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1. BACKGROUND: The prediction of noise at points on the ground laterally displaced from the
projection of an airplane flight path, e.g., as required for prediction of contours of equal
noise levels, requires a knowledge of sound-propagation phenomena. The attenuation of the
sound from an airplane in flight depends upon wave divergence (spherical spreading) and
atmospheric absorption, in addition to ground, meteorological, and engine/airplane installation
effects. The latter three effects give rise to what is referred to herein as lateral attenua-
tion. As the airplane flies at lower altitudes, there is a transition from air-to-ground later-
al attenuation to overground lateral attenuation.

The SAE A-21 Committee on Aircraft Noise undertook in 1979 the development of a uniform
and consistent method for the prediction of lateral attenuation. The project was divided into
two phases: (1) A short-term phase in which correlations of flight data were made using
frequency-weighted and time-integrated measures of the noise, such as Effective Perceived
Noise Level (EPNL) and Sound Exposure Level (SEL), see Appendix A; and (2) A long-term
phase in which the effects of various sound-propagation phenomena on one-third-octave-band
sound pressure levels could be considered. The phenomena would include ground reflection
effects, refraction effects, and airplane shielding effects, as well as other ground and
engine/airplane installation effects. This Aerospace Information Report is directed to the
short-term phase in order to produce an interim prediction method as soon as possible.

2, PHYSICAL ASPECTS OF LATERAL ATTENUATION: Lateral attenuation of airplane noise
depends on the elevation angle, and on distance to the side of the flight track. For equal
distances, the noise level at a point lateral to an airplane's flight track can be different
from the noise level directly below the airplane as a result of attenuation due to ground
effects (surface absorption and reflection), meteorological effects such as wind and tempera-
ture gradients, and to effects of the airplane installation, such as source shielding.

The geometrical model assumed in deriving lateral attenuation as considered herein is shown
schematically in Figure 1. Point Q on the flight track in the ground plane lies below the
linear flight path. Point S on the flight path is located at the nearest distance of approach
to point Q (S = d). Point P is displaced normal to the flight track by lateral distance
QP = g. The distance between point P and point S is PS=r = I/Sl2 + d2, the slant range.
The elevation angle g is defined such that tan g = d/2.

For purposes of estimating lateral attenuation, consider a situation whereby the airplane is
at point S' on an auxiliary flight path parallel to and above the previous flight path, such
that Q8' = d' = r, the slant range of the previous case. In both cases, engine power
setting, airplane configuration and airspeed are considered to be identical. The difference
between the noise level L_ at point Q when the airplane is flying along the auxiliary flight

Q

path and the noise level L_ at point P at the sideline when the airplane is flying along the

P

original flight path is equal to LQ -~ LP = A. The noise level difference A, in decibels, is

defined as lateral attenuation with respect to point P, i.e., attenuation due to ground
effects, meteorological effects, and to installation effects, for an airplane that is airborne.

*Editorial Change 6-01-81
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In order to develop a prediction method for lateral attenuation, data were collected from all avail-
able sources (see Appendix B). These data exhibited variability due to a number of effects.
Although spherical spreading and atmospheric absorption effects were assumed to be accounted for
by considering the difference in noise levels at the same slant range, other residual effects were
present. These residual effects included differences due to ground characteristics, and to meteoro-
logical and installation effects. Part of the observed variability in the data correlations was attri-
buted to these residual effects, Additional data variability was attributed to characteristics of the
source noise. Noise spectra vary with engine type, installation and power setting. Ground char-
acteristics depend on surface cover, soil type and soil moisture content. With regard to the
atmosphere, values and gradients of temperature, humidity, wind speed and direction, and the
intensity of atmospheric turbulence play a role in determining sound attenuation. For installation
effects, jet shielding is affected by the number of engines and the configuration of engine installa-
tions. Airframe shielding due to the presence of such items as the fuselage, nacelles, and flaps
in the noise propagation paths may produce significant effects. On some airplane configurations,
wing wakes and trailing vortices may interfere with propagation. Data variability from these
effects was found to be largest at low elevation angles, where lateral attenuation is also largest
(see Appendix B).

Consideration was given as to whether lateral attenuation was a function of lateral, or sideline,
distance as well as the elevation angle g. Above some elevation angles and distances, it appeared
from the data correlations that lateral distance did not significantly affect the magnitude of the
lateral attenuation, but that the elevation angle g was the principal geometrical parameter when the
airplane was airborne. However, for the limiting case when the airplane was on the ground, other
data showed that the lateral distance had a significant effect on the measured attenuation. Clearly
there must be a transition region between the two cases of air-to-ground and overground propaga-
tion, in which the lateral attenuation is a function of both elevation angle and lateral distance.
(see Appendix C).

Using the available data, and the selected method of analysis, it was not possible to distinguish
among the separate effects contributing to lateral attenuation. Therefore, a single "average” curve
(Figure 3) of lateral attenuation as a function of airplane elevation angle B was derived, for use
with all jet airplanes. The recommended method for predicting lateral attenuation was derived from
noise level data for turbojet and turbofan-powered airplanes, and applicability to propeller driven
airplanes has not been established. The average curve pertains to long-range air-to-ground
attenuation. As discussed in Section 5 below, it may be utilized with the recommended curve
(Figure 2) for overground attenuation to give lateral attenuation values in the full range of eleva-
tion angle (0° < g < 90°), as shown in Equation (3) below, the values being functions of both
elevation angle and lateral distance.

3. OVERGROUND ATTENUATION: In order to develop a prediction method for overground attenua-
tion, recourse was had to the comprehensive work of Parkin and Scholes, carried out for the
Building Research Establishment in the United Kingdom (see References 1 and 2).

As discussed in Appendix C, the Parkin and Scholes results were utilized to derive a single curve
of overground attenuation G(&) vs. lateral distance %, for the case of airplane elevation angle

2 = 0°, as shown in Figure 2. It is estimated that the curve of Figure 2 represents the experi-
mental data of References 1 and 2 and the other data sources described in Appendix C within

+ 3 dB. The curve of Figure 2 gives a constant attenuation of about 14 dB for lateral distances
greater than 914 meters (3,000 ft) and may be represented mathematically by the funetion G(%),
where £ is in meters:

-3
6 -2-74x10 z) , dB, 0 < 2 < 914m (3,000 ft),

1

15.09 (1 -

and
G()

13.86 dB, & > 914m (3,000 ft)
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It should be noted that the specific value G(2) = 13.86 for large % was chosen for consistency
with the mathematical formulation of Equation (2b) of Section 4.0 below, representing long-range
air-to-ground attenuation for 0 < g < 60°. As discussed in Appendix C, although all the over-
ground data were taken statically and did not include full installation effects, it was necessary,
in the absence of further data, to apply the recommended Equation 1 for G(2) to EPNL or SEL

measures, in order to be compatible with the long-range air-to-ground regime discussed in Section
4.0.

4. LONG-RANGE AIR-TO-GROUND ATTENUATION: Curves of average lateral attenuation were sub-
mitted for each of the seventeen data-sets listed in Table B-1 of Appendix B. Data used in
deriving the average curves were obtained from tests conducted under atmospheric and general
test conditions similar to those required for aircraft noise certification. The resulting recommended
prediction curve is shown in Figure 3. The variation in the average lateral attenuation curves
from the individual data-sets from which the prediction curve was derived was such that 90 per-
cent of these curves for elevation angles greater than 3° were within * 2 dB of the prediction
curve in Figure 3 (see Appendix B). The recommended prediction curve for A (8) in decibels
shown in Figure 3 was fitted by the equation (with g in degrees):

I

A(8) = 3.96 - 0.0668 + 9.90¢ 138, aB, 0° < g < 60°,

and

A(B) = 0, dB, 60° < B < 90°.

The prediction curve in Figure 3 was derived for the time-integrated measures of EPNL and SEL.
Consideration was also given to the possible application of Figure 3 to other noise measures such
as maximum perceived noise level, or maximum A-weighted sound level. Insufficient information
was available to verify the applicability of Figure 3 to these measures, although the available evi-
dence indicated that the curve of Figure 3 might also be applicable to them.

5. LATERAL ATTENUATION IN THE TRANSITION REGION: Because only a relatively small amount
of lateral attenuation data had been correlated as a function of both elevation angle and lateral
distance, it was not possible to define the dependence of lateral attenuation on elevation angle
and lateral distance for cases when the airplane was airborne and lateral distance was relatively
small. However, it was recognized that there must be a transition between the long-range air-to-
ground attenuation prediction curve (Figure 3) and the overground attenuation prediction curve
(Figure 2). As discussed in Appendix C, data of Source 12 of Section 8.0 showed excellent
agreement with the long-range air-to-ground prediction curve at long distances, as well as
approaching the overground values for small elevation angles. It is recommended that the transi-
tion region be represented by a function formed from the product of the functions describing the
overground and air-to-ground curves. This function termed A(8,%), is given in decibels by:

Mg,y = FggB o 9B

where G(£) and A(B) are given in Equations (1) and (2) respectively. The constant 13.86 is
recognized to be the limit of G(1) at long range and the limit of A(g) at g8 = 0°.

6. SUMMARY OF LATERAL ATTENUATION PREDICTION METHOD:

1. During ground roll, overground attenuation is determined by Equation 1 or the curve shown in
Figure 2.

2. For all cases where the aircraft is airborne, lateral attenuation is determined by Equation 3 or
by multiplying G from Figure 2 by A from Figure 3 and dividing the product by 13.86 (Equa-

tion 3). For lateral distances greater than 914 meters (3,000 ft), the long-range attenuation
A from Figure 3 may be used directly.1
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to the Ground, at Radlett. J. Sound and Vibration (1964) 1, 1-13.

Parkin, P.H. and Scholes, W.E., The Horizontal Propagation of Sound from a Jet Engine Close
to the Ground, at Hatfield. J. Sound and Vibration (1965) 2(4), 353-374. '

8. SOURCES OF LATERAL ATTENUATION DATA UTILIZED:

1.

2.

10.

11.

12.

Anon., Noise Certification Data for A300B, Aerospatiale, unpublished.

Anon., Noise Certification Data for Fanjet Falcon G and Falcon 50, AMD /BA2, unpublished.
Anon., Lateral Attenuation of 727 and 747, Boeing, unpublished.

Anon., Lateral Attenuation of BAC 1-11 and Concorde, British Aerospace, unpublished.
Anon., Noise Certification Data for Learjet 24, Bolt Beranek and Newman, unpublished.
Anon,, Noise Certification Data for L-1011, Lockheed, unpublished. |

Anon., DC-9 Flight Demonstrator Program with Refanned JT8D Engines, Final Report, Volume
IV, Douglas, NASA CR-134860, July 1975.

Anon., DC-10 Sideline Noise Investigations, Douglas, unpublished.
Anon., Lateral Attenuation of Military Aircraft Flyover Noise Levels, Air Force Aerospace
Medical Research Laboratory, Biodynamics and Bioengineering Division, Wright-Patterson Air

Force Base, to be published.

DeLapp, R.E., Aircraft Noise Definition, Phase II, Analysis of Flyover Noise Data for DC-8-61
Aircraft, Final Report, Douglas, FAA-EQ-74-5, August 1974.

Rickley, E.J., Meteorological Effects Noise Test, Nov. 12, 1977, U.S. Department of Trans-
portation/Transportation Systems Center, unpublished.

Willshire, W.L., dr. and Hilton, D.A., Ground Effects on Aircraft Noise, NASA Technical
Memorandum 80185, November 1979.

NOTES:

1. For all cases where the aircraft is airborne, the lateral attenuation is by definition
independent of spherical spreading and atmospheric absorption, as discussed in
Section 2.0.

2. Avions Marcel Dassault/Breguet Aviation

PREPARED BY
SAE COMMITTEE A-21
ATIRCRAFT NOISE
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