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ABSTRACT

This Aerospace Information Report (AIR) describes procedures for calculating
sound exposure levels at ground locations resulting from operations of jet and
propeller driven airplanes in the vicinity of an airport. The procedures assume
that reference noise and performance data are available for each airplane
involved. The fundamental element of the procedures is a method for calculating
the A-weighted sound exposure level (SEL) that would be produced, on average, by
any specific airplane when performing any specified operation. Procedures are
given for calculating sound exposure levels for individual airplane operations
and for the average sound level produced by the cumulative effect of a series of
different airplane operations, normally expressed in terms of day-night average
sound level (DNL) averaged over an appropriate long time period.

The principal purpose of using the procedures recommended in this AIR to
calculate contours of equal average sound level is to assist in land-use planning
around airports. Contours of equal sound level may be constructed by connecting
1ines through individual points of constant sound level. While the procedures of
this AIR descrite the computation of sound levels at any point in the vicinity of
an airport, the procedure for calculation of contours is computer-program
dependent and is not a part of this AIR.

PREPARED BY
SAE COMMITTEE A-21, AIRCRAFT NOISE
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1. INTRODUCTION: The sound exposure level produced at a fixed location near the
ground by an airplane operation is dependent on a number of factors. Primary
factors are: airplane and engine type; power, flap, and airspeed management
procedures; distance from the location near the ground to the flight path of
the airplane; and the effects of local topography and weather on sound
propagation. Airport operations generally include different types of
airplanes, various flight procedures, and a range of operational weights.
Cumulative average sound levels computed by the procedure described in this
AIR are suitable for land-use planning purposes.

In this document, noise from individual airplane operations is described in
terms of sound exposure Tevel (SEL, symbolized Lpg) while the cumulative
noise from a series of airplane operations is described in terms of day-night
average sound level (DNL, symbolized Lgp), in conformance with Reference

1. Recommendations for measurement of airplane sound levels, data
normalization to reference atmospheric conditions, and extrapolation of the
measured data to propagation distances normally occurring in contour
constructions are included in this AIR. The method described for
extrapolating the SEL may be applicable to other types of noise descriptors.*

Airplane performance is estimated from simplified equations which require
airplane-dependent coefficients. This provides a practical method of
including in the SEL modeling process the effects of changes in flight
profile which result from changes in operational procedure or mission weight.

This AIR describes the step-by-step method for calculating SEL at any point
near the ground in the vicinity of an airport. The total procedure for
calculation of a single-event or cumulative noise contour is best
accomplished by a computer. The description of computer programs to perform
contour calculations is not a part of this AIR. Noise contours formed by
connecting points of equal sound exposure level produced by one airplane
during a single takeoff or aPproach operation have been generally referred to
as single-event contours or "footprints." An example contour is shown
schematically on Fig. 1. Contours formed by connecting points of equal
cumulative average sound level produced by a series of airplane operations
that have occurred over a specified time period, such as 24 hours, are called
cumulative noise contours. In this AIR the computation of airplane noise
contours is simplified by establishing a single set of airport reference
conditions (temperature, humidity, airport altitude, and wind speed) based on
yearly average conditions a2t several major world airports. Ranges of average
annual environmental conditions are specified for which the noise levels
resulting from the procedures can be considered sufficiently accurate for the
purpose of land-use planning.

*SEL 1s recommended in ANSI $3.23-1980, (Ref. 1) and ISO 1996, Part 1, (Ref.
2), Other noise descriptors, e.g., Effective Perceived Noise Level, Maximum
Perceived Noise Level, and Maximum A-Weighted Sound Level have also been, in
some instances, used for airport noise assessments, including the
determination of permissible land uses around an airport.
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For a particular airplane, the relevant manufacturer should be consulted for
the basic aerodynamic, engine-performance, and acoustical data needed to
perform the computations in accordance with the recommendations of this AIR.

Application of the techniques presented herein to uses other than estimating
airplane/airport cumulative noise levels was not considered.

2. PRINCIPAL CONSIDERATIONS IN COMPUTATION OF SOUND LEVELS: Calculation of
sound exposure Tevel near an airport requires three principal types of data;
airplane flight performance, airplane noise characteristics, and adjustment
factors to be applied to the baseline (individual airplane) noise
characteristics.

2.1 Airplane Aerodynamic-Performance Characteristics: Determination of the
distance between an observation point and the airplane flight path requires
calculation of the location of the flight path relative to an airport
coordinate system. Determination of the flight path requires knowledge of
(or assumptions for) airplane weight, speed, flap and thrust-management
procedures, airport elevation, and wind and air temperature.

Equations to calculate the required propulsion and aerodynamic parameters
are given in Appendix A. Each equation contains coefficients (or constants)
which are based on empirical data for each specific airplane type. The
aerodynamic-performance equations in Appendix A permit the consideration of
any reasonable combination of airplane operational weight and flight
procedure, including operations at maximum takeoff gross weight.

2.2 Airplane Acoustical Characteristics: The noise characteristics of each
airplane are specified by sound exposure levels at lTocations under the
flight path as functions of the minimum distance to the airplane and the
corrected net thrust* [or other appropriate engine-power parameter(s)]
produced by each engine at prescribed reference conditions. The SEL
reference data base is defined for the computational reference conditions of
Section 2.3. Sound exposure levels for all other flight conditions, or
locations not directly under the flight path, are determined by applying
adjustments to the baseline data.

Appendix B describes recommended procedures for developing an airplane SEL
reference data base from noise measurements made directly under the flight
path. Since airplane sound Tevels must often be estimated for distances
differing from those associated with the measured sound levels, a
recommended method for extrapolating the measured sound levels to both
shorter and greater distances is also provided in Appendix B.

*The terms "corrected net thrust" and "referred net thrust" are both in use
to describe the quotient of the actual net thrust divided by the ratio of
ambient pressure at the aircraft altitude to standard-day atmospheric
pressure at mean sea level.
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Sound expesure levels at locations to the side of an airplane's flight track
are lower than the levels at Tocations directly underneath the airplane, at
the same distance, due to ground attenuation and airplane shielding

effects. This reduction in sound level is called lateral attenuation.
Procedures for determining lateral attenuation are described in SAE AIR
1751, (see Ref. 3) and are summarized in Section 3.5 of this AIR,

In addition to lateral attenuation, other adjustments are required to
account for the following:

(a) Increased sound expcsure levels behind an airplane at the start of
takeoff roll.

(b) Change in sound duration as a result of acceleration during takeoff,

(c) Change in sound duration for airspeeds different from the reference
value.

(d} Change in sound exposure level for airplane to recejver distances
differing from values specified in the reference data base.

(e} Change in sound expcosure level for engine power settings different from
those specified with the baseline acoustical data.

(f) Effect on sound exposure level of airplane turns during climbout and
approach.

Procedures to account for those effects are described in Section 3.

2.3 Computational Reference Conditions: Atmospheric pressure, air temperature,
relative hunidity, wind conditions, runway gradient, and type of terrain
influence airplane performance and noise received by an airport community.
To simplify the calculation of airplane noise contours, airplane performance
and noise data are developed for certain computational reference conditions.
Use of reference conditions, while necessary for practical implementation of
a computaticnal procedure, also provides reasonably accurate calculations of
cumulative sound level as described in Appendix D.

Variations in individual parameters cause deviations from the computational
reference conditicns that can offset each other or can be additive, e.g., a
reduction in the maximum power available because of a high airport elevation
can he offset by wind or temperature conditions. Furthermore, since noise
propagation is influenced by relative humidity, temperature and local topog-
raphy, deviations from reference values in those factors can offset each
other or be additive in their effect on the resulting noise level. The
final set of contours which are produced to represent a specific airport
situation should always include a determination as to whether the reference
conditions can be considered representative of the prevailing local
conditions on a Tong-term average basis.
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The following recommendations for computational reference conditions are
based on values that have been typically used for airport ncise studies and
that also agree reasonably well with long-term average conditions existing
at several major airports around the world.

Reference Conditions for Noise Data:

) Atmospheric pressure: 101,325 kPa (1013.25 mb)
) Atmospheric abscrption: attenuation rates listed in Table Bl of
Appendix B

N =

) Precipitation: HKone

) Wind speed: Less than 6 m/s (15 knots)

) Airspeed: 160 knots

) Local terrain: flat and free of Targe structures or other reflecting
objects within several kilometers of an airplane's
ground track

Sy G W

Reference Conditions for Calculation of Airplane Aerodynamic and Engine Data:

1) Wind: 4 w/s (& knots) headwind constant with height above ground
2) Runway elevation: mean sea level
3) Runway gradient: None
4) Air temperature: 15°C
b) Takeoff gross weight: 85 percent ¢f maximum takeoff gross weight
&) Landing gross weight: 90 percent of maximum landing gross weight
7) Number of engines supplying thrust along any segment of the flight
path: All
NOTES:

(1) Computational procedures detailed in Appendix A permit adjustment of
airplane flight paths for local conditions that differ from the
conputational reference conditions, see Section 3.1. However, the reference
conditions for calculation of aerodynamic and engine data, items 1-4, can
remain as defined for nost analyses without significantly impacting the
accuracy of the calculated contours of cumulative average sound Tevel.

(2) The takeoff and landing gross weights noted in items 5 and 6 above are
appropriate values for use with the average coefficients for an airplane's
aerodynamic-and engine-performance parameters in the precedures described in
Appendix A. However, for computation of contours of cumulative average
sound level around an airport, calculation of the takeoff and climbout
flight paths should utilize the appropriate takeoff gross weights in
conjunction with applicable performance coefficients. When long-term
airport noise monitoring data are available and are considered to represent
the noise produced by the types of airplanes and their average numbers of
daily operations for the period of time of interest, then the takeoff gross
weiyhts of the representative airplanes may be selected to yield best
agreement between predicted and measured cumulative noise levels. (See
Section 3.8) .
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2.4 Acceptable Envelope for Local Conditions: It is intended that the
procedures described in this AIR be applicable to estimates of long-term
average sound levels for land-use planning purposes. Experience by members
of the SAE A-Z21 Committee on Aircraft Noise in estimating airport noise
lTevels and comparing the estimates with measured data was used to establish
an envelope within which the defined noise reference conditions of Section
2.3 were deemed to be acceptably representative of local conditions. It is
suggested that the procedures defined in this AIR may be used as long as the
near-surface long-term average conditions are within the following envelope:

¢ Air temperature less than 30°C.

® Product of air temperature (°C), and relative humidity, (percent),
greater than 500.

© Wind speed less than 8 meters per second (15 knots).

The acceptable envelope for average local conditions defined above is
believed to encompass conditions encountered at most of the world's major
airports. For situations where average local conditions fall outside the
noted envelope, consideration should be given to modifying the methods
described in this AIR for developing the reference noise data base, as well
as noise adjustment factors, if appropriate. Specification of procedures to
accomplish such modifications was not within the scope of this AIR and it is
suggested that the relevant airplane manufacturers should be consulted for
specific recommendations. The effect of airport elevation on airplane
performance is expressly considered in the equations of Appendix A. Airport
elevation effects on sound propagation are negligible.

3. COMPUTATIONAL PROCEDURES:

3.1 General: Consider an airplane performing the takeoff operation depicted on
Fig. 2. The airplane accelerates from zero speed at the start of the
takeoff roll to the initial-climb speed. During this operation the sound
exposure level will decrease as the airspeed increases as a result of the
shorter duration of the noise as the airplane's speed increases and also
because an airplane's noise source level generally decreases with increasing
speed. Hence, the sound exposure level at Tiftoff is Tess than the sound
exposure level at the start of takeoff, for a given sideline distance.

After airplane Tiftoff, the sound exposure level, at a given sideline
distance, increases because the lateral attenuation decreases as elevation
angle increases. The reduction in lateral attenuation is more significant
than the decrease in airplane noise that results from the increased distance
to the aircraft caused by height gained during this part of the takeoff
flight path (see Figs. 1 and 2). Noise reduction from increased distance to
the airplane becomes more significant while the lateral attenuation effect
becomes negligible as elevation angle and airplane height continue to
increase during climbout. For jet powered airplanes, maximum noise
generally occurs at lateral locations for which the elevation angle is
approximately 35 degrees. Finally, contour closure occurs when the sound
exposure level under the flight path reaches the sound exposure level of the
contour being calculated. The overall process of contour generation is
illustrated on Fig. 3.
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3.1 (Continued)

For each specific airplane type, the general procedure for determining the
sound exposure level, at any specified Tocation, is tc select appropriate
sound exposure levels from the acoustical data base corresponding to the
minimun distance between the airplane and the observer, and then to add,
algebraically, adjustments to account for differences between the actual
airplane operational conditions and the reference conditions specified for
the neise data base. For example, sideline-location noise estimates are
based upon flyover (under-the-flight-path) noise measurements plus
adjustments for tne lccation,

In this AIR, four adjustments, in decibels, are defined for addition to the
basic acoustical data to determine sound exposure levels:

LAE = LAE(P,d) *+ ay - A (B2 ) *aL + Ag (3.1)

The first two of the four adjustments listed in Eq. (3.1) apply for any
ground location. The second adjustment is applicable whenever the observer
to airplane elevation angle is less than €0 degrees. The Al term is
applicable only for locations behind the start of ground roll. The last

adjustment, ag, applies only for Tocations that are inside or outside a
curved ground track when an airplane flies a turning flight path.

Following is a description of the factors in Eq. (3.1}):

Lap(P,dj The sound exposure level interpolated from the reference data
base to correspend with the engine power P and distance d relevant
to the particular airplane flight segment and ground location (see
Section 3.4).

Ay A speed adjustment if the actual groundspeed differs from the 160
knot true airspeed associated with the acoustical data base (see
Sectien 3.4, Eq. 3.9).

A(g,2) A lateral attenuation adjustment if the observation point is not on
the airplane's ground track, (see Section 3.5). Angle g is the
elevation angle Letween the ubservation point and airplane,
and ¢ is the perpendicular distance from observation point to
airplane ground track.

AL A directivity pattern adjustment for locations behind the
start-of-takeoff roll (see Section 3.3.1).

Ag A duration adjustment to account for differences between the
effective duration of the baseline SEL data and the SEL at a ground
location if the actual flight path includes a turn and the ground
location is inside or outside the turn (see Section 3.6),
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3.2 Selection of Flight Profile Segments: For a "straight-out" departure at any
operational takeoff weight, the flight profile for an airplane's operation
is approximated by a series of straight-line segments as depicted on Fig.

3. Straight-line segments are also used to represent landing-approach
flight paths. Curved flight paths are represented by segments of circular
arcs. The lengths of the individual segments should be selected to match
different portions of the flight path that correspond either to sections of
nominally constant engine power and airspeed, or to sections where
acceleration occurs from one steady airspeed to a second steady airspeed. A
takeoff profile such as shown on Fig. 3 would typically have six segments,

1. Ground roll with acceleration from start-of-takeoff to the initial
climb segment;

2. Climb at initial climb speed, engine power, and flaps;
3a. Reduce engine power and climb at initial climb speed and flaps; or

3b. Maintain initial engine power and accelerate while retracting from
takeoff to climb flaps;

4, Climb at reduced-flap climb speed, with or without reduced engine power;
5. Retract flaps and accelerate to zero-degree-flap airspeed;

6. Continued climbout with zero-degree flaps, climb airspeed, and climb
power,

The procedure described in Appendix A permits calculation of airplane
position along flight profile segments corresponding to each of the above
operations. To calculate sound exposure levels, engine power and airspeed
must be specified for each profile segment. A power setting parameter and
airspeed must be specified at the beginning and end of each flight segment
in which acceleration takes place; the average rate of climb over the
duration of an acceleration segment must also be specified.

3.3 Takeoff Roll Noise Modeling: Modeling the takeoff roll noise received at
ground positions near the airport runway requires several modifications to
the SEL baseline data. The modifications result from the fact that the
airplane is on the ground accelerating from essentially zero velocity to its
initial climb speed, whereas the SEL data base represents constant-airspeed.
overflight conditions. To accommodate these differences, consideration must
be given to changes in generated sound resulting from jet relative velocity
effects, to changes in directivity pattern resulting from a moving aircraft,
to the change in effective duration with increased speed and to over-ground
sound propagation at near zero elevation angles. The present model has been
derived from jet airplane operations, however, this procedure is also
recommended for propeller-driven airplanes until a more suitable propelier
method is developed.
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3.3 (Continued)

The method of modeling the sound exposure level (SEL) during takeoff roll is
described in Sections 3.3.1 and 3.3.2 with an indication of the assumptions
involved and of the general utility in calculation procediures for describing
aircraft noise in the vicinity of airports. The method is based on
empirically deterwmined "fleet weighted average" sound exposure level
representation at the start of takeoff roll for an international airport
with a typical mix of jet airplane types. The "fleet average" representation
is related to the specific airplane and takeoff-roll procedure through the
noise-power-distance data, The noise contours predicted are, in any case,
intended to represent long term averages, in which movement-by-movement
variations are not significant.

3.3.1 Sound Exposure Level Behind the Start-of-Takeoff Roll: The "fleet
weighted average" method of describing the start of the takeoff roll
segment, discussed in Section 3.3 above, was empirically derived from
noise monitoring data measured at Logan International Airport, Boston,
Mass. The methed was substantiated with additional measurements taken at
Seattle-Tacoma and London Heathrow International Airports, The
measurements were norualized to a distance of 1000 ft and then a mean
square average was calculated for each airplane type. A "fleet average"
value was then computed to permit the development of an effective
directivity pattern for use in estimating airport noise exposure,

Using the coordinate system illustrated on Fig. 4, the sound exposure
level for locations behind start of roll is computed as follows:

1. Compute the radial distance, r, from the airplane's location at start
of roll, Py (0,0), to observer point, P'(-x,y), where primes denote
positions behind start of roll.

2. Determine fhe obtuse angle, e in degrees, (angle between the
centerline of the runway and the radial to location P'), The
effective directivity pattern is symmetric about the runway axis.

(o8]

Calculate the directivity pattern adjustment, a;, in decibels, such
that

a. For 90° ¢ e ¢ 148.4°

it

AL = 51.44 - 1,553 o + 0,015147 2 - 0,000047173 ¢3 (3.2)

b. For 148.4° < o ¢ 180°

AL = 339.18 - 2.5602 ¢ - 0.0045545 62 + 0,0000441°3 o3 (3.3)
4, Determine the sound exposure level at P'

LAE(P') = Lag(P,d) + ay -4 (0,r) *+ A (3.4.1)
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5.3.1 (Continued)
where

Lap(P,d) is the sound exposure level derived from the
reference data base, corresponding to takeoff
povier setting and distance d = r

Ay is the speed adjustment for the difference between
a minimum airspeed of 32 knuts and the normalization
airspeed of 160 knots at takeoff power

AO,r) is the Tateral attenuation adjustment for an
elevation angle of zero degrees and distance r

'AL is the directivity pattern adjustment defined in
step 3 above

Noise contours for behind start of roll are produced by computing
values of Lpp using Eq. (3.4.1) at a series of grid points and by
interpolation between the grid points.

3.3.2 Sound Exposure Level During Takeoff Ground Recll:

For sound exposure levels adjacent to the takeoff ground roll (Fig, 4)
Lap(x,y) = Lap(P,d) + ay - A (0,d) (3.4.2)
where
Lap(P,d) is the sound exposure level derived from the
reference data base, corresponding to takeoff
power and distance normal to the runway (airplane)
Ay is the speed adjustment for the difference between the
32 knct minimum groundspeed and the lift-off groundspeed
at takeoff power assuming constant acceleration,
i.e., ay = 10 1g(160/V)

where

~nl 2 2
V = \/uﬁ +(Vtg - 327) (X/Sg)

x is the airplane distance along the takeoff ground roll
Sg is the equivalent takeoff ground roll distance
Vtg is the airplane true ground speed at 1iftoff.

An elevation angle of zero degrees is used in the lateral attenuation
adjustment, A (0, d). Distance, d, corresponds to the lateral distance

of the selected point from the runway centerline.
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3.4 Sound Exposure Level for Flight Segments Having Constant Airspeed and
Constant Engine Power: The acoustical data base for a specific airplane,
developed 1n accordance with the procedures described in Appendix B,
provides sound exposure level, for several power settings normalized to an
airspeed of 160 knots, as a function of minimum slant distance, for observer
location elevation angles that are not influenced by lateral attenuation,

As shown on Fig. 2, minimum slant distance (or minimum slant range) is the
distance of closest approach between the flight path and the observer
Tocation.

Consider an X, y, z coordinate system, where the ground track of the flight
path progresses along the x axis in the y = 0 plane. Lateral distance y is
perpendicular to the airplane's flight ground track in the z = 0 plane.
Airplane height above ground is specified by the value of the z coordinate.
The slant, or minimum, distance dy, from any point Xxg, yo in the x-y

plane after 1iftoff, to the airplane is given by

dy = [yo? * zp2cosly] 1/2 (3.5)

where y is the geometric airplane flight path angle relative to the
horizontal, and zy is the height of the airplane above ground at x = xg,

y =Ye = 0.

Elevation angle g from the general observation point at x4, yo to the
airplane is defined at the time of closest approach and is given by

8 = cos~1 (yo/dy) (3.6)

When using tabulated SEL data (e.g., Table B2 of Appendix B) interpolation
between tabulated powers and distances will generally be necessary. Sound
exposure levels for intermediate powers are determined by linear

interpolation, and for intermediate distances by logarithmic interpolation.

!
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Let Pi and Pj+] be tabulated power values in Tabie BZ for which noise data
are provided at some set of distances. Sound exposure level at the same
distance for intermediate power P, between P and Pj+1, is given by:

Lag(P) = Lap(P3) * [Lap(Pi+7) - Lag(P3) ] L(P-P;)/(Pj471-P3) ] (3.7)

Let di and dj+7 be tabulated distances in Table B2 for which noise data
are provided at some set of power settings. Sound exposure level at the same
power for an intermediate distance d, between dj and dj+; is given by

Lae(d) = Lap(dy) * [Lap(di+1) - Lap(dy)] [{(Vg d-1g dj)/(1g dj+7-1g dj)] (3.8)

By using Egs. (3.7) and (3.8) sound exposure levels may be calculated for
any power setting P and any distance d that is within the envelope of the
data base. '

The adjustment, Ay, is an adjustment to the duration correction based on
true groundspeed which may be different from the 160 knot normalization
speed used for the data base., The airspeed adjustment is calculated from

ay = 10 1g(160/Vig) (3.9)
where Vg is the true groundspeed* in knots,

Appendix E presents sound exposure level contours of 90 dB and 110 dB
computed by the above method for an airplane powered by two turbofan engines.

3.5 Lateral Attenuation: Procedures for determining lateral attenuation, for an
average airplane, are given in SAE AIR 1751 (1981), Ref. 3. The adjustment
consists of three equations which apply (1) when the airplane is on the
ground, (2) when the airplane is airborne and the lateral distance is less
than 914 m, or (3) when the airplane is airborne and the lateral (or
sideline) distance is greater than %14 m (3000 ft). The adjustment
procedure described in AIR 1751 was developed for jet-propelled airplanes,
Lateral attenuation effects should be ignored for propeller-driven airplanes.

The ecuations for specifying lateral attenuation when the airplane is on the

ground are
G(2) = 15.09[1 - e-0.002742] tor 9 ¢ ¢ < 914 m, (3.10)
and G( %) = 13.86 for 2> 914 m (3.11)

*For most practical applications the true groundspeed may be represented by
the calibrated (or indicated) airspeed used in airplane flight path
calculations. However, if maximum accuracy is required, and the airport is
at high altitude or in a very hot climate and/or the headwind is
significantly greater than 8 knots, use of the actual groundspeed should be
considered.
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3.5 (Continued)

where G(2) is the overground Tateral attenuation in decibels as a function
of the horizontal lateral distance % in meters. [The general symbol & s
used for distance to Le consistent with the usage of Ref. 3, and is the same
as perpendicular distance yg in Section 3.4 or radial distance as in

Section 3.3.11, '

When the airplane is airborne and the horizontal lateral distance is greater
than 914 m, air-to-ground lateral attenuation, is given by

M3) = 3.96 - 0.066¢ + 9.9 e-0.138 for 0° ¢ 8 < 60°, and (3.12)

i

it

Mg) = 0 for 60° ¢ & ¢ SO° (2.13)

where A (8) is in decibels and elevation angle g is in degrees.

Lateral attenuation is given by a transition equation when the airplane is
airborne and the hLorizontal lateral distance is less than, or equal to, S$14
m, namely

Mse,0) = [G{e)Jia(e)3/13.86 {3.14)
where G(¢) and A(s) are given by Egs. (3.10) to (3.13).

3.6 Effect of Airplane Turns on Sound Exposure Level: When a flight path
incorporates a turn, the SEL inside the turn will be greater than cutside of
the turn because of the longer duration inside the turn and the shcrter
duration outside the turn relative to the duration of the sound produced by
an airplane flying a straight flight path. At an airspeed of 160 knots, a
standard-rate turn of 3 degrees per second has a radius of about 1600 meters
(5300 feet) and requires an airplane bank angle of approximately
23 degrees. For most operations by civil aircraft, turns will be made at
bank angles of less than 20 degrees and through a total turn angle of less
than 180 degrees. When the turn radius is large (e.g., greater than 2000
meters) and the total turn angle is less than 90 degrees, the change in SEL
as a result of the turn is negligible and may be ignored. Where turn radii
are less than 2000 meters or total turn angles are sufficiently large, e.g.,
more than S0 degrees, it may be desirable to account for the change in the
duration effect on SEL. A procedure for calculating the adjustment agd in
Eq. (3.1) for the increase in SEL on the inside of a turn, and the decrease
on the outside of a turn, is outlined in Appendix C.

3.7 Power Changes from One Segment to the Next Segment: For the purpose of this
AIR, changes in engine power settings are considered to occur instantaneously
at the ends of individual flight-profile segments. Finite spool-down or
spool-up times are not included in this procedure. Computer implementation
of the procedures, however, should be constructed to eliminate
discontinuities in SEL contours at points perpendicular to the coordinates
defining segment intersections, see Fig. 3. Elimination of discontinuities
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3.7 (Continued)

may be accomplished either by defining a series of short profile segments
with small incremental changes in engine power, or by smoothing algorithms
in the computer program or the contour-plotting process, for example, to
provide a linear transition in noise level over the first 300 meters

(1000 feet) of the next flight segment.

(98}
o

Cumulative Noise Contours: Computation of sound exposure level caused by a
single-event airplane operation is repeated to determine contours of
cumulative noise resulting from multiple airplane operations.* The sound
exposure from each operation is summed. Averaye sound Tevels are then
determined from the total sound exposure. A change in airplane operational
weight alters the flight profile so that if an airport study is to consider
different weights for a particular airplane, the analysis must consider each
weight of the same airplane as a different airplane., Different operational
procedures are processed in a similar manner. The computational process is
repeated as many times as required to determine the total or cumulative
noise,

Computation of cumulative noise contours involves consideration of:

1) Types of airplanes operating at the airport. The consideration of
airplane types usually requires aggregating airplanes havinjy similar
performance and noise characteristics into representative categories.

2) Humber of operations {takeoffs and Tandings) for each airplane type and
time period for each operation. Consideration of the time period is
required only if a time-of-day weighting is to be applied.

3) Takeoff (or landing) weight for each operation. In some instances, it
is necessary to approximate the weight from operational range
information. To simplify the computational process, it is sometimes
expedient to specify weight ranges and to assume that a single airplane
gross weight adequately represents the specified range. Long-term
airport noise monitoring data may also be used. (See Note (2) in
Section 2.3.)

4) Flight procedures. Engine power setting, airspeed and flap-retraction
schedules must be established for use in determining the takeoff flight
profile by the procedure explained in Appendix A. For Tlandings, the
nominal approach glideslope angle, flap, and engine power setting must
be specified, see Section A.9 of Appendix A.

*Similar procedures are required to compute contours for ncise descriptors
other than sound exposure level.
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3.8 (Continued)

5) Runway usage and airplane flight ground tracks. Prevailing flight
patterns and runway usage must be established. At some airports,
certain runways are not used for nighttime operations and some flight
procedures use turns during climbout to avoid residential areas. These
situations should be identified and incorporated into the computation
process, Where detailed runway usage data are not available, estimates
may be made from long-term wind direction data.

6) Flight path dispersion., Airplane traffic-control procedures are usually
specified by instructions to the pilot to turn to specific compass
headings upon reaching specified pressure altitudes. Depending on
airplane weights and flight performance, the Tocations for initiating
turns and the turn radii may vary substantially. The variations will
introduce significant dispersion in actual flight tracks. A nominal
flight track representing average conditions will often not provide an
adequate description of actual flight track dispersion and can Tead to
an incorrect depiction of actual average sound levels., Care should
always be taken to represent flight path dispersion by an appropriate
procedure, A similar dispersive effect can also take place in nominally
"straight-out" departures and that effect should also be assessed in
airport noise analyses,

Since many hundreds of operations may occur at a large commercial airport in
a Z24-hour period, all the different operations may be considered as being
comprised of a finite number of airplane classes, with a number of
operations in each class. The number of airplane classes, and the number of
operational weights that are required within each class to represent all
airport operations influence the accuracy of the calculated contours.
Typically, many airports might be represented by as few as five classes of
airplanes with two or three weights in each class, e.g., one class might be
three-engine narrowbody jet transports having low-bypass-ratio turbofan
engines with corresponding weights for short-range, medium-range, and
long-range operations. If substantially different operational procedures
are used within an airplane class, each procedure should be separately
represented. The time of day of each occurrence will also be required if a
weighting penalty for nighttime operations is included as in calculations of
day-night average sound level (DNL).

A’ representative airplane for each class may be selected and the flight per-
formance and noise data for that specific airplane used to represent all
airplanes in that class. For each airplane class, a representative airplane
takeoff gross weight may be selected for each range of operations by the
following procedure, First, calculate the sound exposure levels at a
selected Tocation along the extended runway centerline for at least three
representative takeoff gross weights, Second, determine the average of the
calculated sound exposures, i.e., the "energy" average of the individual
sound exposure levels, Third, determine the takeoff gross weight which
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3.8 (Continued)

would produce that average sound exposure level and use that weight to
define the takeoff gross weight of the representative airplane for the ,
class. The takeoff gross weight of the resultant representative airplane by
this process will be greater than the arithmetic average of the three
assumed representative takeoff gross weights.

Developing contours of cumulative noise levels around a typical airport may
require computing the average sound level at 2000 to 6000 {or more)
positions in the vicinity of the airport. The extensive amount of
calculations and record keeping involved is amenable to machine computation
and computer programs are available for such purposes. Although different
computer programs may use different approaches to perform the required
calculations, use of the procedures recommended in this AIR for specifying
airplane performance and noise should minimize differences in the
computation of average sound levels by different computer programs.

Recommended sound level measures for use in representation of cumulative
noise contours are provided in Appendix D. Appendix E presents a worked
example of the calculation at four representative locations. Appendix F
discusses the estimated accuracy of cumulative sound level predictions.

4., REFERENCES:

1. "American National Standard Sound Level Descriptors for Determination of
Compatible Land Use," ANSI S$3.23-1980; Standards Secretariat, Acoustical
Society of America, New York, NY 10017 (1980).

2. "Acoustics - Description and Measurement of Environmental Noise - Part
1: Basic Cuantities and Procedures," International Standard ISO 1996/1
- 1982, International Organization for Standardization (1982).

3. "Prediction Method for Lateral Attenuation of Airplane Noise During
Takeoff and Landing," Aerospace Information Report AIR 1751, Society of
Automotive Engineers, .Inc., 400 Commonwealth Drive, Warrendale, PA 15096
(1981).
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FIGURE 3. SCHEMATIC OF NOISE COMPUTATION DURING TAKEOFF
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APPENDIX A
AIRPLANE AERODYNAMIC AND ENGINE DATA

A.1 Introduction: This Appendix presents recommendations for procedures to
determine the airplane-specific data that are required to define an
airplane's aerodynamic performance along takeoff and approach flight
paths. The aerodynamic-performance data determined by the procedures
described in this Appendix and the acoustical data determined by the method
described in Appendix B constitute the basic input data required for
computing contours of airplane noise levels in the vicinity of an airport,

Takeoff and approach flight paths are represented by a series of
straight-line segments. (The ground track of the airplane is represented
by straight line segments and arcs of circles.) The method is comprised of
a few aerodynamic and thrust equations containing coefficients and
constants which nmust be available for each specific combination of engine
and airplane.

To make use of the equations, one must specify (1) airplane gross weight,
(2) the number of engines, (3) air temperature, (4) runway elevation, and
(5) the flight schedule (thrust settings, flap deflections, airspeed, and
average rate-of-climb during the acceleration segments of the climbout)
that is tou be followed during takeoff or approach.

Aerodynamic-performance parameters calculated by the recommended method
provide an accurate representation of an airplane's actual flight path for
the computational reference conditions of Section 2.3 of the AIR, The
equations also perinit the calculation of aerodynamic-performance data for
conditions other than reference for airplane weight, wind speed, air
temperature, and runway elevation (air pressure), with sufficient accuracy
for computing contours of average sound levels around an airport.

Appendix E provides a worked example of the calculation of a departure
flight path for a jet transport airplane to illustrate application to noise
calculations. The example illustrates the format by which the
aerodynamic-performance data should be assembled for each segment of the
flight path.

Coefficients and constants used in the equations have units which must be
consistent with the units of the corresponding parameters in each
equation. Separate sets of equations are provided to determine the net
thrust produced by jet engines and by propellers. Unless noted otherwise,
tne equations for the aerodynamic performance of an airpliane apply equally
to jet and propeller-powered airplanes.

A.2 Engine Thrust: The value of the corrected net thrust (Fn/sgm) produced
by each engine is one of the four quantities that need to be specified at
each end of a flight path segment. Net thrust represents the component of
engine gross thrust that is available for propulsion. For aerodynamic and
acoustical calculations, the net thrust is referred to standard air
pressure at mean sea level.
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A.2 (Continued)

The net thrust will be determined either by the net thrust available when
operating at a specified engine rating, or by the net thrust that results
when the thrust-setting parameter is set to a particular value. For
turbojet and turbofan engines, corrected net thrust should be provided,
either in the form of graphs showing the effects of velocity, altitude and
temperature, or defined by an equation having the general form

where
Fp is the net thrust per engine;

sam 15 the ratio of the ambient air pressure at the airplane to
the standard air pressure at mean sea levei, i.e., to 101,325 kPa
or 1013.25 mb for air pressure in kilopascals or millibars. (see
Refs. A-1 or A-2 in Section A.12)

Ve is the calibrated airspeed;

h is the pressure altitude (height) above sea Tevel at which
the airplane is operating;

Tam 1S the ambient air temperature in which the airplane is
operating, and

E,F,G and H are constants or coefficients which must be determined
for a particular engine at the thrust ratings used by the
airplane along various segments of the takeoff/climbout or
approach flight path.

A1l terms in the equation will not always be necessary. For example, for
rated thrust, when the air temperatures are within the envelope defined in
Section 2.4 of the AIR, the temperature term may not be required since most
jet engines maintain rated thrust to an air temperature of approximately
30°C. For engines not flat rated, ambient temperature must be considered in
designating rated thrust.

When the engines are being operated at thrusts other than rated thrust, the
thrust developed is a function of the thrust-setting parameter. Equation

(A1) for net thrust has the following form when engine pressure ratio (EPR)
is used to set thrust: :

Where K1 is the average slope of the curve expressing the relationship
between installed referred net thrust and engine pressure ratio in the

vicinity of the engine pressure ratio of interest for the specified airplane
Mach number. .
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A.2 (Continued)

When engine rotational speed is the parameter used by the cockpit crew to
set thrust (e.g., the rotational speed of the low-pressure compressor and
turbine stages), then Eq. (A2) for corrected net thrust should be replaced
by an equation of the form

(Fp/éam) = E + FVe * GH + HTgy + Ko(N1/+/ o7) + K3(Ny/-/ o7)? (A3)
where

N1 is the engine's Tow pressure rotor speed;

oT is the ratio of the absolute total air temperature at the
engine inlet to the absolute standard air temperature at mean sea
level, i.e., to 288,15 K for air temperature in kelvins, see Refs.
A-1 or A-2;

lex/“éF is the corrected low pressure rotor speed; and

Ko and K3 should be derived from installed engine data encompassing
the referred shaft speeds of interest.

Airplane manufacturers will usually have to furnish appropriate values for
the constants and coefficients in Eqs. (Al) to (A3). It is recommended that
the data used to evaluate the constants and coefficients represent the
performance of an average engine when operating under the computational
reference conditions of Section 2.3 of the AIR.

For propeller driven airplanes, corrected net thrust per engine should be
provided by graphs or calculated by an equation of the form :

(Fn/ﬁam) = (nPp/Vi)/sam (A4)
where
n is the propeller efficiency for a particular propeller installation
and is a function of propeller rotational speed and airplane flight
speed.
V¢ is true flight speed,
Pp is installed net propulsive power
A secondary equation should be provided to relate Py, to the power setting
parameters used in the cockpit, such as engine rota%iona] speed and manifold

pressure for reciprocating engines, or engine rotational speed and torque
for turboprop engines.
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NOTE: The foregoing discussion assumes that the equations for the various thrust
ratings and the general relationship to the engine setting parameter, all
yield net thrust directly. Alternatively, only the general relationship
Eq. (A2) or (A3) could be provided and other equations used to define the

limiting values of the engine setting parameters at the various rated
thrusts.
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