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SUMMARY

A detailed analysls of a set of Boelng 727 aircraft flyover
noise measurements 1s presented. The flyover data were acqulred
over a wide range of sldeline distances and angles of aircraft
elevation with respect to the measurement position. Relation-
ships are derived for excess attenuatlion due to ground effect
and reflection interference as a function of both frequency and
angle of aircraft elevation. Angle of elevation 1s found to
be the principal normalizing factor for excess attenuation
in the frequency range 50 - 1600 Hz over measurement distances
of 800 - 9000 feet. Ground effect, separable from ground
reflection interference phenomena in this analysls, was found
to be a maximum in the frequency range 125 - 400 Hz and as
high as 17 dB at an aircraft elevation angle of 4°., No sign-
ificant ground effect was ldentified at elevation angles
greater than 50°. Spectral distortion due to reflection inter-
ference 1s found to be important at high angles of elevation
but diminishes rapldly at alrcraft elevation angles of less
than 20°. Englne or fuselage shilelding effects were not

obvlious in the data and could not be quantified from the analysis.

Recommendations are presented on the use of the results of this
analysis to guide the development of lmproved flyover noise
prediction techniliques.
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INTRODUCTION

In a recent review of aircraft sideline noise!, trends in
exce ,s attenuation (attenuation not clearly attributed to distance
spreading or atmospheric absorption factors) were found to be a
strong function of the angle of elevation of the aircraft with
respect to the observer. This characteristic has been reported
previously and is Interesting slnce many excess attenuation
prediction models include distance as well as angle of elevation
as a principal variable upon which attenuatlon magnitudes are
based.

The prior review examined several aircraft flyover data sets
and excess attenuations were generally limited to evaluation in
Effective Perceived Noise Levels (EPNL). This measure 1is a
complex calculation involving frequency weighting, tone corrections,
and time integratlion. Results of thls type do not usually support
the development of any more than a gross empirical relationship
for excess attenuation. A more detalled analysis was included in
the previous report for samples of Boelng 727 alrcraft flyover
data where one-third octave band time history information was
avallable. Excess attenuations of 15 to 20 dB were clearly evident
in these data. These results, moreover, were found to be consistent
with 727 data reported in the review from other sources.

This preliminary detalled analysis of the 727 data, although
limited 1n scope, proved to be interesting, and a more complete
analysis of the data from thls same test program has now been
completed to include a more diverse range of aircraft altitudes
(400, 850, 1400 feet) and sideline distances (overhead to 9000
feet). Angles of elevation of the aircraft with respect to the
observer range from 2.5° to 90°. This report presents the results
of these further analyses and offers recommendations for use of
the results in the continuing development of improved methods
for flyover noise prediction.

DISCUSSION

Even today, there still exists a basic inability to physically
relate aircraft flyover nolse measurements taken at positions
where the angles of elevation of the aircraft with respect to the
observer are substantially different. The presence of the ground
surface, together with a possible partial shielding of the noise
source on multi-engine ailrcraft are both effects which at first
sight are sensitive to elevation angles.
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For example, mcasuremcnts under the flight path, using a
microphone height of say 4 feet, are severely distorted by sound
wave reinforcement and cancellation at the microphone due to the
presence of the reflected wave from the ground. This interference
effect 1s frequency dependent and thus will impact flyover measure-
ments differently for alrcraft having disimllar noise signatures.
On the other hand, when angles of elevation become smaller, a
progressively increasing attenuation, with a broad maximum in the
range of 125-500 Hz is often reported. The latter 1s popularly
referred to as ground effect and 1s considered to result from
sound propagating at near grazing incidence over a finite 1impedance
ground surface. As with classical interference, thls phenomenon
1s also frequency dependent and potentially impacts aircraft noise
to a varyling degree depending upon the spectrum of the alrcraft
noise signature.

Although considerable research has been undertaken on sound
propagation nver ground and sophisticated mathematical models
proposed and supported through sometlimes limited experimental
evidence, a satisfactory and useable model for an aircraft-in-
dependent prediction scheme for flyover noise has not resulted.
In fact, a continuing technical controversy exists on how to
effectively handle the problem. This situation 1s encouraged,
no doubt, by the need to seek a meaningful solution in a state
of relative scientific bewilderment.

The problem 1s not trivial. Poorly based noise prediction
methods can result in inadequate noise exposure estimates or the
need. for substantial adjustment to estimates through extensive
and sometimes expensive noise monitoring programs.

One of the major problems in the development of an excess
attenuation model has been a lack of substantial data. Many
empirical rredictlon schemes have been proposed based on studies
of extensive flyover data in subjective nolse measures such as
EPNL. While such an approach may be partly successful, unless
they are developed specifically for each generic aircraft type,
they do not represent a generalized method for nolse predictlion.
On the other hand, frequcency dependent attenuation factors have
been developed although thelr application may not be totally
appropriate for a broad variety of flyover nolse measuremernt
situations since the data base for these analyses has not been
from actual flyovers. In parallel 1is a further deterrent to the
development of a good data base - the detalled analysis of flyover
data 1s a time consuming and somewhat tedious procedure. Computer
applications can obviously minimize the effort required, although




conslderable foresight 1s necessary to prepare for such analyses.
Postmortem analysis, undertaken after all the conventional data
processing 1s complete, 1ls a far from optimum approach.

The study reported here does not aim to provide a general
solutlon to the excess attenuation problem. It does aim, however,
to demonstrate that a relatively simple but thorough analysis of
flyover data sets can uncover slgnificant data trends relating
to the character of excess attenuation. While it 1s difficult
to say whether the trends reported would be the same for all
alrcraft, the study may serve to encourage derivative studiles
of a similar type for other alrcraft. A combination of findings
from several independent studies together with suitable inter-
pretations could lead to substantlal improvements in flyover
nolse prediction.

FLYOVER DATA DESCRIPTION

The Boeing Company, as part of a retrofit feasibility program
undertook extensive flyover nolse measurements on the 727 alrcraft
Data were acquired simultaneously on either side of the flight
track to sideline distances of 6000 feet and on one side of the
flight track to a distance of 9000 feet. Alrcraft altitudes
ranged from 400 to 9000 feet. All data analyzed in this study
are from microphones located 4 feet above ground level. The ground
surface was sandy soil with a light scattered sagebrush cover.

i.

The overall test program lncluded a large matrix of engine
power settings and alircraft flyover altltudes. The analyses
reported herein represent an abbreviation of the total data and
are limited to the highest englne thrust condition and to the
nominal flyover altltudes and sideline measurement distances
given in the table below.

Sideline Distance, Ft.
0 +750 11500 +3000 +6000 +9000

Altitude
Feet Angle of Elevation, degrees
400 - 28 15 7.6 3.8 2.5
850 90 lg 29 16 8. 5.4
1400 90 62 43 25 13 8.8
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For each flyover, measurements were takc... at all sidelilne
positions simultaneously. Unfortunately, data from the mlcrophone
located on the flight track is not available for the 400 foot
altitude flyover. Also, although the microphone array was generally
symmetrical about the flight track, there was no microphone located
at the -750 foot nor the -9000 foot sideline positions.

The data used for analysls in the study was basic, and
comprised:

one-third octave band spectrum and A-level time histories
using one-half or one second Integration times

alrcraft position relative to the nominal altitude and
flight track

aircraft speed and thrust setting

local ground station observations of the ambient
temperature and relative humidity.

DATA ANALYSIS

The following paragraphs outline the calculations that were
undertaken on the flyover data. A tabular summary of all of the
derived values used 1in the analyses may be found in the Appendix
to this report.

Composite Flyover Spectrum

The composlite spectrum comprises the maximum one-third
octave band levels recorded during the flyover event even though
these maxima may not have occurred at the same instant in time.
This spectrum may be A-welghted to give a composite A-level which
will generally be between zero and 2 dBA above the maximum
A-level actually recorded during the flyover event.
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Integrated Flyover Spectrum

The integrated spectrum comprises the time integral of each
one-third octave band during the flyover event normalized to a
reference duration of one second. Integration limits for each
band were, at a minimum, the 10 dB downpolnt during the event.

Thus:
+o

L(1)
10

IL(1) 10 log 10 dt

- 00

where IL(1)

integrated level of 1th frequency band

L(1i) = level of ith frequency band at time t
or, when computed from flyover signals sampled at discrete
intervals
e
L(1)K
10
IL(1i) = 10 log 10 + 10 log At
K=0

where d 1s the time interval during which L(1) is within
10 dB of the maximum value of L(1i), and At is the time
interval between noise level samples.

The integrated spectrum may also be A-weighted to give a form of
the sound exposure level (SEL). Although strictly speaking SEL
1s a time Integral of the A-level time history, in practice the
results 1ndicated essentially no numerilcal difference between
the two methods of calculations. Of course, this fact may not
hold true for alrcraft with spectral characteristics differing
from those of the 727.

Normalized Flyover Spectra

Both composite and time-integrated flyover spectra were
normalized to a distance of 1000 feet using traditional distance

(%2) and atmospheric absorption values (per ARP 866)°. For




application of absorption factors, a directivity angle of 115°
was assumed for all frequencies. While thls assumption could
glve rise to errors when normalizing data from large sldeline
distances or at higher frequencies, it provides a reasonably
close estimate for absorption losses by using a realistic
directivity angle.

For the composite spectra, normalization is straightforward.
Corrections were added to each one-third octave band as follows:

dB correction = 20Log 1%00 + éi;lgggg 1300

where d = closest distance of approach (CPA) of aircraft
to measurement positilon
a = absorption in dB/1000 ft per ARP 866 for the

frequency band.

For the integrated spectrum, distance and absorptlion adjust-
ments must also be made. In addition, the normalization process
must consider the changing duration characteristics of the flyover
event with distance. Thils 1s usually accomplished with an adjust-
ment factor which effectively 1lncreases the duration of the event
by a factor of two (or 3 dB) for each doubling of distance from
the source (10 dB per decade of distance increase). This duration
effect 1s reflected 1n an increase in the numerical difference
between the Integrated level and the maximum level as the distance
between the source and receiver increases.

When compared with measured data, 10 dB per decade dlstance
adJustments tend to overestimate the duration effect. Several
available data sets" indicate a duration adjustment with
distance closer to 5 to 7 dB per decade. To minimize errors
in normalization, the best straight line relationships between
the integrated level minus maximum level and log distance (CPA)
were determined for each one-third octave band. The slope of
this best fit llne was used to normalize the duration effect
of the data with the following equation:

dB correction = (20-b)Log T%55 + ég;lggg) T%ﬁﬁ

where d and o are the CPA distance and absorption factor
respectively and b is the slope of the "duration effect"
line in dB/decade.

10




The normalized spectra provide the basis for determining
excess attenuation (which can be either positive or negative)
between the various measurement positions. The general concept
of thils approach 1s important since 1t obviates the need for
selecting any one particular measurement location (for example,
overhead) as a reference point when there 1s no a priori
knowledge of any ground effects that are present in that spectrum.

In normalization, it is also important to take into account
variations 1n aircraft thrust setting and speed between each
flyover event. In the data set studied, aircraft thrust setting
was essentially constant for all test conditions and no correc-
tions were required. Flyovers were normalized to a speed of
300 feet per second ~ only the U400-foot flyover required a small
(-0.5 dB) adjustment in the integrated band values.

RESULTS

A summary of flyover information pertaining to each of the
data sets used in the study 1s presented as Table 1. For each
nominal altitude and sldellne distance, the following informatlon
is given:

CPA - closest point of approach of alrcraft to
microphone during flyover

§ - angle of elevation of alrcraft with respect
to the microphone at the aircraft CPA

SEL - sound exposure level from integration of A-level
time history

AL - the maximum A-level recorded during the
flyover event.

The ground station temperature and relative humidity for each
flyover 1s also given. A-level time historles were not avallable
for the 850 foot altitude flyover at the overhead aad 6000 foot
sideline measurement positions.

11
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SEL and A-level Relationships with Distance

Filgures 1 and 2 show the relationship between SEL¥* and AL
respectively as a function of CPA distance. Included on each
of these figures for relative comparison are curves from Ref. 5
for SEL and AL based upon extrapolation uslng standard distance
and absorption values (alr-to-ground propagation). Although the
absolute y-axis location of the reference curves 1s arbitrary,
they have been located so as to pass through the group of data
points at a CPA distance of approximately 3000 feet. This point
was chosen because, from a preliminary vliew of the data, the
slope of the reference curves seem to fit the data points well
where elevation angles were between 10° and 30°. These points
include CPA distances ranging from 1500 to 9000 feet. At higher
angles of elevation, greater than about 30°, data points appear
relatively high compared to the reference curve and at low angles
of elevation, less than 10°, a generally progressive increase in
attenuation with decreaslng angle 1s noticeable. These trends
are considered signlficant and wlll be discussed later.

Duration Effects

For time-integrated noise measures such as SEL, the principal
reason that levels reduce with Increasling distance between source
and recelver is the attenuation of sound due to distance spreading
and atmospherlic absorption. However, 1n an integrated measure,
these losses are somewhat offset by the fact that at greater
distances, the 1ntegral value 1s increased relatively speaking
due to a longer time history characteristic. It is generally
assumed that this duratlion effect results in a 3 dB increase
for each doubling of distance - or 10 dB/decade. The actual
relationship may be characterized by examining the difference
between the integrated and maximum values (A-level or 1/3 octave
band) during the flyover event and the CPA distance between
source and receiver.

Since the actual duration effect must be determined before
normalization of SEL or integrated band levels to a given distance
can be reasonably accomplished, relationships between the time-
Integrated and maximum values for both A-level and each one-third
octave band were established.

* Except for the three instances noted in Table 1, SEL values
represent integration of measured A-levels with time.

13
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Linear regression lines were determined assuming that the
followlng relationship was realistic:

(Time-Integrated)~(maximum level) = a + bLogx
where x 1s the CPA distance.

In this assumed relationship, b is the line slope and 1s equal
to the duration effect in dB/decade. The value b for each
frequency band can then be used to normalize integrated data
from the measured distance to the reference distance using the
equation outlined in the data analysls section.

Figure 3 presents data, with the regression lines shown,
for both A-level and two representative one-third octave frequency
bands. A summary of the values of b for each frequency band are
shown graphically on Figure 4 together with the correlation
coefficlent determined for each line. A tabular summary of the
information given on Figure 4 1s provided in the Appendix.

Figure 4 shows that the duration effect is relatively
frequency independent and while slight variations do exist
between bands, these varlatlons do not appear to be significant.
A duration effect of 6 to 6.5 dB/decade is indicated. This is
in good agreement with the average change of 5.7 dB/decade reported
in Ref. 4 for analysis of both approach and takeoff noise signals
produced by several types of Jjet alrcraft®.

Excess Attenuation from Normalized Spectra

When distance and absorptlon factors have been corrected for,
any differences that remain between the data sets may be assigned
to the category of excess attenuation. If effects due to engine
or fuselage shlelding are present in the data, then these would
necessarlly be included 1n such a gross approach. Thils fact
must be remembered, particularly if relationshlps between excess
attenuation and alrcraft elevation angle are considered at high
elevation angles - for example, at angles greater than 30°.
However, all excess attenuations, whether resulting from ground
effects or shlelding, will be consldered together in this study.

Normalized time-integrated and maximum sound pressure levels
are presented as a functlon of aircraft angle of elevatlon on
Figure 5 for each one-third octave frequenzy band up to a center
frequency of 1600 Hz. The 1600 Hz band was the highest frequency

16
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band for which rellable data could be established at all measure-
ment positions. Fortunately, 50 Hz to 1600 Hz 1is generally
considered to cover the range of interest for excess attenuation
and this was supported by the fact that at 1600 Hz, only relatively
minor trends 1in data as a function of elevation angle were evident.

Normalized data trends were similar for both integrated and
maximum band levels, although the integrated data tended to have
slightly less scatter as a function of elevation angle. To enable
both integrated and maximum level data to be plotted together on
the same axes, the duration effect determined at the normalization
distance of 1000 feet has been added to the maximum values.
Normalized spectra, both composite and integrated, are tabulated
in the Appendix, as are the 1000 ft duration corrections for each
frequency band.

From the data points of Flgure 5, which show decreasing noise
levels with decreasing angles of elevation, it 1s evident that
excess attenuation is principally a function of angle of elevation
over the frequency range of 50 to 1600 Hz. Admittedly for angles
of elevation less than 5° all distances are greater than 6000 feet,
but in the elevation angle range of 5 to 90°, there appears to be
no great dependence upon distance even though the propagation
distances involved range from 800 to 9000 feet.

A clearer method of presenting the data of Figure 5 1s 1n
terms of a series of curves based on the points of Figure 5,
representing attenuation values relative to the SPL (integrated
or maximum) at the overhead measurement position. This has been
done in Figure 6 where attenuation curves are presented for each
frequency band. Figure 6 does not promote an overhead measurement
as a favored reference value but merely enables the excess
attenuation trends as a function of frequency and elevatlon angle
to be conveniently displayed. Excess attenuations, which may be
positive or negative relative to the overhead reference position,
can be determined from these curves between any two measurement
positions with differing angles of elevation. In conjunction
with conventional distance and atmospheric absorption corrections
any of the points in Figure 1, for example, could be predicted
from any one of the other points. - This is a significant statement
in terms of aircraft flyover nolse normalization.
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The curves of Figure 6 indicate clearly the maxima and
minima in measured data due to the interference of direct and
reflected sound waves. Simple theory’ would depict the frequency
of the maxima and minima to increase with decreasing elevation
angle and this is consistent with the curves of Figure 6. Further,
the curves 1indicate that the magnitude of the spectral distortions
becomes less signiflcant as the elevation angle decreases.
Theoretically, for a simple statlonary source, this should not
occur although a possible explanation for this trend 1s outlined
in the following paragraph.

For the initial cancellation point - when the time delay
between direct and reflected sound waves 1s equal to a one-half
period - a maximum cancellatlon effect can be achieved only when
complete correlation exists between direct and reflected waves.
In practice, long sound propagation distances through a non-
uniform atmosphere, a moving noise source, together with the
effective time-averaging of flyover data, cause these discrete
sound wave relatlionships to no longer exist at the microphone.
As a result, the somewhat dramatic spectral effects of wave
cancellation are minimized, 1f not eliminated. However in both
overhead and low elevation angle situations, measurements are
made above a reflecting surface. Theoretically then, if the
direct and reflected waves are equal in magnlitude, broadband,
and random in phase at the microphone, the measured level would
be 3 dB above the level of the direct wave only - that 1s the
level measured in the absence of any reflections.

The curves of Figure 6 may be smoothed to eliminate the
discrete element of reflectlive interference. Assuming that any
measurement of an overhead flyover made above a reflecting plane
will nominally be + 3 dB relative to free-fleld, the measured
spectrum may be adjusted to eliminate discrete interference
effects as shown in Figure 7. The adjustments derlved may then
be applied to the curves of Figure 6 at the 90° angle of elevation
and a smooth curve drawn to lntercept the excess attenuation
curves at angles between 10-15°. The resulting series of curves,
Figure 8, are considered to represent the best estimate of the
ground effect contribution to excess attenuation. Figure 6, of
course, includes both interference and ground effect factors.

Using the curves of Figure 8, the attenuation may be developed
for a discrete series of angles of elevation. These attenuation
"spectra" are presented in Figure 9 for a range of elevation
angles from 2° to 32°.
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For the 727 3-engine configuration, it seems unlikely that
there would be no engine or fuselage shlelding effects in measured
data. However, from the data herein 1if shieldling effects are
present, they would appear to be subtle and certainly not quantifi-
able without comparison to similar data sets from other aircraft
configurations or from data acquired independently to assess the
magnitude of the shlelding effect for the unique configuration
of the 727 aircraft.

The ground effect attenuation spectrum for a 2° elevation
angle (from Figure 9) 1s compared in Figure 10 with the excess
ground attenuation predicted by over-ground propagation algorithms
currently incorporated in NOISEMAP®. 1In Figure 10, NOISEMAP
predictions of excess ground attenuation for distances of 4000
and 6000 feet* are shown. The 2° elevation angle spectrum shows
greater attenuation at frequencies between 125 and 1600 Hz. Both
the 2° elevation angle and NOISEMAP excess ground attenuation spectra
show maximum attenuation in the same general frequency range
(approximately 125 Hz to 400 Hz) although the 2° spectrum shows
considerably greater attenuation at higher frequencies in the range
from 400 Hz to 1250 Hez.

Of course, the excess ground algorithms currently lncorporated
in NOISEMAP were derlived from a much different kind of field measure-
ment than those utilized in thils study. Thus, falirly sizeable
differences are not unexpected. Further, the current study examines
data for one aircraft for one set of weather and surface conditions.

CONCLUSIONS

The conclusions to be drawn from this flyover noise analysis
study are relatively straightforward. Although data from only
three flights were analyzed, the sets of data represent a portion
of an ovérall series of nolse tests which generally exhibited
classical examples of so-called excess attenuation. There is no
reason to believe that other data from this test serles would not
follow the trends indicated by the samples analyzed in this study.

In the absence of any knowledge on work presently being
undertaken by others, the results derived from thils study

* With the NOISEMAP algorithms, maximum excess ground attenuation
values are attalned at a distance of 6000 ft. The algorithms
include a 5 dB "shlelding" attenuation that is independent of
frequency and distance.
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represent the first time that excess attenuation characteristics
have been developed as a function of frequency from actual aircraft
flyover measurements.

The flyover data indlcated that, when corrections for distance
and atmospheric absorption have been applied, excess attenuatlons -
whether positive or negatlve - are a function of the angle of
elevation of the aircraft only. This was true for one-third octave
bands ranging from 50 to 1600 Hz and for measurement distances of
800 feet to 9000 feet.

At frequencies above 1600 Hz, measured data and atmospheric
absorption corrections become less confident at large measurement
distances. However, trends in the data indicate that excess
attenuation also becomes minimal at frequencies above 1600 Hz.
This findling 1s generally consistent with other reports on excess
attenuation effects.

Attenuation not accounted for by distance and absorption
corrections could be separated Into two distinct regions. Inter-
ference effects, caused by the interaction of direct and ground
reflected sound waves at the microphone, were principally observed
at angles of elevation greater than 20°,and ground effect which
appears to be a progresslve increase 1n attenuation as the angle
of elevation of the aircraft decreases. The character of this
ground effect was similar to that reported in other studiles of
sound propagation over ground with a maximum attenuation occur-
ring between 125 and 400 Hz. At angles of elevation of 4°, for
example, ground effect attenuatlon was approximately 17 dB at
200 Hz. Ground effect was essentially zero at elevation angles
greater than 50°.

Interference effectswere predominant in measurements made at
high angles of elevation with overhead measurements exhibiting the
most distinct spectral trends. As would be expected from simple
theory, the frequency range 50 Hz - 500 Hz was most susceptible
to Interference effects. At elevation angles below 20°, inter-
ference became minimal due to the fact, 1t is hypothesized, that
the preclse correlation of direct and reflected waves that is
required to cause interference cannot be maintained over large
propagation distances from a moving nolse source. Analysis
technlques also serve to dilute the severity of spectral distor-
tlon due to interference.
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The combination of ground and interference effects cause the
flyover noise levels, 1n terms of sound exposure level, to range
approximately + 7.5 4B compared to the slope of the SEL versus
distance curve that would be predicted using normal alr-to-ground
propagatlion prediction methods over the measurement distances of
this study.

Due to the somewhat cancelling nature of Interference and
ground effects in the elevation angle range of 10° to 30°, current
NOISEMAP air-to-ground prediction methods usually normalize data
satisfactorily over a wide range of measurement distances. However,
i1t was clearly apparent that to satisfactorily normalize data over
the entire test data range, excess attenuations (positive or
negative) must be applied at all angles up to 90°.

While 1t 1s fairly certain that some form of shielding effects
must exlst in multi-engine aircraft configurations, if present in
these data, the effects were subtle. No quantitative varlations
or obvious data trends could be assigned to shlelding speclfically.
Comparison of these data with similar data from other alrcraft
configurations, however, may isolate data trend differences that
could be assigned specifically to configuration shielding effects.

The combination of interference and ground effects has a
significant impact on the measured noise level (A-level or SEL)
from the 727 alrcraft at angles of elevation between 30 and 90°
(overhead). Shielding effects, probably present but not quantified
in this study, may also contribute to unexpected data trends in
this angle of elevatlon regime. At high engine thrust settings,
the 727 acoustic slgnature 1s jet nolse dominated and low frequency
noise (less than 500 Hz) contributes significantly to A-weighted
noise levels. For alrcraft with higher frequency noise character-
istics controlling the A-weighted level, the excess attenuatilon
Impact would be substantially less at high angles of elevation,
even though similar spectral influences from excess attenuation
may be present in low frequency range.

A general and significant conclusion of this study 1is that
available aircraft flyover data are readily amenable to re-analysis.
It has been demonstrated that with the expendlture of a relatively
modest amount of time, together with the use of simplistic analysis
technlques, valuable information pertaining to the nature of aircraft
flyover nolse can be generated. With due conslderation to the high
cost of providing new flyover data, re-analysis of exlsting measure-
ments represents a potentially attractive alternative for providing
an expanded data base for the development of improved noise pre-
diction techniques.
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RECOMMENDATIONS

The followlng recommendations are made based upon the findings
of thils study:

Attenuation factors developed from these 727 flyover analyses
should be applied to the noise characteristics of other aircraft
and revised nolse level versus distance curves calculated.
Comparison of these revised curves with available measured data
and with levels predicted using the current NOISEMAP procedures
should be made. The posslble impact of a revision to the present
prediction procedures, both in terms of single event levels and
contour areas, should be assessed.

An effort should be made to seek other avallable flyover

measurements that may be suitable for the application of anlayses *
similar to those in this study. Analysis of data from different
aircraft conflgurations in particular would enhance the data base
for developing improved predilction techniques.

Conslderation should be given to the use of at least one
sideline microphone during the aquisition of flyover noise
measurements for use in the standard data file. Thls sideline
microphone should glve an aircraft angle of elevatlon between
10° - 20° at the aircraft closest point of approach position.

The experimental trends described in this report should be
compared with the results that would be predicted by avallable
mathematical models for sound propagation over a ground surface.

Although an 1indirect product of thils study, 1t is recommended
that revisions be considered for the relationship currently used
in the NOISEMAP procedure to relate A-level and SEL as a function -
of distance from the aircraft source. It appears that from this
study and from other data, a duration effect of 5 to 7 dB/decade
of distance increase would be more appropriate than the presently
used 10 dB/decade.
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APPENDIX
TABULATIONS OF MEASURED AND DERIVED NOISE MEASURES

This appendix presents tabulatlions of measured and derilved
nolse measures used in this study.

The aircraft flyover altitudes and sideline measurement
distances 1dentified on Tables 2 through 5 are the nominal values
only. Closest point of approach (CPA) distances are actual
values, however, and reflect minor deviations in flyover altitudes
and aircraft offsets from the flight track. For this reason, angles
of elevation should be taken from Table 1 in the maln text, and
should not be calculated from the altitudes gilven on these Appendix
tables.
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TABLE 6

LINEAR REGRESSION CONSTANTS DETERMINED FOR RELATIONSHIP
BETWEEN INTEGRATED MINUS MAXIMUM SPL(A) AS A FUNCTION
OF DISTANCE FROM AIRCRAFT (A = a + b LOG DISTANCE)

1/3 Octave Number of a b r? 1000 Foot
Frequency Band Data Points (Slope = Correlation Intercept
Hz dB/decade) Coefficlent
50 23 - 5.15 4,19 0.53 7.4
63 24 - 5.86 L. 46 0.57 7.5
80 25 -11.01 5.77 0.64 6.3
100 26 - 9.62 5.30 0.58 6.3
125 26 -12.89 6.23 0.62 5.8
160 26 -14.22 6.65 0.61 5.7
200 26 -13.14 6.16 0.60 5.3
250 26 -13.56 6.31 0.67 5.4
315 26 -11.30 5.52 0.64 5.3
Loo 26 -16.67 7.08 0.74 4.6
500 26 - 8.82 4,96 0.54 6.1
630 26 -15.09 6.66 0.67 4.9
800 26 -12.52 6.09 0.66 5.8
1000 26 -15.87 6.90 0.67 4.8
1250 26 -17.40 7.35 0.70 4.7
1600 26 -16.05 6.92 0.69 4.7
2000 25 -15.49 6.76 0.62 4.8
2500 23 -15.92 6.78 0.80 u.h
3150 14 <14.00 6.03 0.49 4.1
4000 14 -13.99 5.85 0.64 3.6
A~Level (SEL~ALmax) 23 -12.10 6.07 0.65 6.1
All Bands 486 -13.62 6.32 0.61 5.3
Spectrum Average 26 -13.83 6.38 0.89 5.3
(Bands averaged for
each spectrum)
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