ce
: 1200. 29, 11.
: 2 5.9
% 599, 9, 52
899. 25, 117,
: 1209, sq, 217,
: € 10.9
; 599, 1k, 155.
8990 L5, I8
1200, ag, E58,

wee ALANK CASN -=e

57




—

spJo) ojoQ induj ISYOH e|dwog woig siold :|-1g esnBiy

¥3IMOJISAYOH
00°021 00001 00°08

i

00°09 00" 0¥ 00°02

o J0¥W "630 01 -~

(WYON “ 1¥HS . € “1Y¥HS.9)

S13S 2

00°

T

00°0S  00°0¢  00'0C  00°0Z

00°08

00°0¢

r

00 .cwu

¥3IMOJ3SYOH

00 '002 00 "091 00 ‘021 00°08
3 e -

(33804 SONNOd) 1SN¥HL

Olm

OYUONB1S

Wiy o008 --

‘S30u18 S

00°02

X
00°0¥

(334804 SONNMOd) 1SNY¥HL

v
00°08

T

3t 00'00f  00°00
0lm

00°03t

T

00°0bt

4

58




APPENDIX B-2

PROGRAM THORSE
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R46,STCSA,CM77777,T4n,I080. P720119 MCGREGOR 55421

FTNyR=3.

MAP,PART.

ATTACH,PLOTLI3,05IVEFILE,CY=2,10=2740030,SN=AS0,

ATTACH,CCAUX,CCAUX,ID=XE54321,

LIBRARY,CCAUX,

LNAD,LGO.

SATISFY.

LISET,LIB=PLOTLIS,

SATISFY,PLOTLI3.

EXECUTE.

“ END OF RECORD
PROGRAM THORSE (INPUT,OQUTPUT, TAPES=INPUT,TAPES=QUTPUT,PLOT)

»%3% THORSE IS USED TO PLOT THRUST/HORSEPOWER VS. HORSEPUWER FOR
VARIOUS JUIET PROPELLOF CONFIGURATIONS., IT WILL ACCEPT 0aTA
WITH 3 02 5 XPM POINTS. ALL OR PART OF THE DATA MAY 3F USED.

PRESET PARAMETERS (NAMELIST) ¢
I0RPM = (1) .o ALL AVAILASLE DATA USEU IN 2L0OTS
2 ee¢ 3 RPM VALUES USED REGARDLESS OF DATA INPUT

YMIN = (3.) o« MINIMUM THRUST/YORSEPOWFEK FOR PLOT
YMAX = (11e¢) +¢ MAXIMUM THRUST/HORSEPOWER FOR PLOT
XMIN = (0s) oo MIMNIMUM HORSEPOWER FOR PLOT

XMAX = (2:0,) oo MAXIMUM HORSEPNDWER FUR PLAT

RPM DATA POINTS (WRPM(1-5)) = 500.975049300.910>3.,1240.

* CHANSES TD THESF PARAMETERS SHOULD BE MADS USING THE STANUDARD
NAMEL IST FORMAT. (EXAMPLEt FINPUT YMIN=6.,YMAX=24,})

OO0

INTEGER 4FEAD,0FPD
DIMENSION HEAD(40), BFTA(3)y X(29345)y CX(7)y CY(7)y ARPM(5)
1,XC (102), YC(102), ORO(o)y COEF(7)
NAMELIST/INPUT/ WSPM,I0RPMy YMIN,Y4AXy XMINyXMAX
DATA WRPM/5004¢97°0s99006,105C04,1200./
IORPM=1 * YMIN=3, $§ YMAX=11. $ XMIN=0, $ XMAX=240.
CALL PLO" (Deyiley=3)
1 REAU(5,INPUT)
YSTEP=(Y1AX=YMIN)/8,N
XSTEP=(X4AX=XMIN) /64D
C ** READ IN NJMBER OF RPM RUNS
2 READ (5,5) NRPM
IF (NRPM.EQ.N) GO TN 7
IF (NRPM,501,99999) GO TO 1
CALL REAJER (HEAN,BETA,X,Y,NRPM,0, IORPMyNSIZ,0)
CALL CENTER (HFAD,40)
C ** SFT UP AXIS FOR PLOTTING
CALL AXIS (0490 y17HTHRUST/HORSEPOWER,)17453¢9930¢9YMIN,YSTEP)
CALL AXIS (0ey0eylOHHORSEPOWER)=1)9)5e590¢ 9y XMINyXSTEF)
ENCONE(40,100,HEAD) HEAD
100 FORMAT(40A1)
CALL SYMI0L (0e5N98e35,0415yHEADy04,y40)
*% SET UP DATA ARRAY FOR CONSTAMNT BLAJDE ANGLES
00 & I=1,3
00 3 J=1,4NSIZ

o ST AVAILBLE COPY

O




3 CY(U)=X(2,1,J)/7CY())
IF(CY(NSIZ) LT Y“4IN) GO TO
C ** DRAW A SMI0TH CURVE AMU/OR NDaTA POINTS
CALL CURVFTU(CXyCYGNSIZyXMT Ny XSTEP,) YAINGYSTFD,=2,1, (i=1)4y1ey04)
C ** URAW LEGEN) 3Y ENN OF LINE
XL=(CX(N3LZ)=AMIN) /XSTEP
YL=(CY(NSIZ)=-YMIN)/YCTTFP

CALL SYY0L ((XL*+41),YLyoe08,22H=~ OEGe BLAIE ANGLEZ,044922)
CALL NUM3ED ((XL+434),YL,yd,."8 ,JE*Q(I),O.,-i)
4 CONTINUE

(]

#® SST UF JATA ARRBY FNR CCONSTANT RPM'S
D0 © J=1,NSIZ
20 5 I=1,3
CX(IN=X(1,y1,4J)
5 CY(I)=X(2,1,J)/7Cx(I)
M=
IF(CY(1) sGE.YMIN) GO TO 52
N0 &0 X=1,4
OX(K)=TX(K+])
0 CY(K)=CY(K+1)
cCX(2)=0,
Cy(3)=n,
M=2
**¢ PLOT POINTS ANND IKAW A SMOOTH CURVE
50 CALL CURVFT(CXyCYyMyXMINgXSTERy YMINy YSTEP y=241y(J=1) y1ey30)
S ** DRAW LEGEND 3y END OF LINE
XL=(CX (M) =XMIN)/XSTEP
YL=(CY (M) ~YMIN)/YSTFP
CALL SYM3IOL (XLy(YL®e1)yedByilH=-- RPMy30ey11)
#* COMPUTE O:SI?tD IMIEY FOR TITLE'S RPM VALUE
LAREL=TIFIX(FLOAT (J)* (S.0/FLOAT(NSTIZ)) +.,201)
6 CALL NUM3ER (XLy(YL#.34) 9e00yWRPHM(LA3TL) y3044=1)
CALL PLOT (9.5490ey=3)
GO 70 2
7 CONTINUE
CALL PLOTE
STOP

(@]

(@]

O

8 FOR“MAT (10I5)
END

a8 W e e e
1 .

REST WAL ARIE (QPY
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SUBRQUTIME FEADE? (HEADy 35 T2 4 X3 Yy NRPM, NMIKF ; IORPM, NSIZ,INN3A)

DJIMENSION HEAD(40), X(2,3,5), BETA(3)

INTEGER HEAD

READ (5,164) HEAD

IF (IORPM.EN.1) GO TN 9

IF (IORPY.EQ.2.ANO.NRPM,EN.3) GO TO 9

** READ 3 POINTS IF & ARE AVAILABLE

90 2 1=1,3

RFAD (5,15) BFTYA(I)

N0 1 J=1,2

READ (5916) RPMyX(1,T,J)9yX(2,1I,0)

1 REAO (5,16) TRASH
2 READ (54108) RPMyX(1,T,3)4X(2,1I,3)
MSIZ?=3
GO TO0 13
C ** READ ALL AVAILARBLE DATA

9 20 {0 I=1,3
READ (5,15) BFTA(D)
J0 10 J=1,NRPM

10 READ (5,515) FPMyX(151,J) 93X (251I,J)
NSIZ=NRP™

13 RETURN

<

14 FORMAT (40A1)

15 FORMAT (30X,F10.3)

16 FORMAT (?F10.3)
END

SU3BROUTINE CENTFR (HEAD,LENGTH)
#%% SUBROUTINE CENTER IS USEU TO CENTER A HEADING WITHIN A VARIABLE-
LENGTH TITLE LINF
INTEGER HEAD
DIMENSION HEAD(LENGTH)
INK=0
C “* COUNT THE RIGHT=HAND BLANKS
1 LOC=LENGTH=~INK
IF (HEAD(LOC) «NE.1H ) GO TO 2
INK=INK+1
GO 70 1
% PLACE HAL® THE DETECTED SLANKS ON THE HEADING®S LEFT SIODE
2 MOVF=IFIX(((FLOPT(INK))/2)+.001)
IF(MOVE.EQ.0) RETURN
DO & I=1,MOVE

OO0

O

N=LENGTH=-1
IPOS=LENGTHe1 :
00 3 J=1,N &

3 HEAD(IPO3=J)=HEBN(LENGTH=1) TR Lah fQP

4 HEAD(I)=1H \l| e WML,
RETURN B&S‘ ¥ B\ .
END

* END OF FECN2D




SINPUT 3
5
5 BLADES, STAN)AR?D
) 116.75 3.33 5.0 40 1.0133
h02. 13. 58
750 22« 33,
301. 3C. 134,
1050, 38 . 186.
1200. Sk 24t
6 116.75 9.33 10.1 4.0 10133
501. 26 188,
752, 27 . 298,
300. 56 430,
115, 82 . €01.
1201, 121. 786,
& 116.75 9,33 15.1 4o 1 1. 0133
500, 36 242,
751, hle S3r.
900. 104, 785,
1051, i62. 1081.
1200. 2LC . 1430.
99999
SINPUT XMAX=120,¢
3
2 SETS (6"SHRT, 3*'SHRT, NORM)
6 1.2
630. 8o Ce
302. 21. 5
1200. 39. 11.
g 6 5.0
§ 599, 9. 52.
5 899, 25 147
F; 1200, 45, 217«
¢ 10.0
599, 14, 155,
899, 45, 358.
1200. 98, £58.

n k. (:)\(
oSt AR UBLE ¢ P

63




$pJ0D pjoQ induj ISYOHL e|dwos woig sio|d :1-Zg einByy

¥3IMOJISNOH ¥3IMOJISUOH

S.QWW 8.2.-« 8.om~ S.Qm— oo.ws no.mo 8.@: 8.om— 8.om- 99.1 oa.ma oo.mo on.mu 8.&!
8 8
|~ | >
8 8
on N
=3 =
8 8

= ..om

g2 82

w w

— -

: 3

v.LW Tl-o

2 -

(4] oW

m m

o v

o o

o o™

g® ™
- Lo
8 2
LS -o
g g
[ = [~
5 2

O¥UONB1S “S30B78 9 = (WYON “ L¥HS .€ ‘1¥NE . 9) S13S

64




$10S PJDD LNJNIS 1UIOHIA YHM indinO ISYOHL :Z-Z@ @nBiy

$9 12X VWA "0=sNIWA"“0Z IsXVYWX LNdNI$ STeWJNOI" T LaXVWA " rsNIWA LNJNI$
’ ¥3IMOJISUOH ¥3MO0JISHOH
oo ON-— g.om— bo.ws OQ.WG DQ.D»Q Qn.mN g.ﬁu S.OWN 8.°°-N g‘nmn s.nmn On.m g.mﬂ B.P
Iew VW e 1 — 8 8
Ym& VL’
8 8
L™ 930 &1 —- L5»
8 8
K [>T
2 ]
oW 300w ‘630 01 — m% wm =
: - —
. n/ﬂ W [T
8 25 |5
3 g8a 82
m m
o ]
g g
= L ®m
mu Nu
P s s
= 8 e
'm rm
= =
g s
(WYON “1¥HS .E *1¥HS.9) S13S 2 OY¥UONU1S ‘S300878 S




P ———————— T Ty ————e

APPENDIX B-3

PROGRAM NOISY1




AAV . ey

S S

RM1,STCSA,CM55000,T720,1020, P729119 MCGEGOR 5274+
FTN’R=3.
MAP,PART .
ATTACH,CCAUX,CLAUX,yID=Xb5L321,
LI3RARY,CCAUX.
LGO.
*“ END OF REZOQWD
PROGRAM NOLSYL(INPUT,QUTPUT yTAPES=INPUT,yTAPCS=UUTHUT,,PLOT)

PROGRAM NOISY1 WILL PLOT TH: SOUND PRESSURE LEVEL 7S. FRofiUeNoY
PLUS THE OVERALL FOR ANY PROPELLOR RUNS. THE USES nMAY 3PZCIFY
THE UATA CARD FORMAT, THE QUTPUT 2LOT RANGE, ANJ WALTAF.2 JR NOT
HE DESIR-=S A O824 CURVE FOR EACH SPECTRA PLUTTEZU. 2EFAULT JulUcs
ARE LISTED 3ELOW WITH INSTRULTIONS FOK THAEIR CHANGS. UATA Wice
3E VARYING RFM RUNS FRUM A SINGLE A4ICRUPHAONE. (FOR A SivNG.E

RPM FROM SEVirRAL MICROFHONES, USt NOISY2)

st PRESET PARAMETERS (NAMELIST)

DTFORY = (0) eo 3e15 THRIUGH 20K PLUS OVERALL
1 <. 20 THROUGH 20K PLUS OVERALL
IDBAST = (0) .. NORAL PLOTS, NN ADNITIONAL J3& CUIVE
1 .o ADDITIONAL D5A CURVE DESI2EJ
SPLMIN = (204) s MINIMUM SPL VALUE FOx PLOUT
SPLMAYL = (1204) oo MAXINMUM SPL VALUE FUR P.OT
START = (1) e STAKRTING FREQUEMCY INDEX
FINISHA = (28) .. CLOSING FREQUENCY INJFX
INCEX TARQLE
I HZ I HZ & 42 I HZ I HZ I Z
1 20 ] 63 11 200 io 530 el Zudd 2o 03628
2 25 7 20 12 259 17 800 22 . 2544 27 lgoce
3 32 8 100 13 315 16§ 1006 23 3150 23 13244G¢C
b &40 - K 14«00 19 12%0 2L 4003
& 50 10 15¢C 15 504y 20 1640 2% 5000

* CHANLES TN THESE PARAYMETEKS SHUULU BE MAJT USING THE OSTANUAXL
NAMELIST FURMAT (EXAMPLES JINPUT FINISH=15, IuB8A3T1=1,)

OGO OO0OO0O00DDOO0O0

INTEGER JTFORM,START,FINISH

DIMENSION XFR(31)

DIMENSION TITLEX (&) g TITLEY(=)9A(31) 9FR(3D)yTITLE(w) gUNX(4) UMY (%)

NAMELIST/INPUT/ uUTFDRMy,IO0BASTySTART,FINISH, SPLMAX, SPLAIN

DATA TITLEX/10HON® THiIRU ,10HOCTAVE CEN,L10HTER FREQUE,

110HNCY IN HZ /,TITLEY/Z10HSOUMND LEVES10HLS IN D3 Ry1IJHC 0.0302 My
210HICRDO3AR /9F /200 925e9331e59b06950090369306091004091250041500
3200692500 93150940N¢95006095304980009100069125009150049200Cey250C0)
©3150¢940706095000,9H5300093000¢91000%74910ey%74491/
ByUNX/Z440954259)0691e/yUNY/71e7591e755009147

NTFOFM=0 § IC3AST=0 & START=1 § FINISH=23 § SPLMAX=120.

SPLMIN=20,

CILL PLOT(°-,101'3’
5 READ(5,INPUT) BES]‘ AVA”_AB' r

| 6 : Lc COPY




11
19939

CFADS,13CMTITLT,TCHNG

FOR™AT (4“A10,I17)
IF(TITLE(L) etNe 1 CHNEWPARAM ) GO TO S
TF(TITLE(L) sEN.1OHENDCOATA YGO TN 999
MM=START

NN=FINISH

CHNN=ICHMO
SPLSTEP=(SPLMAX~-SPLMTIN) /8.0

II=0

YLoC=1,55%

NUMPTS =NN=-MM+1

f*sNOAW AN LASRFL AXFS

170

CALL AXIS(DesPeay TITLFY,4NyB84y90,ySPLMIN,SPLSTEP)

TINC=5.5/FLOAT (NUMPTS-1)
TICK=0

CALL PLOT(540,50e0y3)
CALL PLNT (0.040e0,2)

N=1

DO 100 IPT=MM,NN
IF(IPTGT 42)N==1

CRALL PLOT(TICKy=Ne1,2)

CALL NUMSERI(TICK,=0e190007yFF(IPT),,=60,0,yN)

TICK=TICK¢TINC

CALL PLOT(TICK,N.N,3)

CALL PLOT (6e04y0s0,43)

CALL PLNT(6.0y=3e1y2)

CALL SY4Y20L(5.859=042y0e1y3HN/A,0.0,7)

CALL SYM30L (47594691 y44HONE=-THIRD OCTAVE 3AND CENTER FREQUENCY I

2N H4Z,0.0,L0L)

TALL SYM0L (143596435, 0e1, TITLE,N,,40)
CALL SYM20L(2.05,83.590415y11HMIKE NUMBER,0e,11)

CALL NUM3ER (3,2%5,8,5,0415y)CHNOy0.,y=1)
CALL SYM30L(L.5y1:775,0e1y34RPMyN.4,?)
CALL LINF (UNXyUNY32,41,0,0)

C**PUT DATA IN A AKRAY
200 RFAD(5,1701)IRUNNO

RUNNQ=TIRUNNO
IDBA=INBAST

1001 FORMAT(I10)

IF(IPINND LEN.NIGO TO 899
CALL GETTN(DTFORMy1RUNNO ,TCHNO A yM¥,NN)

C**PUT IN SYMB0L FOR OVERALL SPL
1002 OALL=NVERAL (A,MM,NN)

2100

WRITF(€,2000) OALL

FORIMAT(F10.4)

DALL=(0ALL-SPLMIN) /SPLSTEP

CALL SY”"OL(B.U0,0ALL,U.]., 1170009‘1)
CALL SYM3IOL (L, 25,YLOC+.059015TIy0,4-1)
CALL NUMIFR(4e7yYLOC,041yPUNNUy0ey=-1)
IF(TO3ASTENGD.0R.INBAEQ.L1) GO TO 249
CALL SYM3O0L(®.25,YL0Cy0.1,5H(DBA),04,5)

C*EREMOVE OUT=-NF RANGF-POINTS
249 NO 370 JJ=1,NUMPTS

250 IF (A(JJS).LE.,SPLMAX) GO TO 300

IF (A(JJ) «GELSFLMIN) GO TO 250
A(JJ)=2,1254SPLMIN

BEST AVAILABLE COPY




A(JJ)=SP_MAX=-S8.,125

300 CONTINUE

C**DRAW EACH LINE
A(NUMPTS+1) =SPLMIN
A(NUMPTS+?2)=5PLSIEP
XFR(NUMPTS+1) =0
XFR(NUMPTS+2) =1,
JJ=MM
DO 201 I=1,NUMPTS
XFR(I)=TINC*FLOAT(I-1)
201 CONT INUVE

CALL LINZ (XFRyAyNUMPTS,141,11)
YLOC=YLOC=0.15
I1=T1+1
IF (ID3A.NE.1) GU TO 799
CALL D3ALINC(R,MMyNN)
iI0BA=ID34-1
GO TO 10492

799 CONTINUE
30 TC 200

899 CALL PLOT(84590eCy=3)
GO T0 10

999 CONTINUE

: CALL PLOTE
} i SToP
; END

S e

SUBROUTINE GETIN(Ky IKUNNOyICHNO,A,MM,NN)
JIMENSION A(31)
IF (K.EQ.1) GO TO 39
READ(5,1000) (A(L)yL=1,2)
READ(5,1001) (A(L)yL=3,12)
READ(5,1001) (A(L)4L=13,22)
READ(5,1003) (A(L),L=23,28)
1000 FORMAT (62Xy2F6e1l)
1001 FORMAT(13F6.1)
1003 FORMAT(5F6.1)
GO TO 75
50 READ (5,2000) (A(L),yL=1,19)
READ (5,1001) (A(L)yL=11,20)
READ (5,2001) (A(L)yL=21,26)
READ (5,2002) GARRAGF
2000 FORMAT (16X,10F5.1)
2001 FORMAT (3Fb6.1)
2002 FORMAT(F3,.1)
75 WRITE (6,200)
HRITE(6,100) (A(L) yL=MHyNN)
100 FORMAT(1{ ,10E12.2)
200 FORMAT (2Xy10HD3 #+sssss)
RETURN

BT AVAILABLE COPY
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SUB-OUTINE OSALINC(A,MM,NN)
DIMENSION A(31),03AWT(28)
OATA 08BAdT/=-50.5,
A“O‘O.7"3;o“,‘3‘0.6,‘30-2,'20-2,‘2205,-1901”1601"130-&,'10-3"606,
8‘6.5,"‘-’3,"302)"1-9"0.5,0.0,006’1-‘J’102,1-3,102,100,0.5,‘0.1,
C-l. 1,'2.?‘/
20 100 I=1,28
100 A(I)=A(I)+D3ANT(T)

WRITE (6,200)

WRITE (0,300) (A(L),L=MM,NN)
200 FORMAT (2X,10HD3A **+x%»¥)
300 FORMAT (1H ,10E12.2)

RETURN

END

*  END OF RZZORD

FUNCTLION OVERAL (A,y*™4NN)
JIMENSION A(21)
SUM=0.0
D0 100 I=M",yNN

100 SUM=SUM#(10.0**(A(I)/710.0))
OVERAL=1J.0%2LOGL1R(SUM)
RETURN
END

SINPUT DTFOR4=1, IDSAST=1¢
o BLADE 3ASELINE = 15 LAGRTE PITCH 3
900
108 %#R003 CO003% 05047 75445 05745 06242 004¢7 06842 079.2 082435 05342 07340
0757 07545 U74e2 379¢5 (7945 0570 080¢2 0805 0315 03047
081+2 081.5 Noke0 0083+0 08147 084e0 03447 083.0 06245 0LAEL7
0bb.0 094.5
=== BLANK CARD ==-
ENODATA

BEST AVAILABLE COPY




PR e D s 2

85.00 107.50 {?0.00

82.50

70.00

SOUND LEVELS IN DB RE 0.0002 MICROBAR

45.00 82150 ( 2

'

MIKE NUMBER 3
6 BLAOE BASELINE - 15 DEGREE PITCH

'
aa8

—RPH
@ 900
© 900 (0BA)

20.00

DAL PPILL AN TR VOV WA VL LR
ONE-THIRO OCTAVE BAND CENTER FREQUENCY IN HZ
Figure B3-1: Plot From Sample NOISY1 Input Data Cards
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APPENDIX B-4

PROGRAM NOISY?2
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F’J

MACySTCSA,CMo0J00,T«0,109C, F729119 MIGAUGOR 55421
FTN.
ATTACHyCCAUXyCLAUX, T0=X2546321,
LI3RARY,CCAJUX,
Lo0.
** END OF KFFEZUD
PROGRAM MOLSY2(TNPUT ZOUTPUT 3 TAPES=INRPUT yTAPELIOUTPUTy”PLOT)

PROGRAM NOISY2 WILL PLOUT THE SOUNJ P¥ESS

PLUS THE OVERALL FOR ANY 2rOFELLOR HUNS. THZ USEX MAY SPulIFY
THE DOATA CARD FOr™MAT, THEe OQUTHYIT 2007 ~adGk, ANJ WHLTHE< J2 Hu
HE DESIRES A U CURVE FO< ZACH SPFUTRA PLOTTZIU. OUFFALLT vALUES
ARE LIST:U 3ELOWN WITH INSTRUCTIONS FIR THEIZ 3HANGC.  HATH MWaidl
3E A CONSTANT PPM FROM ANY NUMIEX OF MICAJIP4A0ONCS., (FN~ &

SINGLE MiCRUPHONF 4NN VARYING RPH’S, USK NOISY1)

URE LEVEL VSes FRLQUEKLY

b PRESET PATAMETERS (NAMELIST)

RTFOX* = (0) se 341f THROUGH 23K 2LUS OVERALL
1 ¢ 20 THxXIUGH 20K PLUS OVERALL

ID3AST = (0) ae NNxMAL PLOTS, VO ADUITIUHNAL C3wx CURVLC
1 o ACJUITLONAL NBW CUSVE UESIRID

SPLMIN = (204) o MINIMUN SPL VALUE FIR PLOT

SPLMAX = (1204) oo MAXIMUM OPL VALUE FOR PLOT

STAXT = (1) o STARTING FREQUENCY INDEX

FINISH = (28)+e CLOSINS FRENUENCY INDEX
INDEX TAS3LE
I HZ I H2 I 12 I HZ I HZ i HZ
1 20 & 63 11 20¢ 1o ©30 21 2090 25 5302
2 25 7 3a 12 250 17 soe 22 2504 27 sancn
3 32 2 100 15 315 18 1340 23 3150 23 140030
b &0 9 125 14 400 19 1250 24 40346
o 58 10 151 15 5% 20 1500 25 50130

* CHANGES TO THESE PARAYETERS SHOULD 43I nANC USILis THE 3TARIARE
NAMELIST FORMAT  (EXAMPLES 3INPUT FINLSH=18, I0:A3T=1:)

OO0 OOOVODOOOOOOOOOOOOODOOOONOOCOO0OO0

INTEGER DTFURMySTART yFINISH
DIMENSIOU XFr(31)
OIMENSTION TITLEX(w)gTITLEY («)gA(31) 9FrR(3I)yTITLE(R) yUX4)yUtlY ()
NAMFLIST/ZINPUT/ OTFOiMyIO3ASTySTARTyFINISHySPLMAKySPLMIN
DATA TITLEX/10HONE THLRU »10HOCTAVE ZEN,{O0HTERQ FRreQUc,
110HNCY IN HZ /,TITLEY/Z104HSOUND LEVE10HLS IN I3 Ry 104E 2.30C°2 My
210HICRI3AR /9FiR/206925e931e59404950096309806091006091226391504
3200492504 93150940049500095374980049100046912504915006520000e925004
“315N0.94000495000496300e980000910700¢9106,5044917
P UNX/36995e6590091e/7yUNY/3,0986090491./
OTFOkM=0 ¢ IDAAST=0 ¥ STAxRT=1 3§ FINTSH=¢23 ¢ SPLYAX=12D.
SPLMIN=2],
CALL PLOT(0egley=3)
5 READ(5, INPUT)
10 READ(S,10C0)TITLF,IRPMO

»  BESTAVAILABLE copy




1000

FORMAT (2A10,I110)
IF(TITLE(1) .FN, 10MNEWPARAM ) GO TO 5
TF(TITLE(1) «FN.1O0HENDDATA )GN TN 999
RPMO=IR9M0

ID8A=IN3 (ST

II=0

YLOC=7.7?5

MM=START

NN=FINISH

NUMPTS=NN=MMs1{

C**0ORAW ANN LAREL AXFS

170

C**PUT DATA IN A ARRAY

290

1001 FORMAT(I1")

C**PUT IN SYM3IL FOR OVFRALL SPL
1002 OALL=0OVERAL (A,M4,NN)

2009

C**RFMOVE OUT=0F RANGE=-POINTS
249 DO 300 JJ=1,NUMPTS

250 IF (A(JJ) LE.SPLMAX) GO TO 300

SPLSTEP=(SPLMAX=-SPLMIN) /8.0

CALL AXIS(0eyNayg TITLEY 4 0yBe3y9NeySPLMIN,S?PLSTEP)

TINC=65,5/FLOAT (NUMPTS=1)

TICK=0

CALL PLNT(Be0,yNa"y )

CALL PLOT(0.0,50e0,52)

N=1

00 107 IPT=MM,NN

IF(IDT.GT.Z'Nz-i

CALL PLOT(TICXy=0e1,42)

CALL NUM3IER(TICKy=Ca190e07,FR(IPT),,=F0."yN)

TICK=TICK+TINC

CALL PLOT(TICY,9.0,3)

CALL PLNOT(6040e0,3)

CALL PLOT (6e0y=Te1,y2)

CALL SYM30L(5,85y=04250e1y3H0/A,0,.0,7%)

CALL SYMAI0L(.759=ehyelybUHONE=-THIRN NCTAVE BAND CENTER FREQUENCY T
2N HZ50.0,404)

CALL SV"’OL‘0.0,B:S, 0.15,TITLE,0-5,“" )

CALL SYMI0L(3.9,7¢7550e10y11HMIKE NUM3ER,0.0,11) '
CALL SYM30L(Le875,84M"25y0.1,3HPM,0,.,7)
CALL NUMBERI(4:3759%,02550e1yRPM0y0.,=1)
CALL LINE (UNX,UNY,2,1,0,0)

READ(5,1001)TMIKO
XMIKO=IMIKO

IF(IMIKO.EQ.0) GO TO 899
CALL GETIN(DTFO®M, IRUNNOyICHNO,A,4M,NN)

WRITE(5,2000) OALL

FORMAT (F10.4)

OALL=(0ALL~-SPLMIN) /SPLSTEP

CALL SYMR0L(6.00,0ALL,0.15T7Y,40.0y~-1)
CALL SYM30L(5.5,YLNC*,05,0, ’.D'II'D- Ny=1)
CALL NUMIER(5.15YLOC, 0,10,y XMIKO,N,1y=1)
IF(IDBAST.EN.0.0R.TNRAEN.1) GO TO 249
CALL SYM3OL(5.754YLOC,0.1,5H(D3A),0.,5)

IF (A(JJ)GE.SPLMIN) GO TN 250
AtJJ)=3,125+4SPLMIN

ACIJ)=SPLMAX=3,125 % BESI_AVA” ::.E COPY ’
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p" 30r RONTINUE
G*¥NOANY FACH LTNF
A (NUMDPT341) =SOLATN
ACNUMPTS+2) =S2LATFF
XF2 (MUMDTS41) =1
XFR(NUMPTS#?) =1,
JJ=MMm
AN 201 T=1,MUMnTS
XFR(I)=TINC*FLOAT (T=1)
201 CONTINUF
FALL LINF (XFF, A, NUMPTS, 1,1, TT)
YLOC=YLN =0, 1F
II=TI+1
IF (ID3A.NF,1) AN Te 799
FALL DAL INCS , M4, 8D
IN3A=INA3* =1
50 TO 1002
799 SONTINJF

GO YO 207
399 CALL QLO-(“‘.:-,”.O,-‘})
GO YO 11
999 CONTINUF
CALL PLOTE
SToP
i NN

SUBSOUTTINE GETIN(Yy IRUNNC,y ICHNO A, 0 NN)
NT4ENSION A (31)
IF (K.EQ.1) 60O ~1 5p
RFANI5,1902) (A (L) ,L=1,2)
RERN(5,1101) (A (L) ,L=7,12)
READ(5,1071) (A(L) ,L=17,22)
REAN(5,19N%F) (ATL),L=23,29)
1000 FORUAT(52X, 2Fhq1)
1001 FOPMAT (17FH,.1)
1003 FORMAT(AE6A, 1)
GO TH 7S
5N REAN (5,2030) (A(L),yL=1,1")
REAN (F,1071) (A(L) 4L=11,27)
RFAD (F,2001) (A(L),L=21,23)
READ (5,2002) GADOAGE
2000 FORMAT (16X,13Fh,1)
2001 FORMAT (F6.1)
2002 FORMAT(F5,1)
75 WRITF (K, 20")
WRITE(A,100) (ALLY,L=M"yNN)
100 FORMAT (14 ,10F1°.7)
200 FORMAT (2X,10HNY #sssses)
OF TUON

BEST AVAILABLE COPY
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FUNCTION OVERAL (A,™MM, )
OIMTENSTOM A(21)
SuUM=n,0
70 107 T=MM,MN

100 SUM=SUM(10.N** (A(T)/10a "))
OVFRAL=10.N*ALODG1IN(SUM)
PETHEN
FMN

SUBPCUTIMFE DBALTIN(A,“M4NN)
DIMENSTON A(31),N3ANT(23)
DATA DJBAUT/=-50,%,
A-".“0’,-‘10“,-31'00“’-KnQ?"’(‘cZ"Z’OS,'iq'1”16- 1,'1?.“,'1']03”“.6’
‘3"&-",""9' ,-3.’,’,-“_.9,-0.3,"..ﬂ,(‘.':,l.f?,i.?,l.3,1.?,1.'1.".5,-5.1,
C‘lo’,'?o‘-/
DO 109 I=1,28
19C A(T)=A(T) +D3LWT(T)

WRITE (/,42017)

WRITE (5,309) (A(L)L=MM,NH)
9“!” EOQMAT (‘)X’tCHhOA l“..l)
300 FORMAT (1H ,10F12.?)

PETURY

NN

€ ENB OF RECORH

|
$INFUT SPLMIN=LO0.,, FTNISH=2F}
5 3ALAPE, 10% ™30 - {10 DFGPEE PITrH 901
2 1

TNE RALZ C00TF 0LL,0 Neb,0 NLbe® NEb,N D4boN OJudaed J44e0 O34,0 04840 9L3,5
069.7 051.0 055,00 062.7 N76.5 79,0 01642 072.7 075,0 174,9

175,0 07%,7 07642 N76.7 N75.7 075.7 0762 N7642 N75.5 N76,5

178.7 07347 933.5 18647 N87.0 080,7 054,7 04k, 0 044, 00L,2

o

Tt 2013 C099¢ 049,00 04,0 0L9,0 9,0 049,0 NI, 0 043.0 043,97 0950.0 16N, 2
1IN0 PET,2 056,7 06L.2 N78,0 131.2 073.5 0RL.2-N133.7 084,53

47.% £99,7 030,17 090,2 098,5 088,72 087,5 085,0 084.7 0864,7

SPL7 M91.€ 0754.2 N9L.T 009,85 0195,0 062,65 043.0 049.0 103.7

cu SLANY CARD ===

BEST AVAILABLE copy




SOUND LEVELS IN DB RE 0.0002 MICROBAR

120.00

110.00 :

100.00

80.00

I

80.00

70.00

A

60.00

40.00

50.00

6 BLADE. 10% MOD - 10 DEGREE PITCH

" |

—— 900 RPM
MIKE NUMBER 3 (O
9 0

AR TR L AR R R R N A Y
ONE~THIRD OCTAVE BAND CENTER FREQUENCY IN HZ
Figure B4-1: Plot From Sample NOISY2 Input Data Cards
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PROGRAM dBA

78




RMBySTCSA,CM50000,T40,I030. P720119 MCGREGOR 55421
FTNe
LGO.
** END OF RECORD
PROGKAM D34 (INPUTyQUTFUTyPUNCH,yTAPEE=TIPUT,,TAPER=OJTPUT,,TAPE7 =21
1CH)
INTEGER INFO, FRQRNG
REAL JUNK
OIMENS1ION INFO(B), DBAWT(39), DB(2,40), IMIKE(12)
NAMELIST/ INPUT/ IPUNCH
DATA DBA"‘T/'BUCU,"b.O-0,-60-'.‘"6000’-5000,'70.*,’(’53.‘4,'5607"73-51‘
I 164,79=39, 4y =34409=20e2y)=2ce29)=22e59=19%01ly=10ely=13059=10edy=3ery=0
2.6,“0.81'3.2,'1.9,‘006, 0.0,0-6,1.0,1-2, 1. 3)1-2,1.0,0.5,"0-1,'1.1,’
| 32-5,‘“.3,‘605,‘9.3/
1 CONTINUE
PROGRAM OBA IS USED TO CALCULATE B0TH D3 AND J3A WeiGATEI SOUNU
LEVELS FOR ANY SET OF DATA TAKEN ON THE QUIET PROPELLER RUNS.
THE USER MUST SPECIFY THe NUMBER OF PM RUNS PER CONFIGURATION 13
THE NUM3ER OF MICROPHONES INCLUDED IN THE DATA, Tw0 OATA FIXMAT:
MAY 8E RTAD, DEPENOING ON THE URIGINAL PUNCHFJU CARIS. THC MAIN
OPTIONS INCLUDE CONSIDERATION OF OHLY OESIRED MICROPHUNES, AMJ
THEN ONLY OVER THE SPECIFIED KRANGZ OF FREQUINCIES. THE UoLZIK AT
SPECIFY THE 1INTEZRNAL PROGRAM OPTION, LPUNCHy TO GLVE JlLY THC
PRINTOUT AND NO CAROSe. CARDS PROJUCEN 3Y THIS PRUGSAA Alic vOHTHLN
THE DB AND 03A LEVELS, THE ~UN IDINTIFICATIONy A2 1HE R44GE
CONSIDERED IN THE CALCULATIONS. DJATA CArJ OrRIERINGL 135 GIVON 3t_uw

o S N —_——

*¥+ SPECIFICATION DATA CAXDS **=

3 NRUN = NUMBER OF JIFFERENT RPM5/CUNFLGURAT LGN is
& NCHANL = NUMBEX OF MICrOPHOUNE CHANMNELS/<XPM XUN I
% NMIKE = TOTAL NUM3ER OF DESIRED MICROPHOWIS 5
5 IMIKE = MICRGFPHONE IJENTIFICATION MUMSIRS 1015
g FRARNG = DATA CARD FREQUENZY RaNGE COJE i5
i 1 +s 3415 HZ TO ‘20K HZ
i 2 «o 20 HZ TO 20K HZ
A NNy MM = RANGF Tu 32 CONSIDERED Td CALUJLATIONS 21%
g NN = 8 ¢ INDEX IF STWRTING FreQUENTY
3 MM = 8 & TNDEX OF FINAL FREQUENCY
INDEX TABLE
I HZ I Az s R I W 1. Mg i H?7
1 20 6 63 11 B0 e BIN @R TG00 2% S BINE
£ 25 ¥ 80 XR L E8E- . AT 8O0 22 25H0 ¥ T AaN4
3 32 § 100 13 315 168 1000 23 3150 23 10700
LY 9 12% 14 400 19 1250 24 4400
5 50 40 150 415 500 20 ‘1600 25 3000

ot b g PRESET PARAMETERS (NAMILIST)
IPUNCH = 0 «¢ NO PUNJSHtu OATA NzSIRE)D
(1) .+« PUNCHED JATA NESIREOD

% CHANGES TO THESE FPARAMETERS SHOULD BE MADE USLING ThHE STANOA L
NAMELIST FORMAT (EXAMPLES BINPUT IPUNCH=03)

el e e e e 2 e e e Ko X2 ks X ks ks K e e e oo NoNoNoNoRoNo RN o N Neo No o N o Ne)

IPUNCH=1
REAC (5, INPUT)

» BEST AVAILABLE COPY




10

11
12

13

14

15
16

17

READ (5,19) NCHANL
READ (5,19) NMIKE
READ (5,20) (IMIKE(II),II=1,NMIKE)
READ (5,19) FRQRNG
READ (5,21) NN,MM

NSTRT=NMIKE+1

00 2 JJ=NSTRT,12

IMIKE(JJ) =99

TLOBA=0.0

READ (5,22) (INFO(II),II=1,8)

IF (INFO(1) .EQe10HRESTART ) GO TO 1
WRITE (6923) (INFO(II),II=1,8)

IF (IPUNCH.EQ.0) GO T0 &

WRITE (7,22) C(INFO(II),II=1,8)

IF (INFO(1) .EN.10H ) STOP

00 18 L=1,NRUN

ISTEP=1

00 18 I=1,NCHANL

IF (FRARNG.EQ.1) GO TO o

DO 5 NMN=1,8

OB(NMN)=0.0

READ (5,25) IORUN,IOMIKE, (03(1),N=9,148)
GO 70 7

READ (5,24) IORUN,IDMIKE, (D3(1,N),yN=1,10)
CONTINUE

IF (IDMLKE.EQ.IMIKE (ISTEP)) GO TO S

00 8 JJ=1,3

READ (5526) JUNK

GO TO 13

ISTEP=ISTEP+1

IF (FRQRNG.EQ.1) GO T0 10

READ (5527) (DB(1,4N)4N=193,28)

READ (5,27) (DB(1,N)4N=29,38)

READ (5,27) (DB(1,N)4yN=33,40)

GO 70 11

READ (5,27) (0B(1yN) 4N=11,20)

REAC (5427) (DB(1,4N)yN=21,30)

READ (5,27) (DB(1,N)4N=31,40)

CONTINUE

D0 12 J=NN, MM

DB(2,J)=2B(1,J) +D3ANWT (J)

DO 14 K=1,42

DO 13 J=NN,MM
TLDBA=TLIBA+(10.**(02(KyJ)/710,.))
0B(Ky40)=10." (ALOGL0(TLUBA))

TLOBA=0,0

IF (FRQRNG.EQ.1) GO TO 15

WRITE (5,28) D8(1,40),08(2540),I0RUN,IOMIKE,)NNyHH
GO TO 16

WRITE (0923) 0B(1,40),03(2440) yI0RUNsIDMIKE yNNyMH
IF (IPUNCH.EQ.0) GO 7O 138

IF (FRQRNG.EQ.1) GO TO 17

WRITE (7,28) DB(1,60) 403(2,40) yTUKUNyIOMIKE y NNyMH
GO T0O 18

WRITE (7,23) 0B(1,40),08(2,40)y IURUN,; IDMIKE 4NV, 44

BEST AVilusgp opy

prosey



18

18
20
21
22
23
24
25
26
27
28
29

CONTINVE

GO 10 3

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(I5)

(10I5)

(21I5)

(3A10)

(1H1,/77,80810,/)
(0Xyl2y3XyI2y1Xy10Fbel)
(3XyI2,34,12,1X,130F6.1)
(F6.1) '
(10F6.1)

(2F10.2, 30Xy 8HIDS %+<0,I2,3H C0,I2,3HE ,2I5)
(2F10.2930Xy6HIOS RO,1I2,3H CNy12,3HT ,21%)

END OF RECORD
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BINPUT § RELc ]' ‘“/,” ﬁ’\
OL) ¢ 1
S AVAILADIE copy
s 38

X R XN ] b-aLADE UAStLINt, 10 DEUKQE PITCH SRIBPIBNPRIVIIZR IR INR R332 339%35 48 5+4
| I0t %4006 COO0LE 047¢7 0L43.0 05440 05842 07740 39045 G655+7 160e0 07942 0F 3.2
s 06640 06740 00702 07042 07062 07240 072.5 072+2 072.0 071.5
073.0 075.0 031.0 08640 062+7 06302 03547 0737 Oaed Oubod
! 044e0 094,0
£08 %Z#RO0E CO02F 06425 0462,0 047.2 04742 06142 37445 05340 053.5 0ol.2 159.0
0625 064e7 05407 067+5 0672 068e7 063.2 069e5 163.2 06847
! 069.7 072.0 03040 083.7 07347 08540 084e7 07742 03347 030640
| 038.0 090.2
¢ 108 %4006 CO03$ 042.5 061,5 048.2 043e2 04940 05707 Oa3e5 05247 06140 05640
059.7 06240 060¢7 062.7 063.2 065¢0 06+4+2 064e2 06302 0632
0640 06645 073.7 073.0 07642 081¢0 073.5 070.7 034e5 03540
034e0 08540
I08 %#R006 CO04F 039.2 040.7 05240 043.0 04302 0577 0432 J47ef 05243 05247
05600 057.7. 058+7861e0 05347 062+5 062.2 002+2 0612 06047
061.2 064e2 07147 07647 073.0 077¢0 07%e5 06640 0235 029,
y 029.0 082.0

200 SIMILAR CARDS REMOVED TO SHORTEN LISTING

I0s %#R011 C005% 000.2 N56.0 054.9 0570 05845 071.0 05440 0717 00347 27742
078.5 091.2 0%2.0 093.2 091.0 0910 030.2 090.5 09).5 089.5
089.2 088.2 039.2 089.5 092.2 094.? 097.7 100.0 067+5 057,
054.0 10445
I0t %Z#R011 50065 064e2 059.2 055.0 061.0 060.3 364e0 96540 073.7 392.5 0/3.5
07845 094.0 032,2 091.7 089.0 059,7 089.2 090.5 089.7 JI83.2
08942 087+7 038+2 188.5 09045 093¢7 0967 98,0 06545 055.7
053.0 103.5
I0t %Z#R011 CO07% 00680 06947 0717 075.0 07/5.0 080.0 0310 083.3 101.9 073.5
09347 09842 032.2 105.0 099.7 104e5 101.5 103.5 102.5 131,
098.7 09742 09840 101.0 105+2 10647 103.0 110,7 07347 Gowe0
064e0 11540 ;
108 %4011 C0033 066+5 065.0 065¢5 07042 063¢7 07642 07547 08347 10042 093047
08947 09742 03040 103.7 102.2 101.7 101.7 101.7 103.2 038.7
097.2 096¢2 037+5 093.0 1030 1372 102.5 103.0 079.0 05400
064¢0 11440
IOt %#R011 CO0093 05840 058.0 059.0 064e2 0022 00347 07045 07347 0Y8.5 05340
085.0 096e7 037.2 099.5 09547 09942 09747 099.5 0972 09642
095.2 095.7 09642 09540 099.2 10440 099,2 103.7 07440 05840
058.0 110.5
I08 %eR011 CO108 05640 156.0 05640 06042 05847 06940 07042 07%e2 09147 J:1le)
080.7 095.2 034.2 095,2 092,7 09442 094,2 093.5 092.2 092.0
09147 09147 03145 0910 093.0 093%.2 039440 098.0 06740 05549
056.0 105.2
=== BLANK CARD ===

82




L VIMLRLLL u}a{

$eses E-GLAJE BASELINE, 10 CEGREE PITCH *#essssssssssesssssssverassssvsrssses

85.80 85 4 66 IDs %+R0 o CJ 33 G 36
82.53 82.73 IOt %+wx0 b CC 43 4 S
93.13 93.22 AN8 %Z+RT o ¢ 3¢ g )
88.23 88.30 IDt %+R0 o C0107% 9 34
91.09 90.59 IDs %+R0 7 CJ 3% 9 2%
87.25 86,88 I08 %#KO 7 0 +¢ 9 30
99.70 99.00 It %ex0 7 CO 32 9 35
94.95 93.99 I0¢ %+RrRO 7 CO10¢ < 39
Q487 94 .26 128 %+Rn 3 CJ 3¢ 9 I0
90.71 90.16 IDe Z+R0 3 L0 +3 4 25
103.53 102.89% ID8 %+70 3 Ly I3 P 36
97.95 97.39 IDS %e0 o CI108 9 3o
96.67 95.91 108 %+R0 9 CO0 3: ) 25
93.02 92.37 IDs Z+RO 3 CO +3 G 2o
107.38 106.47 ID¢ %+R0 3 CO 3% 4 i5
101.64 100.81 IDs %+RO 9 CO103 9 iu
100 41 99.24 I7% %+R010 CO 3o 3 2,
96.87 95.84 I)¢ %+R010 CO0 +2 S L
109.93 109.C% 108 %+RNL0 SO0 383 3 %o
104042 103.61 IDe %Z+R010 L0143 9 e
103.65 101.55 I0t %+xJd11 CJ 33 S 2o
99.50 97.82 {3¢ Z+rutl C2 4% 2 35
111.27 110.42 28 %Z+Fu11 Cu 99 g i
106630 105.33 [)¢ %Z+uttl C0133 3

5
<
&
i
4
&
£
&

Figure BS-1: Listing of Output From Sample DBA Input Data Cards
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APPENDIX B-6

PROGRAM NEWCITY

| o




RM3,STCSA,C455000,T30,I060. P720119 MCGREGOR 55421
FTNyR=3.
MAP,PART.,
ATTACH,CC6600,I)=X054321.
LIBRARY,CCAUX,2C5600.
LGO.
* END OF RECORD
PROGRAM NEWCLTY (INPUT,QUTPUT,TAPES=INPUT,TAPES=0JTPUT,PLOT)

PROGRAM NEWCITY 1S DESIGNED TO PLOT SPL VSe HORSEPOWER AND TnRUST
FOR ANY PROPELLER RUN>. THE USER MAY SPECIFY THE U>E UF ONLY
PART OF THE OATA FOR PLOTTING AND MAY RECZIVE THE DATA IN EITHER D3
OR DBA., CURVES MAY Bt EITHER SPLINE FITTED OR JP i0 SIXTH ORDER
POLYNOMIAL FITTED. NAMELIOTED PARAMETERS ARE LISTED 3ELOW ALUNG
WITH INSTRUCTIONS FOR THEIR CHANGE.

** DATA TO B READ IN
SPECIFICATION OF NUMBER OF RPM VALUES IN RUN
NRPM = RPM VALUES PER RUN

SPECIFICATION OF MICROPHUNES 1IN DATA
NMIKE=NUMBER OF MIKES
IOMIKE=MICROPHONE IDENTLFICATION NUMBERS

S PRESET PARAMETERS (NAMELIST)

NCJRVE (8) oo SPLINE-FIT

1 THRU 6 <« NTH OROER POLYNOMIAL FIT

IOPLOT = 1 ... HORSEPIWER ONLY
2 oo THRUST ONLY
ee BOTH

LESEND

L]
-
-
A

ee LEGEND BLOCK PRINTED
0 .. BLOCK OMITTED

IORPM = (1) <. ALL AVAILABLE DATA USED IN PLOTS
2 e 3 RPM VALUES PLOTTED REGARDLESS OF JATA LNPUT

I008A = (0) .. OUT2UT IN OB
1 .+« OUTPUT IN DBA

= (40.) oo MININJM (B OR 0OBA FUR PLOT
YMAX = (120.) .o MAXIMJM OB OR DBA FOR PLOT

XMINT = (0e¢) oo MINIMUM THRUST FOR PLOT
XMAXT = (1625+) oo MAXIMUM THRUST FOR PLOT

XMINH = (0s) oo MINIMUM HORSEPOWER FOR PLOT
XMAXH = (2604) oo MAXIMUM HORSEPOWER FOR PLOT

* CHANGES TO THESE PARWMETERS SHOULD 35 MADE USING THE STANDARD
NAMELIST FORMAT (EXAMPLES SINPUT NCURVE=2, XMINT=40.»

OO0 000O00OOOO00OO0O0OOOOO0COO0O00
-
w
b

INTEGER HEAD
85




L

T AV/AUADIE rq?'\\‘{
BES|~ A\VAlLALLL Lol |

OIMENSION HEAD(5)y X(29393)y Y(4y3,5), XMIKE(10), LMIKE(4), TITLEX
1(292)y TITLEY(4), TFLBL1(2), BETA(3), XSTEP(2), XDAT(7)y YOAT(7),
2IDMIKE(10), CX(103), CY(103), W(5), WORK(100), COEF(7), ORU(D),
IXMIN(2)

NAMELIST/ INPUT/ NCURVE,IOPLUTy)LEGEND,IORPA4yL008AyYIMIN,YMAXyXMLINT,
1XMINH, XMA XT y XMAXH

DATA TIT_EY/10HSOUND LEVE,10HLS IN 08 Ry10HE 0.,0002 ™y 10HICKUBAX

1 /5 (TITLEX(1y1),I=1,2)/1204 HORSE, 10H THRUST/, (TITLEX(2491) 4,1
2=152)/10HPINER 910H (-.3S) /yTPLBLL1/10HMIKZ NUM3E, 104K
3 /y OKD/3H1ST 9y 3H2NDy 3H3RDy 3H4TH,y3HE T Hy 3HBTH/

c MOVE PEN TO NEW ORIGIN

CALL P-.OT (00,10"3)
NCURVE=0 $ IOPLOT=3 % LEGZINU=1 % IORPM=1 § IODBA=0 § Y4In=40.
YMAX=120. § XMINT=0, ¥ XMInH=0, ¥ XMAXT=1625. ¥ XMAXH=260.
1 READ (5,INPUT)
READ (5,28) NRFM
READ (5,28) NMIKE
READ (5,29) (IDMIKE(JJ)yJI=1,NMIKE)
NLINE=1
IF (NSJURVECNE. 0 NLINE=-1
00 2 JJ=1,NMIKE
2 XMIKE(JJ) =FLOAT(IDMIKE(JJ))
YSTEP=(YYAX-YMIN) /8.0
XSTEP(1)=(XMAXH=-XMINH) /045
XSTEP(2)=(XMAXT=-XMINT) /0«5
XMINCL) =XMINA
XMIN(2) =XMINT
C ** RZAU IN HURSEPOWER AND THRJSI{ VALUES
3 CALL REAJSER (HEADyBETA X yY gy NKPMyNMIKE) IORPMyNSIZ,I0034)
SUMMA=0.0
LINO=0
IF (HEAD(1) «EQ«10H ) GO TO 27
IF (HEAD(1) EQe10HRESTART ) GO TO 1
IF (IOPLOTeNE.1.AND.10OFLOT4NE.2) GO TO &%
LIND=1
L=I0PLOT
GO T0 5
& CONTINUE
=1
CONTINUE
6 )0 20 I=1,NMIKE
C ** DRAW AXIS AND LABELS
IF (10081.EQ.1) GO TO 7
CALL AXIS (Cey0eyTITLEYy«40,834990.5 YMIN,YSTEP)
GO TO 8
7 CALL AXIS (0ey0ey38HSIUND LcVELS IN OBA RE 0.0002 AMICKRO3ARy 38958449
10e940.,5104)
8 CAEL AXIS (Deyp0opyTITLEX(LyL) 3=2056035904yXMIN(L) 3XSTEP (L))
CALL SYM30L (2425984by0e15,TFLBLLy0.,20)
SALL NUMSER (4,059)84by0e159)XMIKE(I) y0sy-1)
CALL SYM3U. (048%934255041yHEADy0.,550)
IP=0
C ** DRAW CONSTANT BLADE ANGLE ZSURVES
9 IJ=1
JPOINT=NLINE
INO=0




J=1
' 10 SONTINUE P

(.
00 11 K=1,NSIZ
YOAT(K)=Y(I,yJyK)
11 XDAT (L) =X(LyJyK)

C **% SKIP 5 JEGREE DUMMY UATA LINES (= «0. 0Br034)
TOT=TOTAL (YOAT,NSIZ)
SUTOFF=40.0*FLOAT(NSIZ)

IF (TOT.LE.CUTOFF) GU TO 23
JK=J
30 70 15
C ** DRAW CONSTANT RPM CURVES
12 I1J=2
JPGINT=0
IND=1
(=1
13 CONTINUE
DO 14 JJ=1,3
YOAT(JJ)=Y(I,yJJyK)
16 XDAT(IJ)=X(LyJJyK)

C ** SKIP ANY JUMAY LINES

TOT=TOTaL(YDAT,3)
IF (TOT.LE.120.0) GO TO 23
JUMP=3
b JK=K
GO 70 1o

15 ISYM=y-1
JUMF=NSI?

16 XDAT(JUMP #1)=XMIN(L)
XDAT(JUMF+2)=XSTER (L)
YOAT (JJMP+1)=YMIN
YDAT (JUMP ¢2)=YSTEP

C ** REMOVE 5 JEGREE JUMMY JATA POINTS
IF (YDAT(2)eoTe40.0) GO TO 14
MOVE=JUMP+1
00 17 KI=2,MUVE
XDAT(KI)=XJAT (KI+1)

17 YDAT(KI)=YIAT(KI+1)

XDAT(MOV=Z+1)=0.0
YDAT(MOVZ+1)=0.0
JUMP=JUMP -1

c ORAW FITTED SUKVE AND/UR JATA POINTS

18 IF(JPOINT.EQeQ«ANJ.IJ.EQ.2) GO TO 19

CALL FLINE (XDAT,YDATy=JUMP,1,JPOINT,,ISYM)

YLOC=040=(+15*FLOAT (ISYM))

IF (LESENJ«EQ+.0.0ReIJ«EQ.2) GO TO 19

DRAA LEGEND 3LOCK FOK PARTLICULAR LINE

CALL SYM30L (4.20,YLOCy041y22H=-~ DEG. BLACC ANGLE04422)

CALL SYMBO0L (4+0,(YLOZ¢405) y0e1yISYMy0ay=-1)

CALL NJM3ER (4¢59YLOCyUal9yB3FETA(JIK) ydey=1)

19 IF (NCJURVE.EGQ.0) GO TO 23

CALCULATE AND ORAW LEAST SQUARES FITTeD CURVE

D0 20 II=1,JUMP

CXCII)=XDAT(II)

20 CY(ID =Y)AT(ID)

STEP=(SX(JUMP) =CX(1)) 7100,

VAN ABIE CODY
ST AVAILABLE COPY
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21

22

23

24

2b

27

28
29

-

NCP=NCURVE
ICPR=NJUXVE+L
IF(JUMP «_. TeICPR) NCF=JJUMP=-1

PRINT *,“PA3S “yJ," THIUUGH PLSCF*™
CALL PL3CF (;x,\:y,'l,JJHF,N;F’NﬂAX’COEF,O,XD’(O’U‘U'.(K,L't&)
PRINT *, *NCP = ",NCP," ERRUR NUMBER = ", IER,"
PRINT *,"Z0EFS = *y (CIEF (KK) yKK=1,7)

CUPEND=NYAX +1

DO 22 JJ=1,101
OX(JJ+1)=CX(JJ) +STEP
D0 21 KK=1,LJPEND

SUMMA=SUMMA+(COEF (KK)*(CX(JJ)**(KK=1)))

SY(JJ) =3)MMA

SUMMA=0.1

SX(102)=xXMIN(L)

CX(103) =xXSTEP(L)

SY(102) =vMIN

CY(103) =YSTEP

PRINT *, (CX(KK) KK=1,103)
PRINT *,(CY(KK),KK=1,103)

CALL LINE (CXyCY9101,1,0,iSYM)
PRINT *,"LINE DRAWING COM2LETED"
PRINT *, *

IF(NCURVE.EQeD.0ReIP.EQ.1) GO TO 23

CALL SYM30L (240901404106, 37H**
90e,37)

AMAX = "y nNdxX

OROER POLYNuUMIAL FLTTEJ CURVES

SALL SYM30L (2499001 ,0e1,0%x3(NCP)y04,y3)

IP=1

CONTINUE

IF (IND.£Q.1) GU TO 24
J=J+1

IF (J.LE.3) GO TO 10
50 T0 25

CONTINUE

K=K+1

IF (KJ.LEJNSIZ) GO TO 13
CONT INUE

IF (IJ.EJ).1) GO TO 12
MOVE 2EN TO NEW ORIGIN
CALL PLOT (B¢5904y=3)
IF (LIND.EQ.1) GO TO 3
L=L¢1

LIND=1

30 70 35

SONTINUE

CALL PLOTE

sToP

FORMAT (I5)

FORMAT (1015)
END
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SUBROJTINE READER (HEADyBITA4X,Y,NRPMyNMIKE, IORPM,NS1Z,I003A)
JIMENSION HEAD(S), X(23393)y Y(4,3,5)y 3ETA(3)

INTEGER 4EAD

READ (5,14) HEAD

IF (HEAD(1).£EQe.10H «OReHEAD(1) e EQe 1 OHRESTART ) GO TO 13
IF (IURPM.EQ.1) GO TO 9

IF (IORPM.EQs2.AND<NRPM.EN.3) GO TO 9

#% READ 3 POINTS IF 5 ARE AVAILABLE

00 2 I=1,3

READ (5,15) BETA(I)

20 1 J=1,2

READ (5,16) RPMyX{(1yIyJ)yX(241,J)
READC (5,17) TRASH

READ (5,186) IPMyX(191,3),X(2,1,3)
IF (I00BA.EQ.1) GO TO 5

** READ D3 DATA

3

4

D0 & I=1,NMIKE

DO & J=1,3

J0 3 '(=1,2

READ (5,17) Y(I,J4,K)
REAU (5,17) TRASH
READ (5417) Y(Iy9J,y3)
GO TO 8

** READ D3A JATA

5

5
7
8

J0 7 I=1,NMIKE

JO 7 J=1,3

20 & K=1,2

READ (5,18) Y(IyJd,K)
READ (5,18) TRASH
READ (5518) Y(IyJy3)
NSIZ=3

50 TO 13

*% RZAU A.L AVAI_ABLE DATA

9

10

00 10 I=1,3

READ (5,15) BETA(I)

00 10 J=1,NRPM

READ (5,16) RPMyX(1,I,J),X(2,I,J)
JO 12 I=1,NMILKE

JO 12 J=1,3

00 12 K=1,NRPH

IF (100BA.EQ.1) GO TO 11

** REAU D8 DATA

READ (5,517) Y (I,4,X)
GO 7O 12

** READ 0O8A DATA

11
12

13

READ (5418) YU(I,J,K)
CONTINJE

NSIZ=NRPM

RETURN

At AT
FORMAT (3A10) BFS'I ‘A\;’;:-‘i; AR
FORMAT (30X,F10.3) - VML

FORMAT (3F10.3)
FORMAT (F10.3)
FORMAT (10X,F10.3)
ZND

g




