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20, ABSTRACT (continued)

% \*wn~Model Studies of the effects of the blocking and channeling
) of sound by barriers, such as hills, shows good correlation
z with expected results for simple cases with the model pro-

viding useful results for more complex cases,

Further full scale verification is reccmmended to further

exchange confidence in the modeling technigque for application

to helicopter detection studies,
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1.0 INTRODUCTION

The increasing use of helicopters in tactimal situations has
led to the development of two types of low altitude operations
refarred to as 'Nap of the Earth' Flying and 'Contour Flying'.
In contour flying the helicopter operates at altitudes which
are above tree-top level but generally lower than that of the
main terrain features such as hills. Nap of the Earth opera-
tions are conducted at even lower altitudes where the helicop-
ter is often £flying below three~top level using the trees and
small terrain features to hide behind. The purpose of such

techniques are to minimize radar, visual, and hopefully aural
detection.

In considering aural detection, there are three major elements;
noise generation at the source, propagation te the obaerver,
and detection and recognition of the signal. The subject of
helicopter noise generation is very complex and has beean the
subject of considerable study for several years. A comprehen=
sive review of the state of this particular art can be found
in several publications such as Reference 1. Detection of hel=-
icopters by aural preception, although not studied in as great
detall as noise generation, had also been the subject of re=-
le;rch programs such as those reported in Reference 2, 3, 4,

and 5.

Up to the present time, the studies of propagation of aircraft
nolse through the atmosphere and over terrain have concentrated
on airplane noise where the aircraft is operating at substan-
tial heights above the ground and Reference 5 describes a gen=
erally accegted method for calculating atmospheric attenuation
for this stiuatien. The unigue problem associated with heli-
copter operations is that the noise source (the helicopter) is
not remo+e from the terrain but actually »perating in it such
that the ground surfaces can act as acoustical barriers and/or
reflectors thereby attenuating or amplifying the noise received
at the observer compared with that which would be expected if
there werms only a direct (line or sight) path from source to
receiver, Figure 1 illustrates some of the important effects
which must be considered in accounting for terrain effects

when predicting the aural detection of helicopters.

The development of praediction techniques for the effects of
terrain on hellicopter sound propagation would be extremely
difficult and costly if one were to attempt the traditional
approach of correlation of analytical prediction with full
scale test data. Systematic variations in terrain features,
such as changing surface impedance without changing the ter-
rain geometry, or changing the width of a 'hill' without al=-
tering its height are virtually impossible. Even the detailed
description of terrain, to any degree finer than a good con=
tour map, would require an inordinate amount of effort and re=-
sources. It ia for thems reasons that acoustical modeling
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technigques, such as have been employed for architectural
acoustical studies, highway noise studies, and airport noise
studies, presents a unique capability for conducting the
desired investigation.

The objectives of this program were to adapt existing acous~
tical modeling techniques so that they would be optimum for
application to helicopter nolse propagation, verify the appli=

cability, and then use the modeling approach to evaluate the
,onlitiv%ty of the noise propagation to systematic changes ‘n
terrain'.

2,0 MODEL DEVELOPMENT

2.1 General Approach

An acocustical model is a physical model in which the scaling
factor is wavelength. For example, if one constructa a model
which is 1/X times the size of full scale, then one must use
noise sources whose wavelengths are 1/X times that of the
noise source to be studied. Since wavelength is related to
frequency by: *
Whare £ d prequency

2 % 3oeed of jound

R wavelengeh
It is simpler to think of model scaling as a 1 Xth scale model
requires noise sources whose fregquencies are X times that of
the full scale noise source. In a similar manner, acoustical
properties of the materials used to construct a model must
also be frequency scaled. For example, if a full scale mater=
ial has an absorption coefficient of .7 at 1000 H,o A 50th '
scale model material would be required to have an“absorption
coefficient of .7 at 50,000 H,.

The physical scale of the model is dictated by two parameters:
the size of the full scale situation and the room available

for the model. In the case of this program, studies of heli-
copter detection have indicated that the critical range for
aural detection ranges from about 1/2 to 2 kilometers, al=-
though with very gquiet ambient conditions certain helicopters
can be detacted at considerabli grouter distances. The inodel
itself may be of nni size as limited by practical econom.c con=
siderations and avallable room size. As a practical matter,

it 18 desirable to keap the model size to one where all parts
could be reached without walking on the model surface and toc a
size which would not require extraordinary sized rooms, so that
these technigues could be employed at reasonable cost. It was
decided, for this study, to limit the model long dimension to
16 ft. since the ration of 2 km to 16 ft. is 410 to 1 an acous=-
tical scale of 400 to 1 was melected for these experiments as
being typical of that which might be employed for helicopter
detection studies. It should be pointed out that most acous-
tical modeling which has been performed to date has employed
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scales of 100 to 1 or less and in this aspect alone the subject
study is pushing the state-of-the~-art.

Two types of measurement technigues are generally employed in
acoustical modeling. The first technigue uses steady state
noise such as a loudgpeaker or an air jet as a source and the
resultant sound pressure levela are measured at various loca=
tions of intereat on the model. While this method does pro=-
vide information on amplification or attenuation of sound, it
does not give any insight as to the relative contributions from
multiple propagation paths, if they exist. If a very short
duration impulsive source, such as an elaectric spark is umsed,
the separate arrivals of the directly radiated and reflectasd
time paths can be sensed and separated to provide such infor-
mation., Both techniques, as they were applied to this program,
will be described more fully in the remainder of this section.

2.2 Sound Sources

A sound source can be described by three primary character-
istice: its spectrum in the frequency domain, its patterning
in the time domain (steady, random or periodic) and its

spatial directivity. An ideal model noime source would be
scaled by the inverse size scale of the model, in the frequan-
¢y and time domains, and should replicate the directivity of
the original source. In addition, it may be desirable that

the physical size of 'the model sound source also be somewhat

in scale. A helicopter rotor acoustical signature is extreme-
ly complex with respect to all of the regquired descriptors.
Figure 2 (from Reference 7) depicts several sources of helicop-
ter rotor noise classified by their time domain characteristic
of periedic or broadband. Figure 3 illustrates the spectra

and waveforme assocliated with several of the periodic sources.
Directivity of roter noise is also a function of the generating
mechanism. Impulsive noise, for example, tends to maximize

in, or near, the plana of the rotor while rotational and broad-
band sources are greatest below the disk. The cases which are
of interest in studying helicopter detection are those which
are generally impuleive in waveform and whose spectra are
dominated by harmonic response., Some initial seffert was made
to develop a model mound source which would replicate the full
scale signature using a frequently shifted magnetic tape re-
cording of an actual helicopter as a sourca. In the first casme,
the source was used to drive a condenser microphone as a
speaker. Although fidelity was reasonable, the signal wag too
weak for practical use at distances greater than about one foot.
Two other attempts were made using pilzecelectric crystals as
the transducer. In one case the vibrating crystal was used to
drive a small piston inside a casing and in the other, the ax-
posed faces of a4 3 inch diameter and a 6 inch diameter crystal
were used a3 pressure sources. Neither the vibrator nor the 3
inch crystal provided sufficient acoustical power, and all
three sytems exhibited such marked resonance characteristics
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that 1t became apparent that excessive manipulation of the test
results would be raquired, and in fact, one would be better

off with a powerful noise source with a rather amooth spectrum.
The data could then be read cut at any desired freguency. Such
a procedure is valid if it can be assumed that in detecting
sounds pecple sense on sound pressure laval and frasquency but
net on the interrelationship between levels at different fre-
quencies. Another way of stating the above is that detection
is amplitude and fregquancy dependent but is not dependent on
phasing between freguency components. Fortunately, this turns
out to be the case as was determined by Fidel and Pearsons
(Reference 8) and more recently verified by A, Ahumada of the
Stanford Research Ilnstitute who specifically studied the de-
tection of the HU~1l helicopter and tound harmonic phasing not
significant. In fact, the procedures for predicting detection
(Referances ¢ and 10), which have bean vertifiad by field teats
(Referanceas 11 and 12), do not consider a spectrum definition
which is any finer than one-third octave, or at very low fre-
quencies the critical bandwidth of the ear.

It was threfore decided to use a broadband noise source of suf-
ficient intensity to do the job and to read the data at the
frequencies which corresponded to the approrpriate helicopter
rotor harmenics. An air jet, similar to one which had been
designed at MIT consisting of four impinging nozzles, was con=-
structed (Figure 4a). Wwhen operating with 80 psi of air pres-
sura, the level with a useful spectrum leveled ocut to 80 KE
(shown in Figure 4b). The impulsive source was an slectric
spark generated by a Grozier Technical Systema Inc. GTSS1 spark
Cenerator (Figure 4c¢) which discharges a high voltage capacitor
when the electrode gap is ionized by a 30 KV low energy spark.
The resu’tant acoustical signature is an extremely short dur-
ation 'N' wave,

2.3 Instrumentation

Data was measured using a Bruel and Kjaer 4135 1/4 inch dia=
meter condenser microphone mounted on a Type 2619 cathode fol=
lower powered by a Type 2807 Power Supply. The 1/4 inch micro-
phone was selected as an optimum considering the trade-off
between frequency reaponse and sensitivity. Frequency spectra
from the ailre-jet source weres obtained using a Federal Scien=
tific UA-500A "Ubigquitious' Spectrum Analyzer which produces
spectra such as that illuatrated in Figure 4b. When regquired,
a Federdl Scientific Model 30A Range Translator was ugsed to
isolate and expand specific portions of the spectrum. This
was done not only to obtain finer freguency resolution but to
permit greater amplification of the high freguency end of tha
spectrum without saturating the higher amplitude lower fre=
gquency data.

While the freguency analysis system used with the air~jet was
relatively conventional, the analysis equipment used to extract
information from the spark signal is more specific to this
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particular measurement. The elements of the system periorm

the following functions: the signal from the microphone power
supply is amplified using a low noise, high gain scaling ampli-
fier (Grozier Model GTS20) and the signal amplified as required
to provide an input for a Grozier Model GTS33 Waveburst Processor
which has the capacity to ssparate the seguential impulses
through variable short term averaging and, if desired, toc mea-
sure the energy of each impulse. The Waveburst Processor also
incorporates a trigger and delay system which ie used to actia=
vate the system when the mpark is generated but blanks out the
reception of the electromagnetic energy associated with the
spark generation while admitting the more slowly traveling
acoustical energy. The output of the Waveburst Processor

was captured and measured using a Nicolet Model 2090=I1I 'Ex=
plorer III' Oscilloscope. This device digitizes the input sig-
nal, captures it in a memory, and displays the information on

a screen. Digital readouts of the amplitude (voltage) and time
corresponding to any point on the signal can be obtained by
suitable positioning of the cursor(s). The device can also be
used to expand the data along either axis to enhance reading
accuracy. Disk storage is also available for preserving the
records, With this device, reading accuracies to .00l milli-
wecond and .1 millivolt are easily obtainable. Typical output
displays are shown in Figure 17.

2.4 Model Construction

In order to conduct a successful acoustical modeling experiment,
it is necessary to ansure that there are no paths, extraneous
to the model, by which acoustical energy can travel from the
sound source to the microphone. Such paths might include re-
flections of room walls and ceilings, lighting fixtures, equipe
ment in the room, or the model support structure. This pro=
gram wag carried out in a test chamber of the Boeing Vertol
Acoustical Laboratory which is a large (35' x 17' x 20') room
with all four walls and ceiling lined with an acoustically
absorptive treatment and a carpeted floor. The chamber also
has its own air contitioning system incorporating mufflers to
minimize ambient noise. The criteria used to declare the rocom
satigfactory was that using the gpark test technigque any re=~
flection from the room must be at least 20 dB below that of

the direct path. This test chamber wams adeguate by itself but
when the plywood necessary for building the model base was in-
troduced, these surfaces were unacceptably reflective even
when covered with several layers of very fine filament (PF105)
fiberglaes. A satisfactory solution was found by constructing
a second inner surface of “foamcore', a paper faced rigid foam
spaced by an 'sggbox' separator from the plywood and then lining
this lnner surface with 3" layers of 1/2" thick fiberglams.
Figure 5a illustrates this final configuration the rasult of a
spark test within the enclosure showed it to be essentially
anechoic and therefore gatiafactory for further testing. ’
Selection of model materials to simulate terrain has not been
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reduced to a rigorous scientific basis and in fact, the best
proof of propar selaction probably lies in correlation between
moedel and full scale data, As discussed in Reference 13, the
absorption of acoustical energy by the ground is probably of
less ilmportance than the impedance which determines the phasing
betwean the directly propagated path and the ground reflection.
Thig is illustrated in Figure 6, 1In order to show the effects
of surface impedance, two materials wers salacted: tha first
was very high impedance stesl plate and the second was a low
impedance material. In as much as possible, it was desired to
make this lower impedance material a reasonable scaled approxi-
mation for relatively firm ground such as was on the surface

of the airfield when measurements were made. The absorbtion
coeffeciant and/or acoustic impedance of ground is very diffi-
cult to measure and generally somewhat meaningless gince most
natural surfaces are far from homogenecus. Work such as Ref-
erences 14 and 15, however, indicate that maximum attentuations
due to ground effacts of the range of 10 dB to 15 dB might be
expectad. An experiment was set up in which the spark was used
as a source and the difference between direct and raflected
path sound pressure levels measured. Several candidate mater-
ials were tested including cork, 1/4" fcam, poster board, ply=-
wood and two types of fiberglass insulating board. Of these
materials, the one which most closely nmatched the desired
characteristic was Owens Corning Linear Glass Board. This
material consists of fiberglass fibers with a binding material
which forms a moderately rigid board and faced on one side

with a porous protective facing.

3.0 MODEL VERIFICATION

The model, and modeling techniques, were verified, for applica-
tion to helicopter noise studies, by comparison of model and
full scale data of a HU-1l helicopter flying over cpen terrain
at altitudes of 50 £t. and 500 £ft. In making such comparisons,
the following adjustments are made to the model data: '

.
SPL, = SPLy +dp +J},

Where
SPLc » Corrected Model Socund Pressure Level
SPLm = Measured Model Sound Pressure Level
S ™ Corrmction For Atmospheric Attenuation

J'D Correction For Directivity

IO
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3.1 Model Test

Since the terrain being modeled in this case was flat ground
with line of gight propagation path, the model which is illus-
trated in Figure 7a was simply a flat surface 4' wide by 16!'
long thus permitting a full scale approach distance of about
6000'. The microphone was mounted at one shd of the surface
with its diaphragm vertical and in the plane determined by the
'flight path' and the normal to the gound plane. In this man=
ner microphone directivity sensitivity did not vary as during
the 'flyover'. The microphone centear was .1l5" above the sur-
face vhich corresponded to the 5' height of the full scale
microphons. It must be recognized, however, that in the model-
ing scale being used, the microphone cartridge diameter repre-
sented 8.3', The air-jet was placed at the appropriate height
above the ground surface and spectra of the type illustrated
in Figure 4 were racorded for each of twenty 'aircraft posi-
tions' until the source was directly over the microphona.

3.2 Correction for Atmospheric Attenuation

It is weall known that as sound propagates through the atmos-
phere its sound pressure level in the far field decreases by &
dB per doubling of distance due to simple spreading of the
energy over the surface of an expanding sphere plus additional
losses due to heat conduction and viscosity (classical absorp-
tion) and to molecular abmorbtion which results from a vibra-
tory relaxation process of oxygen and nitrogan molecules, A
discussion of atmospheric losses can ba found in Refarences 3
and 6 along with tables for estimating these losses as' & funge
tion of temperature and relating humidity. Atmospheric atten-
uation is vary sensitive to £requenc{ and the available tablea
do not cover the ultrasonic range which was employed in the
modeling. In order to provide this information, tests were
conducted by measuring the noise in incremental distances from
one to sixteen feet from the asource. This data, shown in Fig-
ure 8, indicates that between 1 and 3 ft. from the socurce the
attenuation rate is greater than 6 dB per doubling of distance
which is typical in the 'near field' where the noise generation
cannot be considered as coming from a point source. Beyond 3
f£. the slope of the lower frequencies closely approaches the
6 dB per doubling of distance with increasing deviation as
fraquency increases. This data was used to correct the model
data while the charts of Reference ¢ were used for adjusting
tha full scale data. »

+3.3__Correction fer Directivity

The directivity of the full scale helicopter harmonic noise

was taken from the work of Schmitz and Boxwell (Reference 14)
who measured free field noise eround a HU=1lH helicopter, in
forward flight, by meahs of microphones mounted on a quiet air-
plane. Directivity of the model mource (air-jet) wam tound to
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be gquite sensitive to the angle and alingment of the four small
impinging air-jet tubes. It was not practical, however, to
produce a modal source as directional as the helicopter and so
the tubes were positoned to provide as omnidirectional source
as possible, Figure 8a, which compares the diractivity of the
helicopter harmonic noise with that of the model source, was
used to develop the required corrections. An assumption ime
plicit in this procedure is that on the helicopter all harmonic
amplitudes have the same directivity. Since the generation of
high amplitude harmonic noise is caused by discrete azimuthal
functiona, such as local “lade-vortex intersections and/or the
azimuth locations of highest resulting advancing top speed,

and do not occur randomly around that azimuth, such an assump-
tion is not illogical.

3.4 vValidation Test Results

Model testing was conducted to simulate flybys of a UH=1H heli=-
copter at altitudes of S0' and 500' and a sideline distance of
200! in order to correspond with full scale data which was al=
raady available., The full scale data had been recorded at a
quiet open airfield with closely mowed vegitation. Two terrain
surfaces were used on the wodel in order to demonstrate impe~
dence effecta, one was a 'hard' metal surface and the other

was the 'soft' linear fiberglass board discussed previously
which it was thought would approximate the terrain.

e
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There air-jat was locted at increments along the 'flight path!'
corresponding to full scale increments of 90 meters as illus~-
trated in Figure 7a. Figure 7b displays a typical spectra
measured at the microphone and indicatea how the spactrum
could be read to predict the effects on rotor harmonic levels
of desired helicopter.

The full scale data was reduced by playing the magnetic tape
recording through a 1/3 octave band analyzer onto a satrip
chart recorder. One third octave bandwidth was selected be-
cause this is the basis for analytical detection predictions
(References 9 and 10) This data was read at intervals corres-
ponding to every 100 meters of aircraft location.

The data was reduced and corrected for atmospheric and directiv-
ity effects. Figure 9 shows a typlcal set of corrections and
indicates the pronounced role of directivity, particularly at
cloma range. The full scale data must be corrected in the time
domain because although the aircraft position is initially cor=
related with the sound at the microphone, this is not its loca=-
tion at the time the sound was generated. The full scale data,
therefore, must be retarded by the time which it took the sound
to travel from the aircraft to the microphone.
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Figures 10 and 11 present the results of the model validation
test. Each figqure shows the model test results as measured
and corrected. Also shown is the time retarded full scale
data. There is no direct relationship between the absolute
amplitudes of the model and full scale data and they are to be
compared only for trand. In order to aid such comparison, the
full scale data has been normalized to the modal data. The
normalization points were selected as 500 meters in order to
ba far encugh away to past the range of very rapid directivity
changes and close anough to avoid excessive atmospheric or
terrain effecta. The data has been shown for the center fre=-
quencies of preferred octave bands but comparisons could have
been made for any specific frequency such as that correspond=-
ing to a particular rotor harmonic., (Figure 7).

The general trend of sound pressure level variation with dis=-
tance results from the trade-off between atmospheric attenua=
tion and directivity. At low altitude the distance parameter
dominates as the aircraft passes close to the microphone and
the drop off due to directivity does not occur until the heli-
copter im almost overhead, At altitude, however, the direc-
tivity effect, which tends to maximize in the rotor plane, is
relatively stronger and the maximum value occurs further away.
The agreement between model and full ascale data for the 500'
altitude (Figure 1l) is quite good.

The model hard surface data is higher than that with the soft
surface. With a coincidence dip of the type discussed earlier,
and illustrated in Figure 6, can be seen when the model had a
hard surface. These points which are indicated (*) on Figure
11 are not evideant with the 'soft ground' model nor in the data
thereby verifying the selection of the glass board am a reason-
able for simulation of ground impedance,

The match of full scale data with model data for low altitude
flight (Figure 10) shows ¢reater anomalies than does the higher
altitude data. At low altitude, a dip in the full scale data
occurs beyond about 1000 meters. Thia is believed to be due
to tha fact that the airfield at whi¢h the measurements were
made bordered by a dense growth of high trees which blocked
the line of sight to the helicopter at approximately that dis-
tance. Therefore, the low altitude comparisons will be con-
sidered valid within 1000 meters only. The discrepancies be-
tween model and test data appear to occur when the grazing
incidenga angle of the acoustic propagation becomes less than
about 1°. At these low angles, extra terrain losses, due to
vegitation, and scattering due to small cbjects becomes quite
important and it appears that a more textured (but not lower
impedance) terrain simulation might have improved the correla=
tion., This might be achieved by using a grid or netting over
the glass board to get more gcattering at greater distance,
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The coincidence dips and large variations ii 'sound pressure
level as the aircraft approaches che overhoad location are of
cunsiderable impurtance to civil concerne, such as effecta of
ground surface on aircraft noise certifivation, because they
affect the meazured noise levels at or nésr their maximum
levels. These conditions are of little interest to the ques-
tion of detection, however, because the- aircraft is not only

“plainly viesible but the warning times are down to a very few
saconds. .

4.0
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The effect of thin barrier, walls on the attenuation of noilo
has studied gquite extensively. Since barriers which are en-
countered in natural terrain formations such as hills and
mountains are, if generally are extremely thick and without
well defined edges. It was desired to employ acoustical
modeling techniques to- examina what happens as barriers
deviunte fion the classical 'knife edge' and how one might
approximate a wide barrior for analytical purposes.

These tuatl were conducted using the lined enclosure shown in
Figura 5. Barriers were inserted to separate the socurce and
microphone as illustrated in Pigure 12. In the 400:1 modeling
scale used previously the barrier simulated was 800' high, the
source 200' from the ground and both the source and raceiver
“(microphone) 2600' from their respective barrier faces.

Rectangular barriers simulating 13', 100', 200', 300', 400',
and 300' were used along with a 500' wide barrier whose top
was a 250' radius c¢ircle. The corresponding model dimensions
will be used throughout the remainder of this discussion.

The test technique employed and illustrated in Figure 12 was
as follows:

1. The spark generator was located at the source loca=-
tion 81 and the time for sound to travel over the
barrier to the microphone was measured.

2, The spark was replaced with the air jet and a fre-

quency spectrum at the receiver location was re=~
corded,

3. The barrier was removed and the spark fired to
determine the time for the shortest path from source
to receiver.

4. The spark generator was then moved back until the
time of the direct sound path equalled that of the
path over the barrier determined in step 1 (point
82). This could be done to an accuracy of .001
millisecond or a distance of about ,001 ft.
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5. The spark was replaced with the air jet and a second
spectrum obtained.

6. The difference in spectra obtained in steps 4 and 5
was the insertion loss of the barrier since all
atmospheric propagation losses had been cancelled
out by this procedure.

Figure 13a shows the spectrum received with no barrier in
place while Figure 13B compares this with the spectra obtained
with each of the walles. The results of the tests are tabu-
lated in Table ! which shows barrier attenuation as a function
of fraquency, the muasured delay tine. the speed of sound
during the test, and the computed difference in path length.

In order to evaluate these results they were first compared
with that which would be expected by calculation using the
thin barrier theory of Maekawa (Ref. 16) who developed a re-
lationship between barrier attenuation in the "Shadow Zone"
and the Freanel Number N where N = ; (AL)

where A8 Wavelength
atf Difference between path
over barrier and shortest
path.

The attenuation due to a barrier using Maekawas formulation is
presented graphically in Figure l4a. In order to apply this
to thick barriers a screen of 'eguivalent height' was used as
illustrated on Figure 1l4b. Using this approach attenuations
would be predicted for each test as shown in Table II. A
quick comparison of the test results of Table I and this sime-
plified analytical approach yialds poor correlation, with
reapect to both absolute values and sensitivity with frequency,
and ;thotter analytical simulation of the barrier must be
sought.

The shortcomings of applying thin screen approaches to wide
barriers have been recognized and discussed in papers such as
Ref. 17. Following the thinking of Pierce but still using the
attenuation data developed by Maekawa leads to the approach
illustrated below:
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TABLE Ila = CALCULATION OF PATH LENOTH -
'EQUIVALENT REIQHT' BAARIER

! i ) 28 ) 1. g
o 78.24 24.48 80.39 78,16 186.82 | 2.0%
3 79.73 26.00 01,92 79.27 18,11 | .08
s 01,44 ab.al 0347 80.568 162.12 | 2.12
9 83.18 18.61 85.42 aL.08 168,11 | 2.17
12 04.62 28.96 86.94 83.38 108,11 g.g&
[X N
18 0.9%7 26.42 80,98 04.43 171,11
*61 4 (seere )=y
TABLE 15 « BARRIER ATTENUATION = 'EQUIVALENT HEIGHT' BARRIER
KQUIVALENT MEIOHT
] 1 4 g an an 130 184
;ﬁftiéiia‘“ — 11383 ON1198.9] OR1148.9 ] awlig? | o128 | Celiad.i
Frequenay KHa N |Ab N |AD N |Ab N jAn N b N [Ab
10 s.of20 | 3.1la0 | 3.1fa0 |3.zla0 | 3.afar | 3.eln
20 6.0laz | s.2l22 | e.2]22 |e.4j22 | 6.6a3 | &.8/23
30 ' v.0l2a3 | 9.3l23 | 9.3|23 |e.el2a | 9.92a | 10.2}2¢
40 12,024 | 12.4)2¢ [22.4)2¢ J12.0]24 13,228 | 13.8]as
10 in.olas | 1s.s{as Jam.s{2s fre.0|2¢ |10.8(36 | 17.0]2e
80 18.0{2e |1e.6/26 [1e.6[2¢ [19.2]27 [19.8(27 | 20.4[27
"0 al.0]a7 |21,7(27 lai.7lar la.elae |as.1|ze | 23,82
W 2¢.0128 |24.0l28 l24.8las las.el20 [26.4l28 [ 27.2120
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; Instead of treating the entire barrier as a refracting edge
consider sach corner separately with a virtual source located

1 at the center such that the level at V is first calculated,

using Maekawa's method hased on propagation from the original

source and then using these levels as the sourcs for progaqa-

tion to the final receiver. Calculations are shown in Table III.

A compariscn of the measured attenuation with calculated
values using this 'Virtual Point! concept are shown in Figure
15 and shows good correlation at the lower frequencies but
overprediction at the higher end of the spectrum. Comparison

of data for the square edged and rounded top barrier indicated
no significant difference in attenuation.

“ e

3

5.0 CHANNELING OF SOUND

The term channeliny of sound, as used in this report, is meant
to describe situations, such as helicopters flying through
valleys or canyons, where the acoustical energy is reflected
back towards the line of flight instead of spreading unimpeded :
in the original direction of propagation. 3

-
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Two conditions were evaluated, a straight channel in which the
source and receiver maintained 'line of sight' and a channel
with a ninety degree bend.

S.1 hine of Sight

The model used was the same one used for the barrier tasts X
with the barriers removed. The variables were the materials :
used to face the surfaces. The soft fiberglass (PF-105) was i
used at the ends ¢f the model, being anechioic they simulated

L ! an infinitely long channel length. The materials used to face
- the floor and walls were similar to those used in the flyover
p verification test except that aluminum was used instead of
L steel for the 'hard' surface. Once again it was felt that the
S fiberglass board and metal surfaces would bracket the range
which might be encounteresd with natural terrain. Tests were
conducted with the walla vertical and sloped outwards 8o that
the effect of this variable could be identified. Spark test=
ing was conducted to determine the relative strength of the
directly radiated path and the reflected paths. The air jet
noise scurce was then 'flown down the canyon' by moving it in
incremants and measuring spectra at the receiver location, as
was done with the verification tests. The test setup was as
1llustrated in Figure 16. The noise source was kept at an
taltitude' of 6" (200' full scale) and the flight path wan
down the centerline of the model. Unaymmetrical microphone
locations were. used so that different path langths and delay

! times would result from reslections from the two walls and

i thus could be separated and identified. Figure 17 shows the
resulte of spark measurements with three configurations of
increasing reflectivity. 1In Figure .7a the direct path radia~

- nf&" pjﬂs.:&.‘é'_ - .
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é TABLE (Il - BARRIER ATTENUATION 'VIRTUAL POINT' METMOD 1
% v Y : 4
P t |t Nwzfat v N | Aoy LN _
¥ 4 10,000 | .0087 | 4 0141 | 8 9 :
& 20,000 | .0074 4 0282 | 8 H 3
£ 30,000 | .01l 4 .0422 s 9 3
& 40,000 | .0148 s 0864 s 10 4
& 80,000 | .0148 s ,0708 s 10 A
o 80,000 | .0222 | § 0048 | 6 11 |
. 70,000 | .0289 s 10987 6 i1 :
=T 40,000 , 0298 3 1128 | @ 11 N
b o Pl
NN 1 [10,000 | 08¢ 7 1007 | 7 14 3
! ~ﬁ 20,000 | .1is 7 .2133 ? 14 %
e 30,000 | .177 7 2200 9 1 1
Foos 40,000 | .23 7 +4206 . 13 &
- 50,000 | .298 ‘ .8332 9 7 :
Ly 80,000 | .3%4 ' 6400 | 10 Y ;

k. ] 70,000 | .413 9 (7488 | 1L 20
: 30,000 | 472 a0 A8 12 a2 i

J 6 {10,000 | .14 " .327 ? L4

g 20,000 | .22 7 483 10w

oo 30,000 | .342 s 478 11 19

o 40,000 | .486 20 904 12 22

b 80,000 | .870 10 1.13 13 23

% 60,000 | .04 1l 1.306 13 24

¢ 70,000 | .798 11 1.902 14 T

| 20,000 Qi 12 L0808 i3 a2

- 1 9 |10,000 | .109 s /389 ] 13

' 20,000 | .337 . 718 i 19

d 30,000 | .s08 10 1.077 13 ¥

{ 40,000 | .67 1 1,436 18 i

y 80,000 | .043 [ 12 1.798 18 7

i 80,000 [1.012 13 1,184 17 10

» 70,000 |1.18 13 2.313 17 10

| 00,000 11,340 | 14 2.973 A9 i

! 12 [10,000 | .222 ? .308 10 17

g 20,000 | .443 ’ 1,018 | 13 32

: 30,000 | .68 ¥ 1,824 14 I 28

40,000 | .800 | 12 2,032 | 1 L

50,000 (1,108 13 2.8 | 17 30

60,000 |1.330 14 1.049 18 32

70,000 |1.58 14 3.886 | 18 32

40,000 {1.773 13 4,066 19 34

' 15 17,000 12708 ? 478 il 18

20,000 | .841 9 1,349 14 23

30,000 | .e12 11 2.02¢ 14 a7

40,000 l1.081 13 1,453 L7 29

80,000 1,383 14 1.373 18 32

. 0,000 [1.622 14 4,048 19 33

: 70,000 |1.094 18 4,722 19 34

00,000 [2.163 18 5.400 19 as
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tion is clearly evident at 4.73msec delay time, with one re-
flective surface (17b) the additional path appears, when two
facing walls become reflsctive (17¢) multiple paths arise from
raflections back and forth between tha twec facing wallas.

Figure 18 shows a typical set of spectra which were measured
with a configuration employing one reflective sidewall. It is
interesting to note that when the source was located 12 inches
from the sidewall a very strong pattern typlcal of constructive
and destructive interference appears with a separation of about
2200 Hz., This corresponds to a calculated interference inter=-
val of 1903 Hz as illustrated in Figure 19, and considering
precision of measurement is probably reasonably closa. At a
greater distance from the wall (19") the frequency, as ex=-
pectad, decreases but it is not ¢lear why the depth of modu-
lation is so much less or why it is not evident with a dis-
tance of 26", At the very close distance of 2" the inter-
farance pattern does not appeasr because the freguency has
become aextremely high and this interval betiween dips exceeds
the resclution limits of the analyzer.

The air jet noise source was 'flown' down ths model canyon
with the several configurations of ground and wall materials
which were indicated in Figure 16. The test results for three
fragquencies ¢of noise are presented in Figure 20 which shows
that at close range the directly radiated path dominates
(within about 500 feet full scale and that as distance in-
creases the hardness of the terrain becomes more important
with the level increasing significantly with increased terrain
hardness. None of these trends ls unexpected and but the
model does demonstrate the great effact which terrain can
exert on the sound pressure laevel at the observer. In general
the level measured at the maximum distance with the 'hard'’
terrain would not be reached until the aircraft range was only
one third that distance with the 'soft' terrain.

P Py

Since the configuration with high absorption throughout is
essentially anechoic the effect of successively increasing the ;
reflectivity of the setup can be obtained by subtracting the 3
levels measured with the former configuration from the latter i
ones resulting in the amplifications shown in Figure 21. This E
is a ¢good method to use with model testing since all directiv=- 4
ity and distance attenuation effects are automatically can- 3
celled out. An idea of the strengths of the various propa=-
gation paths was cbtained by also 'flying' the spark and
measuring the amplitudes of the successively time delayed
impulses such as those illustrated in Figure 17, Figure 22
shows the results for two reflective cases.
Although the spark results encompass all frequencies they
¢nntain some interesting information., It appears that the
first raflection is almost as strong as the direct radiation
and that all others, with the poussible exception of the
second, could be neglected but even if there were no rein='
forcement by any reflected paths the magnitude of difference

16




between most and least reflective configurations of 15 dB aa

' measurad with the air jet could not be accounted for by sum=

%j i ming of acoustic ray propagation paths. Figure 22b demon=-
Lo

atrates clearly that all higher order reflections involved the
second wall.

AL L T

steady state sound energy density of Ref. 18 Section 10.14 to
pPredict the buildup within a room yields the results shown in
Figure 23, Conaildering that the room volume of the model is
at least an order of magnitude smaller than the applications
for which the method was developed and considering the sim=
plistic assumptions which were made one ocught not to expect
too good an agreement. But the fact remains that the test

results indicate a stronger effect of tarrain absorption than
would be expected.

{ Another way of locking at the situation of the canyon model as
s an enclosed room with absorption coefficients of 1.0 at the
N | top and ends and absorption coefficients corresponding to the
B appropriate material and frequencies for the sidewalls and
g: ! ground surfaces. Using the method for calculating total
Lo !"

The effect of sloping the walls outward at approximately 45¢
is shown in Figure 24. This is, of course, & more natural
situation because truly vertical walls ars rarely encountered
in naturea. Indications are that additional attenuation will
be experiancad at moderately close ranges but at large dis~
tances a vertical wall model mai suffice. The condition shown
is for the most reflective configuration and the effect of

slope would be expected to be even less with more absorptive
surfaces.

$.¢ _Rends

The line of sight model was converted to the configuration
illustrated in Figure 25 which results in a considerably more
complex expariment. The results shown in Figure 26 indlcates
that the attenuation due to the band, which is very evident
with soft terrain, can be virtually cancelled dut if the walls
are revarberent. It alsc shows that when flying at very low
altitude the effect of the ground is less than that due to the
bend but the ground provides considerable attenuation of line
of sight propagation. It is also gquite evident that these
effects increase with freguency.

Curving the outer wall of the bend had little effect on the
data simulating N.O.E. operation as shown in Figure 27 but
Figure 28 reveals an interesting effect on the data which
simulated 200 ft. flying. The effect of the curviture is to
reflect the pressure waves, as illustrated, so that they tend
to bend around the corner instead of being reflected back.

That this is mors effective on higher freguencies, of shorter
wavelength 1s indicated by the data which shows that the level
with the curved wall increases from a level balow that of the
sguare bend at 20 KH2(50 Khz full scale) to considerably higher
than the square bend at 60 Khaz.

17
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One of the propagation paths illustrated in Figure 2. is that
diffracted over the edges of the 'canyon' rather than propa-
gating around the bend. 1In order to determine the effuctive-
ness of this path a lid was put on the approach leg of the
model so that this path was blocked. The results (Figure 29)
clearly show that with soft terrain the path over the edges of
the 'canyon' was a very substantial one and also increased
with frequency and that failure to consider such propagation
paths could lead to major errors in predicting detaction dis-
tancea. Note that with hard terrain the paths through the
model still predominate

8, CONCLUSIO e ONS

The work described in this report has demonstrated that acous-
tical modeling technigues can be appliad to studies of the
effects of terrain on the propagation of helicopter noisa.
Experiments to separate complax effects, which are virtually
impossible to perform in full scale are very easy to do with
models. Although the technigues themselves are general they
can be tailored to prediction .of any particular helicopter
provided its acoustical spectrum and directivity are known,
either from measured data or analytical prediction. The tests
which were conducted pretty much bounded the range of acoustical
impedance and absorption which would be encountered in nature
and demonstrated very large effects on noise propagation.

The model verification was conducted only for the classically,
sinmple case of flat, soft, terrain and for this case showed
good results when 'flying' 500 ft. above the ground but only
moderate correslation with nap of the earth data. The model
approach shows strong promise but needs further verification
by application to more complex full scale situations for which
both data and description of the terrain are known. One of
the major questions to be answered is the detail to which ters
rain features must be modeled).

More research is also needed into modeling materials for
proper simulation of various types of terrain.
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