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FOREWORD

Thi s report conta ins the descr ipt ion of a propeller acous tics test
facility utilized to conduct a number of propeller performance and
acousti c tests over the peri od from 1970 to 1976 . The facility was
developed by the Turbine Engine Division and the Techni cal Faciliti es
Di vision of the Air Force Aero-Propulsion Laboratory, Wright-Patterson
AFB , Ohio,under Project 3066, Task 12, Work Uni t 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/It Robert M.
McGregor provided major computer support to the ~OJ~ct.

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 duri ng most
of the testing period, to Wellington Steel , W illiam Howerton, Harold Crouch,
Walt Stebel , and Harold Lee, members of the facility tes t crew and to
Joseph Simons for his support to the acousti c tests .
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I. INTRODUCT I ON

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 cons idera bl e amount of
propel l er noise experimental data has been obtained . Much of this
data was acquired using simplified test rigs employi ng reciprocating
or gas turbine engi nes as the means for driving the propel ler. Noise
from these drive systems seriously contaminated much of the measured
propel l er noise under certain operating conditions . The more recently
constructed turbine engine fan test facilities have alleviated the
drive noise contamination problem by properly suppressing dri ve system
no ise. 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 propel ler 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 modi fied to allow both near- and far-
fiel d acoustic testing . The rig is located in a large building wi th
acoustically treated walls. Reverberation time and sound pressure level
measurements were conducted to determine the acousti c characteristics
of the building . Acousti c 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 usi ng a computerized dynamic analysis system l ocated
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.

1 _ _  _ _



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
measuri ng 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 Cousti c TM
polyurethane foam to minimi ze 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 followi ng technical sumary 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 appl ied to allow for the copper and
field wi nding losses. The resultant watts are then converted to
horsepower and an atmospheri c correction factor is used to adjust
the data to standard day conditions. These calculations are made
wi th an e1- ~nic desk calculator during the course of the test sothat f4 es can be drawn to check for obvious data discrepancies .
The s ~librated against a well documented test propellerwhose .‘e been accurately set and locked into place . No-
load ~re determined by motori ng the rig at various RPMsett ugs without a propeller attached .

The thrust is measured by converti ng the movement of the
propel ler 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 propel ler 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 digita l display In the control room as propeller RPM .

All of the previously mentioned performance data , horsepower,
thrust, and RPM , is taken directly from the instrumentation in the
con trol room . Thi s da ta is then correc ted for the var ious loss an d
atmospheric effects by employi ng 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
Propel ler 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 (C~)~ thrus t coeff ic ients (Ct)~



a) 3500 HP Whirl Rig b) Performance Data Acquisition
System 

JS~
—.—.

c) Acoustic Data
Acquisition System

1 Figure 1: Propeller Acousti cs Test Facility at Wright-Patterson AFB , Ohio
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C IC , figure of meri t (F.M.), thrust/horsepower (Th/HP), and propeller tip
M~ch~number. The output format of the program is shown in Table 1. The
symbols presented in Table 1 are defi ned as fol lows :

PROPELLER CHARACTERISTICS
BETA - Test blade angle
AF - Blade activity factor
DIA - Propeller diameter in feet

NBL - Number of blades

TEMPC - Ambient temperature in degrees Centigrade
TEMPR - Ambient temperature in degrees Rankine

SIGMA - Density rati o

RAW DATA POINTS
RPM - Propeller rpm
HP - Corrected horsepower
TH - Corrected thrus t
TMACH - Propeller tip Mach number
RCT - Raw thrust coefficient
RCP - Raw power coeffici ent

RCT/CP - Rati o of raw thrust to raw power coeffici ent
RFM - Raw figure of meri t

RTH/HP - Ratio of raw corrected thrus t to corrected horsepower

FITTED CURVE DATA FOR CONSTANT MACH NUMBER INCREMENTS
MACH - Selected Mach number increment
HP - Horsepower at Mach i ncrement
TH - Thrust at Mach increment
TIPS - Propeller tip speed in ft/sec corresponding to Mach increment
RPM - Propeller rpm at Mach increment

~~~~ CT - Thrust coefficient at Mach increment
CP - Power coefficient at Mach increment
CT/CP - Ratio of thrust coefficient to power coefficient at Mach

increment
RM - Figure of merit at Mach increment
TH/HP - Ratio of thrust to horsepower at Mach increment

5
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• III. 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 floor in a horizontal plane through the propel ler
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 l ocated below the rig. The signals were conditioned through
variable gain amplifiers and recorded on a 14-channel AMPEX FR 1 300 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 l ocated 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 ampl i fier 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 recorded 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 ampl i fier, junction box , signal seIei..tor, and audio moni tor
system were designed in-house . Detailed schematics of these components are
presented in Appendix A.

7
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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 1 300 rnultichannel 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 amplifi ers. Output
signals from the amplifiers are routed either to the loop recorder and back
to a signa l selector or to the signal selector directly. The signa l 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 l evel recorder.

A second system is available off-site at the Air Force Flight Dynamics
Laboratory . The system handl es thi rd-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 di gital FFT system. The data flow schematic for both systems are presented
in Figure 6. The analog si gnal from the tape deck is first edited and then
digitized in frequency decades. Narrow band analysis is then conducted using
a digita l 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 Fl i ght Dynamics
Laboratory ’s data analysis system are shown in Figure 7.
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V. ACOUSTIC DATA PRESENTATION SYSTEM

Several computer programs were wri tten to reduce and plot propeller
performance and acoustic test data . The data comes in two basic forms:
Propel l er Whirl Test Data Sheets (AFAPL Form l4A), and digiti zed 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 wri tten
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 comonality , 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. All other numbers
represent the SPL’s for their respective third-octave bands . Figure 8.a.
shows data sets for three mi crophones (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 NAMEL IST 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
10RPM 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 limi ts are preset at 1600
and 240 respectIvely, and are held constant for easy comparison between
plots. If desired, the user may specify his own limi ts. Different limi ts
need only be set once for any number of plots generated during a single
program run. If changes are required, however, 99999 in col umns 1 - 5
alerts the program to a new $INPUT card , A program listing wi th sample
input cards and output plots Is found in Appendix B.l.
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THORSE

Program THORSE is a deri vative 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
elimi nated. This is not true for values exceedi ng the V-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 listing with sample
input cards and output plots is found in Appendix B.2.

NO ISV 1

Program NOISY1 plots SPL (dB) versus thi rd-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 wi th
the dB spectra. Any number of spectra may be put on the same axes as l ong
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.

NO I SY2

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 vari ed for a single microphone .
A program listing wi th 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 l evels. 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

• cIBA . The data are then punched on cards with the corresponding identifica-
tion num bers an d calcu l ation ran ge i ndi ces. If cards are not des i red,
the user may set IPUNCH = 0 and recei ve 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 Appendi x B .5 .

• NEWCITY

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

ll



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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V
VI. FACILITY ACOUSTIC CHARACTERISTICS

Ideally, we would like to be able to measure noise characteristics in a
free-field environment uncontaminated by acousti c 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 minimi ze these problems or
carefully define their effect on the acousti c characteristics of the source.

Acousti c Reflections

The problem of acoustic reflections contami nati ng data measured on
propel l er 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 refl ections above
five hundred Hertz and mi nimi ze reflections in the 100 to 530 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 i ncrease or
decrease this impedance depending on the l ocation of the source and on its
frequency relative to the room mode frequencies . If the room is very large
in comparison with the acousti c wavelength , there will be so many modes at
any given frequency that the effects 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.

= x (~)3 + ~~~~~
- x (f)2 + 

L x (1)

Where: V room vol ume (m3)

S room surface (m2)

L room edges , L + l~,, + 1~ (m)

c velocity of sound (m/sec)

In a narrow frequency band (~f = f2 
- f1 ) around f the number of resonancesare

= Qf - Q f (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 propel l er rigs , the near walls and the floor ad-
versely affect the data bel ow 60 Hertz,

Reverberation

Thc 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

i - O .l6lV
- 

s[-2.3 10910 (1~~fl 
3)

Where : V vol ume of room,

S area of bounding surface, rn2

average absorption coefficient of the room

The average absorption coefficient is therefore given by

= 1 - 10-.07V/ST (4)

The room constant, RT~ 
is given by the expression

RT 
= (5)

Reverberation time measurements were made in the facility using a ri fle
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 ban ds were used to determ ine the reverbera tion time .
The reverberati on time, average absorption coefficient, and room constant
are gi ven 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. Relati ve sound pressure level Is given by the expression

SPL PWL 10 log io ~~~~~ 
+ f.) (6)

4iir T
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Where : R1 is the room constant in m2

r is the distance in m

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

Si nce the room cons tan ts for Bu i l di ng 20A are the same for a l l  frequency
bands between 63 Hertz and 2 KHz, this range is represented by the top
curve i n F ig ure 11. The stra ig ht l i ne 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 bla?Jes. Neither
case results in significant background noise when compared to the noise
generated by a typ ical propeller . The measurements were made at a typi cal
microphone position approximately 3 meters from the source . Dur ing 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 l evels can be compared directly with the background noise
to ensure that the signal-to-noise ratio is adequate . Generally, we
requ i re that the signal be at least 10 dB above the back groun d no i se in
each third-octave band of interest.

We have now evalua ted 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 shoul d 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 noi se generation and propagation theories applicable to
propellers. An excel l ent review of propeller noise theory is contained
in Reference 7. It is sufficient to point out that the broadband character-
istics of a propeller 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

j  

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 wi th distance from a propeller. In our application , we use
a slightly modified version of Maekawa ’s result for circular plane noise
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sources in order to predict propagation characteristics along the axis
of a propeller. For measurements made in tht 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

- f W d S
JS 4n (d +~ )c

Where: W is the sound power per unit area

Equa tion (7) can be rewr itten as

E = 

~~~~~

. j’ tanode (8)

Evaluating the integral from 0 to we obtain

= ~~ [-ln cos 0 I~
] = 

~~ [-ln 1 2 2 1 / 2 1 ]  (9)

E = ~~ {_ln (1 + (d/RY 2]~~”2} (10)

E = ~~ (in [1 + (d/RY 2
]}

We can express this in terms of decibel s as follows:

E = ~~ -~

Where: p Is the sound pressure (N/rn2)

~ 
is the density of air (kg/rn3)

c is the speed of sound (m/sec)

-
- _)
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FI GURE 14: GEOMETRY FOR A PROPELLER AS VIEWED FROM
A MEASUREMENT POINT , P, ON THE AXI S
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= W (s.c.) ~ln [1 + (d/RY 2
]} (12)

By referencing the pressure to .00002 N/rn2 and the power to io
_
~
2 watts

we obtain

p2 
2 = 

W (~.2.) [ 
lO~~

2 
2~ 

(ln [1 + (d/RY 2
])~ (13)

pref ref (.00002)

Where : pc = 408 kg/m2/sec for air

Taking 10 log 10 of each side we obtain

(14)

10 log
~o 

~ ref 

= 10 log10 (
W 

+ 10 log10 (.255) + 10 log (in 1 + (d/R12]}

Equation (14) can be expressed as

SPL = PWLA -6 + 10 log10 (In [1 + (d/R) 2
]} (15)

Where: PWLA is the power l evel 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 omnidirectiona lly. 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 :

= ~~~ 6 (16)

Where: J0 is the radiation power to the normal of a surface
element given in the units watt/m’/sterad .

0 is the angle between J0 and the normal to the surface.
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Figure 16 shows the form of the assumed directivity patterns for various
vdlues 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 var ious generation mechan i sms . The patterns assumed for th i s study are
representative of those expected for on-axis measurements.

The ra di ati on power of the sur face per un it area , W , is given by
/2

w = 
j

1T 
J0 2i~ sinedo = 2,rJ0 J cosnosinOdo (17)

Using the identity fcos~eslnede = -cos’~~ /(n+l), we obtain

w = 
2iTJ (18)

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

U
j  ~ x2 sine do

2) 2C 0 x

E = cos~otanode (20)

When n = 0, equation (20) reduces to

E = 

~
.J J0 tanede (21)

Noting that

j  
W~n+1) (22)

E ~~
. 
ftanede (23)

the same as equation (8) 
0
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n=f) 0.5 1 2 1-0
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 2 1 ~.5 0=n

\~~~~~~/

FIG URE 16: ASSUMED D I RECT I V I T Y PATTERN FOR SOUND RADIATIO N
FROM ELEME NTAL SOURCE S DISTRIBUTED
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AXIS OF~ ~

ROTATION (

A. THICKNESS B. TORQUE

C. VORTEX SHEDDING 0. THRUST E. THRUST AND TORQUE

FIG URE 17: THEORETICAL N OISE PATTERNS FOR PROPELLER
NOISE (REFERENCE 9)
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FIGURE 18: GEOMETRY FOR AN ASSUMED ELEMENTAL SOURCE
D IRECT I V I TY PATTERN AS VIE WED FROM A MEASUREMEN T
POINT , P, ON THE AXIS.

1~

-I

~~~ •L~



When n > 0, equation (20) becomes

E W(n+l) 
J~cos~e tan® do (24)

Using the identity 1~05m® tan® do = _cosno/n, we obtain

E = 
W {n+l) [1 - (CO5~)

n] (25)

Replacing cos~ wi th the proper rectilinear coordinates yields

E — ~L_. (n+l) [1 
~ 

1 
)

fl
] (26)- 2c n - _________

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

SPL = 

~~-A 
- 3 + 10 log io ~ 

tn~1) [1 - 
~ 

1 
)

fl
] (2 7)

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 n~jt of the center axis.

In order to compare equation s (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

PWL = PWLA + 10 10910 itR (28)

Therefore, equatIons (15) and (27) can be expressed as follows:

For m — 0

SPL-PWL = -6 - 10 log10 ~R
2 + 10 log io ~ln[l+(d,RY

2]~ (29)

36 1



-1

2

8
C ~~~~

V
AP~~~~

V ~~~ V

(
/
7

>-
5-

C)
LU5-CO O. NJ
—

Il 0 2 :

‘I _J __, a:II LU0.
MI

I 

I W a :

..J
I
I 2:L)

I C ) —
V) L)

U.)
a:
CD
U.

U)
C • .—~~~~J -  8

$5 55 II II I
c

( w/N ~oooo ~3~)



F o r n > O

SPL-PWL = -3 - 10 log 10 nR
2 

+ 10 log io ~(nh1 ){1..( 1 
2 )

n] (30)
(R/d) +1

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 model led 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

52 WdS W 1~2dSE = 2f 4lTr2c 
= 

~~~~ ~ (31)
1 1

Where: W is the sound power per unit l ength of arc

• C IS the velocity of sound

Using the law of cosines

r2 = d2 + R2 - 2Rd cos 0 ( 32)

- w ç S2 RdØE - 

~~ 
1s 1 d2+R2 2Rd cosø 

(33)

E — 

d2+R2 
dØ

~i 
( R )+(-2d) cos 0

Using the Identity ~~~j..... 2 t~~
1 ~

l
~
2..b2 tanJ/~ a2 > b2,

a+bcosØ ¶/a2_b2 a+b
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I FROM LAW OF COSINES

r2 = d2 + R2 - 2Rd cos 0
S. —

S1

I
F IGURE 21: GEOMETRY FOR A PROPELLER AS VIEW ED FROM

A MEA SUREMENT POINT , P, IN THE PLANE OF
ROTATION
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we obtain

E = 
1 tan~ a+b tan O/2)]~ 

= ir/2
0 = --ir/2 (35)

E = 

~~~ 
1 tan~ 

~J2 b2 (+1 )) - 1 tan 1 ~‘~ _b2 (_ l))] (36)(-
~~lTc 

~/ 2 2 ~ 
a+b 

‘Ja2-b2

2W 1 tan~ 
~a

2_b2 ] (37)E = 

~~~~i 2  ~ a+b ~
a b

_____________ ~~~

2+

~

2 
)2-4d2

E = .?~~~ 

~ 
1 tan~ )] (38)

~f(d+R )2 4d2 d2+R2 
- 2d

~~~ d
2+R2) 2-4d2R2

E = 

~~ 
1 tan~ 

R2 
(39)

%/ 2+R2~
2-4d2R2 fd2+R2) -(d 

R R

E = 
2W

1 
R ta~~

l_____ ( d4R
(40)‘

~~ d2-R

2W 
_______ ta -l dJR+lE = 

~~ 
E
d,R 2_ 1 

n 
~d/R-1~~ 

(41 )

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

1 tan’~
SPI = PWL1 + 3 - 10 log10 i~ + 10 log 10 (d/R)2-l 

(~~~~~~~~~

‘

~~~~
)] (42)

Where: PWL~ 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 fol lowing expression for total power level

PWI = PWLL + 10 log102irR (43)

Therefore,

SPL-PWL = -20 log10wR + 10 log10 ~ 2 tan~ (~~~ )] (44)
• (d/R) -l I -

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 approxima tely 3 di ameters from the propeller blade tip before a true 6 dB
per doulbing of distance is obtai ned. 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 i ndoor acousti c test
facility for static testing of fans and propel l ers . The performance measure-
ment system has been used for many years wi th demonstrated accuracy and
dependability . The acoustic characteristics of the facility have been
thoroughly studied and documented. The probl em of data contami nati on due to
acoustic reflections has been minimi zed 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 bri ef study was made to assess acoustic
propagation characteristi cs 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
propel ler under test. These curves, together wi th 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 propel l er center in the plane of rotation. The farthest microphone
point is limi ted by wall effects and reverberation while the nearest microphone
posi tion is l imited by the extent of the propeller near field. The propeller
near field is generally defined as the space wi thin one propeller diameter
from the blade tips . Measurements in this area are generally free from inter-
ference by reflection , rever bera tion , and background noi se, but do not show
the di rectivity 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 listi ngs with sample plots
are shown in Appendix B. This plotti ng capability coupled with the performance
and acoustic measurement systems provides a very versatile tool for conducti ng
static propeller/fan performance and acoustic tests and for conducting noise/
performance trade studies .
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APPENDIX A

DETAILED SCHEMATICS - ACOU STIC DATA SYSTEM
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APPENDI X B
- I DATA PRESENTATION PROGRAMS
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APPENDIX B-i

PROGRAM HORSE
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U.  
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,1
R ’15,STCSA ,C M T ? T ? 7 ,120,I)?O , P721119 MCG~~!GOR 5?71.~.
FTN ,R 3.
N AR PA RI
AT’AC H ,CCA UX ,CCA UX ,ID=X c )~~~3’1.
L IBRA PY , C CAU X.
LGO.

END OF RECO~~D
PR O GRA M HORS~ (TN °tI T ,OU TPUT ,TA PF5 II’PIJT ,TA PE& OUT PIJT ,r)LOT)

C ~~ PPO G~ 4P’ HORSF IS USED TO PLOT T~4~JST VS HORSE ’OWER FO~ ~A~~!OUS
C OUIET C’-’lPELLE P CON F I 5URAT TON S . IT WILL AC CF PT JA T A  W I l l  3 OR 5
C RPM RUNS.

RRESET PA ’AMET E R ~ (NA SI FL IS T ) i
C 10RPM (1) .. A LL A V A I L A R L E  O A T A  USFO IN PLOTS
C 2 .. ! RPM ~AL (JES USED REGA QOLE SS OF DATA I’~PUT
C M IN IMU M THPUST (~~M IN~ 0.

P ’AXT ’IU M THDUS T (YM A X ) 1~~0t~.
C M IN IM IJI4 HORSEP~)WF~ (XM IN) 0.
C MAX I MU M HOR S€POWE~ (X MA X )  2+~~.
C RPM )‘~TA POINTS (wppM( 1— c)) 60” .,750.,90’).,1053 .,1233.

C CHAM (,ES TO T HESE PA R A ~~[~~~~S SHOULD ~E M A D E  USIN G THE ~T A N O A RL’
C Plt.MELISI ~ fl~ MA’ (EXAM PLV I 5T” I7UT Y 1IN=1 ’.,XMIN = 1 ’fl.~~)
‘S

INTEGER HEA ’)
D IM r P4SIO ,J HEA J (~.0), n E r A u ), X t2 , 1,5 , CXUT , CY (7 , v4~~Pt1 ( 5

‘~. NAMELIS T~~INPUT / W~PM ,IO,~PM ,YM IN ,YMAX ,XM IU,X’1AX
DA’ A WPP’1/600 .,750. ,q0C. ,1C50 . ,j2)’J./
IORPM= 1 YMI N ~~3. ! VMAX :1600. S X l I 1=0. £ X M A X ~~240.
CALL PLOT (0.,1.,—1 )

I RFA ~~(5 ,INPUT)
• Y~~T !P=(V ~~A X — Y ’ 4 I N ) f S . U

XST~ P = (X 4 A X — X 4 I P ~)/6.0
C •~~ PFA 3 IN N~JM~~~ P~ OF QPM RUNS

? REA ” (c ,q ) ~R PM
IF NR PM .EO.q ~ q9’~) GO TO I
IF (N ~ PM .EO .0) GO TV) 7

• CA LL qEA ~~ER (IIE A~~,~3V TA ,X ,Y, PM ,0,tO~~PM ,NSTZ ,0)
CALL C~~N TEi~ (HE ~~3,~~0)

C SET UP A XIS cQ~ PLOT TING
C A L L  A X I ~~ (O.,0.,’lHTH RUST (POUNDS FORCE) ,21 ,8 .,9D.,Y1IM,Y ~~TE P)
CALL A XIS (~~.,O.,iOH HOR SEPOWF R, — 1),6.5,O .,xMIN ,XST FP )
EwronFc$ .o,1~~o, HEAD) HEAD

1fl~ FORWAT I.rIA j)
CA LL SY’flOL (0.25,8.~~,O.15,HEAO, 3 . ,‘0)C •‘ SET UP DATA A~~~4Y FOP CONSTAN T BLA E ANGLES
00 4 Izl,3
DO 1 J 1,NSIZ
CX (J) :X(1,I ,J)

~ CY (J) X (2,I,J)
C X ( N SIZI1 )= XM IN
CX (N!IZ.?) zXSTI~’CY (NSIZs1) zY M ! P 1
C Y ( N S I Z + ’ )  Y STE °

C •~ PLOT POINTS AN D O RA W A SMOOTH CURVE
CELL ~LINF (CX ,CV ,—M ~ I7 ,1,I, (I—1))

ii BEST . AVARABII COPY



r
C O~ A W L FG E~~O ~ Y END OF LINE

CA LL WLINE (CX ,CY ,(NS TZ+2),~ .,XL,YL)
CALL SY 4~ OL ((XL+.I) , YL,. 08 ,22H—— DEG . BL AJE ANGLE, 0.,22)

4 CALL NLJ ’4 -3FR ( (X L . .3’i),YL,0.Oe ,B rA (I ,0.,~ 1)
• C •‘ SET UP DATA AR”~~Y FOP CONSTA N T R pM’S

00 E J 1,NSI7
00 ~ I~ i,3
C X ( I ) X ( 1, I , J )

5 ‘SY(1):X(? ,I,J)
CX ( ’ & ) =X ’ I T N
C Y (5 )=XST~~P
f’y (l,) = Y I IN
CV (5 )=Y ST~~P

C ~~ ~LOI POINTS A N D D RA W A SMOO TH CURVE
CALL FLPI E (CX ,CY ,_ 3,1 ,1 ,(J_ 1))

C- O RAW LEGEND c3Y END OF LINE
CALL W LI N E (CX ,CY ,5 ,90.,XL ,YL)
CALL SYM 3O L (XL, (V L +.i) ,.0~~,tjH—— RPM ,00.,1t)

•~ CO M °UIF DESIRE D INDE X Ffl~ TITLE’S RPM VALUE
LA

~

rt.= I FIx LOAT (J) .(c.0,FLOA7(NSI2) )..0Oi,

~ CALL NU’flER (XL, (YL ..34) ,.e ~~,WR PM (LA3EL ) ,9fl .,—1)
CAL L  PL0~ ~~~~~~~~~~~~
GO T Q 2

7 ~ON TIN’J~(‘ALL ~LO~~ESTOP

~ FOR MAT (1015)
EN D

BEST AVAIUVI..2 COPY



SUBROUTINE ~~ADEP (HFAO ,PFTâ ,X ,Y,NRPM ,NMIKE,IO~~~,P1~t7,TO) 3A )DIMENS ION HEAD(4”), X (2,3,5), Y ( L ~, !,~~) ,  ~E’A(3)INTEGER H EAD
READ (5 ,14) HFAO
IF ( IOPPM .EQ.I) r,r) T V )  g
IF (IOR~M.EO.’.AMD .NPPp’.E~.~) GO TO ~3C ‘ READ 3 POINTS IF 5 APE A V A I L A ~~LF
~O ~ 1~~1,3
RFA P (5,15) B FTA (I)
00 1 J:I,2
READ (5 ,16) ~~ M ,X(t ,T ,J),X (’,t,J)

I READ (~~,17) TRASH
2 READ (5,16) k0M ,X (1 ,T ,3),x (~~,T ,~~)

~ P4ST7~ ’GO 10 IT
C ‘ READ ALL A vA ILA3 L t 0~~T A

q ~ n io 1 1 ,3
READ (

~~,15) ~F T A ( I)
00 10 J:t ,NRP’4

10 READ (5,16) RPM ,X ( 1 , I,J) ,~i2, I,J)
t’ISI 7=N~~~1

13 RETU”PI
‘S

14 FORMAT (~~O A 1 )
15 FORMA T (1t)X ,F1fl.3)
16 FORMAT (3F10 . T
17 FORMAT (n O .1)

END

SU~POU TINE CFN~F~ (HFAD ,L~NGTH)
C ~~ SUB POUTI~~E ‘SENTER IS USED TO CENTE~ A HEAOT’.IG W ITH IN A V~~~1A ~~LC_
C LFNGTH ‘ITLE LIPIr

• INT EGFR ‘4 FA~
)

OIMENSIO-1 Hr~~D (LFNG~~ N)
I N K =

C ~~~
- COUNT T HE ~ 1GHT~~MAP1 D ° LA NK S

1 LOC =LE NGT M— INK
IF ( H EA D ( L O C ) . NF. IH ) (0  TO 2
T P4 K— INK. t
GO TO I

C PL AC E HAL ~ TME OrTEC TEr) ~LAN K S ON T’IF ,4 FA D INr, ’S L~~~T ~~~~2 MOVF IFtY( ((FLOAT (IP1V))~ 2),.fl~t)
IF (-MOVE.F Q .fI) ~ETUR N
DO 4
NZ LFNGT$1- j
IPOc=LFN ~ T4,1
DO ‘ J 1,N

• I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• 

=1 P4 
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SU3POh JT I~~F- W L I NE (X ,Y ,t4 , W H , XL, YL )
C ~~~ SU8ROUT I~JE WL INr A D RANGES ~AT A SF’ S IN DE C REASING O’~DE~ ~~SF E C T I V E

TO FITH~~’ X OR V . IT THE’~ PETURN S THE PHYSIC A L DA G I CO’D~~J INA TES
C OF THE DATA SE’ FOUND GREATEST R FLA ’TV E TO THE OTHEP~S.

OTM F N SION X (N) , Y(’l )
1P2=N— 3
!P3=N—2
DO I I 1,1P2
IPI I4I
DO 3 J=IP1,IP1
IF WC,l.r3.00. CO TO I

C •‘ COM PAP ~ “X” V A LU F~
IF (X (I).GE.X (J)) GO TO 1
GO TO 2

C COMPA °E “y.. VALUE S
I IF (V (I) .GF.Y (J)) GO TO 3
P4TERCP4AMGE THE flu l—OF— OPOER X — Y DA TA SETS

2 Y FM P X (I)
X ( I ) = X ( J )
X ( J ) = T E M P
TE MF =Y U

• V ( I) V ( J )
V ( J ) TE M~3 CONTIN UE

C COMPUTE THE aHV STCA L PAGE COORDINA TE S
Y1 ( Y ( I ) — Y ( N — I ) )  / ‘ V ( N )
X L= (X(1 )—X( N—1 )) /X(W)
R E T U R N
FN!)

END OF PE(’O’~D

CC?Y
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SINPIJT I~RPM ?!S
- 9LAOES, ~TAN OAR )

116.75 9 .33  5 .0  4. ’) 1 .0 1 3 3
502. 17 . 58.
7~O. 22. 93.
901. 10. 134.
1050. 1’. 186.
1200. 5’ .

116.75 9.33 10.1 4.0 1 .0133
601. 26. 188.

~7. 298.
900.  56. 1.30.

1050. 8~. 
p 01.

1201. 121. 786.
6 11 6.75 9.33 15.0 4.0 1.fl lfl

600.  36. 34? .
751. 51. 517.
900. 10’.. 78r .
1051. 162. 10~~1.1 2 0) .  2 40 .  143 0.

q~ qqq
!INPUT X M A X 120 .,  Y M A X =~~O 0 . !

3
2 SETS (5~ SHRT,3”~HRl ,NORM)

6 1.1
630. 8. 2.
902. 21. 5.
1200. 19. 11.

5.1
599. °. 62.
099. 2~~. i i ’.
1200. ‘9. ‘17.

6 10.’)
,q q• 1’.. 155.

~99. .5.
1 200 .

RLAN’( C~~ ’

M ~~~~~~~~~~~~~~~~~~~~~~~~
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R’16,STCSA ,GM7 7’77,T4f’,1080. P72O11’~ MCG~ EGOR 55’.21
FIN ,R 3.
MAP , PART.
AT TA CH ,PLOTLI 3,OGIVFFILE ,CY=2,I)= ”71+003’),SN=ASO.
ATTACH,CCA UX , C~AUX , ID=X 65 4321.
LI 3RARY ,CCAU X .
L DAD,LGO.
SATISFY.
L )SET ,L I8:PLOT_19.
SATISFY , PLOT L I-1.
EXECUTE.

~ END OF F~CO?0PROGRAM THORSEUIN°UT ,OU TPUT ,TAPE5=INPUT ,TAPES=U ’JTPUT ,PLOT
C ~~ THO~ SE IS USED TO PLOT Tr4RUST/P-IORSEPOWER VS. HORSEPOWEI~ FOK
C VARI OUS )LJIET PROPELLOR CONnIGURATIONS. IT WILL ACCEPT I4TA
C WITH 3 O~ 5 ~PM POINTS. ALL OR PART OF THE DATA MAY 3F U~ EO .
C
C PRESET ~A ’AMETE RS (NAMELIST )C IO~ P~l (1) .. ALL AVA ILA 3LE DATA USE.) I~J ‘LOTS
C 2 .. ~ RP~ VA LUES USE D REGARDLnSS OF DA TA INPUT
C
C YMIN (3.) .. MINIMUM TH~UST/’4ORSEPOWER FOR PLOT
C YMAX (11.) .. ~A XlMUr1 THRUST /HORSEPOWER FOR PLOT
C XM IN (0.) .. MIP~IMUM HOPSEPO4EP FOR DLOT
C XMA X = (2’-fl. .. MAX IMUM HOP~SEI~OWER FUR PLOTC RPM D~ TA POINT S CWRFMU— c J ) = SO0.,750.,900.,tQ,G.,12J0.
C
C ~ C H A N ~ ES T I) ~HESF PARAM ETERS S~IOUL fl ~E MADE USING IHE ST A N uA R ~
C PIAM ELIST FORMAT . (EXAM ~ LEt TINPUT YMIN=6.,YMAX=2 ..~~)
C

INTEGER 4~ AJ, OF1D
JIME NSION HEAO (’.0), ~~TA (3), X (2,3 ,5) , C X C? ) , CY (7), ~R~~~(5)

1,XC (1J2), YC (iC?), ORD (o), COEF (’)
NAMELIST/INPUT/ W~PM ,IORPM ,YM IN,Y’1AX,XMI:I,X M A X
DAT A WRP~~/SO0 ., 7r 0 .  , 9 0 0 .  ,10~’O. ,1200./
IOR PM :1 YMIN=3. S VMAX =11. $ XM Ir4 O. S XMAX=240.
CALL PLO’ (0.,1.,—3)

1 REA~j(5,IIPUT)YSTEP= (YIAX—YMPH / 4  •
XST rp = ( * IAX —X I I IPI)  i~~.r

C ~~ READ IN r4 J MBE R OF RPM RUNS
2 REA ~ (5 , 8) P4RP M

IF (NRPM.1D.fl) GO TO 7
IF(NRPM.~~0.9999 ) GO 10 1
CAL L R E A .~~ R (HEAD ,9ETA ,X ,Y ,4RPPI ,0,IORPM ,NSIZ,0)
CALL CENTER (HFAtY,40)

C ~~ SET UP AXIS FOR PLOTTING
CALL A X I (0.,0.,17HTH~ .JSI/ HORSEPOWEP ,17,8.,90.,YMIN ,YSr [P)
CALL AXIS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ENCOV )E (40,iO0,HEAO ) HEAD

100 FORMAT (4~A1)CALL SYM’OL (0.5f),~ .3~,O.t 5,HEAD,O.,4O)C SET UP D4~ A A~~!A Y FOR CON~ TA~IT BLAJE ANGLES
00 4 1*1, 3
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3 CYC J ) :X ( ,I,J)/CY(J)
IF (C Y (rJSIZ ) .LT .V~~IU ~c 1c ..

C ~~ DRAW A Sl )OT H CU -~VE A ’~~ /O~ D.~T A POIPI T~
CALL CJ FT (CX ,CY ,N SIZ ,X ~~~~~~~~~~~~~~~~~~~~~~~~~ (i— i) ,i.,’: .)

•‘ ORA W 1EG’~~) 
:~v 

~~~~ OF LINE
X L = ( C s C l 3 j Z )—xMI P ~) ,XS TEP
YL~~(CY (-4~ IZ)— Y9I:~)/Y~~1FPCALL S Y1~~OL ((XL# .1),YL,.0~~,?2P4—— JEG . ~LA) E A~IGL’ ,U.,~?2)CAL L NJM~ E~ ((XL+ .34),YL,J.1~~,JETA (I ) ,O.,_ 1 )

4 CON T INUE
C ~~ S~ T ‘J~ DA A A R~’A Y Fr~R CC N ST A~’JT RP 1’~DO J 1 ,NSIZ

DO ~ 1=1,3
CX C I)=X (1, I,J)

5 V (  I )X  (~~, I,J)/~
’X (I)

I
IF ((Y (1).C,E.YHI1) GO TO R-)
)O .0 < - 1 , ’e

40 CV (K) CY (K+1 )
CX C ! ) = r ) .
CY ( l ) =r .

C •~~ PLOT POINTS ~~ ) 1R4’4 ~ ~MO3TH C’J~~V~SO CALL CU FT (CX ,CY ,M ,X’1IN,xSTEP ,YMII4,ySTEP ,— 2,j,(J—1 ),j.,~~.)
C • DRA W LEGE -~D ~Y END OF LINE

XL= (C X (~1) — XM l 4) /XSTEP
YL= ( C V (1) —YMI ~1) / V S T F F
CA LL SYM~ OL (XL, (YL ..1),.)e,ilH——

C ~~ COM~ UIE OtSI-’± J IPJDCY FO~( TITLE’S ~~M V ALUE
LA9EL :IF X( FLOA (J)~~(E .0/FLOAT(NcIZ))+ .’)01

6 CALL NUI3ER (XL , (VL# .3~),.O,,WqP:4C LA .3rL ),~ 0.,
_j)

CALL PLOT (9.5,0.,— 3)
SQ TO 2

7 CONTINUE
CALL PLOTL
ST O P

S FOR~ A T (1015)
END

I
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SU9-1OUTI NE ~L A UE-~ (HEAO ,3nT~~,X ,V ,NRPM,N~ljKE ,IOR p~1,NSIZ,IoflA)
DIMENSION H~~A r ~~ + c ) , X 2 , 3 , 5 ) , BETA (3)
INTEGER H E A D

~ EA O  (6 ,14) HEA ~
IF (IORP~1 .EO.1 GO TO 9
IF (IORP ’.E~.2.A~JD.N P°P’.FD.I) GO IC) 9

•~ RE A D I POINTS IF ‘~ AR E A ’JA ILAB LE
DO 2 1:1,3
RFA-i (5 ,15) BF’A (I)
00 1 J t,2
REA D (5,16) RPM ,X (j,j,J) ,X (?,I,J)

I REAJ (5,16) TRA H
2 READ (5,16) ~P~A ,x~ 1,T ,3),X (2,I,3)

‘1S17:1
GO TO 13

C •* REA D ALL A V A I L  A~ LL DATA
9 00 10 1=1,3

~~~~ (5,15) ~CTA (I)
30 10 J=t , NRP M

10 READ (5,15) PPM ,XC1,I,J),X (’,I,J)
MSIZ NRP’I

13 RE T U R N
C

14 FO~P4AT (4O A1)
15 FORTM AT (30~ ,Fi0.I)16 FORMAT (‘F1O.3)

END

SU9ROUTIIF CENTER (HEAO,LENGTH )
C ~~~~~ SU3POUTINE CENTER IS USE D TO CENTER A HEADING WITHIN A VA RIA 9LE—
C LEPIG TW TITLE LIPF

INTEGER ‘4EAO
DIMENSION H E A D ( L E N G ? H )
INK:O

C ~ COUNT THE RIGHT—HAND ~~~~~
1 LOC :LENGTh—INK

IF (HEAO (LOC).NE .IH ) GO TO 2
INK IPIK+ I
GO TO I

C ~ PLA CE H A L~ THE DETECTFO 3LANKS ON THE HEADIN’ ’S LEFT SIDE
2 M0VF IFIY(C (FLO~T (INK))/2),.O01)IF (PIOVE.EQ .O) RrTUQ N

• 00 4 I=1,MOVE
N#.ENGTH—1
IPOS=LEPISTM-il
00 3 JzL,N

3 H E A D ( I P O — J ) ~~M E A 1 ( L E N G T P 4 — i )
I. H E A t ~(fl tH 1’ K’’ — 

—

RETU~N

END OF RF.CO~D
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SINPUT $
5

~ BLADES , STAN)AR D
6 i1&.’5 9 . 3 3  5 .1  *.0  1.0 133

~,O2. 13. 58.
750. 2~ . 93.
901. 3C. 114.
10~ 0. 3~,. 186.
1200. ,k. 2’e~.6 116.75 9.33 10.1 +.O 1.0133
601. 26. lee.
?~2. 37. 298.
9 0 0 .  55. 4 30 .
1050. ~~ .- .  601.
1201. 121. 736.

6 116.75 9,73 15.0 4.) 1.’)13~500 . 36. Ii.?.
751. 61. 537.
900. 10~’. 78~~•1051. 162. 1081.
1200. 2’C . I’.30.

99999
SINPUT XMA X =1 ?0 .~

3
2 SETS (6 cHRT, 3~S-~RT ,

;
~1ORM )

6 1.’)
630. 5. 2.
902. 21.
1200. 39. 11.

6 5.0
t 599 . 9. 52.

899. 2,. 117.
1200. ‘.9. 217.

1 0 . 0
599 j55~
399 . ‘47. 358.
1200. 98. p 58.— —— R L A N I (  CA R D

R~

63

~~~~~~ L



Udi Nil -
~~

IIII 0

C —

ci 0
C 0
z 0
ci -c
I— -

U)
I

20
U)
t&J •1~ OW
C 

-NU) 0

ci U —
~~~C

N~~ OI S~~~ g 0
0
9 0-g

I. a

o 3
0

c
—
UI

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

8 0
00 11 O O O ~ 0 0 6  0 0 9  00 1. D O 9  0 0 9  OO~~ DO t~d3MOd]9~OH/1Sfl~H1

0.
8 E

E
— g 2

- 
0I -0 —-

0.
I “ 

0
I 9

U, I P

/ n/
/_ 

_/ ‘I a
If) 0
I-
t’J
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a
0

2
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I

—

I-
0
9

(1) I B
(n W —

7
D X UIf) IdU IN -- 0

U) a.
0
9 ~~ a.
~ z c

Nil III --

_ _ _ _ _ _ _ _ _ _ _ _  
8

~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~ ~~~~~ 
a

N3IlOd~S~0H/1Sfl~HI

I

I 

Nil Nil --
3

oo ~~~ UI
d ‘~ ‘~~-O ~~~N

— a.
• ~~~~ I

a ~ % I-.
0
Z 0 :
ci -. C’4 CM
I-

I
U, a.. ~~. •

-

~~~~~~~~~~~~~~~~

U.

I-a
______________________________________________________________ 

$
00~~~ 0 0 H  00 01 0 0 S  D O S  0 0 L  001 D0~~ DO IP

~3MOd39~OH/ 1Sfl~H1
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• RM1,STCSA ,CM5~,3O0,T20,IO20. P’21119 MCG~ EG OP. 527~ 4FTN ,R:3.
MAP ,PA RI.
ATTA CH ,CCAUX ,C ..AUX, IO:XbE i.321.
LI3RARY ,CCAUX .
LGO .

END OF RECO~ 0
DROGR AM NOISYI (I~’4P(JT ,OUTPJT ,TAPE5 I,~PLJT ,TAPES IJ LJ T FU 7 ,r’LD T ,i

C
C PROGRAM 4015Y1 WILL PLOT IIIL SOUND ~~ESS U~ E L E J E L  -IS. F~~ UJt~~~Y
C PLUS THE OVERAL L FOR ~~JY P~~O PEL L OR ~‘JNS. T HE (J~~E- . :-

~~-~~~‘ 3.’~~, IF Y
C THE OATA CAR) FORMA T , THE OUTPUT ~LOT RAN GE , ~~J W r i N r iF . ’. J< NOT
C HE OESI~~:S A J~ A CU RVE FO~ EACH SPEC~~~A ‘Lc.ITT E~~. .:~c~ Aj L J M L t J C~
C ARE LISTED 9ELOW WITH INST~ ULTIOU FOk THEIR ~ ,1Ai1tY~. I~ A T . ~ ~~~~C BE VM YIIG R~~1 t~UN S F~~LiM A SINGLE 1ICROP-4Or~E. (F’3~ A Si a ~~ E
C RPM FRO1 SEVL~ AL MICRO~HO~ES , U~ t~ 40 1SY 2 )
C
C ~~~~~~~ PRES~~ PAKA P~ETE~ S (NAMELI~ T)C
C OTFORI = ( 0 ) .. 3.15 THi’.’)UGrI 20K ~ LU~ OVER4LL
C I .. 2 0 TPIR OUr,h 20K PLUS UVE T~~LL
C
C IDSAS T = ( 0 )  .. N O~~r-~~L PLOTS, :10 .~D0ITIOr4A )~ A CJ ’~VE
C 1 .. ADD I1IO~1AL USA CURVE DESIRE )
C
C SPLMIN (20.) .. MINIMUM SPL VALUE FOr~. 

0
~ JT

SPL MA~ = (120.) •. M A X IM U M SP~. VALUE F~R P~.DT
t C
I C STMRT = (1) .. STAP ~.TIt1 G Fr% EO?J EH CY IN)~ X

C FIr4IS-i (2b) ,~~ CLOS ING F, EUUE ICY IN-JFX
C
C INDEX TA q LE
C I HZ I HZ I HZ I ‘I? I HZ I HZ
C 1 20 6 63 11 200 16 6.~O 21 ?~i0U 2o ~J02C 2 25 7 ~0 12 251 17 ~U0 22 25)) 27 3000
C 3 32 8 ICO 13 31~ 15 1006 23 .3150 23 1 JJ i ~0
C I. 43 3 125 1’. ‘.00 19 t2~ 0 24
C 5 50 10 15C 15 50u 20 16L1 0 25 5O~~0
C
C CrfAPIjES If) THESE PARAIETEkS SH~)UL~.) 3E 1IAJ U.~ L t’1C, T H E . T A ~~~~-~L
C NAM E LIST FUR~ AT (EXAH FL I* $INPUT FIt~ISH t~~, IU 9ASi I~ )
C

INTEGER )TFORM ,STAR T ,FINISH
OIMENSIO~ X FR(3 1)
OIPI!PISIO1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~WAMEL IST / INPJT/ uTFO ,I0BAST ,STA’T ,~~IP4ISH,SPLr1A X , SPLIINDATA TITLEXf IOHO IF TH1 R U ,LOHOCTA JE CEN,t1HTE~ Fr<E QUE ,

LIGHNCY II HZ /,TITLEY/IOHSOUPSD LE4t,10HL~ IN U-3 R~~13HL 3.330~ fl ,
210HIC~O3A~ /1 F-~/2Q.,25.,31.~i~40,,50.gb3.,~ 0.3 ,1O3.0,t2b.3,tjt.,
3200 • ,250. ,315.,410. , 500. ,530., 800., 1010. , t~~’0., 160 0. ,2000. ,Z~~0 0 .

~3150.,’.010.,!0UO .,6330.,3001.,t0001.,I0., 3.’.91/5,UNX/4.0,5.25,0.,1./,UPIY/i.75,1.75,O.,1.I
V)TFOI~M 3  S IC3ASTzO ~ STA~T 1  I FIMI.H:28 T SPLMAX :120.
SPLPIIMZ2O.
CALL. PL OT(O .,1.,—3)

5 REAO (5,INPUT) 
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• ~~ 
j (~~, t C ~’)1 jTL r ,ICu~,U

L’~~ FOR - ~T (—A 10,I11 )
IF (TTTVT (l).LD.10HI~J 1W PM RAM ) GO TO 5
tF (TITLE (i).EO.t0H~ PWUATA )GO ‘0

ST A RI
NPI = F I N I S H
C HN 0:1 C H PlO
SPISTEP: SPLMAX— SPLM TN /8.0
11:0
Y LOC: I. 513
NUMPTS: Nt1-MM+ I

~~* 4 D O A W  ftND LA~ EL AXE S
CA L L A X I S ( 0 . , 0 . , ~~I~ LF Y ,4 f l ,8 . , 90 . , SDLM IN ,SP LSTE P)
YTNC 5. 5/FLOAT (NUMPTS—1)
TICI(=D
C I’LL PLOT (5.0 ,0.~~,1)C A L L  ‘LOT (0.O ,0 .fl ,2)

~I:l
00 100 IQT MM ,NN
IF(IPT.GT .2U!:—t
r’~ L~. 0LO (T1(~K,~ 0.1,2)
CALL Nu4~ ER (TIrK ,—o.1 ,0.o’,FF (IPT ) ,—€ ,0.0,N)
TICK=TICs(,TIp~’C

100 CALL PLIT(TICK,fl.0,3)
CALL ~LOT (6.0 ,0.0,3)
CALL DL IT(6.0,_3 .l,2)
CALL SYM’OL (b. S5, 0.2,0.1,3H0/A ,0.0,T)
CALL SYM3OL (.75,— .6,.1,44HONE—THIRD OCTAVE 9AWD CENTER FI~EQUEP4CY I2P4 ‘IZ,0.0,L.’.)
CALL SYM~OL (1.35,6. ~! , 0.1, TITLE , 0., ‘40)
CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~ NUM9ER ,0. ,1l)
CALL NU~~E~ (3.~ 5,8. ,0.15,’~HNO ,0. ,—1)
CALL Sy’noL(L .5,t.”c,o.1,3’4RPM ,0.,’)
CALL LIN’ (UNX ,UNY,? , 1,0,0)

C- ~~~UT DAT A IN A AIc QAY
200 RFA fl (5,1~’fl I)IR(JNWO

~UNWO I~ 1JNWO
I0BA=Ifl13’~ ST

1001 FC’RMAT (I10I
TF (IP’INND .EO.fl)GO TO 899
CALL TTN(DTFO~~ ,1RUI~N0,ICHNO ,A ,M~ ,NN)

~~~PUT IN SYM9OL ~OR OVERALL SPL
100 2 OALL =f l V~ ? A L ( A ,M1 ,NN)

WRIT~ (6,20OO) OALL
2100 FOR !AAT (rlO.4 )

OALL z(OALL—SPL MINI /SPLSTFP
CALL SV I ’OL ( 6 . 0 0 , O A I L , 0 .  1,11,0 .0 , —I )
CALL SYM3OL (1~.~~ ,YLOC,.05, 0.1,!I,0. ,—1)C A L L N U M~ FR( ’ . .7,VL0C ,0 . I,0UN13O , 0. , —1 )
IF rn 3As .EO.0.o*~.ro~ A .EO.I GO 10 249
CA LL SVijOL (~ .25,YLOC ,0.1,~~H (ORA ) ,0.,5)C~ .RrMOVE OUI— ’IF RjNC,F—POINT5

2.9 )Q 3l~0 JJ=1 ,MJMPTS
I F ( $ ( J J ) . G E .SC L ’IIN ) GO TO 250
A (JJ ) 3.1 25+S PLMT N

250 IF (A (J J ) . L E . 5 P L ~ AX ) GO TO 
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A ( J J ) SP MA X — 3 , 1 2 ,
300 ~UNTII JE

C ’DRA W EACH LINE
A (PIUM PT 5,1) SPL~ IN
A (NU MPTS~~’) ~~PLSI EPXF’R (NtJMPT 541) :0
XFR (PIUM~ TS.2):1.JJ M M
DO 201 I:1,NUMP TV
XFR (I):TINC ø

~ LOATU—1
201 CONTINUE

CALL LINE (XFP ,A ,14U”PTS,1,1,I1)
YLOC YLOC—0 .15
11:11+1
IF (IJBA.~iE.I) GO TO 799CALL 03A1..IN (A ,r’4,NN)

t 109A= IDBA—1
GO 10 10 0 2

795 CONTINJE
0 TO 20~

899 CALL PLOT (8 .5 ,0.C ,— 1)
GO 10 10

999 CONTIM’JE
CALL PLOT E
STOP
END

SUBROUTINE G~ 1IN (K ,I~ tJNNO,ICHNO ,A ,’1M,NN)
• )IMENSIO l

IF (K.EQ.i) GO TO
READ (, 10 00) (A (L) , L 1, 2)
READ (5, 13 01) (A CL ) ,L 3~ 12)
READ (5,100L )(A(L ),L=13 ,22)
REA)(,,1303) (A (L) ,L~ ?3,29)1000 FO~(MAT (62X,2F6.I)1001 FORMAT (1)F6.1)

- • 1003 FORMAT(5 6.1)
GO TO 75

50 READ (5,2000) (A(L),L=1,10)
READ (5,1001) (A(L),L:i1,20)
READ (b ,’00i) (A (L),L 21,28)
REA D (5,2002) GA~~AGE2000 FORMAT (16X ,10F6.1)

2001 FORMA T (‘Fb.1)
2002 F CJR MA T ( Fó .1 )

75 WRITE (6,~~00)WRITE (6,100) (AU.) ,L NM,Nt4)
100 FORNAT (1I ,10E12.2)
200 FORMAT (2X,10H09 •‘“)

RETURN 
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SU~~ OUT IIE 0~ AL I~1 (A ,MM ,NNI
DIMENS IOI A (3l),O~AW1 (28)
JATA JBA~ T/—~ 0.~~,A—44 .7, — 3 )  .‘4, 34.6, 30.2,- 2o. 2, 22.5,-~j9. 1, 16. I, 13.-~, 10. ~ , 8.S,

B—6. 5,—b . ),— 3. 2,—1.9,—0. 0. 0,0.6, 1. 0, 1.2, 1.3, 1.2,1.0 ,0.5,—0 . 1,
C—I . 1,— ? .1
30 100 I i , ’~

100 A (I):A (I)+D3AWT (I)
WRITE (6,200)
WRIT E (o,300) (4(L),L:MM ,NN)

200 FORMA l (2X , I O H O 3 A  ~~~~~~300 FORMAT (IH , 1 0E 12 . Z)
R ETUR N
END

“ END OF ~~C0~ D

~U4CTLON O~ E~ AL( A ,~
4
~~,Nw

.)1MENSIO’4 4(31)
SUM= 0.0
00 100 I:u9,NN

100 SUM SJ’l+ (10.0~
3(A (I)/IO .0b )

OVE rA L IJ .0 4L0G10 (SUM)
)(FTUkPI
EN3

IINPUT OTFDR1=1, 109451:1!
~ BLADE 3ASELIIE — j s  L€r,R~E PITCH

9 0 0
~)I X+R003 C003* 0~ 0.7 054.5 Ø~ 7•) Uc2.2 064.7 068.2 37~~.2 ~82.5 0~ 8.2 0’J .O
075.7 oTc .5 tJ’4.2 079.5 079.5 0~~-i .0  o~ o.•, o~ o.5 03t.~ 0~ 0.7
081.2 081.5 0sb.0 083.0 0~ 1.T 08.~.0 08*.7 08~.0 062.~ 048.7044.0 09’ê.5

BL A NK CAR D
ENODA TA
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MIKE NUMBER 3
6 6LROE 6~6ELINE - 15 0EO~CE PITCH

0oJ.

0U,
C.-
0.

,.0l
~~0

U

~~~~~
c~~~

LLJD .

D
0

ZID
— C.:.

U,
U)
-J
LU

I .
SD-

RPM
0 900
0 900 ( 06P )

.
•1

0
0

DiR

ONE-THu D OCT AVE BAND CENT EN FRE QUENCY IN HZ

Flgur. 83-I: Plot From Sarnpl. NOISY1 Input Data Cards
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—

1AC,STCSM ,CH3Q )0O, 1’,O,IQ~lC. ~7201t ) Mo r, ’.~
;
~~ j -.2t

F I 1.
ATTA CH ,CCMUX ,CCAUX,jC :X .,~~L.32t.LI3RAt~Y ,Cc.~Jx.L~O.
~ END OF ~ F~~t) .j)

PROGRA M iO1SY2 (T~~~J1 ,DIITPJ1 ,TPPL5 :I J~ J T  , I ~PL~~:) UT Pv1 ,~~L~~
C
C PR0Gi~~M -401SY2 ~41LL DLOT iIi~ S~JJNJ P - E S ; J - E LE~~:L IS,  F,< 4J~ ~~:y
C ~LUS T HE 3~ E~ MLL FOP ON Y ~t~UFE LLO~ • U ~J~~. ~ -i~ USE... ; i :~i ;?~~~I~~Y
C THE rAT A C~~’~ F0 SAT , T H ~ OUT F ” I T ~~~~~~~ - M l , AtI J w ’- 4 L T H E  ~ )-~ ~~~~

C MC DESL ~-S A uD -~ CU RV~ EAC H :pr~ P L O T T: J, ~~ F~~’iLT
C ARE LIST~~J 3 E L O - ~ WITH I:~S1~.UCTIOHS F~)Z- T~~iI ~ ~~1-~ ~G . .  ~~~~I 

-. ~~~
C IE 4 C ON~ T4~1T ~~~ F~~flM ANY 4UMt3~~ OF MI -C r - )PHO~~ S. (~~

i)
~. ~

C SINGLE MiCS ~)PHO-~~ A M ~ ~A~~Y L - ~G ~P1’3 ,  USE ‘40 15V 1)

~~~~~~~ P1~ES~~T P~~~A METh~’S (NA .IELTST )
C
C ~TFO R~ = (0) .. 3.15 T-l K~ UG H 23< ~LU i OVE RA LL
C 1 .. 26 TH .~)UGH 20K ~-‘LfJS O~~EK.~LL

C 103451 = (0) .. Nfl c~AA~. PL OTS, 43 ~ULiITIWlAL L~ i~ CU~~~C 1 ,. t.L~~1T LD N~ L r)RM 
~ J~ VF J SI-~~-J

C SPe.ilI-4 = (2~~.) .. Mi~ IMkJ P SPL ~~LUE FJs. PLOT
C S~ L’~A.~ (t2~ .) .. “A XI~~’J~ ..~~L ~I~ LLJ E FOR PLOT

C ~TAk T = (1)  .. STM~ T L NG F~ EQUE 4CY I1!1EX
C FINIS-i (25) .. CLJSIN ; F~ EOUE- 1CY INO~~

C INDEX T~9LEC I HZ I ~~ I -iZ I HZ I HZ -iZ
C 1 20 £ 63 11 200 1~ u30 21 ~i1)Q 2~
C 2 ?5 7 12 2-~ 17 5’)0 22 ~~~~ 27
C 3 32 ~ 100 13 3I~ 18 1-IJO 23 3 13u fl I J O U C
C ‘4 40 3 1’~ 14 ..U0 19 12130 2.. ..OJG
C 5 50 10 150 1~ ~ 0ti 20 1~ U 0  25 ~0fl
C
C • CHAN;CS TO T~ E .E P A 1~~T ER., Sr$ O~JLJ ~: ~~~ 

j~j~~; THE ~~~~~~ ~~
-

C NAME _ IST FO~ UA T (~~XA M~ L~~ SIiI~ UT FIN~ SH:t8, I C A ~ 1:1~ )
C

I NTE GER ~TFU~ M ,STAKT ,F!NISH
JIMEN SIOl XF~ (3L)
DIMENSIJ’1 TITLEX (.),TIh.EY (— ),A (31) ,~~~(1’3),TIT L~~(’.),U~4X (4,U7lY (-s )

~1AMFLI ST / INPUT/ JTFOi M , IQ-3~~~T,START,FINIS H, SP~~1A,~ , SPL1I~
DATA TIT...EX/10HO~E TH~~~ ,j0HOCTA~ E CEN ,IOIITE< F~~~QUc.,

I 

1IOH PICY 11 H! /,TITLEY/1OHSUUNO LS~IE,10HL S i~I )~3 ~,I0,4E 0.00r2 M,

2IOHTCRD 3A R /,F~/2o.,25.,31.5,4o.,5o.,63.,80.0,10o.o,x2~ .J ,t~ Q .,
3200.~ 25 3. , 31~. , 400. , ~00. ,530. ,803.,t000.,1230. ,16O 0. ,20’]i. , 2~’ U3 .
‘.3150.,4000.,5000.,6300.,8000.,10100.,i0.,3.4~ t/•,UMX/3.3,5.65,0.,1./,UNY/5.0 ,8.0,0.,1./
OTFOicM:0 ! 101451=0 ~ STA~.T 1  I FINT5H:2~ ‘ SPL IAX 123.
SPLMIN 2I.
CALL PLOT (0.,t.,—3)

S R (Afl (5,IPIPUT)
10 REAO (5,tflCO)TI’LF,IRPMO
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1000 FORMAT (~~A 10 ,I 1fl )
IF(TTTLE (1).F~).109NEW2ARAM 

) GO 0 ~
IF (TITLE (i).FD.1U~1ENO 0ATA 

)G() TO 999
QPMfl=IR~ ’4O
IDa A 103 (ST
1 10

MM= S TAR I
NPJ FINIS-4
NUPIPTS=NU-MM.I

C~~ DR AW AN !) LA~~~L AX FS
$PLSTEP= (5PLM~ X—~ P1MTN)~~Q .D
CALL AXIS (o.,o.,TrTLEy ,’4o,8.,90 .,cPL MtN ,c~ LsTE

o)
TINNS.c/FLOA ’ tNUM~T~—1)TICK O
CALL. PLt) (6.0,fl.fl ,3)
r~ALL PLO~~(q.0,0.r ,?)

00 100 IPT PIM ,NN
tF(I~ T.G’ .2)N — 1
CA LL ~L O T ( T IC~~,—0. i ,?)
CALL NUM3ER (TICK,—C.1,0.07,cP (IPT ) ,—~ Q.0,P4)
TICK~TIC’~ +1 INC110 CA LL PLOT (TIC~ ,0.0,3)CALL PL OT (6.0,0.U,3)
CALL PLOT (6.0,~~i.1, 7)
CALL SYM~OL (5.8~ ,—0 .2,0.1, 3H0/A ,0,0,’)CALL SYM~lO L(.75,— .6,.1,’4 O’~$E—TH1~~ flCTA VE ~ A~’1O CE’ITER ~‘.EOUEPJCY I

2’l HZ ,0 . 0, k’.)
CALL SYN ~~OL (0.O,5,5, 0.15,TITLE ,0.3,’e0
CALL SYM1OL (3.9,7.75, 0.10,I1HMIKE “ILJ ’-4IER,1.0,11)
CALL. SyMJOL (~..87c ,8.n25,0.1,3HQP’~’,0.,~~

)
CALL NUM3ER (’4,375,~ .025,0.t, $~PMO,0.,—i )
CALL L INE (UNX ,U~lY ,2,1,O ,0)

C~~PUT DATA IN A A °RAY
200 READ (5 ,tOOl )TM IKO

XM IKO IMTKO
1031 FORMAT(I1.fl )

IF(IMIKO.EQ.0) GO TO 899
CALL GETIN (0TFO~M ,IQUNNO,ICMNO, A ,MM ,NN)

C~~~PUT IN ~VM9IL ~flR OVrRALL SPL
10~I2 OALL~OVERAL (A ,M’4 ,N!fl

WRIrE (S,~~000) OAL(.
2000 FORMAT (Flfl.4)

g*~ L= (OAL~ _5p~ M~ p4) /SPLSTED
CALL SYM9OL (6.00,OALL,0. 1,11,0.0,— i)
CALL SV~ 3OL (5.5,YLIC,.05,0. 10 ,11,0. 0,—I)
CALL Nu M ~ ER 5 . 1 , y L O C , 0 . 1 0 , x M I K O , 0 . 0 , — t

• IF(TO3A S ’ .E~ .3 .0 R.I0f l8 .EO.t )  GO TO 249
• 

• 
CALL SyM5OL (c .7~,YLOC,0.1,5M (D5A),0.,5)C~~ RFMOVE OUT—OF RANGE— POINTS

• -- 21,9 00 300 JJzI,NUM°1 S
IF (A (JJ ) .GE.S PLMT PI) GO TO 25~A (JJ )s 3.125+S PL. MTN

250 IF (A ( JJ ) ,LE .SPLM A X )  GO TO 300
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~0!’ CONTI’JI’E
‘~~~ O R A ’ 4  F A C . 4

A (~IU~~~T 341) =~~~L-1IN
4 (NU~ 2TS,?) =S’L~~Trc
x F0 (~~U~~

)T
~~+1 r-

XF~~(NUU PTS4~~) 1.
JJ = p..
On ‘ri t~~1, P-’U’V’~~XFR (I) 1 iN” ’FLO~ ( ! — 1 )

201 C0~1T1NUr
r’ALL ~~~~~~~~~~~~~~~~~~~~~~~~ TI)YLOC=YLO~ — 0 .1~
11 11+1
IF (jo~~A .~Jr .~~) ~~ r 70(3

~AL1 O’AL I~-JU ~
P-’~ 4 ,~~ 9)

Ifl-1A~~Ifl~ — 1
,n —n ion ’

‘99 CONTINJ~
GO ~O 2Q~

399 CALL 0L 0 .r ,0 . fl , _ 3
GO ‘0

999 CO’4 IN (J~CALL PLD E
STOP

~pJn

SU-3~ O’JTI’J F GFTI U (~’,IDUUUC ,Ir HplO ,A ,-~-~,’lN)
‘)I IENSI)~1 A (31.)
IF (‘~.FO.1) ~~

-• ~ E~~~ V , 1 1 0 1 ) ( ~~( I _ ) , L ’ , i 7 )

RrA~~(5 ,t~~fl~~) (A(1.),L~~?3,2~ )
100!) FOP’4A1(6 •’X,?Fc .fl
1001 FO DVA Y (llFc,.l)
100 3 Ffl~~~~~(~~rc,.1)

GO ~ fl “c
50 REA’ ) (5,’000) (A( t ), 1=l , I’)

REA~ 
(r ,10~~1) (~~(1),L 1l,2’~

RF Ar ( r ,~~ 3 !) 1)  (A(L) ,L~~21,?i)• ~EA O 
(s ,~~~r )n ~~~) r.A ~~~ A G F

2000 FORMAT (1~~X ,j)F6.t)
‘00 1 FORMA T (~~FE. 1)
2 0 0 2  F f l R M A ’ (~~~,j )

iF WWI~ r (6,20’~)• WRITC (~~,1 fl O)(4(1),L~~~~,NN)100 FO~ ”A T (tH ,1OFI’.’)
200 FOR -1~T (‘X ,i0W fl~ ‘~~~~ *‘~~~~~)

BEST AVAI LA3LE C~?Y
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p
FUNC TION f lV~~~~L(~~,~~~,Y~~)
JIM~ NS1)~’ 4(31)
SUM
)r) I f l~ T~~4M ,hN100 SUM=S’J~1~~~t 0 . r’~~

O V F c ? A L = t J  .fl~ 4Lr~G 1q (ct~’-~)

~ET I I~ ’1

SU~~~U U T I 1~ TJ~- A t  !~~ (A  ,
OIM rN cTfl -i A ( 3 1 ) , fl~~A W T ( ? ~~)
DA’~ Dc~A J T / — 6 I1.~~,

A— ’4~ .‘,
— ! - 1 ,L., —~~4. ~,—~~0.2, — ’e .2,—2’.~~,—t 9. 1,— It . 1,—I ~. - , — 1 ) .~~, ~~~~~~~~

•3—~~• ~- , — e  ~~ ,~~~ , ? ,_ 1 . Q , _ 0. ‘~ ,‘~~. ~l , 0 .‘, 1 • 0,1.7,1.3,1 • 7,1 . 11 ~~~~~~ , — C  .1 ,
C—I .1 ,—7.~~/
00 10 ’  I~~1,7~

100 A ( T ) = A ( T ) + D ~~~W T ( T )
4DI~V (~ ,7r~1)
WR ITE (c , ~r~1) (

~~(L) ,L t ’ M ,9~J )
‘00 ~0~~MA T ( 1X ,t0Hrl~~A •*~~~~ *~~~)

300  Ffl~’”A T NH ,10~~1’.’)
~‘FT (l ! ~l
rp r)

• END OF PEC0~~
)

StN~UT SPLMTN=L.0., F” ~ISH=7~~~
j  ~LAI~E, t 0Y~ MID — 10 JFGPEF PI1’ N4 9!) !)

T11 P f l j3  ~~0 l 3~~ 0~~.0 fl~ .li~~~!) 1
~ L~L. .9 ?I L.~~~• I~ ~~~~~~~~ .~...0 1’-e~’ .0 0~.-..0 048.0 0~~~.51.9.7 051.~ ! ) 1 3.!) 06’ .7 fl’f ,,5 ~79,0 ) 5 L • 7 Ot’ .’ 0’ - i .O 07~..1

1’S.O 0”~.7 076.2 ~~~~~ 075. 7 0~~~~7 0 7 6 . 7 fl7 b. 2 07~~, fl~~6 . 5

~‘8. 7 07~~.7 !)33 .5 !86.7 fl~~7•!) eq .7 !)~~4 •
7 o~~.,o0

It  • 1 1 3  C009’ 049.0 o~q.0 o~g.o n~ q .fl 0L~~~.0 !)~~) . !)  0’.).!) 0~ -).1 0 5 0 . 0  1~~fl .2
‘11.0 f~~~’..’ 065 . 7 ~~~~ 07~ .0 ~-~I.2 073.5 0~ ’..2- 03~~.’ 08i.,
3 4 ’~~1 “~~1•~ 110.1 09I.~ 0 . 5  058.7 o~~’.c ~~~~~ 0~~..7 ‘ S 6 .7

~Ø P • , ~~~~~~~~~~ 1’4.2 ~9~ • o°q.~ 09~ .0 062,5 0’4~ .0 0~g,O 103.~
..— •t~~•~

v ~-~~Rr
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BLAOE. lO X MOD - 10 OE&REE PITCH

900 RPM

MIKE NUMBER 3 0
9 0

0
0

0
-I,

• 0
c~9

~~0.

LI

J
0-

~ 0
0

(Aic .

0
0ze

*

U)
-J
LU

L&J 0

~~ 0•
0
z
Co
.

‘a

0
a

t ONE-THIRD OCTAVE BAND CENTER FRE QUENCY IN Hi
Figur. 84-1: Plot From Sampl. NOISY2 Input Data Cards
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PROGRAM dBA
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RM 8,STCSA ,CM~~0000,T’.0,IO~ 0. P720119 MCG ,~EG0R ‘ ‘ ,21
FIN.
I. GO.

END OF RECORD
PRO .P&AM 13A INPUT ,O UT FU T ,P J N C H ,TAP E5 =I,4 PIJT ,T APE ~ =O.JTI- ’UT ,T I~P~ 7~ - U  I

ICH)
INTEG ER INFO,FRQRN G
RE A L  J U N K
0IMENS ].O~’I INFO (8), 0~3 MvlT ( 3~~

) , O8 (2 ,’fO ) , IMIKE( 12)
!4A PIELIST / INPUT/ IPUNCH
DATA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2.6,—’4.8,— 3.2,—1.9,— 3.o ,0.0,0.6,1.J ,1.2,1.3 ,j.2,1.U ,0.,,—u .1, — 1.1 ,—
32.5, — ’..3, -— b . 6, —9.3 /
I CONTINUE

C PROGRAM 38A IS USED 10 CALCULAT E BOTH 0-3 ANi) )3A ~~~~~~~~ SOU~ljC LEJELS FOR A N Y SET OF JI~TA TAKEN ON THE OLJIET P~ OPEL~ ER ~~~~~
C THE USER MUST SPECIFY THt NU~lBER OF <P~ RU NS PE~ C FIG~J-....TIO~ A :i
C THE NUMBE R OF MI Cp( OP HONE. ~ INCLUDE .)  IN  THE DATA. Tnt) ~uTA FYyIMT:
C MAY tIE READ, 0EPENOIi~G UN IHE uRI~,IN4L ~UI CHEi ~~~~~~~ I ML  M~ IU
C OPTIONS INCLUDE CONSID ERATION OF Os-kY ~itSIRtJ C~ 0PHt)NE~~, Mt ’ .i
C THEN ONL Y OVE R THE SP~CIFIE’) RANGE ~~ NEQUE’~CIES. Tt1~ tJ~~~k ~A (
C SPEC IFY THE 1NTEP.NAL P~ O~~ AM OPTION , IPUcI H , TO Gi-I E Th LY 1h:
C PRINTOUT AN t) NO CARUS. CA~ OS PR0)UC~~

) IV T ~~,
3c;UG..A1 /411. L. ~~~~~~C THE 09 A~I D D~A LEVE LS , THE r’.UN IDE~4TIFI.... tTIU ;~, A l l  iHE

C CONSIDERE 3 IN THE CALCUL A TION S . )gTA CA ’~J R.N~, ~.S CIITP- : ~~~~~~~YI

c
C ‘ SPECIFICATION DAT A CA<J ~ •~C NRJN = MUMBE F? OF 3IFFERENT R° /C~iNF1 (1JRt~Tjorls. c NCHAN L = NUM3E~ OF M iC~ OPHO~4E C H 4 U ~IEL$/~ PM kUU I~C MM IKE = TOTA L N!J11BE~ uF OESIREO MIC PHOE~ Ic
C IMLKE MICROPHO~IE IJCNTIF1CATIt)~ ‘lUM~~ t~, 1015
C F~ QRNG = DAT A CA p~.j FR EQUErIIY RMI4GE CO)E
C I •. .5.15 HZ TO 20< HZ
C 2 .. 20 HZ TO 23K HZ

~~ C NN, 1IM = KA NGE Tu tIE C ON SlU E-~E3 I;4 ..AL~... J L A T 1O ~~
C tIN ~ 4 INDEX OF .~Tu KTING ~~~OUC4C Y
C MM 3 + TNOEX OF FINA L F~~E~~UE~4 CY
C IND EX T A B L E

\ 

C 1 H Z  I tlZ I t4L 1 H Z 1 H Z rj 7
C 1 20 6 63 11 200 lb 530 21 ZOO J 2u à3C~C 2 2~ 7 QO 12 2~U 17 ~-00 22 2 53 0 27 . 5 ) U~~
C 3 32 3 10 0 15 31~ 18 1030 23 3i~ 0 21 i010 u
C ~ ‘.3 9 t2~ 1. ‘.00 19 12~0 2’4 4J03
C 5 50 if) 150 1~ 500 20 16~ O 2~ 3000
C
C •~~ ‘. PqESE PARAMETE RS (NAMELIST )

— 
C IPUNCH = 0 .. NO PUN~HL u DATA 0~ SIRt..)

• C (1) .. PUNCHED DATA ~ESISCD
‘S

• C • CHANGES TO ‘!1~SE PMRA ML TEJ~S SHOUL 3 BE M4)~ USING ItIE j~ Ah )u ~
C NAPIELIS I F0~V1AT (EXA I?LE$ ~11PUT IPUMCH 0~~)
C

IPUNCHgI
~EAL )(5,It4PUT )
READ (,,19) N R UN 
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— READ (5,19) NCHANL
READ (5,19) NMIK~REA D (5,20) (IMIKE (I1) ,11 1,NtIIKE)
READ (5,19) FRQRPIG
REAO (5,211 NM, MP4

C
NS T RT NMIKE+1
00 2 JJ ISTRT ,12

2 IPf l K E(J J ) = 9 9
TLOBA=O .0

3 READ ( 5 , 2 2 )  (INFO (I1),1I=1, S)
IF (ItIFO ( 1).EQ.LOHRESTAtU ) GO TO I
WRI TE (6, 23)  (INFO(II) ,11 1,8)
IF (IPUNCH.EG.0) GO r0 ~.WR ITE (7,22) (INFO (II),II=1,81

4 IF INFO (1).Er~.10H ) STOP
00 18 L=1,N R U N
ISTEP= 1
00 18 1 i , NCHANL
IF (FRQRNG.EQ.1) GO TO b
00 5 NMN I,8

5 3B (NM M) 0.0
READ (5,25) IOW (JN,IDMIKE ,(03(1),N 9,idI
GO TO 1

B READ (5,24) IDRU~
$,IO,AIKE,(O~3(1,N),N 1,i0)

7 CONTINUE
IF (IDMLKE .El~.IHIKE (I.~TEP)) GO TO 900 5 J J I , 3

8 READ (5,26) JUNk~
GO TO 1B

9 ZSTEP=ISTEP+I
IF (FRQR MG.EQ.1) SO 10 10
REA D (5,27) (Da(i,N),N= 1g,z~~)
READ (5,27) (3d (1,N),N 29,38)
READ (5,27) (DB (1,M ),N=3 ,40)
GO TO it

tO READ (5,27) (3B(1,~4 ) ,N=ii,20)
READ (5,27) (DO(1,N),N=21,30)
RE A D  (5,27) (DB (1,N),M=31,k0)

11 CONTINUE
00 12 J N N ,MM

12 O B (2 ,J ) : ) ~3 ( 1 , J ) + f l 3 A W T ( J )
DO 1k K 1,2
DO 13 J:NN,MM

13 TL OaM =TL ) 8A+ (  L0. ’ (3 D (K , J) / 10 .) )
0B (K,4Q)=iO .~~ALOGta TL.JaAfl

14 TLDBA=0.0
IF (FR~ RNG.EQ .1) GO 10 15WRITE (ã,2~) 09(i,’+0) ,0tI 2,’.0) ,ID.~UN ,IUMIKE ,Nl4,pIt1

15 WRITE (o,2~) 0B (i,
l40),DtI (2,h+ 0),IO.~UN,IOilI<L ,NN ,IM,1

16 IF (IPUNCH.~~Q .0)  GO TO 18
• iF (FRQ.~PlG.EQ.1) GO ‘0 17

WRITE (7,28) DB (1,’0), (2,,0),IU(UW,IDMIKE,P4~,i4
• - 

• GO TO 18
H 17 WRITE (7 ,29 ) 0B (j,4O) ,Ua (2, 1,0),IU~ U-~,1flMIKE ,N~ ,4l
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18 CONTINUE
GO TO 3

C
19 FORMA T (15)
20 FORMAT (1 015)
21 FORMAT (215)
22 FORMAT (~3Ai0 )23 FORMAT (1Hj,/ / / ,~~A 1o, /)24 FURMAT (oX ,12,3X ,12,1X ,iOFb.t)
25 FORMAT (3X ,I2 ,3X ,12 ,IX ,1JFt~.1)• 26 FORMAT (F6.1) -

27 FORMAT (10F6.1)
28 FORMAT (2F10.2,30X ,8HID~ Z+cO, 12 ,3M C0,I2,3H~ ,215)
29 FORMAT (2FtO.2,30X ,BHIDI R0,12 ,3H C0 ,12,3H! ,2i~- )

END
END OF RFCO~ D
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• -

5INPUT $ •

6 
~~~ A~’ ~~!

10 ~
‘ 
‘ L ~~~~, • 

• ~

‘4

3 9 10 --

2
9 36

•4~~4~ b— B LADE ~ASELINL., 10 LtE~~~~E PITCH ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
10$ Y.+ R0O €  C031$ 0’+7.7 0” 9 .0  OSi. 0 055.2 377.3 390.5 065.7 36o.0 079.2 Qf 1.2

— 
066.0 067.0 3~ 7.2 070.2 070.2 072.0 072.5 072.2 072.0 071.5073.0 07F .0 031.0 0~ 6.0 062.7 363.2 035.7 079.7 0’.*.3 0’+4.J044.0 09”.0

iO$ •/.+R0O~- CO02~ 3’,2.5 0~.2.0 0.7.2 U~.7.2 361.2 37’.. 0~ 3.0 0~ L5 Oot.2 -359 .0
0 2.5 06k.? 3~ ’..7 067.5 0€7.2 0~~~i.7 O63.~ 069.5 361.2 069.7
069.7 072.0 030.0 083.7 079.7 365.0 3 5 t .7 077.2 339.7 03o.0
038.0 090.2

10$ Y.+R006 C003$ 04+2.5 0’~1.5 O~.S.2 043.2 0+9.0 )~ 7.7 0.,~~., tJ~ 2.? 0~~t.0 &.ó.U059.7 062.0 060.7 062.7 0~.3.2 Ob,.0 Oo..2 06’+.2 063.2 063.2064.0 066.5 373.7 073.0 07o.2 061.0 078.5 070.7 034.~ 03~,-.3
034.0 085.0

IDx V.+R0O6 COO.,! 039.2 0~~0. 7 652.3 043.0 6,8.2 0~;7.7 3~.3.2 J~~7. ’ O~~~.) 052.7C56.0 057.7 . ~-,- 7-- - 6 ~&I.0 053.1 362.5  062 .2  0o 2 .2 061.2 ObO. 7
Obi .2 064.2 371.7 076.7 073.0 077.3 07’~.5 066.0 329.5 1)29.029.0 082.0

....•... .•...........•...•.•........ ...... ..s....... s..s........ ..............e......
200 SIM I LAR CARDS REMOV ED TO SHORTEN LISTING

••.•.•••.••...........e...e............... .... ....e...................... ..... .... ...

lox V.+R011 C005$ 0c~O.2 ~56.O 3~,4.3 057.0 0~8.5 071.0 09..J 071.? 0 o ~~.7 l~~7.2
078.5 091.2 0’2.0 093.2 091.0 091.0 090.2 090.5 09)., 089.5
089.2 088.2 0i9.2 089.5 092.2 09’..7 097.7 1 03 . 3  067.~ 057.
054.0 104.,

10* ~+R O I1 O 06~ 064.2 059.2 055.0 Oui.0 060.3 JM.3 065.0 073.? 092.. 0.3.5078.5 094.0 032.2 091.7 059.0 089.7 089.2 090.~ 08~.7 359.2089.2 087.7 038.2 388.5 090.~ 093.? 096.7 098.0 06,.5 05~ .’053.0 103.5
10$ X+R01t COOT! ObS,0 069.? 071.7 075.0 015.0 380.0 0~ 1.O 083.3 101.3  ~~~~~~093.7 098.2 0)2.2 1O~.’) 099.7 1D’..~ 101.5 103.5 102.5 101.3

098. 7 0 9 7 . 2  0 9 8 . 0  10 1.0  10~ .2 100.7 103.0 110.? 073.7 u~ -~.0064.0 115.0
LO S ~+~ Qjj ~0O~ $ 066.5 365.0 O~5.5 070.2 068.7 076.2 075.7 081.7 100.2 390.7
069.7 097 .2  090.0 103.7 102.2 101.7 131.7 131.7 133.2 398.7
097.2 096.2 037.5 093.0 103.3 137.2 102.5 109.0 079.0 U~~ ..t)
064.0 114.0

10$ Z+ROlt (~O09~ 058.0 J 5.0 053.0 064.? 0Q2.2 3b3.7 070., 079.;’ 09~~., 0~rI. 0
085.0 096.7 017.2 099.; 098.7 099.2 097./ 099., 097.2 396.2
095.2 095 .7  0 9 6 . 2  095.0 099.2 1U..0 099.2 103.7 37h .Q Q58.3
056.0 110.,

10$ X.R011 C0t0$ 056.0 356.0 056.0 060.2 058.7 069.0 070.2 07..2 091.7 0~ 1.3080.7 095.2 034.2 395.2 0Q2. 7 09..2 09*.2 093.5 392.2 392.0
091.7 091.7 031., 091.0 093.0 099.’ 094.0 098.0 067.0 0-~~.3056.0 105.2

BLANK CARD
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BEST ~~~~~ ~~ y
~~~~‘‘ 6—9LA..~E SASILIr4E, 10 DEt.vEE PITCM ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~4+.~~~

85.80 65.66 101 /.+~ .fl • CO 3.
82.53 82.73 13$ 7+~çQ t CC 41 ~
93.13 93.22 i )S 7.+R3 ~ .3 ~~ 9 ~ ,

88.23 88.30 lOt Y.+RO ~ CJ103 S
91.09 9o .~ 9 IDS z+Ro 7 CO 3~ S
87.25 86.68 lOS /+h~0 P ¶~0 .+~~ ~4

99.70 99.00 13* /.+kO 7 CO -4

9..95 93.99 13$ 7.+I< O 7 C0t0~ S
94.87 94.26 13* Y.+RrI 3 Ci 3~ 

-
~

90.71 90.16 1)1 Z+~ 0 i ~.3 -.~~ ~
103.53 102.89 13$ V.+~ l) 3 L~
97.95 97.39 lOS ~.+k0  . C31. 3~ S
96.67 95.91 13* Z +SO 9 CO 3& i

93.02 92.37 13$ Z+R0 9 CO .~~ S

107.38 106.4~ 13* /.+K0 ) CO 3! ~101.64 100.81 lOS •/.+R . 0 3 C310~ ~
100.41 99.24 13$ ~+p (QjQ CO 3. -

~ ~~~
96.87 95 .84 13* V.+RO13 CO .,3

109.93 109 .C’. j Ot  V.+~.013 -. 3  3$
104.42 103.61 lOS ~t R310 001J~103.65 101.55 10$ X +-cili CO 3~ 

6

99.50  97.62 131 2~+~.i l1 CO •.$
111.27 110.4+2 LII X# Fj Jl l  Cu ~~
106.30 105.33 [ 3 8  Y.+ .~ti11 ~0 13 3

Flgur. 85-1: LIsting of Output From Sompi. DIA Input Data Cords
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~EST AVL~- ! ~3L’:
Rt13,STCSA ,C155j OO,T30,1060. D72O119 MCGREGOR 75421
FT P4 R: 3.
M AP ,PART .
ATTAC H ,CCAUX ,CSAUX , LO=X65k321~.ATTACH,~ C660O,L)=Xo5432j.
LIBRARY ,CCAUX,CC6ÔOO.
LGO.

EPID OF RE~ ORO
PROSRAM ‘IEWCITY (1rIPUT ,UUT,’UT ,TAPES=IMPUT , TAPE6=OJTPLJ T ,PLOT)

C
C PROGR A M ~1E~lCITY is DESiGNED TO PLOT SPL /S. I1O *~S~ POWER UNO TriRUiT
C FOR AN Y PROPELLER RUrb. THE USER h AY SPECIt~Y THE U~ E OF ONL Y
C PART OF THE DATA FOR PLOTT1N (~ AN D lAY REC~~1VE T HE D A T A  IN EIThER 03
C OR D3A. CURVES MAY 8~ EITHER SPLINE FITTED OR JP 00 IXTrI OKDLr~C POLYNOMIAL FITTEJ. N A H E L I . !~~D PARA METEI’~S AI~E LISTED 3ELOH ALUN~C WITH I!4STRJCTIOPIS FOR THEIR CHANGE.
C
C •~~ DATA TO 3.. READ IN
C SPECIFICATION OF NUMBER OF kPM VALUES IN RUN
C NRPM = RPM V4LUE~ PER ~UN
C
C SPECIFI~ A rIO~1 OF MICROPHONES iN DATA
C NrIIKE=NUVsBER OF HIKES
C IOMIKE :MICROPHOP4E LOENTIFICATION NUMBERS
‘p

C ~~~ PRESET PARAMETE RS (NAMELIST )
C
C NL JRVE = (‘3) .. SPLiN~ —F IT

1 THRU 6 .. ~ITH ORJER POLYNOM IAL FIT

C IOPLOT I .. HO~SEP)wER ONLY
C 2 .. THRUST ONLY
C ( 3 )  .. BorN
C
C LE~ !NO (1) .. LEGEND BLOCK PRINTED
C 0 .. BLOCK OMITTED

C 10RPM = (1) .. ALL AVAILABLE DATA USED IN PLOT S
C 2 .. 3 RPM ~%LUES PLOTTED REGARULES~ OF JA TA INPUT

L-• C 1003A : (0) .. OUT’UT IN 09
C 1 .. OUT~ LJT IN OBA
C
C YH I N ( 4 0 . )  .. MININJPI OS OR 084 FUR PLOT

• C Y MAX (120.)  .. MAX IMJM 08 DR 084 FOR PLOT
C

• C XMINT z (0.) .. MINIMUM THRUST FOR PLOT
C XMAX T z C1625. ) .. MAXIMUM THRUST FOR PLOT
C
C XMINII z (0. ) .. MIMIIUM HORSEPOWER FOR PLOT
C XPffiXN z (260.) .. MAX IIUM HORSEPOWER FOR PLOT
C
C • CHAN~ ES TO THESE PARMI ETERS SHOUL D 3E MAD E U~,LN*, T H E STAND A RD
C N*MELIST FORMAT (EXMIPLES $IPIPUT NCURVEZ2, XMINT .O.,
C

INTEGER l EAD
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B EST ~~~~~I _.. ~~~~~~~~~~ ~~~~~~

DIMENSION HEAD (5), X (2,3,3), Y C L .,3,5), XMIKE (13), LMIKE (4), OLIL EX
1(2,2), rIfLEY (41, TPLBLL (2), BETA (S), XStEP (2~ , X JAI( 7 ), Yü.41 (7),
2ID MIKE (t0), CX (103), .Y (103) , W(5), WORK (t00), COEF (7), Os’~.J ( b),
3XMLN (2)
F4AMELISTf INPJT/ NcuRvE, zopLjT ,LEGENo,IoRp 1,Ioj~ A ,ys1I N,YMA x ,xt1 INr ,

IXMINH, XMA Xi ,XMAXH
DATA TIT_ EY /IIJH SOUM D LEIE,1OHLS IN D~ R,LOHE 0.0002 M ,10HICic Ot3A~(
1 I, (TITL EX (1,I) ,I~ 1,2)/1Ul HO~ SE,10H THRUST/, (TiTL~X (2~ i) ,i2=1,2)/10r$P3I4ER ,1OH (_3S) /,TPLB LI/LOHrIIK : NUrI3E,10’lk
3 I, DR3/3H1~,T,3H2NO,3H3RD~ 3H4TH,3nSIrl,3r16TH/

C MOV E PEN T O  NEW ORIGIN
CALL P..OT (O.,1.,—3 )
NC J R V E = 0  ~ IDPLOT=3 $ LEG~ NU i. $ IORPPI=1 $ IO O B A =J  ~ Y1I-~=4O .
Y M A X I2O. £ X rIINT O. ~ X MIi~H=0. ~ XtIAX T=i623 . ~ X M A X H = 26 U.

1 READ (5 ,IIIPUT)
REA J (5,2 8) NRPM
READ (5,28) NrIIKE
READ C5,~ 9) (IDMIKF (JJ),JJ 1,IIMIKE)
NLINE I

• IF (N JR/E.I-I E .0) NLINE=— 1
30 2 JJ l,N~lIKE

2 XMIKE (JJ) FLOAT (iQMIKE (JJ ) )
YSTEP (YIAX—YM IN)/8. C
xsr Ep (1): (X ’IAXH XMINH)/o .5
CSTEP (2)-~(XMAXT—XMINT)/o. 5XPIIN (1) XMIN-1
XMIN (2)= XiIINT

C ~~ REAU IN r IURSEPOW E R A N D  T HRUS I  VAL U ES
3 CALL R~ A 0ER ( H E A O , B E T A ,X ,Y ,Nk P M , N ’ I I KE , I J R P M ,N, IZ ,103d4 )

SJMfIA : 0 .3
LIND O
IF ( H E A O ( 1) . LQ . I O H  ) GO 10 27
IF (HEA3 (1).EQ.1(~HRESTART ) GO TO I
IF (IOPLOT .NE.1.AND .iOF ~LOi.ME .2) GO TO ~LIND 1
L I OPLOT
GO TO S

4 CONTINUE

5 OMTINUE
6 )3 26 1 1 , NIIIKE

C • DRA W AXIS  AND LABELS
IF ( iO0B ~ .EQ.1)  GO TO 7
CALL AX IS (0.~ 0.,TiTL~.Y,4U 1 9.,90.,YMIN ,YSTEP)
GO TO 8

7 CALL AXIS (0.,0.,38HSOUNO L~ VEL~ IN OBA RE 0.0002 1IC~(O3AR,48 ,3.,9
10. ,.0.,10.)

8 CAL4. AX IS (0.,0.,TITLEX(1,t..),— 20,6.,,0.,XhIN (L),XSTEP (L))
CALL SYI3OL (2.25,8.4+,0. 15,TFLBLI,0. ,20)
CALL NUMB ER (4 .0~~,8.4 ,D.15 , X M IKE( I) ,0., — i )
A LL SYIl3O~ (0.8~ ,5. 2,,0.1,HEAD,0. 150)IPZO

C ‘ DRAW CONSTANT BLADE UNGLE CURVES
9 IJ =1

JPOINT:NLINE
IN3~ 0
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prçi ~~~~ ~ ~ 
~~~~~ E r- .ry

10 C ON T I N U E  ~~~~ •~~
-
~~~~J~ ~00 11 K~1,NSIZYDAT (K) ~ (l,J,K)

11 XDAT (< )~~g (L,J,K)
C ‘~~ SKIP 5 OEGRE~ DUIMY L)ATA LINES ( =  ~0. O~3 / U 3 A )

TOT~ TDTAi.. (YJAT ,NSIZ)
• CUTOFF=~.O.0~ FLOAT(NSIZ)

IF (131.LE.CUTOFF) GO TO 23
JK J
GO 10 15

C ~ DRAW CONS TANT RPM CURVES
12 1J 2

JPCINT~ 0

<= 1
13 CO NT INJE

DO 14+ jJ= j~~3
Y0A~ (JJ ) Y (I, JJ, K)

14 XD A T (JJ)=X (L,JJ, K)
C •‘ SKIP A~4Y JL)M.IY LINE S

TOT=TOT~ .. (YDA T ,3)
IF (T OT.LE.1~ 0.O) GO TO 23
jUMp : 3
JK=K
GO TO 10

15 ISYM=J—l
JUI I- N31Z

16 XDAT (JUMP+1):XHIN (L)
XQAT (JJlr+2) XSTEP (L)
YDA T (JJ 1~~+1) :YMIW
YDAT (JUH’-42)=YSTEP

C • REMOVE 5 ~ EGi~EE OUMMY D A T A  POiNTS
IF (YDAT (2)...,T.40.0) GO TO j~
MOV E=J LJIP+j
00 17 <I 2,M~ V E
XDAT (Kl ):XJAT (KI,j)

17 Y D AT (K I )=YJ A T (K I +1)
XDAT (MOV :.t)=0.0
Y D A T ( M O L , 1 ) = 0 .0
JJMP :JjM P 1

C DRAW PIT TED UkV E A ND /DR ..jATA POI -~TS
18 IF (JPUL t4T.EQ .U.AM3 .IJ.L1.2) GO TO 19

CA LL FLINE (XDAT , Y DA T ,—JU M P ,j ,JPOINT .,ISYh)
— YLOC O.d— (.I5 FLOAT (ISYPI))

IF (LE~ END. E~~.0.OR.IJ.~~Q .2) GO TO 19
OPA~ LE GEND 3LOCK FOk PA~JiCULAR LINE
CALL SYh30L (~~.20,YLO ,0.1,22H—— DEG. 3LAO~ ANGLL,O .,22)
C A L L  SY I30L (..0,(YLOC. .0,),0.j,ISYM ,0.,—i )
CALL NJPI3ER (..5,YLOC,U.1,3~ TA (JK),J.,-1)
IF (NCJR~E.EU.0) GO TO 23

C A L C U L A T E  ANLI DRMW L E A S T  S~~UMRE S FITT ~.0 CUR~~ti
DO 23 II:1,JJ~1P
CX (II~ = XD A T (I~~)

20 CY (II) zY)AT (II)
sTEP:(CX (JJIP) CX (1))/lDr’.
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NCP CURV E
I CP t ~.= N C U < V E + 1
IF (JU MP ._T.I Pk) f’l ’F~~JJ MP—1
PRINT • ,“PA~~S ~~~~~~ T H~~UU~~i PLSC~~’CALL PL~~CF (..X ,CY , 1  ,JJ M F ,N... F ,NM.~X ,COLF ,0 ,XD , , HOr~K ,iLr&)

~ R1MT , “MC P “,PICP ,” Efc~~Ur.~ •~IUM3E~ = “,IER,” .4M~~X “,N,luX
PRI~1l • ,~~~ OEF S = ‘,( c . O E F ( K K ) , K K I, 7)
L UPE NJ = ‘I IA X +1
30 22 JJ:1,ltll

~X (JJ+t ) :GX (Jj) +STEP
00 21 <i< :i,LJPEN3

21. SUMMA =S J 1MA +(COE F (KK )~~(CX (JJ1 ’(KK—i )))
CY (JJ)=~~JIM A

22 SUtIM M:0.3
CX (1 0?) X~IiN (L)
CX (103):XSTEP (L)
CY (1’)?) YiIIN
CY (103) YSIEP
PRINT ,(CX(KK) ,K K I ,1G3 )
PRINT ,(CY (KK),KK 1,i03.)
CALL LINE (C X , C Y , iO l ,1, 0 , L SY M )
PRI NT • ,‘LINE DRAWING C3M’ LETED
‘RINI •,
IF( NLURVE.EQ.0 .Or ~.IP.~~D.I) ~iO 10 23
CALL S Y M 3 O L  (2 .~~,0.1,O . 1 Q , 3 ? H~~ ORDER FO L Y N U I IA L  ~~~~~~~ UI~VEi

CALL  SY PI3O L (2 .g ,o . i ,o.1 ,O k J ( N~~P) ,O . , 3)
IP= 1

23 CONTINU E
IF (IND.:~~.1) G~ TO 2L.
j z J +  1
IF (J .LE . 3) GO TO 10
GD TO 25

2~ CONTINUE
K K + 1
IF (K.LE.NSIZ) GO TO 13

25 ONTINJE
IF (IJ .E ~~.1) GO 10 12

C MOVE ‘EN T0 NEW ORIGIN
2b CA LL PLOT (8.5,0.,—3 )

IF (LINO .E~ .1) GO TO I

L:L*1
LIND :1.
GO 10 5

27 CON T INUE
CALL PL OT E
STOP

28 FORMAT (15)

~ ~ 29 FORMAT (1015) DECT A~I’9 :~~“ r rAn’s!
EN D DL~ I _ iVh L~-~ .-J LU( I
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~UBROJTI’i E R~.AO E~ (HEAO ,t3 T A ,X ,Y,~1RPM ,NMI,cE, IOKPM ,Ns~ Z,IooaA
)IMENiIOr1 r I EA O ( 5 ) ,  X ( 2 ,3,,) ,  Y ( i~~ 3 ,5) p 3 E T A ( 3 )
INTEGER lEAD
READ (5,14) HEAD
IF ( H E A D ( 1) . EQ . I O H  .O ’ < . HEA D( l ) .EQ. lOHR EST ART ) t.~O Ti) 13
IF (IJRPM.E ~.t) GO TO 9IF (IJRPM.EQ.2.AND.NE<PM .ED .3) GO TO B

C •~ READ 3 POI NTS IF , ARE AVU ILA BLE
DO 2 1 t,3
READ (5,15) BETA (I)
DO 1 J=1,2
READ (5 ,16) RPM ,X (1,I,J),X (2 ,I,J)

1 READ (5,17) TRASH
2 ~EA0 (5,16) RPM ,X (1,I,3),X (2,I,3)

IF (1009A .EQ .I) GO TO 5
C •~ REA O 1)3 DATA

DO 4+ I=1,NMI KE
DO ‘e J 1,3
30 3 K 1,2
READ (5,17) Y (I,J,K)

3 ~(EAJ (5 ,17) TRAS H

~ REAl) (5 , 17 )  Y ( I , J , 3)
GO 10 8

C ‘ REA D D3A D A T A
5 JO 7 I= 1, P4tl I<E
)O 7 J 1 , 3
DO 6 K 1,2
~EAu (5 ,19 )  Y ( I ,J , K)

S READ (,,1a)  T RASH
T READ (5 ,18)  Y ( I , J , 3)
8 ~SIZ=30 TO 13

C * REA D ~ _ L  .~V A I_ A 9 LE D A T A
9 00 10 1=1, 3

READ ( ,15) BETA (I)
DO 10 J~~1,NRPM

10 ~EA O (5,16) RPM,X(1,I,J),X (2,I,J)
30 12 I:1,NMIKE
DO 12 J=t, -3
00 12 < : j , P 4 R P M
IF (LODBA .EQ.1) GO T O 11

C ~~ REAJ D9 DATA
READ (5,17) Y (I,J,<)
CO TO 12

~~ READ 03A DATA
11 RE4D (5,18) Y (I,J,KI
12 CO NTJ IJE

~SIZ=MRPM
13 RET URN

15 FORMAT (3UX ,F10.3) BEST AVA L~~E COPY
16 FORMAT (3F10.3)
17 FORMAT (F 10.3 )
1~ FORMA T (IOX ,F10.3)

END
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