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i. INTRODUTTION

The Incressed use of noise contours end footprints to control both
pircraft movements and land-use planning in the vicinity of airports
emphaslaea the need for a relishle prediction method for these contours.
An 1importent component in the prediction of noise contcurs is the
eatimation of the stteruation of sound as it propagates close to the
ground plsne. To increese our understanding of the factora which
influence lateral sound attenuation ESDU  have been working in
_colleborstion with the Soclety of Automotlve Enginears (SAE) on the
snalysis of alreraft flyover noise date. This work is not yet comp lete
so thia peper describes the analysia of the date and gives a report on
the progreas to date.

for the purpose of this psper leteral attenuetion is defined ea the
difference between the under-the-flightpath snd sideline Free-field sound
levels where the propagetlon ranga of the two scund levela is the same.
The sound levele used sre for the same noise radiation angle end the same
aircraft flight conditiona (configuretion, engine thrust setting, etc.}.
This broad definltion of leteral attenuation includes the effects of
source installation end atmospheric effecta such as refraction of the
sound wave due to wind end tempersture gradients end ettenuation due to
etmoapheric turbulence. The source ingtallation offects include airfreme
ahielding, reflections from the alcframes, Jet-on- jet shielding ~and
vortex effects.

By enslysis of carefully controlled tests in steady steble atmospheric
conditlona the effects of wind snd tempereture gradients, end atmospheric
turbulence, sre reduced to a minimum. Also by enalyeing spectra over a
rangs of noise emimsien engles en ssmemsment of the influence of source
installation effects can be made. The objective of the first stage of
the analysie is to provide leteral attenustlon data in terma of the besic
paraemeters (frequency, range and elevation engle) for alrcreft of
perticular engine/airframe configuretiona. Further investigation of
installation effects may then allow the collapse of these data to a
single lateral sttenustion prediction for all aircraft.

2. GROUND REFLECTION CORRECTION

The effects of ground reflections on a typical under-the-flightpeth and
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aideline spectra measured by microphones 1.2 m ebove the ground are shown
In Figure 1. These spectra are the ground reflection correction spectra
for equal sound propagetion diatances. It is evident that subtrection of
apectra contemineted by these ground reflection effects will give rise to
spurious veluea of leteral attenustion. In eny investigation of the
dependence of leteral sttenmuetion on mound Frequency 1t 1s therefore
essential to flrst remove the offects of ground reflections so converting
the specktra to free-field conditions.

The mathod of removal of the effects of reflections ere based on the
theory in Reference 1. In this theory the impendance of the ground
surfece is calculated using a porous aebsorber model. The
- normal-incldence ecoustlc irpedance and the propegation coafficlent can
be cheracterised In terms of the specific flow resistance per unit
thickneas and 8 porosity factor. for all precticsl purposes it hea been
found thet the peroaity factor may be set to unity seo that the ground
impedance can be represented using only the flow resistance parsmeter.

In practice it is often Found that the calculated freguency of the firat
minimum §n the ground reflection spectrum does not coinclde with that
frequency In the measured spectrum. This discrepancy may result from the
non-homogeneity of the atmosphere or, in the cese of aircraft flyover
noise, tracking errora lead to the calculation of the frequency of the
firat ground reflection minimum belng besed on en errer In source
location. In correcting the measured free-field spectra the predicted
ground reflectlon corrections are aligned with those In the messured
spectrum.

L
A further correction {is epplied to the estimated ground-reflection
spectrum to account for the cheracteristic of the filter used in the
enalysis of messured data. Witbout thls correction there ia a tendency
to overpredict the correction die to ground-reflection, especielly around
the band containing the first ground-reflection minlmum frequency end its
firat paeudo-harmonic.

A full description of the procedure to correct meesured noise spectrs for
the effects of ground reflections ia given in Reference 2.

3. LATERAL_NDISE ATTENUATION

Volues of lateral attenuation ere estimeted on each of the one-third
octave frequency hands for the full range of frequencies measured. These
values of leteral attenuation will be correlated against elevation engle,
frequency snd propagetion diatence in order to develop an empirical
prediction method for lateral attenuation.

The steps in the analyeis procedure are followe.
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{a) Relate the source location te the aircraft tracking point and
decide whether multiple sources are needed im the enalyaia.

For some multi-engined aircraft where the sound propagetion range
ia emall it is necessary to consider each engine a3 & aeparate
noise source. For ranges greater than 70 m it is generally
accepteble to asgume a point source on the eircreft.centre line.

(b) Estimate the source position at the time of emission, For both
undepr-the-Flightpath and sideline locationa, for the radiation
angle conaidered, and select the appropriate meesured spectra.

(c) For esch flyover height celculete the under-the-flightpath ground
reflection spectrum end correct the measured spectra to free-Field
conditions.

(d) For the wunder-the-flightpath Ffree-fleld spectra calculete the
reference apectrum for the radiatlon engle considered.

The reference spectrum is the under-the-fFlightpath spectrum, at
the radiation angle considered, corrected to the reference range
of 100 m This sepectrum is used to eatimate the
under-the-flightpath spectrum ot any sideline renge wusing an
appropriate value of atmospherlc attenvetion rate and the
inverse-sgquare lew For renge correction.

{e) Calculate the ground reflection spectrum for the sideline location
and correct the measured spectrum to free-Field conditions.

(f) From the reference spectrum calculate the under-the-flightpath
free-field spectrum at the same propagation range es the aldeline
location conalidered.

(g) Subtract mpectrum (e) from epectrum (f) to cbtain the lateral
attenuation in each one-third octave band.

Typical valuea of one-third octave band lateral attenustion are shown in
Figure 2 platted egainast aircreft elevetion sengle. Data From three
eircraft, of aimilar type, having four underwing mounted turbojet engines
are lncluded in this figure. The effect of range has not been considered
in the data plotted and this effect will eccount for some of the data
spread.

The majority of flyover noime datma are now aenalysed. On completion of

this enalysis the task of correlating these data egainst frequency, renge
and elevation angls will be sddressed. From the correlation of these
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date & prediction procedure, suitable Ffor use in noise contour
eatimation, will be developed.
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