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FOREWORD

In 1997, the Society of Automotive Engineers (SAE) A-21 Committee on Aircraft Noise initiated an evaluation of the need
to revise the ‘lateral attenuation’ prediction method contained in SAE Aerospace Information Report 1751, originally
issued in 1981 and reaffirmed in 1991 without technical change1. It is widely accepted that the equations for the
prediction of lateral attenuation in AIR1751:1981 perform well for airplanes that have fuselage-mounted low-bypass-ratio
turbofan engines. These airplanes, however, no longer tend to dominate the noise resulting from airplane operations.

For some time, however, there has been concern about the applicability of the equations in AIR1751:1981 to the lateral
attenuation of the sound from airplanes having wing-mounted engines, e.g., models of the Boeing 737, 747, 757, and 767
families, Airbus A320, A330, and A340 families, and models of regional and business/executive jets. In addition, there
was concern that the method of AIR1751:1981 was not applicable to the sound produced by propeller-driven airplanes.
The applicability of a lateral-attenuation prediction method to propeller-driven airplanes is becoming an important issue,
as technological advances lead to quieter turbofan-powered airplanes and as the number of operations by propeller-
driven airplanes increase in recreational settings, e.g., National Parks. In communities around some general-aviation
airports, the sound from propeller-driven airplane operations can dominate the level of the sound in airport communities.

As a result of the concerns described above, the A-21 Committee concluded that: (1) the lateral-attenuation data collected
since 1995 generally support the equations in AIR1751:1981 for airplanes with fuselage-mounted jet engines; (2) recent
data support development of a new relationship for airplanes with wing-mounted jet engines; and (3) a prediction method
is needed for propeller-driven airplanes.
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1. SCOPE

This document describes analytical methods for calculating the attenuation of the level of the sound propagating from an
airplane to locations on the ground and to the side of the flight path of an airplane during ground roll, climbout after liftoff,
and landing operations. Both level and non-level ground scenarios may be modeled using these methods, however
application is only directly applicable to terrain without significant undulations, which may cause multiple reflections and/or

multiple shielding effects. This attenuation is termed lateral attenuation and is in excess of the attenuation from wave
divergence and atmospheric absorption.

The methods for calculating the lateral attenuation of the sound apply to:

+ turbofan-powered transport-category airplanes with engines mounted at the rear of the fuselage (on the sides of the
fuselage or in the center of the fuselage as well as on the sides) or under the wings

» propeller-driven transport-category or general-aviation airplanes
+ propagation over ground surfaces that may be considered to be “acoustically soft” such as lawn cr field grass

» situations where the terrain to the sides of the flight paths is not necessarily flat with receiver locations that are
elevated above or depressed below the corresponding point on the ground under a flight path

+ flight paths that include turns such that the airplane is banked.
The calculation methods do not apply for calculation of lateral attenuation for:

+ propagation over ground surfaces that are considered to be “acoustically hard” such as frozen or compacted soll, ice,
or water

+ propagation over ground surfaces that contain many large structures, extensive forests, and similar objects
+ propagation over ground surfaces with significant undulating terrain

+ the sound produced by helicopters.

Helicopters are highly directional sources. While the specific method described herein is not wholly applicable to the
prediction of lateral attenuation of helicopter noise, some compeonents (see 6.1) may be applicable.

Relationships presented herein were derived utilizing data from microphones placed 1.2 m above the local ground

surface. The relationships may be appropriate for use at receivers at other heights, however care should be taken in
such applications.
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'Propagation in an Atmosphere with Refraction', DELTA Acoustics & Vibration Report AV 1851/00, Lyngby 2000
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36. DeLapp, R.E., “Aircraft Noise Definition, Phase I, Analysis of Flyover Noise Data for DC-8-61 Aircraft,” FAA
Contractor Report FAA-EQ-74-5, August 1974

37. Rickley, E.J., “Meteorological Effects Noise Test,” U. S. Department of Transportation, Transportation Systems
Center, unpublished, 12 November 1977 (National Technical Information Service PB2005-103811)

38. Anon., Noise Certification Data for Fanjet Falcon G and Falcon 20, AMD/BAz, unpublished
39. Anon., Lateral Attenuation of 727 and 747, Boeing, unpublished

2.2 Definitions

221 BANK ANGLE

Angle, with a vertex at the nominal center of gravity of an airplane, between a line along the span of a wing and a line
parallel to the ground plane (see Figure 1)

2.2.2 DEPRESSION ANGLE

Angle, with a vertex at the nominal center of gravity of an airplane, between a line along the span of a wing and a line to
the sound receiver at a location to the side of the ground projection of the flight path (see Figure 1)

223 ELEVATION ANGLE
At the time of an airplane’s closest approach to a receiver located to the side of the flight path, angle, with a vertex at the
receiver, between the line representing the direct propagation path from the effective source of sound from an airplane

and the line from the receiver to the ground projection of the flight path (see Figure 1)

NOTE: An elevation angle of O degrees means the airplane is on the ground; an elevation angle of 90 degrees means
the airplane is directly over the receiver.

2.24 ENGINE INSTALLATION EFFECT

At the time of closest approach to a receiver located to the side of the flight path, directivity of the sound from an airplane
as a function of depression angle

2.25 EFFECTIVE PERCEIVED NOISE LEVEL

Level of the time integral of the antilogarithm of one-tenth of tone-corrected perceived noise level over the duration of an
aircraft flyover

NOTE 1. Effective perceived noise levels are expressed in decibels (dB) relative to the standard reference pressure of
20 pPa and reference duration of 10 s.

NOTE 2. The abbreviation for effective perceived noise level is EPNL.
NOTE 3. The time integral is usually approximated by summation of the antilogarithms of a succession of one-tenth of

0.5-s-average tone-corrected perceived noise levels. The summation is over the time that the tone-corrected
perceived noise level is within 10 dB of the maximum tone-corrected perceived noise level.
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2.26 LATERAL ATTENUATION

Attenuation, not attributed to atmospheric absorption or wave divergence (geometric spreading), of sound propagating
from an airplane sound source to a receiver at a location to the side of the flight path

NOTE 1. Lateral attenuation is expressed in decibels (dB).

NOTE 2:  Lateral attenuation is determined from expressions for engine-installation effects, long-range air-to-ground
attenuation, and over-ground attenuation.

2.27 LATERAL DISTANCE

Perpendicular distance £ from an airplane’s ground track to the location of a receiver to the side of the ground track (see
Figure 1)

NOTE: Lateral distance is expressed in metres (m).

228 LONG-RANGE AIR-TO-GROUND ATTENUATION

Lateral attenuation at lateral distances greater than 914 m

NOTE 1.  Long-range air-to-ground attenuation is expressed in decibels (dB).

NOTE 2. Long-range air-to-ground attenuation depends only on elevaticn angle and not on lateral distance.
229 MAXIMUM SOUND LEVEL

Greatest frequency-weighted and exponentially-time-weighted sound level that occurs during a measurement of the
sound of an airplane in flight

NOTE: Maximum sound level is expressed in decibels (dB) relative to the standard reference pressure of 20 puPa.
2210 MAXIMUM TONE-CORRECTED PERCEIVED NOISE LEVEL
Greatest tone-corrected perceived noise level that occurs during a measurement of the sound of an aircraft in flight

NOTE: Maximum tone-corrected perceived noise level is expressed in decibels (dB) relative to the standard reference
pressure of 20 uPa.

2211 OVER-GROUND ATTENUATION
Lateral attenuation of sound propagating along the ground surface

NOTE: Over-ground attenuation is expressed in decibels (dB).
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2.2.12 SOUND EXPOSURE LEVEL

Ten times the base-10 logarithm of the ratio of the time integral of the square of an instantaneous sound pressure signal
to the reference sound exposure

NOTE 1: The instantaneous sound pressure signal may be weighted with one of the internationally standardized
frequency weightings, for example frequency weighting A. The abbreviation for A-weighted sound exposure
level is ASEL.

NOTE 2: Reference sound exposure is the product of the square of the standard reference pressure of 20 uPa and the
reference time interval of 1s.

NOTE 3: Sound exposure level is expressed in decibels (dB).

NOTE 4: |n principle, no exponential time weighting is involved in a determination of a sound exposure level.
2.2.13 TRANSITION REGION

Region encompassing lateral distances from 0 to 914 m

NOTE: In the transition region, lateral attenuation varies as a function of both elevation angle, depression angle, and
lateral distance

3. PRINCIPAL VARIABLES FOR DETERMINATION OF LATERAL ATTENUATION

The attenuation of the level of sound propagating from an aircraft sound source to a receiver at a location to the side of an
aircraft is a function of the lateral distance to the receiver £ and three angles: aircraft bank angle ¢, elevation angle 3, and
the depression angle ¢ = ¢ + 8. Figure 1 illustrates these four variables.
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FIGURE 1 - ILLUSTRATION OF BANK ANGLE &, ELEVATION ANGLE B,
DEFPRESSION ANGLE ¢ = £ + B, AND LATERAL DISTANCE £
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4. COMPONENTS OF LATERAL ATTENUATION

At a given distance at the time of closest approach, the level of the sound at a location to the side of a flight path is often
observed to be less than the level of the sound at a location under the airplane [2,10,11,17-25,28-37]. The difference
between the level of the sound under the airplane’s flight path and the level at a location to the side is termed “lateral
attenuation.” Physical mechanisms that are involved in lateral attenuation include (1) engine-installation effects (lateral
directional effects attributed to wing or fuselage engine mounting - see Section 9), (2) absorption by the ground surface,
and (3) refraction and scattering of the sound signal as a result of wind and meteorological conditions.

By long-established usage, attenuation terms generally are positive quantities. In analyses of sound propagation, the
level of a sound at a large distance is estimated from knowledge or prediction of the level at a distance that is relatively
close to the effective source minus the applicable attenuation terms.

For the purpose of this Aerospace Information Report, engine-installation effects generally are negative quantities that are
to be added to the level of sound at a 90 degree depression angle to estimate the level at other depression angles.
Attenuation terms retain their customary positive values that are to be subtracted from the level of the sound at a position
under the airplane’s flight path to determine the level of the sound at a lateral position to the side of a flight path.

Equation (1) summarizes the relationship that is the basis for the method in this AIR:
Liateral = Lunder T “€Ngine-installation effects” — “attenuation terms” (Eq. 1)

where L hqer IS the sound level of an airplane at a position under the airplane’s flight path (for level flight and bank angle ¢
equal to zero) and Liaera 1S the level at a lateral position when the airplane is directly abeam the observer. Equation 1 may
be expressed as

Liateral = Lunger + A (Eg. 2)
where the total lateral attenuation® is represented by symbol A.

In the following, engine-installation effects are identified by letter symbol E; attenuation terms are identified with letter
symbol A.

Engine installation effects have been the subject of empirical studies of routine airport operations, as well as controlled
flight tests [10,20,25,28,29]. Based on these results it is clear that the configuration of the installation of a jet engine {i.e.,
wing mounted or fuselage mounted) has an important effect on observed sound levels at lateral locations.*

Attenuation by ground absocrption has been studied theoretically and experimentally [4-9,11,12,1517 23,26 27] and is
reasonably well understood.

Attenuation by refraction and scattering caused by wind and meteorological conditions is difficult to quantify. It is these
phenomena that are largely responsible for observed variability in outdoor sound levels measured under nominally fixed
source-observer conditions. Temporal, spatial, seasonal, and geographical variations of wind and temperature gradients
preclude a deterministic calculation. The best that can be accomplished at present is to make a reasonable estimate of
attenuation by refraction and scattering for “average” conditions. Significant variations from average conditions may
result in differences relative to the results derived using the relationships documented herein.

The most recent data suggest that the method of AIR 1751:1981 still yields valid predictions of the total lateral adjustment
for airplanes with fuselage-mounted jet engines [10,17,20,21,24,25]. Because ground and engine installation effects can
be quantified, the “average” effect of refraction and scattering can be estimated by subtraction.

* The method described in AIR1751:1981 assigned a positive value to the total lateral attenuation A that was to be
subtracted in contrast to the assignment in this AIR of a negative value to be added.

* Engine installation effects are sometimes considered to be a characteristic of airplane source noise. However, because
noise-power-distance (NPD) data developed in accordance with AIR1845:1986 do not account for erB@@iIHTEl&ntS
effects, they are accounted for as part of lateral attenuation in this AIR.
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5. ENGINE INSTALLATION EFFECTS

Equations 3 through 6 describe the engine installation effect for airplanes with fuselage-mounted engines, airplanes with
wing-mounted engines, and propeller-driven airplanes. In all cases, @ represents the depression angle in degrees.
Appendix A provides details about the development of these equations.

For airplanes with fuselage-mounted jet engines, the engine-installation effect, in decibels, is given by:
E... (9)=101g(0.1225c0s” ¢+ sin® p)*** (Eq. 3)

where -180° < ¢ < +180~.
For ¢ = 0° or 180°, Egys(e) = -3.00 dB.

For airplanes with wing-mounted jet engines, the engine-installation effect, in decibels, is given by:

(0.0039cos” ¢+ sinp)* %
0.87865sin*2¢+ cos2¢

for the range of depression angles below the airplane from 0° < ¢ < +180°.

For the range of depression angles above the airplane from 0° > ¢ > -180°, the engine-installation effect is that for ¢ = 0°,
namely

E,u. =—1.49 dB (Eq. 5)

ing —
For propeller-driven airplanes, the engine-installation effect is given by:
Eprop () =0dB (Eq. 6)
for all values of ¢.

Engine-installation effects are, in effect, a representation of the lateral directional effects attributed to wing or fuselage
mounting.

Figure 2 illustrates the lateral directional effect of engine-installation for airplanes having fuselage-mounted or wing-

mounted jet engines. Solid lines represent the engine-installation effects below the plane of the wings; dashed lines
represent the engine-installation effects above the plane of the wings.
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0dB Jets with wing-mounted

engines

Jets with fuselage-mounted
engines

FIGURE 2 - ILLUSTRATION OF ENGINE-INSTALLATION EFFECTS FOR JET-POWERED AIRPLANES
6. LONG-RANGE AIR-TO-GROUND ATTENUATION (£ > 914 M)
6.1 Ground and Refraction-scattering Effects
Appendix B presents the development of the method from AIR1751:1981 for predicting long-range air-to-ground
propagation for airplanes with fuselage-mounted jet engines. Recent data [10,17,20,21,24,25] confirm that the attenuation
equations as given in AIR1751:1981 are reasonable for aircraft with fuselage-mounted jet engines.
Consequently, an expression for the attenuation by ground and refraction-scattering effects (Agy.+ps) was determined by
subtracting the engine-installation effect given by Equation 3 for fuselage-mounted jet engines from the attenuation

expression given in AIR1751:1981.

The resulting difference was closely approximated by the following relationship for the attenuation, in decibels, by ground
and refraction-scattering effects:

Agns (8)=1.137-0.02295 + 9.72exp(-0.1423) (Eq.7)

where fis the elevation angle in degrees as illustrated in Figure 1 and is in the range 0° < #< 50°. For an elevation angle
of 0 degrees, the long-range air-to-ground attenuation by ground and refraction-scattering effects is +10.86 dB.
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