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This report presents the results of a program of helicopter rotor noise measurement. 
The program was carried out using a 60-foot diameter CH-h7B 3-bladed rotor on the 
Boeing-Vertol engineering rotor whirl tower. The primary objectives were: 
(1) .To obtain acoustical data over a frequency range wide enough to define all 
elements of rotor noise under well-documented ambient conditions. -(-£) To measure 
the tip vortex position with respect to a trailing blade using high-speed cameras 
and smoke to visualise the tip vortex and to relate blade-vortex separation distance 
to noise 2eirel.  (3) -To determine the propagation characteristics of rotor noise. 
{U)    8*o evaluate two current analytical procedures for predicting rotor noise against 
the measured data. Tipspeeds ranger] from GOO to 900 fps and thrusts ranged from 
6300 to 3?,0C0 rounds (disk load ?.?  to 11.3 pounds per square foot). 
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Summary 

This report presents the results of a program of helicopter 
rotor noise measurement.    The program was carried out using a 
60-foot-diameter CH-4?B rotor on the Boeing-Vertol engineering 
rotor whirl tower  shown below.    The photograph displays smoke 
being trailed from the tip of a 2-bladed rotor and is shown to 
illustrate the technique of vortex visualization for measure- 
ment of tip vortex position with respect to the following 
blade.    The data presented in this report were obtained on a 
3-bladed rotor. 

The primary objectives of the program were: 

o    To obtain acoustical data over  a frequency range wide 
enough to define all elements of rotor noise under well- 
documented ambient conditions. 

o    To measure the tip vortex position with respect to a trail- 
ing blade.using high-speed cameras and smoke  to visualize 
the tip vortex and to relate blade-vortox separation dis- 
tance  to noise  level. 

o    To determine the propagation characteristics of rotor noise. 

o    To evaluate  two current analytical procedures  for predicting 
rotor noise   (References 1 and 2)   against the measured data. 

The testing on the 60-foot-diameter rotor encompassed a range 
of tipspeeds from 600 to 900 feet per  second  (fps)   arid thrusts 
from 6,300 pounds to 32,000 pounds   (disk load 2.2  to 11.3 
pounds per  square foot,   psf).    The general  arrangement of 
microphones and cameras for the test program is depicted below. 
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In addition to the successful acquisition and analysis of the 
required data, which is presented for use in future research, 
the followinq siqnificant results were obtained: 

1. 

11Q 

Rotational noise predictions by the method of Ollerhead 
and Lowson1 show good agreement with test data at low 
harmonics.  To achieve agreement at the higher harmonics 
will require better definition of the higher harmonic air- 
loads. An overall comparison between test measurements 
and predictions using Ollerhead and Lowson methods is dis- 
played in the figure below which shows envelopes of test 
and predicted noise levels for a range of thrust and tip- 
speed conditions. 
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Broadband noise prediction by the method of Schlegel, King, 
and Mull^ shows good agreement with the trends displayed 
by the measured data but predicted noise levels are signi- 
ficantly lower than those measured.  An overall comparison 
between test measurements and predictions using the 
Schlegel method is displayed in the figure below. 
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3. Measurements using smoke to visualize the tip vortices 
showed that intersections between a rotor blade and the 
tip vortex shed from a preceding rotor blade can occur 
over the entire operating range tested in this program. 
These measurements established that the generation of 
impulsive noise is not solely a function of blade-vortex 
separation.  Shown below are sound-pressure waveforms for 
two thrust conditions that produced blade-vortex inter- 
sections.  Tor the high-thrust condition at which the 
waveform on the left was recorded, transient impulsive 
characteristics appeared which were not observed in wave- 
forms recorded at low-thrust conditions. 
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Studies of this transient noise phenomenon conducted under 
Boeing-funded aerodynamic research led to the examination of 
the aerodynamic conditions on the rotor blade at high loadings 
and high tipspeeds.  As a result, a hypothesis was developed 
which states that the impulsive noise results from a combina- 
tion of compressibility effects and blade-vortex interaction. 
At critical combinations of lift loadings and Mach number, 
strong shock waves exist on the blade airfoil near the tip. In 
recognition of this, the hypothesis states that it is the 
oscillation of this shock caused by a vortex intersection which 
generates the impulsive noise.  Data from this program can con- 
tribute significantly to further research directed at testing 
this hypothesis. 

Sound propagation of harmonics of rotor noise revealed occa- 
sionally strong interference of the wavefront reflected from 
the ground with the directly incident wavefronts.  Corrections 
for this have been developed and show a significant influence 
on the measured data, particularly for the data which was 
recorded 3 diameters from the rotor center.  This can be ob- 
served as a fluctuating decay of harmonic levels, at this 
microphone, in the data of Appendix B. 
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Foreword 

This program was conducted in fulfillment of Contract 
DAHC0 4-69-C-00 87 from the U.S. Army Research Office, Durham, 
North Carolina, under the technical cognizance of Dr. S. Kumar. 
The work was performed by the Boeing-Vertol Acoustics St-ff 
between June 1969 and January 1971.  Mr. R. F. Child, Super- 
visor of the Aerodynamics Research Staff, contributed the 
theory of impulsive rotor noi?e generation discussed in Section 
4.4. 
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Section 1 

Introduction 
The noise of lifting rotors has come under increasing study in 
the past few years, particularly since rotary wing aircraft 
have been deployed to mobilize large portions of armed forces 
throughout the world.  The role which rotor noise plays is vital 
in the areas of safety and survivability with regard to detec- 
tion, and to communication and hearing damage with respect to 
internal noise.  In addition, commercial helicopter operators 
have expressed a concern for improvements in rotor signatures 
when operations produce complaints about noise.  In response to 
this, an increasing effort has been directed toward an under- 
standing of the generation of rotor noise, although most 
investigations have frequently been directed toward the solu- 
tion of a specific problem and often lacked a broad base of 
data for an adequate understanding.  There have been several 
programs aimed at measurement of pressures on the surface of a 
rotor blade,3» 4, 5 but they have been concerned mainly with 
performance of the rotor and have not gathered data with suffi- 
cient frequency response to be useful in noise research.  For 
the most part this was due to the general unavailability of 
adequate instrumentation.  Several programs have also been 
performed *>» ' to collect noise data in the near and far field 
of the rotor and at several positions of rotor azimuth, 
although mucn of this data has been obtained on aircraft, and 
therefore also includes all the other noise sources inherent in 
a flight vehicle.  In addition, smoke has been released at the 
tip of a blade to studylfthe blade wake, in terms of the posi- 
tion of the tip vortex. ' However, no published data currently 
exists in terms of a complete noise measurement program for 
adequate study of the generation and propagation of the noise 
of lifting rotors. 

The concern with rotor noise, on the part of the military was 
strongly reflected by the action of the Army Research Office in 
sponsoring a conference with the National Academy of Engineers 
on July 30-31, 1968.  The purpose of the conference was to 
assess the state of knowledge and understanding of tiie scienti- 
fic and industrial community regarding this problem, and to 
recommend the areas of study which should be pursued in order 
to bring the rotor noise problem under adequate control. 

Some of the major problems which were brought to light included: 

- Inadequate airloads data in the rotating system. 
- Lack of full frequency range sound pressure data. 
- Lack of well defined conditions for which noise data 

in the fixed system was obtained. 
- A requirement for blade wake geometry definition. 
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Without this information, there is no adequate input for 
improving rotor noise prediction, and certainly only superfi- 
cial data exists for checking the validity of any prediction 
methods developed.  In general, it appeared that in an effort 
to find rapid solutions to specific rotor noise problems, the 
important step of defining the basic problem had been bypassed. 

In discussing helicopter rotor noise, various descriptions have 
appeared in the literature.  These tend to categorize the noise 
either by the physical source or by the type of sound produced. 
Either terminology may be useful, depending on the context of 
the discussion. 

Dealing with the sound descriptions first, the grouping simply 
divides those sounds which are not particularly impulsive in 
nature from those which are.  This gives rise to terms such as 
"impulse", "bang" and "slap". 

Classification of the noise by source leads, perhaps, to even 
more ambiguity.  The non-impulsive sounds are generally termed 
rotational noise for those arising primarily from lifting (or 
thrusting) forces and vortex noise for those arising from drag 
and/or thickness. 

Some researchers prefer to refer to the latter as drag, or wake 
noise in order to avoid confusion with some of the impulsive 
noises which are associated with tip vortices. 

In the area of impulsive noise, the basic distinction is gen- 
erally made between Mach number effects, otherwise called "high 
tip speed" or "compressibility" noise, and the noise which 
appears to occur when a rotor blade comes through, or near, a 
previously shed tip vortex.  Here, no conveniently short terms 
are applied and one must settle for such descriptions as "blade 
vortex interaction*'(or intersection) noise. 

In view of the confusion in language, it is not too surprising 
that similar confusion exists with respect to correlation of 
analytical predictions with test results, especially if the 
analysis deals with one particular aspect of the problem while 
the data may arise from a combination of sources which may « 
prove difficult, if not impossible, to separate. 

I The concept of the program described in this report was to 
attempt to clarify the situation (at least in part) by dealing 
with the simplest situation, namely a single hovering rotor, a 
providing instrumentation adequate to the task of defining the I 
complete acoustical signature, devising a test technique which 
would, insofar as possible, permit separate identification of 
the noise sources, and then to compare these results with 
current "state-of-the-art" analytical predictions in order to 
more accurately assess current capabilities and to identify the 
more serious shortcomings. 
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Section 2 

Description of Test Procedure 

2.1  ROTOR 

The rotor system, tested in this program, is that designed for, 
and used on the U.S. Army CH-47B "Chinook" helicopter.  Specifi- 
cally, it is a three-bladed, fully articulated rotor of 30 
feet radius and a 25.25 inch chord. 

The individual rotor blades are fabricated of a steel leading 
edge "D" spar with fiberglass laminate covered trailing edge 
boxes. The airfoil is a cambered 23010-1.58 section as shown 
in Figure 1 a*-1 the blade is untapered in eithei planform or 
thickness. The tip of the blade terminates in a simple plate 
closing the end of the outboard box and therefore is termed a 
"square tip". 

For the purpose of this investigation, the blade was modified 
by the addition of ^moke generators at the tip. 

The smoke generators had been developed previously and evolved 
in preparation for a flight test program on a CH-46A helicop- 
ter ■*■?  In the development program, requirements included a 
reliable system which could be ignited safely by a convenient 
means in a 600g environment, had a long-life, refillable casing, 
a burning rate which approached an explosion, and which produced 
sufficient smoke to be visible in two coils of the filament. 
The burned solids could not exceed 0.5 lb to prevent rotor 
imbalance.  The generator which resulted, shown being installed 
in a blade tip in Figure 1, contained approximately 7 ounces of 
a granular material.  The chemicals used in the burning process 
are proprietary to Steve Snyder Enterprises.  A dual ignition 
system consisting of glass vial explosive squibs was selected 
for reliability, and the smoke color, which varied from white 
used against a blue sky to dark gray used for overcast condi- 
tions, was determined by the proportion of the two materials 
used and did not contain any dye which would have slowed the 
burning process.  The total smoke produced was approximately 15 
to 20 cubic feet. The generators required handling with reason- 
able precaution and were safe and generally reliable in opera- 
tion. 

2.2  WHIRL TOWER 

Testing was conducted on the Boeing-Vertol Engineering Rotor 
Test Facility (Figure 2).   The rotor hub on this tower is 50 
ft. above the ground.  It is powered by a 10,00 0 hp electric 
motor which drives through a water-cooled clutch.  The electric 
drive, along with suitable gear reduction system, are housed in 
the massive concrete base of the structure.  This base serves 
to minimize the drive system noise radiated outside to a level 
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Figure 2.  Engineering Whirl Tower. 



which is negligible when making rotor noise measurements.  The 
fundamei tal control modes available are simply rotor speed and 
thrust, through collective pitch.  No cyclic pitch, or shaft 
angle variation, is available.  Rotor rpm indication is directly 
available to the operator and can be maintained to an accuracy 
limited by variations in ambient < \nd, and generally within 1 
rpm. 

Rotor thrust is measured by two separate systems.  The first is 
a set of four calibrated load cells at the rotor head.  Since 
these are recorded independtnly on an oscillograph and require 
calculation to obtain thrust, the program is controlled by 
direct reading a motor torque.  Through the use of a thrust- 
torque calibration which had been pertormed on a similar set of 
blades on the U.S. Air Force tower at the Aeronautical Systems 
Division, Air Force Systems Command,Wright Patterson AFB, Ohio, 
and by correcting for ambient temperature and pressure, torque 
values corresponding to the desired thrust values were calcula- 
ted prior to each test run, and these torques were used to set 
up the test condition.  The load cell data was obtained during 
the test run for more precise values in the final data.  Pitch 
link loads, on each blade, were also recorded, and monitored, 
to ensure against excessive loads, instabilities, or operating 
too deeply into the blade stall regime. 

2.3  ACOUSTICAL INSTRUMENTATION 

The microphones used were all of the condenser type and were 
located as illustrated in Figure 3.  The microphones designated 
0.2R, 1R, ID, 3D, 5D were used to acquire the primary data. As 
shown, they were supported by cables and arranged along a single 
ray line from just below the blade tip, to the ground.  The 
direction chosen permitted a combination of a large distance 
without proximity to other buildings or structures and was 
generally upwind. 

These microphones were especially selected for this program due 
to their unusually high sensitivity at low frequencies and flat 
frequency response characteristics.  This is especially impor- 
tant for the study of rotational noise, whose fundamental 
frequency falls at blade passage period and may be below 10 Hz. 

The specific equipment employed were Photocon 747 transducers 
with Dynagage DG-605D type signal conditioning. 

Ideally, it would have been desirable to have several radial 
arrays of these low frequency microphones, each along a 
different azimuth direction.  Since program limitations and 
equipment availability precluded such an extensive system, it 
was decided to provide four monitor systems located around the 
tower base as noted in Figure 3.  These were Bruel and Kjaer 
Type 4131 condenser microphone systems of more conventional 
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frequency range.  In this program it was not intended that these 
microphones be used for primary data, but rather that this infor- 
mation be available so that in the event that any of the primary 
data should appear inconsistent, it would be possible to deter- 
mine if a change in directivity of the radiated sound might be 
responsible. 

2.3.1 Recording 

The acoustical and atmospheric information was recorded on an 
Ampex FR-1300 wide band FM system operating at a tape speed of 
30 ips.  The acoustical inputs were continuously monitored on 
individual oscilloscopes to determine the required attenuation, 
or amplification in order to ensure optimum quality data with 
a high signal to noise ratio.  The use of monitoring oscillo- 
scopes also permits the engineer to observe noteworthy changes 
in noise characteristics as the test progresses. The Boeing- 
Vertol Mobile Acoustical Laboratory was used as a test control 
center for data acquisition.  Figure 4 shows several views of 
the instrumentation employed. 

2.3.2 Calibration 

Prior to the test program each complete data system was cali- 
brated.  A system is defined as a combination of microphone 
transducer, cathwde follower, all cables, signal conditioner, 
and tape recorder recording track.  Once calibrated, the ele- 
ments remained as a non-interchangeable system for the remain- 
der of the program. 

The pre-test calibration was a pistonphone and electrostatic 
actuator calibration in which a known pressure level is applied 
directly to the sensing element at all frequencies over the 
range of interest.  The pretest calibration consisted of a 
frequency response of the complete microphone systems including 
transducer and signal conditioning.  Instrumentation, traceable 
to the National Bureau of Standards through Boeing standards, 
included a Bruel and Kjaer calibration system consisting of a 
Type 1024 signal generator, a Type 4142 microphone calibration 
apparatus, a Type UA-00 2 3 electrostatic actuator and graphic 
level recorder Type 2305.  The signal generator and electro- 
static actuator were swept over a frequency range of 20 Hz to 20 
KHz.  To avoid acoustical interference during the calibration, 
the electrostatic actuator signal was maintained more than 20 
db above the ambient noise in the calibration room.  Since the 
electrostatic actuator had a lower limiting frequency of 20 Hz, 
the low frequency calibration was obtained by taking the manu- 
facturers calibration curve for the low frequency transducers 
(this was valid down to 0 Hz) and superimposing it on the cali- 
bration in the range where both were valid in order to extra- 
polate to the low frequency range.  This assumes a low frequency 
linearity in the remainder of the system which, for the equip- 
ment used, should be valid.  These calibration curves are shown 
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in Figure 5. 

A calibration of each system was performed in the field for a 
minimum of once each day.  This procedure employed a B&K Type 
4220 Pistonphone which applies a 124 db rms, 250 Hz signal at 
the microphone cartridge-  By recording this signal on the same 
tape as the data, a constant check is kept on system sensitivity, 

2.3.3 Atmospheric Conditions Monitoring 

Since this was essentially a hover program, small changes in 
ambient wind conditions could become important.  To monitor 
these, an anemometer and wind vane were erected on a 50 foot 
high mast approximately 150 ft. from the rotor tower.  This 
located the instrumentation at the same height above the ground 
as the rotor, but kept it far enough away to be relatively 
unaffected by the rotor downwash.  The output of the velocity 
indicator was recorded directly on the magnetic tape along with 
the sound pressure leve1 data. 

Ambient temperature and barometric pressure were measured at 
ground level but not recorded on tape.  This data was used both 
to correlate with the acoustical information and for the tower 
torque/thrust calibration. 

2.4 REVERBERATION EVALUATION 

Prior to the test program, an evaluation was made to dete-'nine 
the effect, if any, of the tower structure, nearby buildings, 
and the terrain itself on the acoustical signals sensed by the 
microphones. 

The evaluation was performed by firing blank cartridges from 
several points at the top of the tower and recording the signal 
on all microphones.  Acoustical reflections would then be indi- 
cated by multiple signals at the sensors, by distorted wave- 
forms, or by failure to follow an orderly decrease in signal 
strength with distance from the source. 

2.5 PHOTOGRAPHIC INSTRUMENTATION 

Smoke generators were ignited in the blade tips to mark the 
vortex.  High speed motion pictures were taken of the smoke. 
Two cameras (see Figure 6) were placed on the tower, one looking 
out from just under the rotor (Camera H) and one looking up from 
the ground (Camera V).  These two cameras provided vortex posi- 
tion measurements at one azimuth.  Two additional cameras were 
mounted in the rotating system to measure the separation between 
the vortex and the blade which follows the vortex generating 
blade.  Table I describes these cameras. 
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TABLE I 

DESCRIPTION OF CAMERAS 

Soeed Focal 
Camera Make Model Size Units Length 

H (Horizon- Red Lake Lab. HI CAM 16 mm 1600 fps 10 mm 
tal) 

V (Vertical) Red Lake Lab. HI CAM 16 mm 400 10 mm 

Rotating 1 Milliken DBM 16 mm 400 10 mm 

Rotating 2 Milliken DBM 16 mm 400 10 mm 

In order to measure the films for vortex position, camera posi- 
tions and orientations were needed.  Two cable grids with ping- 
pong balls securely attached for the targets were used as shown 
in Figure 7.  This grid, visible from Camera H and the rotating 
cameras, was positioned on the four flood light standards sur- 
rounding the tower. The other grid was composed of two cables 
strung from the top of the tower to the ground so that the tar- 
gets were visible from Camera V. Measuring the images of the 
targets and combining those measurements with knowledge of the 
camera positions and the target positions, produced the desired 
camera orientations.  Data was read using a Benson Lehner Oscar 
N data reader.  Camera positions were measured, and camera 
orientations were then established by photographing a grid of 
targets placed at known locations in the field.  A detailed 
description of this procedure is presented in Appendix A. 

2.6  TEST PROCEDURE 

The control of the rotor tower was such that the most expedient 
method of testing was to perform thrust variations at fixed 
rotor speeds, and most data was taken in this manner.  A stab- 
ilized operating condition was established prior to the start 
of each data point and a minimum of 30 seconds of acoustical 
data was obtained at each point. 

For those runs where smoke visualization instrumentation was 
employed, the start of the acoustical record preceded ignition 
of the smoke generator and continued until all visible smoke 
had dissipated.  Separate signals on the acoustical data tape 
were initiated by the start of the camera motors and by the 
firing of the smoke generators.  Figure 8 illustrates a typical 
data sequence.  Figure 9 and Table IV show the thrust, tip 
speed matrix of all data points obtained.  The matrix was 
limited only by tower capability, blade strength, and/or entry 
into blade stall. 
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Section 3 

Data Reduction 
3.1  ACOUSTICAL DATA 

The primary analysis used for the reduction of the acoustical 
data employed techniques and equipment referred to as Real Time 
Digital Analysis.  Application of this relatively new technique 
to the study of rotor noise is believed to be one of the major 
innovations of this program. 

In order to interpret correctly the results, it is important to 
understand the fundamental concepts of the analysis and its 
application and limitations with respect to rotor noise data. 
Fundamentally, the recorded analog signal is continuously digi- 
tized at a high rate and is processed in the digital mode. 
Since it is in a digital form, it may be stored in a memory, 
for detailed study, and/or operated on by various computational 
techniques.  As with most acoustical information, the data may 
be studied in two primary manners.  The first is the time 
domain, or pressure-time history of the waveform and the second 
is the frequency domain, often referred to as amplitude-frequency 
spectrum. 

Before discussing the detailed application of the processing to 
rotor noise data, it will be helpful to characterize some 
aspects of rotor noise and to agree on convenient terminology. 
First of all, it is important to recognize that any real data, 
even low wind hover, will display many transient changes due to 
uncontrollable variables.  These may be miner in nature, or as 
will be described in the Discussion of Results, may be so large 
that they completely dominate the acoustical signature.  For 
many purposes, especially when comparing data with analytical 
predictions, it is important to know if the data under discus- 
sion is invarient with time or contains the aforementioned 
transients.  In this report, all data will be defined either 
as "steady state", implying that it is valid at any time, or 
as "transient", implying that it is only valid at a particular 
instant in time. 

A second set of definitions which apply to the frequency (rather 
than the time) domain are the terms discrete and broadband which 
describe the amplitude frequency distribution.  There is no 
rigorous definition of discrete but it can be easily understood 
that it implies a concentration of acoustical energy in a rather 
narrow range such that the levels at adjacent higher and lower 
frequencies are significantly less.  It should be kept in mind 
that these discrete frequencies may be harmonically related to 
the rotor passage, (and to each other) or may be independent if 
produced by a non-harmonic source. 
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The term broadband noise implies an absence of discrete 
frequencies and, therefore, an amplitude-frequency spectrum 
envelope which is free from sharp peaks.  The envelope of 
broadband noise may, however, be gradually and continuously 
shaped such that one frequency range is higher than another. 

3.1.1 Time Domain Analysis 

Time domain analysis was performed using a Federal Scientific 
129H Signal Averager.  In its operation, the input consists of 
the acoustical data and a trigger pulse at once per rotor 
revolution which was generated by a transducer at the rotor 
tower. 

In its simplest mode of operation, the averager, upon initia- 
tion of a starting signal, will accept and digitize the next 
full rotor cycle (between trigger pulses) and retain it in 
memory for display or further operation.  In this program the 
display was on an oscilloscope screen and photographed for 
retention. 

In order to obtain a steady state waveform representative of 
the entire test condition, the averager may be instructed to 
admit a specific number of rotor cycles and to sum them, with 
precise phasing, in the memory prior to display.  In this 
manner, any elements which are random in the time pattern will 
tend to cancel each other out, those which are highly repeti- 
tive will reinforce each other, and levels which are transient 
will have little effect, provided enough cycles are employed. 
In analyzing the rotor noise, 128 cycles were included in each 
summati .1.  If transient waveforms are desired, the number of 
cycles selected for summation can be reduced to as low as one. 
Here it becomes important to carefully time edit the data in 
order to ensure capturing the moment of interest. 

3.1.2 Frequency Domain Analysis 

Frequency Analysis was performed using a Federal Scientific 
UA-6 "Ubiquitious" Analyzer.  When working in the frequency 
domain, similar principles apply except that the sweep rate 
and resolution are functions of the frequency range selected. 
The data analysis procedure employed in this program provided 
a resolution of 1 Hz and produced approximately one spectrum 
per second.  Steady state spectra consisted of summing thirty- 
two sweeps. 

In studying transient spectra, the maximum harmonic amplitudes 
are generally of greatest interest.  A simple method of captur- 
ing this information is to open the lens of the oscilloscope 
camera and take a time exposure which then superimposes all 
the individual spectra analyzed during the run.  Figure 10 
illustrates averaged and non-averaged waveforms and spectra for 
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steady-state and transient conditions. 

In this program, steady state harmonic analyses were used for 
comparison with analytical predictions while transient analysis 
was used to study tip vortex induced noise phenomena.  In order 
to compare the broadband vortex noise with analytical predic- 
tion, conventional octave band analyses were performed using 
analog equipment (B&K 2112 Spectrum Analyzer and B&K 2305 Level 
Recorder). This method was used because the prediction method 
is essentially a statistical matching of data, analyzed in 
this manner, with blade operating parameters.  Introduction of 
an analyzer with substantilly different frequency response 
characteristics, therefore, requires a further correction. 

3.2  PHOTOGRAPHIC DATA 

The detailed methodology for measuring blade-vortex separations 
from motion picture film is given in Appendix A. The following 
is a general description of the procedure. 

3.2.1 Stationary Cameras 

In order to find the position of a point in space using two 
cameras, the method of triangulation could be used.  However, 
this method cannot be used on a curve such as the vortex. 
Figure 11 illustrates the arrangement. 

The difficulty arises because any point chosen on the vortex,j, 
as viewed by Camera H is not readily found in the picture from 
from Camera V.  In fact, a point chosen from Camera V, for 
instance,k,could be anywhere along the vortex. 

In order to surmount this problem, the plane K, defined by 
the yv axis and Vk, is constructed.  I, the point of intersec- 
tion between HI] and plane K, is found.  Thus the angle ejk 
between VI and Vk can be found.  Now cjk is a measure of how 
far k is from j; when cjk = 0, j and k are the same point. 

Thus in order to find the coordinates of j, any point on the 
vortox seen from Camera H, it is only necessary to move k along 
the vortex until ejk = 0.  j and k will then be the same point 
and its coordinates can be found by triangulation. 

In order to do this using the high speed movie film on this pro- 
gram, two prerequisites must be met; 

I 

I 

I 

i 
(1) frame pairs must be chosen consisting of one frame 

from each camera taken simultaneously. j 

(2) in order to find the lines Vk and H~J, camera positions 
and orientations must be known. 
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Figure 11.  Schematic for Analyzing 
Stationary Camera Data. 
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In order to obtain frame pairs whose exposures were taken 
simultaneously, first, frames were chosen from Camera V.  Then 
blade tip positions were measured on the photographs.  Using 
these measurements along with the camera orientations and posi- 
tions, the blade azimuth could be calcu\ated for frames from 
each camera.  Thus, azimuth was determined as a function of 
frame number.  The frame from Camera H, which came closest in 
azimuth to each frame from Camera V, was found.  Since Camera V 
was photographing 1600 frames/second, the longest time that 
could have elapsed between the two exposures, one from Camera V 
and one from Camera H.- is half the time between frames on 
Camera H or l/3200th seconds.  This is a short enough time that 
the two frames can be considered to have been taken simultan- 
eously. 

Camera orientations were obtained from the film taken of the 
calibration grid.  Camera positions were known from a previous 
survey and camera orientations were determined by measuring the 
target positions on the film. 

Using the above method measurements were made of the vortex 
position from frame pairs chosen at intervals commencing with 
a pair showing the vortex generating blade and ending when the 
smoke was no longer visible from one of the cameras.  Figures 
12 through 18 show the results of these measurements. 

The separation between the blade and the vortex generated by 
the preceding blade was found by subtracting the measured 
blade vertical position from the measurea vortex vertical posi- 
tion when the blade was in the field of view of the stationary 
cameras.  Thus the measurements from the stationary cameras pro- 
vided accurate vortex trajectory measurements and separations 
at only a limited range of azimuths, ~25°, because of the 
limited field of view of the horizontal camera, 

3.2.2 Rotating Camera Measurements 

In oräer to surmount the problem of limited field of view, two 
cameras were mounted on the hub.  The cameras were positioned as 
shown in Figure 19.  From these cameras, the vortex positions 
could be found around the entire azimuth for a constant vortex 
age. 

The rotating cameras were calibrated !>y photographing the cali- 
bration targets when the rotor was stationary.  Combining the 
measured positions of the balls on the film with the known ball 
positions in the field produced the orientation of the camera. 
Thus, measuring the image positions from the film, the direc- 
tions to the vortex and the blade were determined.  In order to 
find the vertical position of the vortex, however, the distance 
from the camera to the vortex must be known. 

22 



THRUST - 21,000 POUNDS 
TIPSPEED = 800 FEET PER SECOND 

OS 

(SI 

§ 

o a* 

u 
H 

g 
w 
> 

X 
w 
EH 
K 

s 
-.04-1 

-.06 

-.08 

■*« 330° 

»-¥• 340° 

tf=350° 

VORTEX AGE  ~ DEGREES 

200 
HUB  REF, 

VORTEX AGE   ~   DEGREES 

OS 
\ 
U 

o 
H 
EH 
H 
W o a. 
Hi 
< 

X 
w 
EH 
OS 
O 
> 

-88.6 ras 

Figure 12.  Vortex Position Measurements, Run 121, 

23 



THRUST = 17,000 POUNDS 
TIP SPEED =800 FEET/SECOND 

2 
O 

o 

< 
M 

« 

> 
X 
u 
« 
o 
> 

i   HUB REF, 

u 

•z 
o 
H 

H 
W 
o 

< 
H 
Q 

w 
EH 
« 
O 
> 

VORTEX AGE ~ DEGREES 
-r i 1   TIP REF. 

200 

133 rng 

Figure 13.  Vortex Position Measurements, Run 112, 

24 



THRUST = 12,000 POUNDS 
TIPSPSED =800 FEET/SECOND 

H 

H 
w 
o 

H 

5 
w 

o 
> 

t = 0 ms 

111.7 ms 

HUE REF. 

t=0 ms 
« 
H 

z o 
H 
£H 
H 
CO 
O 
(1* 

< 
H 

X 

o 
> 

VORTEX AGE ~ DEGREES 

—-" ' ■ 1 1   TIP REF, 

Figure 14.  Vortex Position Measurements, Run 122. 

25 



THRUST = 8,000 POUNDS 
TIPSPEED = 800 FEET/SECOND 

O 

o 
On 

-1 
< 
u 
M 
E- 
os 
w 
> 

w 
EH 
« 
o 
> 

.10 

.081 

.06 

.04-1 

.02 

0 

-.021 

-.04 

-.06- 

-.08- 

73.6 ms 

43.3 ms 

VORTEX AGE ~  DEGREES 

-' ■ " ■ 1 1 1 1 1 1   HUB REF, 
100 200 

VORTEX AGE ~ DEGREES 

OS 

u 

2 
O 

o a* 
J 

x 
w 
EH 

o 
> 

1.0 

.98- 

.96 

.94 

.92 

.90 

.88 

.86 

t= 55° 

¥> = 45° 

= 35° 
t=0 ms A\T^\/~~ 

43.3 ms —* y\ 
2* 73.6 ms' 

T——i  TIP REF, 
200 

Figure 15. Vortex Position Measurements, Run 113, 

26 



N 

z o 
H 
EH 
H 
W 
O 
CM 

U 
H 

PC 
w 
> 

X u 
EH 
« o 
> 

.04 

.02 

0 

-.02 

-.04 

-.06 

-.08 

THRUST = 27,000 POUNDS 
TIPSPEED = G50 FEET/SECOND 

VORTEX AGE ~ DEGREES 

100 
—t     HUB  REF, 
200 

« 

2 
O 
H 
EH 
H 
W 
o 
OH 

H 

w 
EH 
« 
O 
> 

1.0 

.98 

.96 

.94 

.92 

.90 

.88 

.861 

VORTEX AGE ~ DEGREES 
i 1 1 1 1 1 1 1 1 1  TIP REF, 

100 200 

12.3 ms 

32.1 ms 

t=0 ms 

Figure 16.  Vortex Position Measurements, Run 120 

27 



THRUST = 27,000 POUNDS 
TIPSPEED =750 FEET/SECOND 

2 
O 

o 
On 

< 
u 
H 

g w 
> 

X 
w 
E-< 
<S 
O 
> 

.10- 

sS?f~~ t = 0 ms 

^X.7^"- 13.9 ms 

.08 

.06" 

345oJ r^V-40.1 ms 
55°-/               > 

04 

.02. 
VORTEX AGE «■• DEGREES 

n . 
100                                          2C 

02- 

.04- 

.06 

.08- 

HUB REF. 

VORTEX AGE ~ DEGREES 
a 
•N. 1.0 
U 

I .98 
z 
o 
H .96 
EH 
H 
CO 
o .94 
& 

< .92 
H 
Q 

g .90 

X 

.88 
cc; 
o 
> _Rfi 

. 1  TIP REF. 
200 

Figure 17.  Vortex Position Measurements, Run 116, 

2 3 



THRUST = 25,000 POUNDS 
TIPSPEED = 600 FEET/SECOND 

OS 
\ 

Z 
O 
H 

H 

o 
OH 

U 
H 

W 
> 

w 
OS 
O 
> 

.10 

.08 

.06 

.04 

.021 

0 

-.02' 

-.04- 

-.06- 

-.08' 

65.9 ms 

VORTEX AGE ~ DEGREES 
HUB  REF. 

i 1 = 94ms 

V*   80° 

V-   90° 

Y" ioo° 

200 

VORTEX AGE ~> DEGREES 

§ 
H 

H 

O 

a 
3 
w 
EH 
OS 

8 

1.0 

.98^ 

.96 

.94. 

.92 

.90 

.88 

.86 

TIP  REF, 

t-0 ms   /\p-JC','= 9°° 
U«i       Yv ^ 1-94. 

65.9 „s ^V""  8°° 

0 ms 

Figure  18.     Vortex Position Measurements,   Run  8 9 

29 



PLAN VIEW 

ROTATING CAMERA 

VORTEX 

ELEVATION VIEW 

ROTATING CAMERA 

FIELD OF VIEW 

BLADE TIP 

VORTEX 

Z 

1 

VUKltA —7 T 

"„'--"'•'rtfri'lif"— _ 

,_J SEPARATION 

Figure 19.  Rotating Camera Position. 

30 



An appropriate measure of the radial position of the vortex at 
the vortex age desired was derived from the stationary system 
measurements.  By assuming that the horizontal position of the 
vortex is defined by the superposition of contraction and wind: 

where: 

R = Contraction " v' fc" cos * 

R = radius of the vortex at any azimuth, it 

contraction = radius of the vortex when there 
is no wind 

v = wind velocity 

t = time corresponding to vertex age 

ty  = azimuth of vortex, ty  = 0 = upwind 

The wind velocity and direction were recorded in the field. 
The only unknown factor was Rcontraction.  It: was f°und from ths 
stationary camera measurements by: 

Contraction = Measured + v<t' cos (^ stationary 
cameras) 

For runs where stationary camera measurements were available, 
trend curves were plotted and R       .  was interpolated 
from them. Fortunately, the desired accuracy was not prohibi- 
tive.  In order to have 5% accuracy in the vertical position, 
the radius of the vortex must only be known to within .05Ro or 
18".  Discussion of the application of these procedures is 
found in Section 4.4.3. 
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Section 4 

Discussion of Results 

4.1 NOISE GENERATION - TERMINOLOGY 

Section 3.1 defined a set of general terminology which can be 
used to describe acoustical data.  In order to apply these 
definitions to a helicopter rotor, they may be more specifirilly 
defined as: 

o Harmonic - The component of the noise which arises from 
harmonic blade loadings. 

o Broadband - The component arising from the non-periodic 
pressures on the blade. 

o Transient - Those components of noise, including the 
impulsive components, which occur over only 
a snail segment of the rotor azimuth or which 
arise from such aperiodic effects as wind 
variations. 

4.2 RECORDED DATA 

A fundamental purpose of the program was to document the noise 
of a rotor over a broad range of test variables and under condi- 
tions which were closely monitored.  This was accomplished with 
a recording system which, as previously described, had a fre- 
quency response which had no variation over a frequency range 
of 2 - 50 00 Hz and was within 2 db of the nominal value over 
the range 500J-10,000 HZ. 

All the acoustical data, as analyzed, is presented in Appendix 
B and has been ordered by run number.  As noted in Section 2.6, 
Figure 9 displays the test program nominal thrust and tip speed 
matrix by run.  The actual run conditions, including atmospher- 
ic conditions are presented in Appendix B. 

The basic data was analyzed lor the ran.je 0-500 Hz and averaged 
over 32 rotor cycles to preserve definition of individual har- 
monics of blade passage for a broad frequency range.  A repre- 
sentative matrix of data was also analyzed over the frequency 
range 0-10,000 Hz and this has also been included, as well as 
selected data recorded at the ground microphone positions (100 
ft radius). 

To obtain tne sound pressure level for a given test point and 
microphone location, the level of the ordinate, L, is read and 
added ;o the calibration factor presented in the upper right 
corner   the graph.  Thus, the first harmonic „Level for Run 1, 
Microphc :e LF-2 (1 Dia.) is (re 0.0002 dyne/cm ) 

SPL = 50 + 56 = 106 db 
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The averaged waveforms accompanying the frequency spectra have 
been normalized to the same approximate amplitude and period 
for waveform evaluation.  Data analysis procedures are des- 
cribed more fully in Section 3.1. 

When cut along the centerline, the photographic gradicules used 
for analysis of all the acoustical data can be used to con- 
veniently scale the ordinate levels, L. A page of blank gradi- 
cules has been included.  Due to occasional power cable inter- 
ference, the 60 Hz level may appear higher than that of adjacent 
harmonics.  When this occurs, the level at this frequency 
should not be interpreted as rotor noise.  The signal at this 
frequency can be estimated, however, by interpolating between 
adjacent harmonics. 

4.3  REVERBERATION 

The influence of reflective surfaces, including the ground 
plane, was investigated as noted in Section 2.4.  The micro- 
phone positions at 0.2R, 1R and ID were not generally degraded 
from acoustical reflection.  Data observed at the 3D and 5D 
locations were not totally free field, however. A summary of 
the times between incident and reflected wavefronts, and the 
attentation (relative amplitudes) between them was measured 
on Figure 20 and Table II. Agreement between the prediction 
and measurement is evidence that only the ground reflected wave 
is the major source of interference.  Other structures do not 
present surfaces of any significance.  Destructive interference 
of the ground reflected ray with the unreflected incident wave 
occurs in the range of signal frequencies which correspond to 
one-half the wavelength of the time delay between incident and 
reflected wavefronts.  For the 3 diameter position, whose ray 
path is illustrated in Figure 21, this frequency is   1 = 

2^TT 
l 

o / nmr\  = 52 Hz.  The pressure amplitude at this micro- 2 (.0096) 

ohone resulting from the incident and time delayed reflected 
wave is , 

P, = P0 sin t + aP0 sin / a (t +A t)\ 

P = Pressure amplitude of original wave 

a = attenuation coefficient 

At = time delay of reflected wave (sec) 

uj = sound frequency (rad/sec) 

expanding, 

P,_.  =  P     fin  j)t +  aP   {sin m*t  cos  to-At  +  cos  ,u«t  sinwAt} 3D o c J 
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TABLE II 

REVERBERATION TEST DATA 

MICROPHONE 
LOCATION 

At 
CALCULATED 

(sec.) 

At 
MEASURED 
(sec.) 

20 log a 
MEASURED ° 

(db) 

1R .040 .039 -20. 

ID .0445 .044 -14. 

3D .0096 .0096 - 6. 

5D .0009 .001 - 6. 

50 FEET 

Figure 21.  Raypath Diagram, 3-Diameter Microphone, 
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= P  sin u t (1 + a cos wA t) + (aP  sin ^A t) (cos u> t) 

= P a' sin (i> t + i> ) 

2    2    2       h where a' =  {(1 + a cosu-At)  + a sin  (wAt)} 

and ijj  = tan   J a sin ( ui'A t) 1 
| i + a coswAt j 

In the form of the identify, 

a1 =  {1 + 2 a cos u>*A t + a cos co-A t + a sin OJ• A t} 
2 k or   a* =  {1 + 2 a cos W«A t + a } 

The measured sound level at 3 diameters is 

SPL3D = SPLQ + 20 log a' 

where SPL is the level from the incident wave only, o 

Evaluation of the attenuation coefficient, a', then permits a 
correction to be made to obtain free field data.  20 log a' is 
plotted as a function of frequency in Figure 22.  The range of 
corrections is not negligible and varies from +3.7 to -6.6 db. 
A similar correction has been developed for the ID and 5D 
microphones that is also presented in Figure 22. 

4.4  NOISE GENERATION 

Comparison of the data from this program has been with a rela- 
tively limited number of published prediction methods due to 
the scope of the program, although additional comparisons will 
certainly be more revealing.  The evaluation of data was also 
made with a representative 3x3 matrix of test conditions in 
thrust and tip speed (or C. and M,) and was selected based on 
the lowest tip speed in which a thrust of 27,0 00 lb. could be 
achieved.  At the lowest test rpm (V"t = 600 ft/sec) the maximum 
value of thrust obtained was 25,000 lb., and this was judged to 
be too low to be representative of the high rotor thrust 
achieved during the program since the maximum value obtained 
was 33,00 0 lb.  Thus the lowest tip speed where a thrust of 
27,000 lb. was achieved was selected for an end point of the 
matrix.  This matrix is listed below. 
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Thrust **  lb. 

Data Matrix Evaluated 
(By Run Number) 

27,000 108 57      36 

18,000 104 54      34 

9,000 101 51      31 

650 7 50 850 

Tip Speed **» ft/sec 

For the trend studies, data from the microphone located at three 
diameters from the rotor centerline has been used since it is 
the closest one which is in the acoustic far field.  Predictions 
of the theory of Lowson and Ollerhead.* For the specific cases 
of this program were performed using the design charts included 
in that report. 

4.4.1 Harmonic 

Predicted levels for the test rotor have been compared with 
measurements in Figure 23 through 25 for those frequencies which 
are identifiable as harmonics of blade passage.  The theory of 
Reference 1 has been corrected for the specific test site condi- 
tions for reflection by the method developed in Section 4.3 and 
the reflected wave amplitude has been corrected for source 
directivity.  The underprediction, as noted by Lowson, is 
thought to result from the lack of adequate high harmonic 
sensitivity of the instrumentation which measured airloads 
utilized by Lowson and Ollerhead in developing the theory. 
This difference between predicted and measured levels is also 
illustrated in Figure 26, the zero reference being the data 
value. 

A comparison of the data with predictions in terms of tip Mach 
number and thrust coefficient is made and shown in Figures 27 
and 28.  Good agreement is also displayed at harmonic numbers 
of blade passage below five.  Because of this agreement, the 
fundamental blade passage frequency was used in investigating 
data trends with tip speed, illustrated in Figure 29.  The 
data shown for the lov:est thrust, displays a 5.3 power law 
trend decreasing with thrust to m  =3.4.  Straight lines were 
fit to the data by the methods of least squares.  Power law 
trends at the low thrust values are in conformance with other 
published data. 
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It can be generally concluded that the low harmonics of blade 
passage are predictable in that they can be estimated to within 
5 db of the measurement value, at least over the range of opera- 
ting conditions investigated in this program.  Further, it is 
not surprising that the best agreement between theory and data 
is in the same range of tip speeds and thrusts as the airload 
data which Scheiman reported and which Lowson utilized for 
development of Reference 1 theory.  Airloading data with 
improved high harmonic content appears to be the solution to 
increased accuracy of noise prediction of lifting rotors. 

4.4.2 Broadband Noise 

In scanning the many illustrations of frequency spectra, it is 
evident that many conditions evaluated on the test rotor impart 
a non-harmonic quality to the data. A method for estimating 
this contribution to the rotor spectra was developed by 
Schlegel.  This method, based on the theory of Reference 8 
for propellers, is in a useful form for rotors in that it pro- 
vides a method for estimating the broad spectra of noise nor- 
mally associated with helicopter lifting rotors.  Broadband 
noise calculated by the method of Reference 2 is shown in the 
comparison of data with theory in Figures 30 through 32.  The 
octave band measurements of the data from this report are 5 to 
10 db higher than the Reference 2 theory predicts for this 
rotor.  However, Schlegel reports good agreement with two large 
rotors not the same as that used in the subject test, and this 
may point up a requirement for additional terms in the expres- 
sion for broadband noise to account for specific airfoil pro- 
file, planform, tip shape or other characteristics which may 
influence the broadband noise radiated by a rotor system. 

Table III presents a comparison of methods for broadband noise 
prediction developed by other researchers working in helicopter 
noise. The constants in the expressions presented account for 
the field point where comparison data was obtained.  Predictions 
have been made for only one data point.  The constants obtained 
for several of the methods would provide a closer approximation 
to the measured data from this program. 

4.4.3 Transient Impulsive Noise 

In previous investigations of the noise generated from a 
hovering rotor as reported in Reference 9, a transient, impul- 
sive noise was observed above the relatively constant rota- 
tional noise.  This noise dominates the signature and becomes 
greater in magnitude with increasing tip speed and thrust. 
Figure 33, taken from Reference 10, gives a rough delineation 
of the previously observed region where this transient impulsive 
noise becomes dominant.  It had been previously hypothesized 
that this impulsive signature was due to blade-vortex inter- 
sections and, therefore, smoke visualization of the vortex was 
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used to measure vortex position in order to correlate blade- 
vortex separation with recorded noise level.  The results of 
the program to measure blade vortex separations obtained as 
discussed in Section 3.2.2 are shown in Figures 34 through 38. 
It can be noted in these figures that no measurements exist 
for large portions of the rotor azimuth.  This resulted from 
the vortex rising above the horizon as viewed by the rotating 
carera.  The smoke did not have sufficient intensity in most 
cases to be observed against the sky.  In one run (Figure 34), 
however, the smoke could be observed for all azimuth locations. 
It was noted that this shape described an extremely close 
approximation to a sine curve with its peak approximately in 
the upwind directions as would be anticipated. 

In order to estimate the location of the vortex at all azimuth 
locations, sine curves were fitted to the data for the remain- 
ing runs.  In order to do this, it was assumed that: 

S = A sin ( i>     - \p   0) + B 

where:  S = blade-vortex separation 

A and B are constants 

ty  = azimuth,  \p   = 0 = upwind 

\\i     -  phase angle 

o was determined by finding the minimum in the data and add- 
ing 90°.  Then S was plotted against sin ty - \pd) to describe 
d line.  The slope of that line was A, and its intercept, B. 
Stationary camera separation measurements were used to sub- 
stantiate these and are plotted on Figures 35 and 36 for cases 
where both measurements were available.  The close agreement 
between the two measurement systems strongly supports the 
accuracy of the system. 

These measurements and extrapolations indicate that inter- 
sections occur for all the conditions observed.  Of special 
interest is the fact that intersections were observed for a 
low fc.'irubC condition (Figure 36) for which no transient impul- 
sive noise was observed, and for a higher thrust condition, 
Figure 34, which did display a transient impulsive noise in 
its signature.  Intersections were extrapolated for all other 
cases.  Thus any correlation between separation and the 
occurrence of this impulsive noise is not meaningful. 

Since the existence or absence of transient impulses in an 
acoustical signature cannot be determined by the existence 
or absence of blade-vortex intersections alone, one of the 
following conclusions can be drawn:  (a) the vortex does not 
enter into the requirement for impulsive ncise generation, 
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or (b) the presence of the vortex is not the total determinant 
of impulsive noise generation.  The Aerodyramics Research 
Staff at Vertol has suggested that the most probable source 
of the noise is the fluctuation of an attached shock, during 
conditions of critical flow, caused by blade-vortex inter- 
section.    Thus single rotor impulsive noise during hovering 
conditions cannot occur if the rotor is operated at tip speeds 
less than the critical Mach number for the airfoil section on 
the blade.  Figure 39 gives support to this possibility.  It 
shows a method of delineating the regions of transonic and 
subsonic flow on the airfoil. The locus where . gCL  I 

\T~~M  )  ° 
for a constant angle of attack, a , roughly indicates when the 
Prandtl-Glauert law fails.  The shaded area is reproduced from 
Figure 33.  Further investigation in this area appears to be 
warranted. 

4.5  NOISE PROPAGATION 

Harmonic levels of data recorded at 1 rotor diameter and 5 
rotor diameters generally attenuate in an orderly manner.  How- 
ever, the 3 diameter data displays a 'fluctuating decay' to 
the higher harmonics of discrete noise. 

The data illustrates the wave interference noted in Section 
4.3 resulting from the reflected wave and is not a real char- 
acteristic of the signal.  A comparison of the difference in 
sound level between the ID and 3D positions and 3D and 5D posi- 
tions as a function of sound harmonic is illustrated in Figure 
40 for both measured data and the theory predicted by the 
method of a previous section.  The agreement noted lends 
credence to the interference effect hypothesis.  Correction 
for data from the 1R and 5D positions, while not negligible, 
is not so dramatic as the 3D position, and does in fact also 
describe a similar 'fluctuating decay' characteristic.  The 
propagation of rotor noise generally follows the spherical 
law in the acoustic far field.  Sound pressure attenuation in 
the near field (1R to ID) displays the more rapid decay 
generally associated with this region, and is approximately 
20 db per doubling of distance.  See Figure 41.  Attenuation 
between the 3 diameter and 5 diameter position includes not 
only spherical spreading but the increased pressure due to 
the incident wave reflected from the ground plane.  The range 
of levels expected at the 5D position can be predicted from 
spherical spreading and pressure doubling of the reflected 
wave.  Evaluated, this is 20 log 290   4.1 db.  If the 

reflected wave is in phase with trie incident wave, then 
pressure doubling will result and the measured level will be 
6 db above that predicted for incident wave alone.  Phase 
reversal of the signal at 5D relative to the 3D signal may 
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occur as a result of a strong reflected ray signal shown on 
the ray path diagram illustrated in Figure 21. The pressures 
at the 5D location range from, 

(SPL-JQQ - SPLc-nn) = -4.1 db relative to the 3D position 

to 

(SPL 
300 

500' 

SPL500) + SPL (Reflected Wave) 

= -4.1 + 6 » 1.9 db 

higher than the 3 diameter levels.  Because of variation in 
phase relationships, a range of levels can be expected. 

As previously noted, these data display wave interference 
effects near the 3rd, 4th and 5th harmonics of blade passage. 
For destructive interference to occur, the signal wave length 
must  be twice the wave length of that associat J with the 
time delay between incident and reflective wave. At the 3 
diameter location, the time delay from incident to reflected 
pulse is 0.0096 seconds.  The frequency associated with twice 
this period is, f =  1  =   1   =  52Hz. 

2 ^t   2(.0096) 

The blade passage frequencies and harmonics where wave irter- 
ference would be expected for the tip speeds of the evaluation 
matrix are, 

RPM vt 
SHAFT 

ROTATION, 
(Hz) 

(f, ) 

BLADE 
PASSAGE (3f, ) 

(Hz) 

INTERFERENCE 
HARMONIC 

(sff) 
271 850 4.5 13.5 3.8 

239 750 4.0 12.0 4.3 

207 650 3.45 10.35 5.0 

The frequency of the rotor noise S-Lgnal coincides with the 
frequency of the time delay between incident and reflected 
pulse at approximately the 4th harmonic number at a tip speed 
of 850 ft/sec, 4th harmonic at 750 ft/sec and 5th harmonic at 
650 ft/sec.  This interference is shown in the noted illustra- 
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tions and in the data recorded at the 3 diameter microphone 
locations.  While the spectra recorded at ID and 5D decays 
in a more regular manner with frequency, data at the 3D 
position displays a constructive/destructive interference pat- 
tern at the odd integer harmonics of 52 Hz, i.e., 52, 156, 
260, 354 Hz. etc. 

Data contained in Appendix B can be used in studying poise 
propagation of broadband noise of rotors and should be helpf 1 
for evaluating this area of the rotor noise spectra. 

I 
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Appendix A 

This Appendix gives the details of the method used to calculate 
vortex positions from measurements made from the films.  It is 
divided into three sections.  Section I describes the method 
used to calibrate the camera orientations and convert measure- 
ments on the film into unit vectors pointing toward objects in 
real space.  Section II takes the un-t vectors pointed toward 
the blade tip and develops the equations required for finding 
the blade azimuths required for frame correlation.  Section III 
develops the equations which relate the film measurements of 
the vortex with the vortex position in space. 

SECTION I - METHOD USED TO TRANSFORM FILM MEASUREMENTS TO 
UNIT VECTORS 

In a coordinate system centered at the optical center of the 
camera lens with its x-axis directed along the optical axis 
(Figure 42), any point on the film plane is represented by 
(-f, yc/ zc) where yc and zc are measured from the film.  In 
this coordinate system, the unit vector ei directed toward the 
object has components, 

(+f/r, - i'c/r, - zc/r) where r = (f2 + yc
2 + Zc2)*5  1. 

In order to convert e^ from the camera oriented coordinate 
system to e^',the same vector expressed in a coordinate system 
with the same origin but oriented with the tower (see Figure 
43), the following rotation, A, is used: 

e,' = A«e^ 

In order to determine A, it is necessary to know only three 
unit vectors in each system: 

e/ = A- e 

e2' = A< e2 

e3' = A- e3 

These define the matrix E, whose columns are the unit vectors 
(e^, &2>  e3^ an<-* the  matrix E' whose rows are the vecors 

(e^', &2X '   e3') then 

E' = A • E 

Thus 

A  = E' • E-1 2. 

This requires that E have an inverse which means that the 
three images on the film cannot be in a straight line. 
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Targets from the calibration grid photographed were chosen and 
from their coordinates on the film, e^, e2 and e3 were cal- 
culated; e^', e2', and 63' were found from the known positions 
of the targets in space. A was then found from Equation 2. 

SECTION II - CALCULATION OF BLADE AZIMUTH FROM TIP IMAGE 
POSITION 

In order to find the blade azimuth in each frame of the film 
from all cameras, the film coordinates of the blade tip were 
read.  These measurements were then converted to unit vectors 
by the method of Section I.  Figure 44 shows the two methods 
used to find the azimuth of the blade from a unit vector. 
Unit vectors at Camera H were extended until they intersected . 
the sphere of possible blade positions.  This method, however, 
would have produced inaccurate results if used for the points 
from Camera V.  Instead, on each run, the height of the tip 
path plane was determined from Camera H and unit vectors from 
Camera V were extended, until they intersected the tip path 
plane. 

Horizontal Camera Points 

The unit vector (x, yf z~) pointing to the blade tip is found 
from film measurements.  A point along the line defined by 
this unit vector has the equation: 

x = x p + a 

y = y p + b 1. 

z = z p +  c 

where (x, y, z) = coordinates of a point on the line in hub 
coordinate system 

(x, y, z") = unit vector defining the line 

p = distance from origin of camera coordinate system 

(a, b, c) = coordinates of the origin of the horizontal 
camera in hub coordinate system 

The sphere of possible blade tip positions is defined by: 
2 J  2 ,  2   _ „ 

x +y +z =RQ2 

where R = blade radius o 

Intersecting the line and the sphere gives 

P2(x 2 + y 2 + Z"2)-i-2P (xa + yb + z  c)+ a ''   + b  +c  -RQ 
Since (x, y, z") is a unit vector, this reduces to 

p2 + 2p (xa + yb + zc) + a2 + b2 + c2 - R2
Q     =0 
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Figure 44.  Schematic Used in Finding Blade Azimuth. 
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This can be solved for P using the quadratic formula 

p = -(xa + yb + 2c) + { (xa + yb + zcf    - (a2 + tf + £    - $ $ * x>' 

The discriminate was added because the point in front of the 
camera corresponding to a positive p was desired.  From p , 
(x, y, z) can be found by Equation 1 and the azimuth of the 
blade by 

4> = - tan"  ( y/x ) 2. 

Vertical Camera Points 

Again the unit vector (x, y, z) was derived from the film 
measurements and the line extending in the direction of one 
of these unit vectors is given by Equation 1. 

The tip path plane is determined from horizontal camera 
measurements on the same run.  The equation for this plan is: 

z = z o 

where    z = tip path plane height. 

Intersecting the line with the plane gives: 

z = z = z"p  + c o 

Thus o = z - c o 

Again the coordinates of the blade tip are found from Equation 
1 and the azimuth of the blade by Equation 2. 

SECTION III - METHOD TO FIND VORTEX POSITION 

Measurements of the vortex image were made from each frame 
pair.  Enough points were measured in each fr?me to insure 
accuracy of a linear interpolation between them.  These measure- 
ments were converted to unit vectors pointing toward the vor- 
tex as described in Appendix A, Section_I.  Thus for a given 
frame pair, n unit vectors, (xu., y., zu.), j = 1, n have HJ    H]    HJ 
been found from Camera H toward the vortex and m unit vectors, 
(x„, , y . , z , ) k = 1, m have been found from Camera H toward 

the vortex.  The coordinate systems of these two sets of unit 
vectors are shown in Figure 11.  All equations are referred 
to this figure. 

JL, y. 

The parametric equation of a line from Camera H to the j 
point on the vortex is: 
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XVj - *Hj ' rH + a' 

YVj = *Hj ' rH + b' 

ZVj = *Hj ' rH + C' 

in the Camera V coordinate system 

where: (x .  y .  z .) = unit vector toward j  vortex point H3,  H],  HD   from Camera H 

r„ = distance from Camera H to any point on the line 

(a', b', c') = coordinate of Camera H in Camera V's 
coordinate system 

choosing the k  point from Camera V with unit vector (x,n. 

^vk' zvY^ '   **^e Plane containing this point and the yv axis can 
be found (Plane K in Figure 11). 

The equation of this plane is 

Xv = Vv 

where    Mk = X^ 

*Vk 

Finding the point of intersection of this plane and line gives 

rHjk = Mkc' - a' 

Hj    k H] 

where (xv , y  , zy ) , the coordinates of this point, I, can VI  VI  VI 
be found from Equation 3 above. 

The angle £ ., is then the same of the angle from Vk to the 

(xy, zy) plane and the angle from the (xy, zy) plane to VI: 

£ik = tan   (  y Vk 1   + tan"l (   
yvi 

The method of solution thus commenced by choosing a point as 
seen from Camera H, j = 1.  Then calculating £ ., with k = 1, 2( 
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3, etc. until e., changes sign.  Thus using a linearly inter- 

polated value of r„., the coordinates of the point on the vor- 
tex could be found from Equation 3.  This gives the coordinates 
of the point on the vortex pointed to by the first unit vector 
from Camera H.  This process is continued until the coordinates 
of all the points chosen from Camera H have been found. 
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Appendix B 

Acoustical Date 

All sound levels in this appendix, as well as throughout the 
report, are relative to the standard acoustical pressure of 
0.0002 dyne/cm2,  in keeping with the recommendations of 
current international organizations and the U.S. National 
Bureau of Standards, when this pressure is referred to in this 
report, it has been noted in terms of its MKS syster equivalent, 
0.000 02 Newton/meter2. 

To obtain the sound pressure level for a given test point and 
microphone location, the level of the ordinate, LF is read and 
added to the calibration factor presented in the upper right 
corner of the graph.  Thus, the first harmonic level for Run 1, 
Microphone LF-2 (1 Dia.), is 

SPL = 50 + 56 = 106 db. 

The averaged waveforms accompanying the frequency spectra have 
been normalized to the same approximate amplitude and period 
for waveform evaluation.  Discussion of this is found in 
Section 4.2, Recorded Data, page 32, as well as Data Analysis 
Procedures, Section 3.1, page 17. 

Data has been omitted for a small number of test conditions and 
microphone positions where the instrumentation did not perform 
consistently and the resulting information was therefore not 
suitable for publication. 
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i 

These gradicules, when cut along the centerline, 
may be used for scaling acoustical data. 

79 Preceding page blank 



RUN  L  

TIF SPEED 2QQ.     FT/SEC 

THRUST Ö3GQ        LI 

.2 RAD. 

[RUN/      TT = 

IMIC AC-7   |VT = 

»     * 

yi 

soo    F|||SPL=L+7/DB 

Wi 

10 100 200 
IDA HC04-69-C-0087 

300 400 S00J 
AVG   32X 

RUN / p = 
IMIC  LF-I   IVT= 

7*357   LBS I <*    i 
900    FPSPPI-- -L+65DB 

1 RAD. 

V:VA 
auh. 

XmYlYl* 

10 100 200 
IDAHC 04-690087 

300            400 500 
 AVG32X 

82   Preceding page blank 



1 DIA. 

IRÜN    / 
LF-3 

33S7   IBSISPI=L^7DB< 

3 DIA. 

>* 'i i', ^ 

tt 

^öö2üiT 
HC04-69-C-0087 

400 500| 
AVG.  32X( 

5 DIA. 

83 RUN   1 



RUN   £  
TIP «P«n      9QO     FT/SIC 

THBIKT II7QO      Li 

ISPL=L+76DB 

.2 RAD. 

•ri 

f^^m^ 
IDAHC04^^^087 

300 4UU 500J 
   AVG. 32X ' 

N1 

III 
1 RAD. 

ft J S ..« • 

! ^V^\^VVVvv^Vv^vVVVVv-vV-VvVVVV\M 

10 IUU 2UU 
TDAHC 04 69-0087 

500 
AVG 32X 
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1 DIA. 

h^m«M^yW» 

3 DIA. 

,HHi 

.!•/     r 

5 DIA. 

/        i1 

IDAHC04-69-C-0087 
400 5008 
AVG.  32X1 
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■ UN 3 

TIP SPEED. 900 
THRUST /sooo 

FT/SEC 

LI 

.2 RAD. 

«*i:t- 

Fr**** 
10 100 200 
IDAHC04-69-C-0087 

4Ö0 5001 
AVG. 32X 

I 

1 
I 

1 RAD. 
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1 DIA. 

3 DIA. 

(iK^;„, 

\ ,J , /ij-i V V V V V V V V V V V V vv w * V V w V v 

5 DIA. 
■}t\\\ 

■   \v T„M' ; \ > " 

IDA HC04-69-C-0087 AVG.  32X( 

87 RUN   3 



«UN 4 
TIP SEEEP       9QO        FT/$|C 

THRUST /7700      LB 

.2 RAO. 

rrcKH cSBHÖ^Eä QBES3 

t> 

v 

100 20c 
IDAHC04-69 C-0087 

500] 
AVG. 32X 

CCUm IBMEEEggMTjg ——T 

VYVVVVWiV« A#V*MM\^* 
1 RAD. 

io        IOO       2o(r 
IDAHC 04-69-0087 AVG32X 
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'^w^JtSlBlö?§J83E    3 

'    i    i • 
i    .1  : i 

I •   \ 

1 DIA. 

i ' i ■ i * ■ 

'   .'' •': •:J (i    ; 

»H\v; 

3 DIA. 

''•!♦»■'l4|iH,*u 

1 ■       " i* 'i r'r t-r*   i'    t,n''i- '<  " t ,i r"!-t   t'i'-  ' >r •-4 

lüO 200 300 
\HC04-69-C-0QB7 

5ÖÖI 
AVG.  32X( 

5 DIA. 
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«UN 5 

TIP SPEED _^QQ_ 

THRUST       2Q3oa 
FT/SEC 

LI 

.2 RAD. 

1 RAD. 

r^s-* 
i 
i 
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1 DIA. 

ttirrnrTMBTTtmifTOBTi 

■i'ihit«.i. 

tftvwt Htm i'«.M" 

lOO 200 
I10AHC04-W-C-0087 

HVVVV 

400        5ÖC 
AVG. 32X( 

3 DIA. 

5 DIA. 
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RUN & 

TIP SPtEP    9QO FT/SfC 
THRUST      247QO      LB 

.2 RAD. 

1 RAD. 
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1 DIA. 

■niiHifmnriciwm 

■'^^fe^WteH^^ 

TOO 200 
ISi AHC04-69-C-0087 

4005Ö? 
AVG. 32X1 

3 DIA. '^mmm^m 
lOO 200 

IIDAHC04-60-C-0087 
40050C 
AVG. 3?X( 

5 DIA. 

93 RUN   6 



HUN  & 
TIP S»»P    S)QO FT/$EC 

THRUST     268QO L| 

.2 RAD. 

1 RAD. 

Kffi^Bfl tfiBKE&wKBi CZ5SSZZDa 

■■:!:,.•' 

10 100 200 
IDAHC04-69-0087 

^OlT 
AVG 32X 
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üö! ISKB^iffl ESSBS3 

1 DIA. 

; ' 1 ' t i . 
» '   1    '    I    L 

v*vyV^hv^vVV^Vvu'vVvavvVü 

3 DIA. 

mmw^mMvstt 

III 100 200 
DAHC04-69-C-0087 

5 DIA. 
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tUN 9 

TIP SPEED 9QO FT/SEC 
THRUST       3/5QO       tg 

.2 RAD. 

I 
I 

[RUN       9   |T=       3/*90    LBSl ,„Cna I 
I 

1 RAD. 

10 100 
1DAHC04-69 0037 

50C 
AVG 32X 
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1 DIA. 

- • «r   i 

i^'^M^^^ 

3 DIA. 

\mmsMz^wmk 

'.'V.V'JUHA 

100 20U 
BBAHC04-69-C-0087 

\VyM>V\ VVANW 

400 500| 
AVG. 32X1 

5 DIA. 



RUrf JO 

TIP SPEED-Js>ÜQ     FT/SEC 
THRUST       3235Q       it 

2 RAD. 

1 RAD. 

hi      . 

V^VWVVVV^VVVH^W 

|OAHC04-69-0087 AVG32X 
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1 DIA. 

TOT 2WT 
AHC04-6P-C-0087 

OTÖ4005ÜC 
AVG. 32 X( 

3 DIA. 

^■i^'Wtotoi»»^ 

I TOO ZÖTT 
DAHC04-69-C-0087 

300 4005C 
AVG. 32X1 

5 DIA. 

99 RUN   .10 



■ UM // 

TIP SPEED- soo 
THRUST '45QQ 

FT/SEC 

LI 

.2 RAD. 

PilfFfll \^Wi"'''W\\ TPBJTI 

I 

Ai P"*"**^ 
10 100 20TT 
|D^HC04^<^08^^ 

5ÖÖ1 
AVG. 32X 

IRUN      //   |T = 
iMIC  LF-I IVT= 

t+SOO LBSI „ Ar   . 

1 RAD. 

|U 100 200 
IDAHC 04-69-0037 

100 

400 50C 
AVG 32X 



;K^ S^ Sw 

1 DIA. 

BH.; .,..v^^vvVVVvvtvVtvr^vvvVVv 

■■0^^^^I0O^^^2ÜO^^^30Ö^^^4ÖO^^5ÖOT| 
■DAHC04-69-C-0087                                          AVG.  32X^ 

3 DIA. 

\vumimm iia   i    i »i ij nwmmmmmm 

i i i i.i ' 

^^Mis^^aju;, %^wmw^mm 
10 100 200 
IDAHC04-69-C0087 

^005ÜÖ1 
AVG. 32X( 

s  vV '/^V W 

5 DIA. 

I RUN    //      |T =     /+500      LBSl 
MIC ^r-^ |vT=      SOO     FPSI 

SPL = L+60DB' 

ID 100 200 
DAHC04-69C-0087 

400 
AVG.  32) 

101 RUN   11 



RUN IZ 

TIP smo-Saa—  FT/SIC 
THRUST /7/QQ LI 

.2 RAO. 

IDAHC04-69-C-0087 
'♦»  *J 3UVJJ 

AVG.  32X 

ffillafSHlillGfflEHS 

\%M%&^^m 
1 RAD. 

IDAHC 04-69-0087 
400 50C 
AVG 32X 

102 



Wn,      Ws vK 

1 DIA. 

ülljJBJM U§ £f^^Hr^ Sä 

',        ,   . J  J   »   ,     '   ,r    a   '    '  «i ■ 

3 DIA. 

nr /*• 3   |VT=       SOO       FPSf 

TOO 200 
IDAHC04-69C-0087 

400 
AVG. 32X< 

/vv;   ^^   *^A :^ 

5 DIA. 

103 RUN   1? 



RUN _ 

TIP SPEED. 

THRUST  

/3 

<3SO 

9/00 
FT/SEC 

LI 

.2 RAD. 

RUN      »3  |T. 
MIC  If-/  IVT = 

P/OO    LBS1 Bi    ,JWM. «are  FPSISP^=I-+75DB 

1 RAD. 
^ti^mm* 

- f 

10TOO 2Ü0 
IDAHC04-69-0087 AVG 32X 

104 



1 DIA. 

WMWXJBM CX    WPT^MmJja i^BflftiMiB 

v^;$$mmmm* 
100 200 

S^4HC04-69-C-0087 
300 400 5ÖÖI 

AVG   32 X 1 

l 

3 DIA. 

|RUN   13     IT- 

V nVHurt ■M^0^^^ 
10 100 20TT 
IDAHC04-69-C0087 

5ÖÖ1 
AVG. 32X( 

r*£>-rs~h. 

5 DIA. 

\':.:W,.. 1'. sii-:»; 

AWV^WVS^V^VVM^ 

105 RUN   13 



RUN /4- 

1\f SPEED      <3SO        FT/SEC 

THBUST        //300 L| 

.2 RAO. 

EKKMBH V^KHttW^A PWWPWC 

1 RAD. 
IliiM 

|U 100 200 
IDAHC04- 69-0087 

50C 
AVG 32X 

106 



x^.,\^:w 

1 DIA 

'r        V 
3 DIA. 

■RUN   /*      |T=       U300       LB5|spl = L+<s>&DB( 

w vvwm-v riVWWlWVVvvv 

10 100 200 300 
DAHC04-69-C-0087 3^HC^^ 

<*0U 500| 
AVG.  32X( 

5 OIA. 

107 RUN   14 



BUN /£- 

TIP SPEED 3SO 

THRUST /tooo 
FT/SEC 

LI 

.2 RAD. 

1 RAO. 

108 



1 DIA. 

i , ;•    .'i' 

vwvu 

TOÖ 2W 
BDAHC04-69-C-0087 

400 50X 
AVG   32X1 

3 DIA. 

5 DIA. 

109 RUN   15 



RUN /<ö 

TIP SPEER     &SO     FT/SEC 

THBMST /7QOO        LI 

.2 RAO. 

[RUN      /Ä |T=      /7000 LBS1      _     _.      , 
MIC  ZA"-/ IVT= «93"0  FPS|SPL=L+»DB 

^%%\mm 
1 RAD. 

10 100 200 
1DAHC04- 69-0087 

50C 
AVG 32X 

110 



1 DIA. 

IMIC LF-Z   |VT= &SO       FPSf 

^A:V#^ftW*WlfvWy^ 

TOO 200 
■nAHC04;^^^08^^^ 

400 50C 
AVG. 32X1 

3 DIA. 

|RÜN IQ»     yf= 
WC    Z/--v?IV» = 

,7sss sn^L^o,. 

10 100 200 
IDAHC04 69-C-0087 

u'... • .i., i A j 

^vifvvwMwv 

400 500' 
AVG.  32X 1 

5 DIA. 

■RUN/äIT-      /7000      LB5|spi_.+4s.nB* 
HMIC /^-* |VT-        S-TO       FPs|5        l    45DB^ 

60 

40 

L 

20 

1,1   1.          .          ■                           •  *        . t             - •   ■           •               •       •     ■• 

'»  ,  1,' -.       . •            ■              ..'•..,■•■ 

*                                                                             «          ■                    .     '                    . 

-     .                     '       .,              --      -                  .   ■-             -r~tr             .      . 

- 

10               100             200             300             400         50 DM 
IDAHC04 69C-0087                                           AVG   32xfl 

11 RUN   16 



RUN /7 

TIP SPEED GSQ 
THRUST /7€>00 

FT/SEC 

LI 

.2 RAD. 

1 RAD. 

112 



'''<H<c£ti^fl E-^E9 K^SMET^ ■AfihHiiHiiJ 

1 DIA. 

■ M »! • t i»«'« ;';» v\mY*XWw^: !*m* 

100 
IPAHC04-69-C-0087 AVG.  32X1 

\ h\ >V'/\ 

3 DIA. 
i ^iu^^^ 

5 DIA. 

fflfhwH es E&SHü E       Si 

WWW 

113 RUN   17 



RUN /a 
TIP SPEED    S5Q FT/SEC 

THRUST       242QO       LB 

.2 RAO. 

1 RAD. 

t 

114 



1 DIA. 

y!,.V*f* ;Ä^v^vw^ 

100 200 
IDA HC64-69-C -0087 AVG   32X1 

3 DIA. 
r ^"M^M^m^^ 
10 100 
IDAHC04-69-C-0087 

300 400       TOÜI 
AVG. 32X( 

5 DIA. 

115 RUN   18 



RUN /9 
TIP SPEED     <3SO 

THtllST 23000 

»T/SIC 

LI 

.2 RAD. 

1 RAD. 

116 



1 DIA. 

u'y'tf^MW^s*^ V****M 

IDAHC04-69-C-Q087 AVG. 32X( 

3 DIA. 

■RUN m   rr=   23000 LBSI«P,_. ,,,„,,» 
iMIC */v3  |VT= Ä3"0    FPc|SPL-l + 6,DB' 

;ti^:tiMM*^^ 

■U 100 
|DAHC04-69C-00B7 

300 400        5ÖÖ1 
AVG. 32X( 

5 DIA. 

ir^   zaooo LBST 
vT=       Äyo Fpsr 

RUN    19     |T =23000 LBS|CB, _. ,  .S(Sr. 
ÄJO   Fpc|$PL-L+*5DB' 

•mvM ̂ y 
10 100 200 
IDAHC04-69-C-0087 

^t*****imi'*mHm\* 

300 400 500| 
AVG.  32X1 

117 RUN   19 



RUN £0 
TIF SPKP      S5Q 

THRUST   2eooa 
FT/SIC 

LI 

.2 RAD 

i 

i 
1 RAD. 

118 



IRUN 20     |T=     23000      lBS|sp. .5-    I 
\miCAfr-2 lvT=        Ö^O      FPSlS L_l   45DB 

i 

1 DIA. 

m4*i- 
,AM,wn 

^W*Vvv* 

100 200 
I^HCO^^^OOgT^ 

400 500| 
AVG.  32X( 

3 DIA. 

jRUN 20     IT = i, */g° "9».i44ta< 

>V uvV ^M^^^ 

TOO 200 
IOAHC04-69-C-0087 

W**V** 

400 5ÖÖ1 
AVG.  32X1 

5 DiA. 

119 RUN   20 



RUN 2/ 

TIP  SMBP      <9-3 O 

THRUST      ^5QQ 
FT/SEC 

LI 

.2 RAO. 

1 RAD. 

120 



XmcL/r-l  lvT=        SSO      Fr$|»l-L+4STM« 

1 OIA. 

I\ ■" jj 

V*Ws 

i 100 200 
IAHC04 69-C 0087 AVG. 32X( 

3 DIA. 

>     ■* 

l^^u^w^v*^»^^.^.., mj^ 

IDAHC04-69 C-0087 
400 500| 

AVG.  32X1 

5 DIA. 

IRUN  2/     |T=   32SOO      LBSlT    _.+fe0nR, 

k'Jlw   •   ; 

10 IUU '^00 

IDAHC04-69-C-0087 
300 400 S00| 
         AVG   32X1 

121 RUN   21 



RUN 22 

TIP SPEED     9QQ      FT/SEC 

THRUST 70QQ        LB 

.2 RAD. 
*^M***^^ 

10 TOO 2O0 
DAHC04^^^^08^^^ 

400 5 
AVG.  32X' 

="    1 RAD. 

[RUN  22     |T = 
1 M 1 r  1 c -1   I Vr = 

70OO    LBS|CDI _ 
9on     FPS |SPL=L+6ÖDB' 

If,1 ■ 1*    < ' '       • .     - . 

iu 100 Z01T 
IDAHC04-69-C-0087 

400 
AVG. 32Xt 

122 



1 DIA. 

IT='     7ÖÖÖ 
|VT=     900 ^gpL=l+54DB« 

:;^^^ 

TOO 2DTT 
fi  AHC04-69-C-0087 AVG. 32X1 

3 DIA. 

^00^%Hm^it 

5 DIA. 

liiillj iii' ' 

10 100 200 
IDAHC04-69-C0087 

400 500| 
AVG.  32X1 

123 RUN   22 



RUN ££. 
TIP SPEED    9QO FT/SEC 
THRUST     /25QO        LB 

.2 RAD. 

II']:BEEI  ran pj j     MI I I fmmmmpmr 

i 
I 
I 
I 

1 RAD. 

11 j   '.ii 
'•'it* r ! - +•>■ 

i\nm jjU*M"^ 

10 100 200 
IDAHC04-60-C-0087 

5ÖÖI 
AVG. 32X4 

124 



*^V> \*Y 

1 OIA. 

11 .      ■*       /« 

\  ;V';\  A V 
3 DIA. 

5 OIA. 

W*$A Fffcrv lW\ 11BBS35 

ii   ' , i   ii n      r 

!       i^'-t«1-! !       -..ii 
i'   i I'M 

»    V 'nl'r'h   r ' MJi 

125 RUN   23 



RUN 24 

TIP SPEED 9QO FT/SEC 

THRUST     /se>oo    is 

.2 RAD. 

VX^mSSm CX       P^IC] y^HjsfiBH 

It'1' ,, ' 

1 RAD. 

126 



1 DIA. 

/^^^VVI^^^^^^^^^^Wä-WV. 

100 200 
HC04-69-C-00B7 

^öö400 
        AVG. 32X 

5ÖÖB 
|2XJfl 

3 DIA. 

' -\  .pi 

IDAHC04 69C-0087 
^00400        5001 
     AVG. 32X 1 

/"    A    A 

5 DIA. 

127 RUN   24 



RUN 25- 
TIP SPEED 2.QO      FT/SEC 

TH»M"        /StOO LB 

.2 RAD. 

1 RAD. 

128 



1 DIA. 

/TTHrfüZ^I LT    ^^53IK7i MfiUHMiiiai 

^\A*^^ 

3 DIA. 

|RUN^5-    |T=      /<9/ÖÖ      lBSlsp._   , ( 

, WV\$^ 

100 200 
l >AHC04-69-C-0087 

4005ÜÖ1 
AVG.  32X( 

5 DIA. 

10^ 100 200 
DAHC04-69-C-0087 

300 40TT 
AVG.  32X( 

129 RUN   25 



RUN 26 
TIP SPEED —2Q&      FT/SEC 

THRUST 2QSQQ LB 

.2 RAD. 

1 RAD. 

IRUN   26   |T=       20500   LBS|«.p| _. +7anR| 

M:L:':?, f,.U<«« •}0kpim»m»*fo 

10 100 200 
IDAHC04-69-C-0087 

«*U0 
AVG. 32X( 

130 



1 DIA. 

IRUN 26,     |T=     20S00      LBSI 
L=L+S4DB' 

V**V**Np^i^. 

IDAHC04-69-C-0087  
400 

AVG. 32X1 

3 DIA. 

IRUN   2<b    |T=      20S00     LBS|eD1 _ 
IMIC /.P-J|VT=        500     FPS |SPI = L+49DB^I 

^^-^Fv^VWW^^v^^n^ 

10 100 
IDAHC04-69-C-0087 

400 5001 
AVG. 32X1 

5 DIA. 

131 RUN   26 



RUN 27 
TIP SPEgD     9QO FT/SEC 

THRUST     247ÖO        LR 

.2 RAO. 

[j-ili*KbJlÜi7idfl 

*+WAk 

10 100 200 
|PAHC04 69-C-0087 

5ÖÖJ 
AVG   32X' 

I RAD. 

iWMmWMw™^ V^ww 

lDAHC04-69-C-OOa7 AVG.  32X( 

132 



1 DIA. 

i /   i 

:-0087 
AVG. 

3 DIA. 

Min Mrvün dBiJJiiüJllJill 

n »>.. :..i" 
II'       « '   f ■ / j 

5 DIA. 

. \   ' 

^w^ 

133 
RUN   27 



RUN 23 
TIP SPEED      9QO 

THRUST 27SOO 
FT/SIC 

LB 

.2 RAD. 

77DB< 
" 

'S^A^*.^^^, 

IDAHC04-69-C-0087 
300 400 5ÜÜJ 
          AVG   32X' 

1 RAD. 

nim»§6ss& 

• 11 
^[ijfelf^^vm^vvvw^^ 

134 



II*UN 26     IT =      27SOO    lBSl<pi    .    .        , 

1 DIA. 

IÜU 200 
JC04-69-C-0087 

400 
AVG.  32X1 

3 DIA. 

' ^tyvv**^^ 

5 DIA. 

\ 

135 RUN   28 



RUN 29 

TIP SPEED     90Q FT/SEC 
THRUST 333QO     LB 

.2 RAD. 

1 RAD. 

ii'iHV^HI Lt^^^l   KiäZsJ^flTdTi im^iffi^^^ 

mymm^^ 

K) 100 200 
1DAHC04-69-C-0087 

136 



1 DIA. 

(RUN   29    |T=      33300      LBS|sp.=L + fo,D | 

Jh0{ 
P' . *%Vw 

TOO 2THT 
IDAHC04-69C-0087 

-WO 500| 
AVG. 32X( 

3 DIA. 

. I.MlW^^-fl Lui K^EHi^j BPiPMÄflBBB 

>      '   V    : I 

1^^»^*^ 

D^HCO^j -C-0087 AVG. 32X( 

5 DIA. 

IMIC/.>T-^IVT=      Ort«   ppsr     l " 

t" *ri/ ''«'«I-'MJI. 

■     ^^^^fj'l iVll 1*1 Uli Mfü i 

(0 100 200 
IDAHC04-69-C0087 

4005001 
AVG.  32X1 

137 RUN   29 



RUN  30 

TIP SPEED ?QQ     FT/SEC 
THiUST 332QO       LB 

.2 RAD. 

\r.-\i M* 

1 RAD. 

IP^" 

\i0tiMmk»: 

10 100 ZOCT 
IDAHC04-69-C-0037 

^00        SOT 
AVG. 32X1 

138 



II«UN 30     |T=    33200        tBlw, __,       »n.., 

i MA. 

wiM 
i \< v i ' •' 

IUO 200 
:-0087 

40CT 
AVG. 32X( 

3 DIA. 

piaä^^ 

5 DIA. 

i^mm^ 

139 RUN   30 



RUN 3/  

TIP SPEED     ÖSO     FT/SEC 

THRUST        <33QO        LB 

.2 RAD. 

10 100 200 
DAHC04-69-C-0087 

v                  r 
■       : 

;              V 

1 RAD. 

IRUN  I?      |T = 
ÖSO     FPS SPL = L+fcflDE' 

'*•:    .  » ( 

fy^V ,^yw^^ 

100 200 
I11MHC04-69-C-0087 

400 50C 
AVG. 32X1 

140 



1 DIA. 

I 100 200 
IAHC04-69-C-0087 AVG. 37X« 

3 DIA. 

\mm m$m& BSBE 

H'^ljjij/^^ 

IDAHC04-69-C-0087 
40U 500| 
AVG. 32X 1 

^r^rv 

5 DIA. 

^-* lvT = 
s£?z F

L;I|S-^^->4D? 

r^'L,(w10!|i<iÄ' 

141 RUN   31 



MUN 3Z 
TIP SPEED \    aso 
THRUST //son 

FT/SEC 

LB 

.2 RAD. 

1 RAD. 

♦in^vvvv; iilÄfevv^, 

142 



1 DIA. 

I..! ■:*. 

»{   If-Vif 

3 DIA. 

VW* y^vww^^ 

100 20T 
&4=£££ -0087 

400 5C 
AVG. 32X1 

PnT|T^T5ÖO        LBSE 1     ^-f|vT=     ^"°    CLL5|SPI=L+43DB' 

y- • /v 

1 
/v 

« _■-.'» 

# 

^ 

I1 " i yi ,1   ii i. J i ^ 

5 DIA. 

I« 100 200 
:04-69-C-0087 5ÖÖI 

AVG.  32X1 

143 RUN  32 



RUN 33 
TIP SPEED     ssa 

THRUST       /SSOO 
FT/SEC 

LB 

.2 RAO. 

1 RAD. 

1§!f?i ̂ SHWm**«*»^^^ 

I 
I 
I 
I 
i 

144 



1 DIA. 

't'.'t'V 
^A**^^ 

3 DIA. 

;'$i/^\VVW*^^ 

wwnBfl t^SBK^aBfej B       3i 

ff*   ,rf<-;rrJ-   ff 

5 DIA. 

145 RUN   33 



»UN 34 
TIP SPEED 

THRUST /e>900 
FT/SEC 

LI 

.2 RAD. 

1 RAD. 

... f^t'lr 

10 100 200 
DAHC04-69-C-0087 

"55T 
AVG. 32X1 

146 



1 DIA. 

rJJWS^i CS   IGSJBS f^j^jffj^^ 

^i>fAm 
täwwi HjHljTihV.I, 

100 SOlT 
I AHC04-69-C-0087 

^v*w. 

AVG. 32X1 

3 DIA. 

UMWWJEM tS  H^S3BJJ1 yigjiüHyl 

■'Jji-J.... 

WUVUAAA • V» *»*W ^\s^vw 

r^\w\**- i     i 

5 DIA. 

•WKVVSNV^MWWV 

147 RUN   34 



RUN 3S 

TIP SPEED     Q$Q      FT/SEC 

THPM«T      /9900       LB 

.2 RAO. 

1 RAD. 



1 DIA. 

3 DIA. 

^i^t&VVWy^Mv^^^ 

/    h 
rJS*   *r*^ 

5 DIA. 

149 RUN   35 



RUN 3<& 

TIP SPEED     QSO     FT/SEC 
THRUST     2SSOO        LB 

.2 RAD. 

1 RAD. 

•='     26600 

»VWVVVV*^ 

IDAHC04-69-C-0087 
^00        5ÖÜ1 

AVG. 32X 1 
150 



1 DIA. 

P^^MfWMA^Svv^^ 

3 DIA. 

^■^^W***^^^^«^ 

* i 

^^=^=  5 DIA. 

151 RUN   36 



RUN 37 

TIP SPEED.   <3SO      FT/SEC 

THRUST      2B&OQ       LB 

.2 RAD. 

1 RAD. 

'='  2öeoa 

Kty^Mi^ 

10 100 200 
DAHC04-6P-C-0087 

400Sffi 
AVG. 32X 1 

152 



1 DIA. 

fev^W 

3 DIA. 

5 DIA. 

153 RUN   3 7 



RUN -33  

TIP SPEED    &5Q      FT/SEC 

Tunis*       3/SOO LB 

.2 RAO. 

IRUN 30    |T=      3/300     LBS|.p.    . ,79n„, 

1       K 

1 RAD. 

%,WM^MH^^vm 
I 
I 

100 200 
IDAHC04-69C-0087 

40g        500| 
AVG. 32X( 

154 



1 DIA. 

II m * mr 1 LoH£clSHi#1 MMI 

•V**s' 

100 200 
IBAHC04-69-C-0087 

^00 5ÖÖ| 
AVG. 32X1 

H.\ > 
i i 

3 DIA. 

f.M[<V^Ar-A La^efl ^LJE^J^ETTJ ■■■UMMM 

^^^%^%vw^^M(U^^ 

■U IUU 200 
IDAHC04-69-C-0087 

4005001 
AVG. 32X1 

r\r"r. 
>    i 

5 DIA. 

^"^««yyAv^^ 

155 RUN   3 8 



RUN        39 

UP SPEED   aso 
THRUST       334QO 

FT/SEC 

LB 

.2 RAO. 

1 RAD. 

■ RUN  39    |T=     334-00   LBS|CD1 _ 
MIC LF-/   |VT- <930    FPS SPL=1+67DB' 

k' "iil    I 

[ i'^*^%^VftVWVWywy^ 

10 100 200 
IDAHC04-69-C-0087 

5001 
AVG. 32X( 

156 



1 DIA. 

1 'I 'i»"il 4,ii ,-j Y^M WVWw 

m TOO200 
EAS-K:04-69-C-0087 

30(5 40?P 
  AVG. 32X( 

3 DIA. 

Sr:s 

5 DIA. 

157 RUN   39 



RUN 40 
TIP SPEED      SSO FT/SEC 

THRUST       268QO      LB 

.2 RAD. 

f\ A f\ 
v'   . V 

1 RAD. 

!   ^^Vy^^ 

10 TOO 200^ 
DAHC04-69C-0087 

158 

AVG. 3?X( 

i 

I 

! 

I 
I 
I 
I 
I 
I 
I 



VN 

1 DIA. 

'='    2GÖOO 

3 DIA. 

i^NW^"11»1"1'''**"11 *+m 

5 DIA. 

BEEJSÄ E^^^R2^»"} ■■^^^ 

II1! ^ 

159 
RUN   40 



RUN <?/ 

TIF SPEED QOO 

THRUST 63QO 
FT/SEC 

LB 

.2 RAO. 

1 RAD. 

160 I 



! 

1 DIA. 

&y;iiy^ 

3 DIA. 

5 DIA. 

WfeßH tSBi§^Ejj QSE2L 

ivM».; 

<w^^ 

161 RUN   41 



RUN $L 
TIP SPEED      BOO 

THRUST      ///OO 
FT/SEC 

LB 

.2 RAD. 

1 / Al 
"t / ■IM 

i i - 

t 1 

;.f 

1 RAD. 

■i,,»li 1   Mit »utiii» 
»S((W^. fflffil ™-^vw. 

162 



1 DIA. 

i'.i[<ff^w kl^SiBtS^MHT^ MBBHIMBMH 

3 DIA. 

(IIILHD^U^LH lüM^3IIE^fT*9l ^Ed |Mp^|^^^^Lg^^| 

5 DIA. 

163 RUN  42 



RUN 43 

TIP SPEED &OQ     FT/SEC 

THRUST       /4€>OQ        LB 

.2 RAD. 

ID TOO 200 
DAHC04-69-C-0087 

1 RAD. 

|PAHC04-fl9-C-0087 
'»OO 50' 

AVG. 32X 1 
164 



1 DIA. 

F\Fw*3rM CTE   K3S^E3 i^BKniii 

^HW^Vs^^ 

100 
IDAHC04-69-C-0087 

300            400 50 
 AVG.  32X 1 

■ K 

-—' 

If                ■ > 

'S 

3 DIA. 

|RUN«U      IT=       /^0O       lB5|Spi=L+43DB| 
IMIC Z.A"-_5 IVT=      öOO      FPSI 

:^\V*$^^ 

10 100 200 
lDAHC04-fl9-C-0087 

3W) 400 
  AVG. 32X( 

r ,r" ,r i 

i < 

5 DIA. 

/*<&oe> 

li'.M 

4ii^ tVw^ 

KT 100 200 
1DAHC04-69-C-0087 

4005001 
AVG. 32X( 

165 RUN   43 



RUN 44  

TIP SPEED <9<?<P     FT/SEC 

THRUST       /reOQ       LB 

.2 RAO. 

A A t 
•     I; . \ 
r      V-     T 

1 RAD. 

MA^.Y.f yU —.I«,.*. y     rr.r.¥^^- 

ID 100 200 
DAHC04-6P-C-0087 AVG. 32X( 

I 

166 



ttHft 
V   V 

1 DIA. 

3 DIA, 

«iBI^MBSgffi 

%: .^W***^^ 

TWJ 2(«r 
' AHC04-69-C-0087 i& AVG   32X1 

■/• >.   ■/! 

rVir 
/ A i :"/ 1 

1  
■/- ■ '■. v 

5 DIA. 

167 RUN   44 



RUN jgSL 

TIP SPEED 3QO FT/SEC 

THRUST     20000        LB 

.2 RAO. 

KTHP?9K1 |SPL = l+7/DBl 

10 TOO 200 
IDAHC04-69-C-0087 

1 RAD. 

V L V^$ä 

168 



M 
1 DIA. 

VT\WE3EMrr   WT^T*W\■■iiiMi 

;,p^^v^^^ 

100 
I AHC04-69-C-0087 s 

400SÜÖI 
AVG. 32X4 

3 DIA. 

RUN IS"     |T=       20<bOO    LBS|CBI _. 
IMIC ^-.3 |VT = ÖOO     FP l^+W 

VVVV\ ifyto^w^ 

IUU ZOO 

IMHC04-69-C-0087 
40050Ö1 
AVG.  32X1 

5 DIA. 

169 RUN   45 



RUN *6  

TIP SPEED     6QQ      FT/SEC 

TH»M<T     23SOQ        LB 

.2 RAD. 

/       > 

1 RAD. 

I RUN  *fr    |T=     23SOO   lBS|sp, _L+7*M< 
mZLF-/   |VT= 600    Fps|5Pl-L+7äDB' 

n!   , 
•' ^WM^v^"^-^ ,,„•.,_ 

■Ü IUU zoo 
IDAHC04-69-C-0087 

400 
AVG. 32X1 

I 
I 
I 
I 
I 

170 



f#\'z{&\ &\ 

!    ' 

• ».   / 
1 DIA. 

•fwTWls^l 

• 'i r i ■ *»» \\W****M*^ 

3 DIA. 

I.'.uVf il LBI I^HuzJ^Hjn ■■■HdiHBHrirfi 

Vi 

K OAHC04-69-C-0087 AVG. 32X< 

5 DIA. 

fflEPCxa 

l: MM, Ptt 

10 100 201) 
|PAHC04-69-C-0087 

5ÖÖI 
AVG. 32X1 

171 RUN   46 



RUN       +~r  

TIP SPEED <3QO FT/SEC 

THRUST     274QO LB 

.2 RAO. 

1 RAD. 

RUN +7    IT=    27400     LBS|spL_. +73nR| 

vWVwV W^0^mmi^i^ 

10 100 
IDAHC04-69-C-0087 

4«) 5ÖÖ1 
AVG.  32X1 

I 

172 



1 DIA. 

.'["CX^BEJH L*^E9i K^M^L^H^^I HHflfeHHHHtfH 

;-^^v^^ 

3 DIA. 

"   5 DIA. 

wfm^msmm^^ 

wv-w 

173 RUN  47 



BUN <äS 

TIP SPEED >   aoo 
THRUST SOSOO 

FT/SEC 

15 

.2 RAD. 

I 
i 

I/ITI^EZSEZB LIHESS IK^lZ^aHd jg^gg^m^^j 

V      \ 

1 RAD. 

V'I , <f- , * .  ' .   v 

'1114     ' ' 

IDAHC04-69C-0087 
400 500| 
AVG. 32X 1 

174 



1 DIA. 

WK2M ISK^SH ÜWHIf^fW ■ 

w*«^^ 

100 200 
H>AHC04^^^08^^ 

300            4o7T 
 AVG. 32X1 

3 DIA. 

|RUN 75   IT 
Z-^-J   IVT 

J0600    LBSlCM. „0      . 

l^\+>*»**^^ 

IDAHC04-69-C-0087 
400 5ÖC 
AVG. 32X1 

5  DIA. 

175 RUN   48 



RUN ^9  

TIP SPEED GOO FT/SEC 

THRUST      33QOQ LB 

.2 RAD. 

\ A 

t • . •■     , 

1 RAD. 

I 
I 
I 

176 



ETHWafl rSttJS^BB*J ELsc^-j^ 

1 OIA. 

*S* 

3 DIA. 

WEHSS C§I^E§BS E5SH3 

yiyy*^rVi% 

0 

5 DIA. 

177 RUN   49 



RUN SO  

TIP SPEED      BOO      FT/SIC 

THBIKT      239QO LB 

V v 
.2 RAD. 

1 RAD. 

I RUN SO     |T 
MIC 

SO    IT=     23900    LBS|SpL = L+73D | 
LF-J |VT= «9QO     FP5lSPl   l+'*m 

I v^,iM^Av^v^^v^^vv^(wA* 

s 
I 
I 

178 



1 DIA. 

, WWEBa tHBBüSä E       2 

**r.*t4J 

r ii »w^^^ 

3 DIA. 

.v   / 
™Ä  5 DIA. 

17Q Drtxi     er» 



RUN 5/ 

TIP SPEED 7$Q FT/SEC 

THRUST        97<?J2      LB 

.2 RAD. 

1 RAD. 

IRUN S/      IT 
IMIC AC-7lVt 

S>700    lBS|sPL^L-J6 DB 
7SO   FPSf ~"° 

uJ 

^^NM^VW^^^^V^i ̂ S^iX. 

100200            30TT 
IDAHC04-69C-0087        

500J 
AVG   32X 

■B^^   |T=       S700      lBSlspi=L+<i£DB< 

'".ir'Vii'i*^/ i P'AVM Jk^^ 

HOÖ 201T 
04-69-C-0087 

TOO 400 
AVG. 32X1 

i 
» 

i 
I 
I 

180 



1 DIA. 

IMIC L/?-Z IVT = "So      iS|sPl = l+43DB« 

.^^V^^VH^N^^^ 

100 200 
IDAHC04-69-C-0087 

300 400 50Ö1 
AVG. 32X< 

3 DIA. 

IRUN   S(     |T = 
IMIC t.r-3 IVT = 

9??g      1111^=^°*' 

mL^mi^k^ ..f^s^.- 

1(5              TOO           200            3ÖÖ 4015        5ÖÖ| 
IDAHC04-69-C-0087         AVG. 32X1 

5 DIA. 

181 RUN   51 



RUN        52 

TIP SPEED     75Q 

THBIKT      /22QO 

FT/SEC 

LB 

.2 RAD, 

10 100 2 
DAHC04 69-C-0087 

1 RAD. 

I 
I 

182 



;V >^l¥!f^^^^ 

1 DIA. 

XHC04-69-C-0087 

HUN**      lT=      J5SS5      LBSL,     ,     .a     , 

3 DIA. 

^^k«»*»**«*«**^ 

IDAHC04-69-C-0087 
5ÖÖI 

AVG. 32X1 

■f     ■       i'j 

5 DIA. 

183 RUN   52 



RUN S3 
TIP SPEED      7SQ      FT/SEC 

THRUST      /SaOO        LB 

.2 RAD. 

•Äs ■ /*? A. 
~t~ "'            t r,   ' t    • -■ 

* 
i 

™"   1 RAD. 

'»H'VvvlfN 

IDAHC04-69-C-0087 
4uu 51 

AVG. 32X 3 

i 
I 
I 

184 



1 :A 

1 DIA. 

V'i «.I iii 

m|H 
mtmiiiyjiiiiiitf 

****** 

3 DIA. 

TUmULMilJ I ■J.llULUlJIiL 

;"•!.! 

ä^M^W**^*^«^ 

5 DIA. 

185 RUN   53 



RUN  ___^f  

TIP SPEED Z£Q FT/SEC 
THRUST      /9000       LB 

.2 RAO. 

1 RAD. 

I ^-PiV^iri^^tn-.^ \I_^M 

19 ^00TOJT 
IDAHC04-69-C-0087 

30Ö 5ÖÖJ 
AVG   32X 

I 
I 
I 
I 

186 



ÜTOPW1 ESHfESSSlS HE        Hi 

L*   liNrtllttM 

r^m' ^V* 
1 DIA. 

3 DIA. 

v        ■    " V 

5 DIA. 

V  V. 

as^ 
'^W***** 

187 RUN   54 



RUN SS 

TIP SPEED     7SO 

THRUST      2/SOO 
FT/SIC 

LB 

.2 RAO. 

1 RAD. 

I 
f 
I 

188 



' j*>\Ktf*\ 

1 DIA. 

I'' 

fftf^TO 

^TRECKl CSE BBEJEJBÖ 

3 DIA 

5 DIA. 

"i*ll*V^UEfe.fli   Aj^E^^I     KrfC£Sj|^^ftXfJ   I HMMiJH 

tUUi 

Miftt 

|0 100 2T?Ö~ 
IDAHC04-69-C0P87 

5ÖÖ| 
AVG.  32X1 

189 RUN   5 5 



RUN      se 
TIP SPEED_^2£i2_ 

THBUST     24-2QO 
FT/SEC 

LB 

.2 RAO. 

J\    . 

1/ 

>.'■■ V 
\ 

i 

>-"*«fl CHBt?sfej LiSiiliSi 

im^m^^^^^ 

I 

I 
I 
I 

I 

1 RAC 

190 



» DIA. 

3 DIA. 

5 DIA. 

191 
RUN  56 



RUN -£Z- 
TH» SPEED _Z22._    FT/SEC 
THRUST      27QOO        LB 

.2 RAO. 

1 RAO. 

I 
I 
I 
I 
I 
I 

192 



1 DIA. 

3 DIA. 

i ii"»?" k^E     JKtj*jmi LA^^^&^^^\ 

y^W'^-^^^.^'W^wfa 
'*M*y^ 

■ ■■/,  .--.■ 

V 
•■■/;• •      / 

7          /* *■  /■ 

V      V- 
5 DIA. 

193 RUN   57 



RUN        S&  

TIP SPggp     7SO FT/SIC 

THtUST     292QO lB 

.2 RAD. I 
I 

A A A 
/        ■ i' 

V:   \ 
1 RAD. 

VWM^mm^^ 

10 10!» 200 
DAHC04-69C-0087 

194 



1 DIA. 

I..l*'»'^fli Li^CH JK£*z^HpX*i MMHflHlflMH 

IUU ZOO 

I AHC04-69-C-0087 
400 500| 
AVG   32X( 

3 DIA. 

^fep^^^ 

IDAHC04-69-C-0087 
300 4ÖÖ 500| 

AVG. 32X1 

5 DIA. 

195 RUN   58 



RUN 39 

TIP SPEED     7SO FT/$£C 

THRUST     3/4QO LB 

X ' ,   ■ 

.2 RAD. 

iül^H KÄE33H BBSS 

J ,(%\\VWuw,' 

I 
I 

1 RAD. 

19( 



1 DIA. 

mm^mmMssEEi 

3 DIA. 

5 DIA. 

197 RUN   59 



RUN -60 
TIP SPEED     7QO FT/SIC 

THRUST     2&tOO LR 

V   •■    ,i 

1 RAD. 

PitfFfl hnfcgrTfl • 11 RiiiiLo 

****<* 

t AHC04-69-C-0087 

f TH^^^^j^^^^^ 

^00        5ÖJ 
AVG. 32X( 

.2 RAD. 

I 
I 

198 



Tli^JhWili    ■Fawwf 

1 DIA. 

^^#1^ 

1 . 

IMHC04- 

3 DIA. 

'V 

5 DIA. 

199 RUN   60 



RUN 6/ 
TIP SPEEC »     700 

THRUST 2eeoo 
FT/SIC 

LB 

.2 RAO. 

1 
I 

1 RAD. 

I III !■  w^^m ^mm^m   ■ ■   ■   ■ s 

V* wtodbtyi **\\J*V 

200 



i DIA. 

^^^^^L2^I ^^_^»/*^J   [f X] Jj^flPMP^VVVY' 

' *^^^%^^ 

A y/\ 

3 DIA. 

5 DIA. 

201 RUN   61 



RUN 4>2  

TIP SPEED —ZQQ_    FT/SEC 

THRUST     23€>QO       Li 

.2 RAO. 

f 

I 

1 

i 
I 
I 

1 RAD. 

■g^^2gd^^ 

5« 
AVG. 32X1 

202 



1 DIA. 

WfißSHi EHBE33B33 üBBtu 

'fi!^^*^^ 

*\ 
V » ' 

1 
i I          *             1 

V , - 

V * 7 
1 i? 

3 DIA. 

IRUN   62    |T =     23&OQ      IBS 
iMir  /^V3   lVr= 700       FPS |sPL=L+43Dfi( 

•^v^^^^^ 

TOO 20P 
li»AHC04-60-C-0087 

^öö 5ÖÖ| 
AVG. 32X( 

//U / V 
5 DIA. 

203 RUN  62 



RUN e3 
TIP SPEED- ~TOQ      FT/SEC 

TM»M«T   /aaoo      is 

.2 RAO. 

A-A 
1 RAD. 

10 10O 2 OP 
|g^HC0^9^£08^ 

400 500J 
AVG.  32X' 

^\w^^ 

■0 100 200 300 400 50C 
MjC0^^^087 AVG. 32X( 

i 
I 
I 
I 
I 
I 
I 

204 



/-'v 

1 DIA. 

(RUN 63   IT=    zaaoo 
IMIC Z/^ IVT=       700 |SPI = 1+54DB( IBS|CDI _ 

FPS 

W 

100 200 
:-0087 

400 50C 
AVG. 32X1 

3 DIA. 

H^^^-y^^^. 

■U IUU zou 
1DAHC04-69-C-0087 

40a        5001 
AVG. 32X( 

5 DIA. 

205 RUN   63 



RUN 64 
TIP SPggP     70Q FT/$EC 

THRUST      2/7QO LB 

.2 RAD. 

I 
I 
I 
I 

1 RAD. 

r ■ : 

i 

10 100 
IDAHC04-69-C-0087 

5ÖÖI 
AVG   32X1 

206 



1 DIA. 

IRUN   *^|T=     2HOO        LBS|sp.      454      ( 
MiCLF-2  IVT= 700        Fp5■5,'>•-^.■^^<»DB, 

V      f. 

•^\^^49^^ 
• 

X, 

100 200 ^Bcli!iB 400 ■■^iV 

*9-C- 0087 AVG 32XM 
^___ ' 

3 DIA. 

'.'['■"jff'i L>^3i HZ^^HuS ■■■■■HtfdkBH 

r\%\\w^^ 

PAHCQ4-6P-C-0087 

5 DIA. 

: 

AAAAAAJL 
t 

'WWW**** 
i      ^VH| 

■*T*r*. 

v              t     ■.  .   , 

.    !           i 

200            300  50Ö         5ÖÖB1 
0087 AVG.  32xfl 

1 

207 RUN  64 



RUN es 
TIP SPEED    7QO      FT/SEC 

THRUST /49QO LB 

.2 RAD. 

wmmEmmwsm 

1UU zuu 
IDAHC04-69-C-0087 

300 400 50 OJ 
          AVG   32X 

V      V-:-   V 
1 RAD. 

fitfc^^|*^VV^l%"U.. 

208 



1 DIA. 

mm 

\   k   :. \   '. 

3 DIA. 

FTTMKE^FJ LLcal WrZ~T^Ek\T^ IgBfiHflH^ttaJfeil 

' ^W^d^***«**™** 

y 100 201) 
f¥U<04-69-C-0087 AVG. 32X( 

■I*     •  . ;V   " . 

5 DIA. 

209 RUN  65 



RUN 66  

TIP SPEtP     7QO PT/SEC 

THRUST      /3000       LB 

^K£JK /j^a«^i 

.2 RAO. 

^^V^>^ywVy^^^v^ 

100 200 
1087 

5ÖÖJ 
AVG. 32X1 

1 RAD. 

JT=     I30G0       LBS,.«,,    . ,,arMll 
|VT=        7QO       FPSISPL = L+73DB' 

l^^^^'^^^v 

|]0 100 
:04-69-C-00a7 

5ÖÖI 
AVG. 32X( 

I 

210 



1 DIA. 

%^n*^^ 

3 DIA 

5 DIA. 

211 
RUN   66 



tUN £3- 
7QO TIP SPEED. 

THRUST     seoo 
FT/SEC 

LB 

.2 RAD. "^WfiHfiH^M**** 

IDAHC04-I 

[RUN &>a 
WC LF-/ «gg     »Jft+W 

i 

I 
I 
I 
I 
I 
I 
I 

1 RAD. 

^^0mmmm^^.- 

IDAHC0^^^087 
S00| 

AVG. 32X( 

212 



1 

i 

1 DIA. 

3 DIA. 

,,.. -..:fyT' 
***** 

lDAHC04-o9-C- 

IRUN   <Z>8 
IMIC   LF- "-   "fSZ    £|S^SW 

;\^M^ 

100 200 
IDAHC04-69-C-0087 

400 500| 
AVG. 32X( 

5 DIA. 

(RUN   Ä<S 
IMIC ^-< 

fiöoo 
7QO     FPS 

LBS|SPI = L+29DB1' 

10 100 200 
DAHC04-69-C-0087 

5Ö0| 
AVG. 32X( 

213 RUN   68 



lUN -62. 
TIP SPEED ZQQ     FT/SEC 

THRUST       32QO       LB 

.2 RAD. 

1 RAD. 

IRUN  <*9     |T=      SZOO        LB5|».sL+72DB( 
IMIC LF-/ lvT=     TOO    FPSIS l L '*DB 

VM\\\\\\W 

loo JoTT 
imafcyffi 

400 5ÖI 
AVG. 32X( 

214 



1 DIA. 

3 DIA. 

5 DIA. 

215 RUN  69 



IUN 2SL 
TIP SPEED   &SQ    FT/SIC 

THRUST       t/GOO        LI 

.2 RAD. 

! RAD. 

216 

1 
I 



1 DIA. 

3 DIA. 

5 DIA. 

217 RUN  70 



RUN _Z£. 
TIP SPEgn   /8/OQ        FT/SEC 

THRUST 6SG        LI 

.2 RAD. 

T=   7S/OÖ 
VT =     €>SO 

100 
[MHC04^^g087 

|SPL=L+60DB! 

300 TOO 
AVG. 32X< I 

I 
I 
I 
I 

1 RAD. 

218 



! 

1 DIA. 

mm mtwmti asza 

^Vi^^^Wvw^^ 

IDAHC04-Ö9-C -0087 AVG. 3?X 
mm 

3 DIA. 

5 DiA. 

219 RUN  72 



■UM 73 

TIP SPEED eso 
THRUST 20700 

FT/SIC 

LB 

.2 RAO. 

□iijÄa^H Vgo  FMISP^H^S-DB1 

IDAHC04-69-C-0087 
400 500J 
AVG.  32X1 

1 RAO. 

220 

I 
I 
I 
I 
I 
I 



1 DIA. 

3 DIA. 

5 DIA. 

221 RUN  73 



RUN _Z£  

TIF SPE6D_J6SO_ 

THRUST     23SUO 
FT/SEC 

LB 

.2 RAD. 

1 RAD. 

222 



I 
I 

1 DIA. 

—   3 DIA. 

5 DIA. 



RUN 7S 

TIP SPEED     &SO FT/SEC 

THRUST 2S4QO_    LB 

.2 RAD. 

1 RAD. 

224 



I 
! 

I 
! 

1 DIA. 

3 DIA. 

-  5 DIA. 

225 RUN  75 



RUN 7<fe 

Tf? SPggr,     6SO     FT/SEC 

THRUST       277QO       LB 

- .2 RAD. 

1 RAO. 

226 



1 DIA. 

• <* '' , ' i\*Ki\ 
vVVVv\AyVWy\\\NWwVV^ 

IDAHC04-69-C 

3 DIA. 

5 DIA. 

r=      27700       LBS|,pL = , + <ÖMJ 
lyT=     *so    FPsr     *+-»»» 

100 200 
IMHC04-69-C-0087 AVG.  32X1 

227 RUN  76 



PUN 2JL 
TIP S»ggn     6ÖO FT/SIC 

THRUST 93QO       LB 

.2 RAD 

1 RAD. 

228 

I 
I 
I 
I 



1 DI 4. 

3 DIA. 

5 DIA. 

WW 
MIC LF-4 IVT = 

9iSS ia»i^+*DB< 

'V.,%wvwlw 

10 100 200 
loAHC04-69-C-0087 

400 500| 
AVG. 32X1 

229 RUN  77 



RUN 73 

TIP SPEED 6QO FT/SEC 

THRUST      eaoo      LI 

.2 RAD. 

1 RAD. 

230 



1 DIA 

-   3 DIA. 

5 DIA. 

231 RUN  78 



RUN 79 

6QQ TIP SPEED. 

THUUST        /2SOO 
FT/SEC 

LB 

.2 RAD. 

1 RAD. 

IHTL'KU^KH IUEH EKSSü^^HEUS MBflHiHflHMif 

10 TOO2Ü1T 
DAHC04-69-C-0087 

w<r 

232 



1 DIA, 

V \mCL/r-2L |vT=       GOO      FPslSPl-L+4ÖDB ■ 

» 

I 
v   .                                                             ,                     • 

■0               100            200             300             400         50 OB 
Ml III III   II 69-C-Q087                                      AVG. 32X« 

3 DIA. 

5 DIA. 

I RUN   79    IT=     /^5ÖO     LBSISPL-L^37 
MIC LF-4. I VT=        ÄOO     FPS!5 37 'OB4 

VA' ivtyvw^Wlu^. 

10 100 200 
IDAHC04-69-C-0087 

50ÖI 
AVG.  32X1 

233 RUN  79 



RUN 80  

TIP SPEED 600 FT/SEC 

THRUST      /S400       LI 

.2 RAO. 

1 RAD. 

234 



! 

1 DIA. 

3 DIA. 

5 DIA. 

235 RUN   80 



RUN at 

TIP SPEED ___£fiQ__    FT/$|C 

THRUST       /S4QG       lg 

.2 RAO. 

1 RAD. 

(v;vVn\v**^w*****yN\>, 

I 
I 
I 
I 
I 
I 

236 



1 DIA. 

3 DIA. 

5 DIA. 

237 RUN   81 



RUN 

TIF S«ED_ßflfi__    FT/$|C 

THRUST       /G4QO _    l§ 

.2 RAO. 

1 RAD. 

1 
i 
I 
I 
I 
I 
I 
I 
I 
I 



3 DIA. 

J.fifcliafl cHfiSsÄjji üiSiäJä 

1 DIA. 

,'' ,.    r   t •« iAi,' t 

5 DIA. 

239 RUN   82 



RUN S3 

TIP SPEED _£ÖÖ_    FT/SEC 
THRUST       2/SOO        L| 

.2 RAO. 

1 RAD. 

i 
I 
I 
I 

240 



i! 

1 DIA. 

3 DIA. 

5 DIA. 

2/SOO 

HO 100 '/OO 300 
OAHC04-69-C-0087 

241 RUN   83 



RUN 34 

TIP SPEED     6>QO FT/$|C 

THRUST      232ÖO       lB 

.2 RAO. 

1 RAD. 

242 



! 

1 DIA. 

3 DIA. 

=    23200 

5 DIA. 

20B 

Ho 

243 RUN   84 



kUN 85.  
TIP SFSED 6QO FT/SEC 

THBUST       2490O       LB 

.2 RAO. 
1 

I 

1 RAD. 

244 



8 
I 
I 

T 
» 1 DIA. 

3 DIA. 

5 DIA. 

"? :^^i \>\vCwv' 
^^V*^ 

IUU ZOO 

|D* e,)e04-^C - 0 0 87 
300 400 5661 

AVG. 32X1 

245 RUN   85 



RUN se> 
TIP SPiED     eOO FT/SEC 

THRUST      24600      LB 

.2 RAO. 

1 RAD. 

HfiBIH FTKTTMltl i BBB3B 

^wv^^ 

UKT^       200 
IDAHC04 69-C-0087 

246 

50Ö1 
AVG. 32X( 

I 
I 
I 



I 

1 DIA. 

3 DIA. 

5 DIA. 

247 RUN   86 



RUN 37 

TIP SPEED    €>OQ FT/SEC 

THRUST      24600       LB 

i\J 
.2 RAD. 

1 RAD. 

248 

1 

I 
I 



I 
I 

1 DIA. 

r!u**jJm CT=     ■ ?»9BI21 jgigjl^y^ 

Ins 
100 200 

04-W-C-0087 
3WT 400        5Ü 

AVG. 32X| 

3 DIA. 

5 DIA. 

249 RUN   87 



RUN ee 
TIP SPEED     7QO FT/SEC 

THRUST     2&600      LB 

.2 RAO. 

700    FPslSPl_l+76DB^ 
2i 

1 * 
* 

■ . 
' *                    * 

^■DAHCO4 «w-r-nnfl7 
0            300^^^D^^50qH 

AVG.  32XH 

1 RAD. 

RUN SS   TT=     26600    LBS|spL_t , A<-nR< 
MICZ^-/   |VT= 7SO     Fps|SPL-L+65DB* 

250 



.1    • '    ', 
■^. 

7 

■1 .         * 
1 

.7                  '< 

1 DIA. 

i;;;v;/AHwsv^ 

3 DIA. 

5 DIA. 

251 RUN   88 



RUN   £2  
TIP <P«n     6QQ     FT/SEC 

TMPy<T      24-7QO        LB 

.2 RAD. 

1 RAD. 

252 



1 DIA. 

3 DIA. 

 \ 

5 DIA. 

253 RUN   89 



RUN 90 

TIP SPEED 700   _     FT/SEC 
THRUST     2S2QO        LB 

\ \ A' 
S V Si 

.2 RAD. 

1 RAD. 

254 



! 

1 DIA. 

I i.iITT TiirfJI 
.' =     2S200   tBS|sp.      +aj     ( 

V^^^^****^^ 

loo 200 
IHAHC04-6P-C-G087 

4005ÖÖ| 
AVG. 32X( 

\   .     A 

3 DIA. 

IRUN  SO    |T = = ^^ja^MW 

^WSv« 

10 100 200 
1üAHC04-69-C-0087 

500| 
AVG. 32X( 

5 DIA. 

RUN 5>0     IT =     2S2ÖÖ     LBS|CDI _. ,-. „„, 
lvT =       7oo    FPS|SPL=L+34DB' 

10 IUU 7UU 
1DAHC04-69-C-0087 

400 5001 
AVG   32X1 

255 RUN  90 



RUN    9/ 

TIP SPEED     TOO      FT/SEC 

THRUST 9QOO_     LB 

.2 RAD. 

IDAHC04 69 C-C087 

1 RAD. 

256 



/*i   ;'. PS   ». * 

1 DIA. 

IRUN d/      |T = °%° a^.^41-' 

3 DIA. 

V^Uw^v 

IC) TOO 200 
1DAHC04-6P-C-0087 

3ÖÖ 400 5Ö0| 
AVG. 32X1 

W l-^K ■■= fy\ 

5 DIA. 

257 RUN   91 



RUN £L 
7IP SPEED 7QQ FT/SIC 

THBMST >'24QO      LI 

.2 RAD. 

=    /2400 

1 RAD. 

Aty\\\\U\^M^ 

100 200 
I1QAHC04-69-C-0087 Ä 

300 400 500] 
AVG. 32X 1 

I 
I 

I 

258 

\ 



1 DIA. 

■ ■■■—    — 'if      1 

V   »V./.'-vV^J 
Kt   ft 

100 200 300 400 

aaaatt 0087 AVG. 32X1 

3 DIA. 

I^IWF^M K^SM WS!fi»WKi7i iMHiMil 

lUU ZUU 

IDAHC04-69-C -0087 AVG. 32X1 

5 DIA. 

WägWRHKfe^J^BBSlEl 

y\\^\^^. 

|DAHC04^^J)087 

300 400 5001 
AVG.  32X1 

259 RUN   9 2 



RUM 93 
TIP SPEID 7QQ—     FT/SEC 

THRUST /5200 ,.     LB 

.2 RAD. 

1 RAD. 

PSI8fl BSBS^8^ 5BBZ93 

* l\#\\v\Ä 

IQ 100 200 
1DAHC0^^K^087^ AVG. 32X1 

260 



s 
1 

1 DIA. 

IDAJ 

r\ /Sy /N. 

it       y 

3 DIA. 

PTT*C£a V^^9m7*?Sm^Ml±\ J^^J^^J 

'■•:^AW'W 

100 200 
XHC04-69-C -0087 

50Ö1 
AVG. 32X1 

5  DIA. 

IMIC ,r-4 |VT= 7CO     rPSf a 

%\\%\\^^^ 

wy       500 
lnAHC04-69-C-0087 

500| 
AVG.  32X1 

261 RUN   93 



RUN 94 
TOO TIP SPEED. 

THRUST /77QQ 

FT/SEC 

LB 

.2 RAD. 

1 RAD. 

L'lIllflJ CtSViSMIS ■■■■■■ 

vmOTW^^y^''' ■ ■».»■■ 

■0 100 200 
1DAHC04 69X-0087_ 

3UQ| 
AVG.  32X1 

262 



1 DIA. 

T=     /7J 
|VT-        7t FPSJ 

t,, U^WAV^V^^ 

Q£HC04 -69-C-0087 
11AJ 

AVG. 32X1 

3 DIA. 

IRUNÄ*     |T=        /7700    «K|spL=L + 4| DB< 
MIC ^>f-^ |Vv= 7QO     FPSf 

IDAHC0^^^^087 

5001 
AVG. 32X( 

\:;>\ 

5 DIA. 

263 RUN  94 



RUN 95 
TIP SPEED      TOO        FT/SEC 

THRUST      20400      LB 

.2 RAD. 

(UN AS"    |T = WJg     F
LgisPl=L+69DB< 

t+++**W++mt*^ 

\ RAD. 

«T            100           '^oo 
IDAHC04-69-C-0087  

sool 
AVG. 32X1 

264 



1 DIA. 

IRUN ÄfT    IT=    20400     LBS|SPL = .+47DB< 
MIC LP- X IVT = 700     fPSJ5Pl   L   4/PB 

^~V>^ >* j_J 

TOÖ 20TT 
kHC04-69-C-0087 

400        500| 
AVG. 32X< 

"='   20400 

3 DIA. 

7 \^.\\%JW**i^^ 

100            200 
KHC04-69-C-0QW7  AVG. 32X( 

I 

5 D!A. 

IRUN 33"    |T = 
IMIC LF-4-  |VT = ^?ä§ F

L?FPL=i+3> DB 1 

"^^^^'^ 

10              150            200            300 
1DAHC04-69-C0087  ^C^^g 

5ÖÖ1 
AVG. 32X( 

265 RUN   9 5 



RUN 9<h 
TIP SPEgn      7QO FT/SEC 

THRUST     233QO       LB 

.2 RAD. 

1 RAD. 

\w.ÄM</fL 
£?!£K£AA£; 

m 
^00 20TT 

HC04-69-C-0087 
400 500| 
AVG.  32X( 

266 



1 DIA. 

=      23300 

3 DIA. 

K^\A i .  -M.'.i.nM 
*y\Y&^^^ 

10 100 200 
DAHC04-69-C-0087 AVG. 32X( 

5 DIA. 

pUN  9to    |T=    23JOO     LBi|sPl = L + *5DB' 
MIC^--*IVT =      roo    FPSI       l+3?DB 

^iMjLkj.    V,\^AA ^m*j0b#$ **•«•»*>«*» 

10 100 200 
IDAHC04-69-C-0087 

400 5001 
AVG.  32X( 

267 RUN   96 



RUN or 

TIP SPEED TOO 
THPiiST      2+3QO 

FT/SEC 

LB 

.2 RAD. 

1 RAD. 

IRUN  97     |T=r    24.300      LBS] 
SPL=L+5/DB' 

U\i\,lVultoWiUMito*AA^>..V|.|"'' -x | 

BO 100 200 
1DAHC04-69C-0087 

400 500I 
AVG.  32X1 

268 



1 DIA. 

W-v. 
'W* vv^'k'*>'»^>:*0yv -r ^'"^^^^vwwiig^^. 

E 

mHco^^^ 

i..ir,T^J6tjB k^^^S     ^6t*5H   ^J] MlBa^^^i 

3 DIA. 

L 

2( 

'^:ä^ß^m^ 

ii 
lA                    'i. 

V L V V    . 
5 DIA. 

ETWIS^j EX  BK*EÄtJl 

• l    . • ( ( 

10 loo JötT 
IDAHC04-69-C-0087 

5ÖÖ1 
AVG.  32X1 

269 RUN   97 



RUN 23- 
TIP SPESD 7QQ 

THRUST 2&QQ- 

FT/SEC 

LB 

.2 RAD. 

1 RAD. 

fW^^^U*v^^ 

270 



1 OIA. 

3 DIA. 

IMIC /xrJ |VT= 7ÖIO      FRS|5«-l.+*Tl» 

100 ZOO 

IDAHC04-69-C-0087 AVG.  32X1 

5 DIA. 

271 RUN  9 8 



RUN 99  

TIP SPEEn    7CO FT/SIC 

THKUSf      23/OQ       LB 

.2 RAD. 

1 RAD. 

272 

I 



1 DIA. 

100 200 
IAHC04-69-C-00B7 AVG. 32X1 

3 DIA. 

IRUN   99     |T=     26/00       LBS|Sp. -     | 

^\^W 

100 200 
HDAHC04-69-C-0087 

400 5001 
AVG.  32X1 

t                A A 

/ ■■\ 
V 

5 DIA. 

273 RUN  99 



RUN tOO 

TIP SPEEft      700 FT/SEC 

TH»UST       292QO      LB 

.2 RAD. 

1 RAD. 

274 



1 DIA. 

*\AA 
V 7     .     > 

3 DIA. 

•'..'. ä             t             i 

:  Y ' V if 

5 DIA. 

'iwififfHPTffniTmnni' 

i \r  .... 

275 RUN   100 



RUN _ 

TIP SPEED 

THRUST  

1QL 

<?5Q 
Ö6QO 

FT/SEC 

LB 

.2 RAD. 

1 RAD. 

276 

1 
I 

I 
I 
1 



I!-   8*©o     uflsn=l+4l, 
|VT=      fa5Q        FPSl 

1 DIA. 

AVG. 32X1 

IMIC LF-3 IVT = 
S60Ö    LBS 

6>SO    FPS 
ISPL=L+4IDBW 

mr 
3 DIA. 

^fritHF"****** 

100 LOO 
JDAHC04-69-C-0087 AVG. 32X< 

5 DIA. 

277 RUN   101 



RUN /oz 
TIP SPEED     <öSO -    FT/SEC 

THRUST WOO LB 

.2 RAD. 

1 RAD. 

278 



! 

! 

I 

1 DIA. 

BJEEai'P WHZ5ME2 WHIPTWt 

V    .  l V ST" 

TOXT^    200 
HC04-69-C-0087 AVG. 32X1 

i 
» 

I 

I 

3 DIA. 

ITTRECJ V,=        &JTO      Fps|SPL-L + 4l DB' 

IISV/AVMYVV«1 

\HC04-69-C-0087 
401T 
AVG. 32X( 

5 DIA. 

279 RUN  10 2 



RUN  IQ3.  
TIP SPEED     €>fO        -T/SEC 

THRUST       /fäOO      LB 

.2 RAD. 

1 RAD. 

280 

i 
I 
I 
I 
I 
I 
1 
I 
I 



1 DIA. 

\\\*W*^S 

IDAHC04-69-C- 

3 DIA. 

I.'.HHCJJ^J 
=   /+aoo 

WVV*vw« 

5 DIA. 

«ftää^tSK! K lESSEB 

WVVww»1 

100 200 
IDAHC04-69-C-0087 

300 400 5ÖÖ] 
         AVG.  32X 1 

201 RUN   103 



RUN J04- 

TIP SPEED      &SO        FT/SEC 

THRUST /7*OQ       LB 

.2 RAD. 

1 RAD. 

282 

i 



I 
! 

1 DIA. 

mm mmrn BBEB 

3 DIA. 

I ion        200 
QAHC04-6P-C-0087 

*005001 
AVG. 32X( 

rs -ft ft 
i \ ! A • $ 

■W   V 
5 DIA. 

283 RUN   104 



RUN /os- 
&SO TIP SPEED. 

THRUST        2QSnp 
FT/SEC 

LB 

/*A 
/     i 

.2 RAO. 

fflWlf^J WMR^C£J||| yui^'^,; _^ 

;V^w^ 

I 
I 

1 RAD. 

284 

I 



1-    '   v ■ *r 

1 OIA. 

u!ww*5fj 

V;cU'«tw' 

3 DIA. 

f.'ii i^W^KÄ 
r=   zofoo 

m^J^w 

>\A 
5 DIA. 

I 285 RUN   105 



RUN /Q<b 

HP SPEED &SQ        FT/SEC 

THRUST      229QO     LB 

v:v* 
.2 RAO. 

1 RAD. 

1 
I 
I 
I 

286 



I 

\ A A 
.' ■■ /■ 

1 DIA. 

3 DIA. 

lul L*W^xjI*,Ä 

T ='   22900     iBS-.p,, _. , ._. n. 

W*V*v/ 

10 100 2ÖÖ" 
IDAHC04-69-C-0087 

5 DIA. 

287 RUN  106 



RUN /07 
TIP SPEED     fcSQ.        FT/SIC 
Tmu«      253QO      it 

.2 RAD. 

1 RAD. 

SS300    LBS|spl = L +fl6DB I 

100 200 
IDAHC04-69-C 0087 

400 500| 
AVG. 32X1 

I 
I 

288 

I 



1 DIA. 

I 
I \ A T 

3 DIA. 

VAfmS^FM 
T=     ZSSOO     »-BSlsPL^L+47D«>< 

100 200 
IJAHC04-69-C-0087 

400 500| 
AVG. 32X( 

v: y ^ 
5 DIA. 

289 RUN  107 



BUN IOQ 

TIP SPEEC 

THRUST 

»    €>50 

2&700 
FT/SEC 

LB 

.2 RAO. 

1 RAD. 

290 



1 DIA. 

;•■;?; 

WAWf/fMi 

3 DIA. 

5 DIA. 

291 RUN   108 



RUN HO 
TIP SPEED_JSQ£      FT/SEC 
THBiiST      267QO        LB 

.2 RAO. 

1 RAD. 

292 

I 
I 
I 
I 
I 
I 
I 



1 DIA. 

(RUN   HO    TT~     2*>70O 
IMIC   LF-2. |VT= BOO i|SPL = l+73DB' 

|ii»fc ̂^ 

lu luu /üU 

IDAHC04-69-C-0087 
300            400 500| 
 AVG.  32X1 

V-.        ■>        # 

, A A / 
v 

3 DIA. 

IRUN   HO    |T = 
IMIC   LF-.3  |VT 

L "122 Slh"^**™' 

*;ui*- i 
<vJ»;^W 

10 100 iOO 
IDAHC04-69-C-0087 

'Ww^s 

4U0 500| 
AVG.  32X1 

5 DIA. 

|RUN   HO 
UC LF-* 

f-'JV' 

=    2GTÖÖ      LBSl SPL = l+48DB< 

(jff|W^ 

IDAHC04-69-C-0087 

****** 

400 500| 
AVG.  32X1 

2 93 RUN   110 



RUN /// 

TIP SPEED-J3QQ     FT/SEC 

THRUST      274QO       LB 

.2 RAD. 

1 RAD. 

I 
! 

294 

I 



I 

1 DIA. 

3 DIA. 

(RUN    ///     IT: 
IMIC  ZJC-JIVT *r£s a"-**"-' 

■i^%^%^ 

■u IUU ZUU 
IDAHC04-69-C-0087 

300            400 5ÖÖI 
 AVG.  32X1 

WV 
5 DIA. 

27400 

WSMAAAMAV 

I 295 RUN   111 



RUN HZ 
TIP SPECP      8QO        FT/SIC 

THRUST     /eaoo    LB 

.2 RAD. 

1 RAD. 

296 

I 
I 
I 

I 
I 

I 
I 

I 



I 
I 

w VA' *M 

*.      v 

1 DIA. 

:\.\ 

3 DIA. 

RUN   //Z   |T= /&6CO  tBS|spL_   +so     , 

10 1UU wo 
|pAHC04-69-C-0087 DAJ^^^^^p: 

400 500| 
AVG.  32X1 

5 DIA. 

m 
Mfrrii 

n'W^WAvyy^ 

I DAHC04-69-C-0087 AVG.  32X» 

297 RUN   112 



RUN _ 

TIP SPEED. 

THRUST  

HA. 
ÖOO 

7700 
FT/SEC 

LB 

.2 RAO. 

r *     *          \ -y     > 

>              v"          ■   ;\ 

1 RAD. 

|RUN  113 
_U FPs|SPl = L+£f :3il" 

X :'M4 to^w^^ 

IU IUU ^uu 
IDAHC04-69-C-0087 

400 500| 
AVG.  32X1 

I 

298 



I 

V \*Ä V*. ' W\ 1                , 

■ r i 
V. 

^ 

■ V                           * t * 
. -           ■* 

1 DIA. 

RUN  113   |T = "§s ja»^*»» I 

i^W^^ '****M 
'KW* 

100 200 
IDAHC04 69C-0087 

300 400 500| 
AVG   32X( 

3 DIA. 

V\AV/WVJ\AA, 

5 DIA. 

RUN  1,3    WT=      77ÖÖ LBS|spi=  +4n 
IMIC Z./^-V IV, =     aoo      „sisri-L+^oDB 

's •■*.:<.. 

1 

'"***N*s»sM*» 

10 TOO 200 
IDAHC04-69C-0087 

5ÖÖ1 
AVG.  32X( 

299 RUN   113 



WH—M- 
TIP SPEID__i^2_     FT/SEC 

THRUST 2ZQQQ-    IB 

.2 RAD. 

1 RAD. 

300 



1 DIA. 

T=      2&ÖÖQ      LBSI 
VT = 7SO    FPSf SPl = l+to4Dü' 

ra***^ 

I 100 200 
OaE<04-69-C0087 

300 400 SÖÖI 
      AVG. 32X( 

I 
3 DIA. 

5 DIA. 

301 RUN   114 



RUN HS 

TIP SPEED      750      FT/SEC 
TH8UST       2&9QO       LI 

.2 RAD. 

1 RAD. 

302 



<k\ /A* yv 

1 DIA. 

3 OIA. 

5 OIA. 

\f)"*. DTTVt      1   1   C 



RUN 1/&  
TIP SPEED     75Q      FT/SEC 
THBMST       27/QO        LB 

.2 RAD. 

} RAD. I 

I 
304 I 



I 

I 
! 

1 OIA. 

rirm rTKnri msnn 

"•'nU'Wl 

X, m^^ 

[.'.H^'JC* M L^E        i^^^T*ÄLm UH|^^^^^ 

\A A 
V        v 

3 DIA. 

I1 

|fe#w^^ 

5 DIA. 

SPL = L+4ftDB( 

10 100 200 
IDAHC04-69-C-QOB7 5ÖÖ1 

AVG.  32X1 

305 RUN   116 



RUN ILL 
TIP SPEED     650 FT/SEC 

THRUST k£&QO       LB 

.2 RAD. 

1 RAD. 

306 



RUN ILL 
TIP SPEED     650 FT/SEC 

THRUST _<£&£PO       Li 

.2 RAD. 

1 RAD. 

306 



I 
I 1 DIA. 

Ei i - a u 

3 0IA. 

5 DIA. 

307 RUN   117 



RUN 116 
TIP SPEED. 
THRUST       26/OQ 

7SQ FT/SEC 

LB 

.2 RAD. 

T RAD. 

IRUN   //a    |T=     2&/00     LBS|Sp. =  +M      , 
lMIC Z^-/ |V,=        7^*0       FPSl

5Kl-L+w,DB 1 

\Wm*^^ 

10 IUU '^UO 

IDAHC04-69-C-0087 
400 500| 
AVG.  32X1 

308 

I 



1 DIA. 

SPl = l+*7DB' 

I 100 TOTT 
IMS-K:04-69-C-0087 

50C 
AVG.  32X1 

3 DIA. 

5 DIA. 

309 RUN   118 



lUN //.9 

TIP SPEED OSO FT/SEC 

THRUST       276QO      LB 

.2 RAD. 

1 RAD. 

(RUN   119    |T=    £76,00      IBS] 
IMIC tf-/ |vT=     SSO      FPsf SPI=L+67DB' 

10 100 200 
IDAHC04-69C-0087 

400 500| 
AVG   32X1 

310 



i 

4 ; V ! 

1 DIA. 

wIsM**^^ 

13 TOÖ ZOO 
DAHC04-69-C-0087 AVG. 32X1 

3 DIA. 

IRUN  1/9    |T=      27&0O   LBS|sp..+5-    | 

mf* 
tTOllW^^ ' 

10 100 
IDAHC04-69-C-0087 

300 400 S00| 
AVG. 32X1 

5 DIA. 

311 RUN   119 



lUN /20 

TIP SPEED     &5Q FT/SEC 

THRUST 26800      LB 

.2 RAD. 

1 RAD. 

i 
I 
I 
I 
I 
I 

312 



v      t 

1 DIA. 

|RUN  /20|T=     ZC900    LBS|sp.    \~^~1 

I-, .:".t:, i x 

^^^V,^AMf^v^BVw_ 

100 200 
XIK:04 69-C 0087 

A:    ^ 
v   t   V.7:   ' 

3 DIA. 

rfnVfsQ 

|ffp^^ 
'rfrtfc 

10 100 200 
IDAHC04-69-C-0087 

4005ÜÖ1 
AVG. 32X( 

5 DIA. 

rüWJSl Em^BS liiiJElii 

10 100 200 
IDAHC04-69-C-0Q87 

300 400 500| 
AVG   32X1 

313 RUN   120 



RUN A?/ 

TIF SPEI0_i2öÖ_    FT/SIC 

THRUST       2/3QO      Li 

.2 RAD. 

■> • u 

1 RAD. 

i 
I 
I 

314 



7 

1    ' V- 
1 DIA. 

QJEKUB *=     2/3°°     LeslsPL-L+StfnA< 

3 DIA. 

40 

L 

20 

Si \i-. 
* llWtli «p« 

BO 100 200 

|PAHC04 69C-0087 

fW^VVNi^ 

400 500| 
AVG   32X1 

'l       ; 
r _            1 

4 

• 'f ': 

."■*»■ 

• 
to 

5 DIA. 

IRUN   121     17 =2l3oo       LBS) 
SPL = L+44>DB' 

<mm^ 
IUU ^00 

[iDAHC04-69-C-0087 
400        3ÖÖ1 
AVG   32X1 

315 RUN   121 



BUN 122 
TIP SPEED 

THRUST 

aoo 
/2/00 

FT/SEC 

LB 

.2 RAD. 

1 RAD. 
^i.^mmm^^ 

316 



i 

1 
;  •: .V'    .h 

»     » 

1 DIA. 

JT~/Z/OO    LBS] 
|VT= 800    FPSl SPL = L+f?DB' 

\{[0tMmm«^ 

10 100 200 
VHC04-69-C-0087 

5ÖC 
AVG. 32X< 

3 DIA. 

1° w 
DAHC04-69-C-0087 AVG.  32X1 

^K^N 
5 DIA. 

317 RUN   122 



RUN 3*  

TIP SPE6P     SSO FT/SEC 

THBUST S3QO        L| 

.2 RAO. 

1 RAD. 

318 



1 DIA. 

3 DIA. 

5 DIA. 

319 RUN   31 



RUN 34 

TIP SPEED     Ö50 FT/SEC 

THRUST      /e>9QO        LI 

.2 RAD. 

1 RAD. 

I 
I 
I 
I 

320 



1 DIA. 

3 DIA. 

5 DIA. 

321 RUN   34 



RUN        -36 

TIP SPEED     S5Q FT/SEC 
THBUST     2&600       Li 

.2 RAO. 

1 RAD. 

322 

I 



1 DIA. 

S9ül BüPHH E3BED 

■0               2               4    KHZ    6                8           , 10B 
■■DAHC04-69-0087                                     AVG   512 X   M 

3 DIA. 

5 DIA. 

323 RUN   36 



RUN  51  
TIF SPUED 75Q     FT/SEC 

THRUST        97QO L| 

.2 RAD. 

i 
i 

i 

1 RAD. 

I 

I 
I 
I 

y?A 



I 

! DIA. 

ESUHl SifeJJlil EBEP 

■0               2                 4    KHZ    6                 8              10B 
^■DAHC04-69-0087                                       AVG   512 X   M 

3 DIA. 

—  5 DIA. 

325 RUN   51 



RUN  5£  
TIP SPEID     75Q     FT/SEC 

THRUST      /9000       LI 

.2 RAO. 

-      1 RAD. 

326 



1 DIA. 

3 DIA. 

5 DIA. 

327 RUN   54 



RUN 57 
Tl»  SPEED       /SO 

THRUST. 27000 
FT/SIC 

LI 

.2 RAO. 

1 RAD. 

328 

I 
i 
I 
I 
I 

I 
« 

I 
r 
i 



1 DIA. 

-   3 DIA. 

5 DIA. 

329 RUN   57 



RUN /O/ 

TIF SMtP     <b5Q FT/SEC 

THRUST eaoo      LI 

.2 RAO. 

I 
I 

1 RAO. 

330 



1 DIA. 

3 DIA. 

5 DIA. 

331 RUN   101 



RUN joe 

TIP SPEED <o5Q FT/SEC 
THtusT      (740C      LB 

.2 RAD. 

1 RAD. 

332 

1 
I 
I 
I 
I 
I 
8 

I 



1 DIA. 

3 DIA. 

5 DIA. 

333 PUN   10 4 



RUN IPS   
TIF SPCEP      <Ö5Q FT/SEC 

THRUST       2<b7QO       Li 

.2 RAO. 
I 
i 

1 RAD. 

334 



1 DIA. 

3 DIA. 

S DIA. 

335 RUN   10 8 



RUN 

GROUND    MICROPHONE«; 

31 

UP SPEED . $SQ__ FT/SEC 

THRUST 827Q      ia 

Gl 

G2 

336 



I 
I 
T 
r 

lee 

I40 

IMIC AC-3JV 

*  1        * 

&70 LBSl 
SSO FPSlSpl = 1+4708' 

G3 

It  ' »'..'■■ 

l() TOO 
IDAHC04-69-0087 AVG 32X 

100     200 
IDAHC04-69-0087 

MO 
AVG32X 

337 RUN   31 



GROUND    MICROPHONES 

RUN 34 

TIP SPEEO 

THRUST _ 

6<*7 n/$Ec 
/6S60    i a 

G1 

I   02 

BHSä H^^ B39S&I 

10 100 
IPAHC 04-69-0087 

400 SC 
AVG 32X 

tiifjKad Bl KJüD E   EEL 

40L 

LI 

20. 

i' «,).. .. i. 
•   '*• I i ! 

WVtovy^ 

10 100 200 
1PAHC04  69-0087 

400 
AVG 32X 

I 
I 
f 

338 



I 
I 
I G3 

tCacO    LBSl ,    „ t, pps|SPL=L+39DB 

top 

Li 

2C 
f*ktouMN&»*m , , 

10 TOO 50o 
1DAHC04-69-0087 

50C 
AVG32X 

I G4 

'^TM^TTOV 

10 100 200 
1DAHC04- 69-0087 

400 50C 
AVG 32X 

339 RUN   34 



GROUND    MICROPHONES 

RUN J&. 
TIP SPEED 

THRUST __ 

35 O 

2&&3Q 
FT/SEC 

LB 

G1 

G2 

|RUN   J»  |T = 
MIC AC-t IVT = **gg}g\m  li^m 

11 i * 

10 TOO30TT 
DAHC 04-69-0087 

400 5C 
AVG 32X 

i 
I 
I 
I 

340 



l 

I 

I 
G3 

341 RUN   36 



GROUND    MICROPHONE? 

RUN 5/ 

TIP SPEED 

THRUST _ 

753 
97QO 

FT/SCC 

LB 

RUN     -SV IT: 
IMIC AC-/IV-. 

LBSl 
FPslSPl=L+39DB' 

G1 

|40| 

L 

12 

»'• 

M^^'N'» « 

G2 

10 TOO 200 
IPAHC04-69-0087 

^00 51 
AVG 32X 

'n^^flGH ■Q^ESE     2ESl 

II   \,*| »      '_      -*.; '•; ■■■■, 

PT TOO 5GU~ 
|DAHC04-6S>0087 

I 
I 
I 
I 

AVG 32X 

342 



'-■''-' " --•— ' *w»m -- "iMffl 

I 
I 

•fvA< 
G3 

JT/|T= 97ÖÖ    LBSl 
"VT= Z3L3   FPS |SPt= l+S*DB' 

401 

L| 

2C 
t/vi/M 'W^w^^^ 

10 100 20TT 
[0AHC04- 69-0087 AVG 32X 

[PMQ jB^EEPMrg ———r 

- X     < 

'v^^M^ 

100              200 
IDAHC04-69-0087  

5ÖC 
AVG 32X 

343 RUN   51 



 .«       —mu»i*- •-•*■ -..*...   i.«  ■ — -      -■-—     ■  

GROUND    MICROPHONES 

RUN -54- 

TIP SPEED        75Q        FT/SEC 
THRUST        /&£><9S~     i a 

Gl 

QHZK£4 /A|#Q   FLPS|SPL=L+.^DB- 

i*    t'i'i Mi 

lH'%y*# 

100200 
IDAHC04-69-0087 

400 5C 
AVG 32X 

G2 

IIII ^ i III ■   !    i1 MTB ■■HPVPT 

gtti# 
10 100 200 

DAHC 04- 69-0087 
300 400 50011 

AVG 32X  f| 

344 



.. _.,.._   ._. 

i 
I 

G3 

345 RUN   54 



wi-nummmimmnmmiimBam K.Miimmmj^mmmi^nmmw w mp m 

GROUND    MICROPHONES 

RUN  £L 

TIP SPEED        75Q        FT/SEC 

THRUST 2>6>S>6>Q     in 

0) 

MIC>a^r-/lv,= T'-Tr)  FPS|SPL-L+ttDB 

401 

I 

2C 

10 TOD 
lDAHC04-fc9-0087 

300           40050C 
 AVG 32X 

'%:■ \\ 

r..,    .,    .;T:.., 

G2 

346 

I 
I 
i 
I 
1 
I 
I 



m, .i* —».—-* >■     «-<•-<   mm  wwiiwii t    ii 

I 
I 
I 

,> .\ 
1 

1 

1   \ 
,  /\ 1    •    1 

G3 

347 
RUN  5: 



GROUND    MICROPHONES 

RUN        (QL 

TIP <pccn <b5Q FT/SEC 

THRUST 3S9S    IB 

Gl 

G2 

348 



I 

I 

349 RUN   101 



GROUND    MICROPHONES 

RUN        /04- 

TIP SPEED 

THRUST _ 

<bSO FT/SEC 
/V445     LB 

G1 

-T44S" 

401 

Li 

2C 

%m„0^^^ 

300 
IDAHC04-69-0087 

^00 500H 
AVG 32X m 

G2 

350 



I 
I 
I 
I 
1 
[ 

G3 

351 RUN   104 



GROUND    MICROPHONES 

RUN tO& 

TIP SPEED        <bSO        FT/SEC 

THKUST 2&7Q9     m 

Gl 

G2 

352 



1     ■ I ■■ »III  I      .11   ■--—- 

G3 

I G4 

353 RUN   10 8 
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