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INTRODUCTION:

factors are: airplane and engine type; power, flap, and ai

The sound exposure level produced at a fixed location near the
ground by an airplane operation is dependent on a number of factors.

Primary
rspeed management

procedures; distance from the location near the ground to the flight path of

the airplane; and the effects of local topography and weath
propagation. Airport operations generally include differen

er on sound
t types of

airplanes, various flight procedures, and a range of operational weights.

Cumulative average sound levels computed by the procedure d
AIR are suitable for land-use planning purposes.

In this document, noise from individual airplane operations

escribed in this

is described in

terms pf sound exposure level (SEL, symbolized LAp) while t
noise [from a series of airplane operations is described in

average sound level (DNL, symbolized Lgn), in conformance w

1. Recommendations for measurement of airplane sound.level
normalfization to reference atmospheric conditions,“and extr
measured data to propagation distances normally_ occurring i
constrjuctions are included in this AIR. The method describ
olating the SEL may be applicable to other types of n

Airplane performance is estimated from simplified equations
airplane-dependent coefficients. This provides a practical
including in the SEL modeling process the effects of change
profile which result from changes. in*operational procedure

This AIR describes the step-by=step method for calculating
near the ground in the vicinity of an airport. The total p
calculjation of a single-event or cumulative noise contour i
accompltished by a computer: The description of computer pr
contour calculations is.not a part of this AIR. Noise cont
connecfting points of(equal sound exposure level produced by
during a single takeoff or aPproach operat1on have been gen
as single-event contours or "footprints.” An example conto
schematically onFig. 1. Contours formed by connecting poi
cumulative average sound level produced by a series of airp
that have ©ccurred over a specified time period, such as 24
cumu].t1ve no1se contours In this AIR the computation of

cond1t1onsi(temperature, hum1d1ty, a1rport a1t1tude and wi
yearly average conditions at several major world airports.
annual environmental conditions are specified for which the

he cumulative
terms of day-night
ith Reference

5, data

apolation of the

h contour

hd for

pise descriptors.*

which require
method of

5 in flight

pr mission weight.

bEL at any point
rocedure for

5 best

bgrams to perform
purs formed by

one airplane
erally referred to
ir is shown

nts of equal

lane operations
hours, are called
airplane noise
port reference

nd speed) based on
Ranges of average
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 19
2). Other noise descriptors, e.g., Effective Perceived Noi
Perceived Noise Level, and Maximum A-Weighted Sound Level h
some instances, used for airport noise assessments, includi
determination of permissible land uses around an airport.

96, Part 1, (Ref.
se Level, Maximum
ave also been, in
ng the
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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.

PRINCIPAL CONSIDERATIONS IN COMPUTATION OF SOUND LEVELS: Calculation of

sound exposure level 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

characteristi

Airplane Aer

LS.

bdynamic-Performance Characteristics: Determination

distance bet
calculation
coordinate s]
(or assumpti
procedures,

Equations to
are given in
which are ba
aerodynamic-
any reasonab
procedure, i

Airplane Aco

heen an observation point and the airplane flight pat
bf the location of the flight path relative to“an air
ystem. Determination of the flight path reguires kno
bns for) airplane weight, speed, flap andythrust-mana
nirport elevation, and wind and air température.

calculate the required propulsion and aerodynamic pa
Appendix A. Each equation contains coefficients (or

berformance equations in Appendix A permit the consid
le combination of airplane -operational weight and f1i
ncluding operations at maximum takeoff gross weight.

istical Characteristics: The noise characteristics o

airplane are
flight path
corrected ne
produced by
reference da
Section 2.3.
locations no
adjustments

specified by sound“exposure levels at locations unde
s functions of .the minimum distance to the airplane
t thrust* [or_other appropriate engine-power paramete
cach engine_at) prescribed reference conditions. The
ta base issdefined for the computational reference co
Sound -éxposure levels for all other flight conditio
L directly under the flight path, are determined by a
to the'baseline data.

b

Appendix B dl

sed on empirical data for each.specific airplane typel

pf the

1 requires
bort
vledge of
jement

rameters
constants)

The
eration of
ght

f each

r the

and the
r(s)]

SEL
nditions of
ns, or
bplying

irplane SEL

reference data base from noise measurements made directly under the flight

path.

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.

Since airplane sound levels must often be estimated for distances

*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 Tevel is called lateral a

ttenuation,

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:

I
i

(a)

q

<~

[ T e

fan

y

(f)

[e}]

Proced

Comput

e} a | | S u
nereased sounmdexposure tevets behind—anmairpteane—at

akeoff roll.

hange in sound duration for airspeeds different from
alue.

hange in sound exposure level for airxplane to receivg
iffering from values specified in the reference data

hange in sound exposure level for engine power settin
hose specified with the baseline acoustical data.

ffect on sound exposure Jevel of airplane turns durif
pproach.

ures to account forithose effects are described in Se

ational Referenceé Conditions: Atmospheric pressure,

relati
influd
To sin
and nd
Use of
a comy

ve hunidity,(wind conditions, runway gradient, and ty
nce airplane-performance and noise received by an aiy
plify the~¢calculation of airplane noise contours, aiy
ise data’ are developed for certain computational refe
reference conditions, while necessary for practical
utdtional procedure, also provides reasonably accuraf

cumul

hange in sound duration as a result of acceleration d

the start of

uring takeoff,

the reference

r distances
base,

gs different from

g climbout and

ction 3.

air temperature,
pe of terrain
port community.
plane performance
rence conditions,
implementation of
e calculations of

tive 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 Le 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 long-term average basis.

I e T e P S >~ Earerme = 2
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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

) Hind speedi—tess—than—s—mis—{tnots)
)

)

Airspeed: 160 knots
Local tlerrain: flat and free of large structures or other reflecting
objects within several kilometers of an airp[lane's

ground track

Sy G W

Reference Conditions for Calculation of Airplane Aeradynamic and Engine Data:

Wind: B w/s (& knots) headwind constant with height above ground
Runway plevaticn: mean sea level
Runway gradient: None

Air temperature: 15°C

Takeoff|l gross weight: 85 percent of Wnaximum takeoff gross weight
Landing| gross weight: 90 percent ¢f maximum landing gross weight
Number of engines supplying thrust along any segment of the [flight
path: All

SN OT S WO
L N N S )

NOTES:

(1) Computationgl procedures detailed in Appendix A permit adjustmenft of
airplane flight paths f¢r;Tocal conditions that differ from the
computational 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 impactfing the
accuracy of| thescalculated contours of cumulative average sound [level.

(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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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:

e Air

& Pro
gre
o HWin
The ac
believ
airpor
noted
descri
as noi
accomp
sugges
specif
perfor
elevat

COMPUTA

temperature less than 30°C

fuct of air temperature (°C), and relative humidigy;
nter than 500.

i speed less than 8 meters per second (15 knats).

bd to encompass conditions encountered ‘at most of the
Es. For situations where average local conditions fa

ped in this AIR for developing the reference noise daf
e adjustment factors, if appropriate. Specification

ted that the relevant airplane manufacturers should b
ic recommendations. The ‘effect of airport elevation
nance is expressly considered in the equations of App¢
ion effects on sound propagation are negligible.

[ TONAL PROCEDURES:

Generaf :
Fig. 2{

takeof
exposu
shorte

Consider an airplane performing the takeoff opera
The ainplane accelerates from zero speed at the st
f roll to“the initial-climb speed. During this opera
re level will decrease as the airspeed increases as a
r duration of the noise as the airplane's speed incre

becaus

bCan airplane's noise source level generally decrease

percent),

ceptable envelope for average local conditions defined above is

world's major
1 outside the

envelope, consideration should be given to modifying the methods

La base, as well
of procedures to

consulted for
n airplane
bndix A.

ish such modifications was not within the scope of t%is AIR and it is

Airport

Lion depicted on
irt of the

Lion the sound
result of the
ises and also

5 with increasing

speed.

Hence, thesoumd—exposure tevel at Hftoff s 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 1is 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

increa

se 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.

illustrated on Fig. 3.

The overall process of contour generation is
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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 da

ta base. For example, sideline-location noise estima

tes are

based upon flyover (under-the-flight-path) noise measurements plus
adjustments for tne lccation,

In this AIR,
basic acoust

LAE:L

The first tw
ground locat
to airplane
applicable o
adjustment,
curved groun

Following 1is

Lap(P,di The
bas
to
Sec

A s
kno
Sec

ay

Al
the

A(g, %)

four adjustments, in decibels, are defined for addit
ical data to determine sound exposure levels:

pE(P,d) +ay - n(B2) *AL *+ ag

b of the four adjustments listed in Eq. (Q.1) apply f
ion. The second adjustment is applicabJle’ whenever th
clevation angle is less than €0 degrees. The A term
nly for Tocations behind the start ofi'ground roll. T
hg, applies only for locations that are inside or out
(i track when an airplane flies alturning flight path.

a description of the factors”in Eq. (3.1):

sound expesure level interpolated from the reference
e to correspond with the engine power P and distance

the particular airplane flight segment and ground loc
tion 3.4).

peed adjustmentif the actual groundspeed differs fro
L true airspeéd associated with the acoustical data b
tion 3.4,0Eq, 3.9).

pteralattenuation adjustment if the observation poin
airpltane's ground track, (see Section 3.5). Angle g

ion to the

(3.1)

pr any

b observer
is

ne last
side a

data
1 relevant
htion {see

m the 160
pse (see

t is not on
is the

ele
and

AL

vation angle Letween the ubservation point and airpla

he,

275 the perpendicular distance from observation point to
airplane ground track.

start-of-takeoff roll (see Section 3.3.1).

Ad

A directivity pattern adjustment for locations behind the

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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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-takeoffitd the initial
qlimb segment;

2. (limb at initial climb speed, engine power, and’flaps;
3a. Heduce engine power and climb at initial climb speed gnd flaps; or

3b.

red

aintain initial engine power and accelerate while refracting from
takeoff to climb flaps;

4, (¢1imb at reduced-flap climb speed, with or without reduced engine power;
5. HRetract flaps and accelerate\to zero-degree-flap airspeed;

6. (ontinued climbout withlzero-degree flaps, climb airspeed, and climb
power,

The pfocedure described, in Appendix A permits calculation. gf airplane
position along flight)profile segments corresponding to eadh of the above
operations. To caloulate sound exposure levels, engine powWer and airspeed
must he specified for each profile segment. A power setting parameter and
airspged 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 ¢f ran acceleration segment must also be specified,

Takeotf-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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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 procedires for describing

aircraft noi

se in the vicinity of airports. The method is based

on

empirically determined "fleet weighted average" sound exposure level
representation at the start of takeoff roll for an international airport

with a typic

al mix of jet airplane types. The "fleet average" re

presentation

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
variations a

Sound Expo

i

epresent long term averages, in which movement-by-mo
e not significant.

sure Level Behind the Start-of-Takeoff Roll: ,The "f1

weighted a
segment, d
noise moni
Mass. The
Seattle-Ta
measuremen
square ave
value was

directivit,

Using the
level for
1. Comput
of rol
positi

Determ
center
effect

Calcul

(o8]

verage" method of describing the start of the takeoff
iscussed in Section 3.3 above, was empiricaHy derive
toring data measured at Logan Internatignal Airport,

method was substantiated with additional measurement
cona and London Heathrow Internatiqnal Airports, The
ts were norualized to a distance of ~1000 ft and then

rage was calculated for each airplane type. A "fleet
then computed to permit the development of an effecti
y pattern for use in estimating airport noise exposur

coordinate system illustrated on Fig. 4, the sound ex

 the radial distance, r, from the airplane's locatio
I, Py (0,0), to<observer point, P'(-x,y), where prime
ons behind statrt of roll.

ine fhe ohtuse angle, e in degrees, (angle between th
ine of 4k€ runway and the radial to location P'). T
ive directivity pattern is symmetric about the runway

ate(the directivity pattern adjustment, ay, in decibe

focations behind start-of roll is computed as follows):

venent

ect

roll

d from
Boston,

s taken at

@ mean
average"
ve
N

hosure

h at start
5 denote

that

al

AL

it

b.

AL

For 90° g o ¢ 148.4°

51.44 - 1.553 o + 0.015147 o2 - 0.000047173 o3
For 148.4° < o ¢ 180°

339,18 - 2.5602 o - 0.0045545 o2 + 0,000044123 ¢3

Determine the sound exposure level at P'

LAE(P') = Lap(P,d) *+ ay -A(0,r) + A
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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

airgpned of 160 knots at takeoff power

AO,r) is the Tateral attenuation adjustment flor an
elevation angle of zero degrees .and digtance r

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

Noise contours for behind start of rell are produced by computing
values of Lpp using Eq. (3.4.1) atcadseries of grid goints and by
interpolation between the grid pojnts.

3.3.2 Sound Exposure Level During Takeofif Ground Rell:

For|sound exposure levels adjacent to the takeoff ground|roll (Fig, 4)

Lap(x,y) = Lap(P,d) &Gy - A (0,d) (3.4.2)
where
Lap(P,d) is the’ sound exposure level derived from thg

" reference data base, corresponding to takeoff
power and distance normal to the runway (aifplane)

32 knct minimum groundspeed and the lift-off groundspeed
at takeoff power assuming constant acceleration,

Ay is the speed adjustment for tne difference }etween the

i.e., ay = 10 1g(160/V)

where

~

nnl 2 2
V = _\/uc +(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 progreZfes—al9ng—xhe—x—a*4s—4n—the—y—-—0—planef——La$e¥al—d+stance y is
perpendiculalr to the airplane's flight ground track in the z = Oyplane.

Airplane height above ground is specified by the value of the)z cpordinate.
The slant, ofr minimum, distance dy, from any point xg, yo in“the x-y
plane after |liftoff, to the airplane is given by

|

dm - y02 + Zozcosz.y] 1/2 (3.5)
where y is the geometric airplane flight path angle relative to the
horizontal, pnd zo is the height of the airplane~above ground at Kk = xg,

Y =Y = 0.

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

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

When using tpbulated SEL data (e<g., Table B2 of Appendix B) intefrpolation
between tabuffated powers and'distances will generally be necessary. Sound
exposure levpls for intermediate powers are determined by linear
interpolatiop, and for intermediate distances by logarithmic intefppolation.

|
t
' {
Pi" [ ! :
' L4
SOUND P ' |
EXPOSURE P + i 1
LEVEL i 1 H
t
~
| \
RS
= b
i | :
L ! 1
d, d d

i iel
CLOSEST APPROACH DISTANCE
(legarithaic scale)
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Let Pi and Pj+] Le 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) + [Lag(Py+1) - Lap(P3) ] L(P-P3)/(Pj47-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

Tevel at the same

power for an intermediate distance d, between dj and dj+1 is given by

Lag(d)

By usipg Egs. (3.7) and (3.8) sound exposure levels may“be ¢

any po
data b

The ad
true g

speed lised for the data base.

Ay =
where

Anpend
computs

Latera

= Lap(dy) + [Lap(di+1) - Lap(di)] L{1g d-1g dj)/(1g.d

ver setting P and any distance d that is withifrthe er
ise.

ustment, ay, is an adjustment to the duration correc
roundspeed which may be different from the 160 knot n(
The airspeedradjustment is 4
10 lg(lEO/Vtg)

tg 1s the true groundspeedX¥n knots,

x E presents sound expostire level contours of 90 dB :
ed by the above method{for an airplane powered by two

Attenuation: Procedures for determining lateral at

averags
consis
ground
than 9
sideli
proced
Latera

b airplane, are-~given in SAE AIR 1751 (1981), Ref. 3.

(2) when_the airplane is airborne and the lateral d;
14 m, or {3) when the airplane is airborne and the 1af
ne) distance is greater than 214 m (3000 ft). The adj{
ire déscribed in AIR 1751 was developed for jet-propel
attehuation effects should be ignored for propeller;

i+1-1g dj)] (3.8)

alculated for
ve]ope of the

ion based on
rmalization
Tcuiated from

(3.9)

nd 110 dB
turbofan engines.

cenuation, for an
The adjustment

Es of three equations which apply (1) when the airplape is on the

stance is less
reral (or

ustment

led airplanes,
driven airplanes.

The equations for specifying Tateral attenuation when the a:

ground
G(
and G(

are
2) = 15.0901 - ¢-0.00274%7 for 0 ¢ ¢ ¢ 914 m,
2y = 13,86 for ¢> 914 m

rplane is on the

(3.10)
(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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where G(2) is the overground Tateral attenuation in decibels as a function

of the horizontal lateral distance £ in meters.
used for distance to Le consistent with the usage of Ref. 3,

and

[The general symbol £ s

is the same

as perpendicular distance yg in Section 3.4 or radial distance as in
Section 3.3.11,

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

When the

than 914
M3) = 3
Mpg) =0

where A (8)

l.Lateral atte
airborne and
m, namely
MB,2) =
where G(2) a

Effect of Af

h Q Fe)
96~ U.UB0F * 9.9 e 0-198 Tor U < B < 60, and

o

for 60° ¢ s < S0
is in decibels and elevation angle g is in digrees.
nhation is given by a transition equatiomwhen the ai
the horizontal lateral distance is le§s“than, or equ
[G{e)]in(e)3/13.86

d A(s) are given by Egs. (3410) to (3.13).

rplane Turns on Sound Exposure Level: When a flight

incorporates
the turn bec
duration out
an airplane
standard-rat
(5300 feet)
23 degrees,
bank angles
than 180 deg
meters) and
as a result

a turn, the SEL insidelthe turn will be greater than
ause of the longer davation inside the turn and the s
ide the turn relative to the duration of the sound p
Flying a straigatiflight path., At an airspeed of 160
e turn of 3 deghees per second has a radius of about

ind requires ‘an airplane bank angle of approximately

For most eperations by civil aircraft, turns will be
5T Tess than 20 degrees and through a total turn angl
rees, “When the turn radius is large (e.g., greater t
Lhe €otal turn angle is less than 90 degrees, the cha
hE- the turn is negligible and may be ignored. Where

are less tha

rplane is
1 to, 614

{3.14)

path
gutside of
nerter
roduced by
knots, a
1600 meters

made at
b of less
han 2000
nge in SEL
turn radii

n 2000 meters or total fturn angles are sufficiently 1

arge, 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 ag 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.

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.
spool-up times are not included in this procedure.

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.

Finite spool-down or
Computer implementation

Elimination of discontinuities
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(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

Cumulative Noise Contours:

feet) of the next flight segment.

Computation of sound exposure 1

evel caused by a

single- Lvent a1rp1ane operdt1on is repeated *o determine contours of

cumulat
€Xxp0s
detery

rent weights for a particular airplane,

led as many times as required to determine the total ¢

ipformations

LIVL HUI)C IUbUILIHy I(UM mulblplC dllpldHL UpC'GLIUI
re from each operation is summed. Averaye sound Tlevg
tined from the total sound exposure. A change in“@iry
alters the flight profile so that if an airpori stuc
the andlysis
of the same airplane as a different airplage. Diffe
jures are processed in a similar manner. ~The computat

ation of cumulative noise contour® involves considerd

pes of airplanes operating at-the airport. The consi
rplane types usually requires aggregating airplanes }
rrformance and noise charaoteristics into representati

imber of operations {takeoffs and landings) for each d
me period for each'‘cperation, Consideration of the f
quired only if antime-of-day weighting is to be appli

ikeoff (or landing) weight for each operation. In son
b necessary \to approximate the weight from operational
To simplify the computational process, it
pedient_to specify weight ranges and to assume that 4
rosscaweight adequately represents the specified range.
rport ncise monitoring data may also be used.

(See Ngte

pction 2.3.)

veight
diffe
weighi
proce
repea
noise
Conpu
1) Ty
a
pé
2)
t
re
3) T
;
e
g
a
S
4)

F1ight procedures.

Engine power setting, airspeed and

s.* The sound
1s are then

lane operational
y is to consider
ust consider each
rent operational
jonal process is

r cumulative

tion of:

deration of
aving similar
ve categories.

irplane type and
ime period is
ed,

e instances, it
range
is sometimes
single airplane
Long-term
(2) in

flap-retraction

schedules must be established for use in determining the takeoff flight

profile by the procedure explained in Appendix A.

For

Tandings, 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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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
specififed by Tnstructions to the pilot to turn to specific. compass
headings upon reaching specified pressure altitudes. Depending on
airplane weights and flight performance, the Tocations ifor ijnitiating
turns and the turn radii may vary substantially. The variatfions 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 clan Tead to
an incofrrect depiction of actual average sound Tevels., Care| should
always pe 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 nany hundreds of operations may-oCcur at a large commerciafl airport in
a Z24-hour pgpriod, all the different<bperations may be considered| as being
comprised of a finite number of airplane classes, with a number pf
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 opepations influencethe accuracy of the calculated contpurs.
Typically, many airports might be represented by as few as five plasses of
airplanes wiith two or theée weights in each class, e.g., one clags might be
three-enging narrowbody jet transports having low-bypass-ratio turbofan
engines with corresponding weights for short-range, medium-range|, and
long-range pperations. If substantially different operational ppocedures
are used withintah airplane class, each procedure should be sepafately
represented| ~ The t1me of day of each occurrence w111 also be requ1red if a
weighting pena e erations—is cluded 4 oF:

day-night average sound Tevel (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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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)
positifons in y € airporc. € extensive ampunt of
calcullations and record keeping involved is amenable to machine computation
and computer programs are available for such purposes..(Although different
computler programs may use different approaches to perform the required
calcullations, use of the procedures recommended in. this AIR| for specifying
airpldne performance and noise should minimize differences [in the
computfation of average sound levels by different computer programs.

Recomnlended sound level measures for use inirepresentation pf cumulative
noise [contours are provided in Appendix DV~ Appendix E presents a worked
examplle of the calculation at four repre&sentative locations. Appendix F
discugses the estimated accuracy of cumulative sound level predictions.
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FIGURE 1.~ SOUND EXPOSURE LEVEL CONTOUR FOR A SINGLE EVENT,|
(TAKEOFF AND APPROACH) "OPERATION
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APPENDIX A
AIRPLANE AERODYNAMIC AND ENGINE DATA

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 1in

Appendix B constitute the basic input data required

computing coptours of airplane noise levels in the vicinity of an

Takeoff and
straight-11ne
by straight

a few aerodynpamic and thrust equations containing coefficients and
ch must be available for each specific.€ombination of

constants wh
and airplane

approach flight paths are represented by a series'of
2 segments. (The ground track of the airplane,¥s rep
ine segments and arcs of circles.) The method is cor

To make use

(2) the numbg¢r of engines, (3) air temperature, (4) runway elevat
(5) the flight schedule (thrust settings, flap deflections, airspg
average ratetof-climb during the acceleration segments of the cliy
that is to be¢ followed during takeoff or approach.

Aerodynamic-
provide an a
the computat;
equations al
conditions of
temperature,
for computing

Appendix E p
flight path
calculations

f the equations, one nust specify. (1) airplane gross

erformance parameters-calculated by the recommended f
fcurate representation of an airplane's actual flight
onal reference conditions of Section 2.3 of the AIR.

for

airport,

resented
pprised of

engine

weight,
on, and
pbed, and
bout)

nethod
path for
The

50 perinit the calculation of aerodynamic-performance data for

ther than refetence for airplane weight, wind speed, 4
and runway.elevation (air pressure), with sufficient
contours“of average sound levels around an airport.

rovidesid worked example of the calculation of a depa

i
accuracy

rture

for_alget transport airplane to illustrate application to noise

aerodynamic -performance—data—shouldbeassembled for—eachsegment-

flight path.

The example illustrates the format by which the

of the

Coefficients and constants used in the equations have units which must be
consistent with the units of the corresponding parameters in each

equation,

thrust produced by jet engines and by propellers,

Separate sets of equations are provided to determine the net
Unless noted otherwise,

tne equations for the aerodynamic performance of an airpliane apply equally
to jet and propeller-powered airplanes.

Engine Thrust:

The value of the corrected net thrust (Fp/sam) produced

by each engine is one of the four quantities that need to be specified at

each end of a flight path segment.

engine gross

thrust that is available for propulsion.

Net thrust represents the component of
For aerodynamic and

acoustical calculations, the net thrust is referred to standard air
pressure at mean sea level.
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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
Fn is the net thrust per engine;

dam s the ratio of the ambient air pressureCat the ailrplane to

the standard air pressure at mean sea-levei, i.e.,| to 101,325 kPa
or 1013.25 mb for air pressure in kilepascals 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 operatings

Tam 1s the ambient air temperature in which the airpigne is
operating, and

H,F,G and H are constants or coefficients which must He determined
fop~a particular engine at the thrust ratilngs used by the
adinplane along various segments of the taleoff/climbout or
approach flight path.

A1l terms inlthe equation will not always be necessary. Fqr example, for
rated [thrust, when the air temperatures are within the envglope defined in
Section. 224 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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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 equati

where
N1 is ¢
oT is 1
engi

Teve
A-1

Airplane man

the constants and coefficients in Egs. (Al) to (A3).

on of the form

(A3)

he engine's Tow pressure rotor speed;

he ratio of the absolute total air temperature dt-the
ne inlet to the absolute standard air temperature at

1, i.e., to 288.15 K for air temperature in kelvins,

or A-2;

F is the corrected lTow pressure rotor speed; and

K3 should be derived from installed engine data encon
the referred shaft speeds of.interest.

facturers will usually haveto furnish appropriate V
It is recon

the data used to evaluate the constants and coefficients represen
performance pf an average engine_.when operating under the computa

reference ¢

For propelle
provided by

ditions of Section 2.3 of the AIR.

r driven airplanes, corrected net thrust per engine s
graphs or calculated by an equation of the form :

(Fn/ﬁam) = (HPP/Vt)/Gam

where

mean sea
see Refs.

passing

alues for
mended that
t the
tional

hould be

(A4)

tallation

nis thE propeller efficiency for a particular propeller ins
and i o i i

speed

Vi is true flight speed.

Pp is i

A secondary
parameters u

nstalled net propulsive power

equation should be provided to relate P%_
i

sed in the cockpit, such as engine rotational speed a

ne flight

to the power setting

nd manifold

pressure for reciprocating engines, or engine rotational speed and torque

for turbopro

p engines.
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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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where ogp is
pressure alt
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ds may be approximated from equivalent or calibrated* (or
irspeeds by making use of the relationship

V¢ = Ve/+/ oam

the ratio of the density of the ambient air at the airplane's

(A5)

itude to the standard density of air at mean sea level. The
0 ogy also equals szp/63ms See Eq. (A6),
files of Air Temperature, Pressure, and Density: For the

purpose of t
height aboveé
conditions (¢

Takeoff Grot

his AIR, the variation of temperature, pressure and density with
d

f Refs. A-1 or A-2 for an International Standard Atmgsphere.

nd Roll: During takeoff, an airp]ané uses a specifidd takeoff-

rated thrust
assumed to H
gear, if ret
For the purg
by an equiva
the distance
where a strg
flight path

For computat
zero degree

59

where
B is a
Secti

W is ai

coefficient.appropriate to a specific airplane/flap-
defldction combfnation for the reference conditions of

to accelerate along the runway until 1iftoff Airspeed is
e constant throughout the initial part of the climboyt. Landing
ractable, are assumed to be retracted shortly after T1iftoff.

ose of this AIR, the actual takeoff ground-roll is approximated
lent ground-roll distance, sq, defined as shown in Fig. Al, by
along the runway from the s%art of takeoff roll to tlhe point
ight 1ine extension of the initial landing-gear-retrgcted climb
intersects the runway.

ion purposes, the equivalent takeoff ground-roll distlance, with
runway slope, is determined from

= Bogm(W/sam) 2/IN(Fp/sam) ] (A6)

on 2.3 (0of the AIR, including the 8-knot headwind.

rplané gross weight at brake release.

N is th

is th
power

and e

NOTE: Since

e number o7 engines supplying thrust,

e net thrust calculated for the airspeed and engine
settings used during initial climbout.

am represent the ratios of the ambient air pressure
and temperature to the standard-day sea level values,
respectively.

Eq. (A6) accounts for variation of thrust with airspeed and

runway elevation, the coefficient B for a given airplane varies only

with

flap deflection.

*Calibrated
purpose of

and equivalent airspeed are used interchangeably for the
this AIR.,
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al Climb: The airplane is assumed to have an initial

-climb airspeed

which has a consistent relationship to fundamental aerodynamic lifting

capab

ility and hence to brake release gross weight.

The recommended

equation for calculating the calibrated initial climb airspeed is

where

When
calib
angle

where

and

The a
thrus
mid-s
gross
that
the ¢

oW

C is a coefficient appropriate to the flap setting.

(A7)

& is brake release gross weight.

vy (see Fig. Al) should be determined from

k= arcsin(1.01 {[N(Fn/éam)avg/(W/sam)avg] - R } )

the factor of 1,01 accounts for*the increased climb g

reference climb equivalent airspeed of 160 knots.

fhe landing gear«is assumed to be retracted.

verage net thrust, (Fp/6am)avq. should be the average
ts at the béginning and end o
egment value. The ambient pressure ratio to use with
weight)
is the average of
imb-segment.

he pressure altitudes at the begin

vith the 8-knot headwind and the acceleration inherent

R is the nondimensional ratio of the airplane's drag ¢
ift coefficient fok_a given flap setting and airplane¢ configuration.

the flight-path segmen;

che airplane climbs with a given configuration,«flap $etting, and
rated airspeed into an 8-knot headwind, the average g¢ometric climb

(A8)

radient associated
in climbing at a

oefficient to

of the net
E or the
the airplane

w/aam)av%, should correspond to the pressure altitude

ning and end of

The distance along the ground track, sc, that the airplane traverses,

while climbing at angle y to a specified increment in pressure altitude, ah,
above the runway elevation should be calculated from
s¢ = Ah/tany (A9)

Acceleration and Flap Retraction (See Figure 3 for Il]ustfation):

Departure flight paths generally include a segment, after the initial climb
segment, where the airplane accelerates to an airspeed great enough to
permit retraction of the flaps. '
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A.6 (Continued)

The horizontal, or ground-track, distance, sz, traversed while accelerating
from an initial true airspeed Vi, to a final airspeed V¢, and while
climbing at a specified average true vertical speed or average rate-of-climb

Vizs

where

and

from Vi

should be calculated from

g 2
- vta )

(vtz/vtavg

(1/29) (0.95) (V,p 2
/(M /6 .. 1 -

am’avg

S
& TINGF /s ) )

n’“am’avg av

(A10)

g is acgeleration caused by gravity for free fall at mean se
limensional factor of 0.95 represents the headwind ef
Lrack distance when climbing at the 160 knot referenc
8-knot reference headwind.

The non
ground-
into an

(Fp/sampavy, (W/sam)av
between|the values app
airspeeds Vg and Vip.

Ravg, and Viayg @re averages
ab]e to the cohditions and heights

?TC

NOTE: Vi

Lz should be an average rate-of-climb during the acce

to Vih in order to preserve the approximation of th
flight-path segment as a straight line instead of a curve.
airplang -configuration remains constant as the airplane acce
from Vig to Vi¢p, the drag-to-1ift ratio R may be considered
remain ¢onstant.

The units for Via,Vip, and g must be consistent with those
sa. For examplenif sy is in meters, g should be in m/s and
Via and V¢p should be inm/s. If sy is in feet, g should be
ft/s2 wjth Vgg and Vip in ft/s. Suitable conversion factors
be requjred For other units such as knots for airspeed. Con

h level*®,

fect on the
b airspeed

-

ht true

eration
ff the
erates
Lo

For

in
may

yersion

factors|may also be required to ensure a nondimensional rat1¢ for

(Vtz/Vtavg) TN the denominator of Eq. (AI07.

At the beginning of the acceleration, the airplane's pressure altitude
is known because it is the same as that at the end of the previous

segment. Thus, the values for sy and ogy are also known at
beginning of the acceleration segment.
hence say and agp, at the end of the acceleration segment is
unknown,
the pressure altitude at the end of the acceleration segment

to supply corresponding estimates for éayn and ogp.

the

The pressure altitude, and

As a consequence, it is necessary to provide an estimate of

in order

The calculated

height gain is then to be compared against the estimated height gain to
determine if a second iteration is needed to improve the accuracy of

the calculation.

*Recommended values for g are $.807 m/s?

or 32.17 ft/sZ.
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tinued)

The gain in height, ah, relative to the height at the beginning of the

acce

leration, is calculated from

Ah = (Savtz/vtavg)/0.95

(A11)

If the calculated height gain is within 10 percent of the estimated height

gain, the calculated height gain is considered sufficiently accurate.

If

the calculated height gain is not within 10 percent of the estimated height

gain
as a

Cont

A e a h 3

dala
aliuinct LAY

replacement for the initially estimated height gain,

nued Climb After Acceleration and Flap Retraction: /

segm
may
mod1i

argupent of the arcsin,

the

airs
airs
equa
assu
cont

With
flap

The
alti
shou

appr
Addi

bnts at constant calibrated airspeed and constant airy
pe calculated by making use of a modified faorm of Eq.
Fication consists of a reduction in the magnitude of 1
The value of the constant should
pffects of acceleration associated with climb at consf
peed instead of constant true airspeed are different ¢
peeds typically flown after gear retraction. When dey

ulated height gain

dditional climb
lane configuration
(A8). The

the constant in the
be reduced because
rant calibrated

t the higher
riving the
retraction was

tion, the calibrated airspeed during climb after flap
ped to be 250 knots because that speed is the limitin

this assumption the geemetric climb angle for contin
retraction is definedby.

arcsin (0.95([ M(Fn/sam)avg/(/8amdavgd - R} )

Y

tude for the.segment. The value of the net thrust an
1d be determined for the calibrated airspeed and airp]
ppriatel for the segment.

acce

eration segments are included in the climbout flight

tiopal Acceleration Segments After Flap Retraction: |

airspeed in

rolled air space at less than“10,000 ft (3000 m) of pressure altitude.

ed climb after

(A12)

average corrected net thrust is to be determined at tme average pressure

the ratio R
ane configuration

f additional
path, Eqs. (Al0)

and (A11} should be used again to calculate the ground-track distance,

An iteration may again be needed to

average climb angle, and height gain.

ensure that the calculated height gain is within 10 percent of the estimated
height gain.

Landing Approach: The Tanding approach calibrated airspeed, Vcp, is

assumed to be approximately 10 knots more than the reference approach

airs

peed.

That assumption allows the approach airspeed to be related to the

landing gross weight by an equation of the same form as Eq. (A7) for the

cali

brated airspeed during initial climb, namely

(A13)

where the coefficient D is to be evaluated at a landing flap setting.

]
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The value of net thrust per engine which is required by the airplane during
descent along the approach glideslope may be calculated by solving an

equation of the form of Eq. (A8) for a given landing weight and a
drag-to-1ift ratio R appropriate for the flap setting with landing gear

extended.
operations,

may be assumed to be constant.

The flap setting should be that typically used in actual

During landing approach, the geometric glideslope descent angle

For jet-powered and multi-engine,

propeller-powered airplanes, angle y is typically minus 3 degrees.

single-engine, propeller-powered airplanes,

degrees,

As for the ¢
is modified
flight path
airspeed cal(

the glideslope descent angle to airplane and engine parameters is

Y arc;
Equation (Al4

(Fn/sam
Equation (Al
airplane to i
and landing ¢

Adjustments

pritinued-climb segments of Section A.7, the constéant
Lo account for the deceleration inherent in flying a descending

}) can be solved for the average Hét thrust to yield

b) may also be used to calculate the net thrust requi
niaintain nominally level-flight (y
jear extended,

nto an 8-knot reference headwind at the constant cal
ulated by Eq. (Al13). The form of the equation to use

{

avg = (1/N)(w/5am)avg { R * L(51NY)/1.03]}

zero) with flaps

for Headwinds: WA headwind other than the 8-knot refq

headwind wil
initial clin

accelerating, sz, and.the average net thrust during landing appre

(Fn/Gam)avg

If the quant
headwind arg

-

1 affect the equivalent takeoff ground-roll distance
b angle, y, &he ground-track distance traversed whilq

ities calculated by the equations for the E-knot refg

angle y is typically minus

For
[

=

n £q. (A8)

brated

» to relate

(A14)

(A15)

red by the
deflected

brence
sg, the

B

pach,

rrence

denoted by an additional subscript r for reference,

then

equations t¢ bée used to calculate values appropriate for other than an

8-knot headwind are as follows:
sg = sgrllVe - V)/(Ve - 8)12 (A16)
Y = Yr[(vc - 8)/(Vc - Vw)] (A17)
sg = sapl(Vg - V)/ (Vg - 8)] (A18)
(Fn/csam)avg = (Fn/aam)avg,r+ [1.03(w/aam)avg(8-vw)/vCA] sin y/N (A19)

In Eqs. (Al€) to (Al9), the calibrated airspeed, V:, and the speed of the
headwind, V,, have units of knots for consistency with the use of the

8-knot reference headwind.

©

rovHooa Ty rm

[OT T
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A.10 (Continued)

The calibrated airspeed to use in Egs. (Al6) and (Al7) is the initial-climb
airspeed. In Eq. (A18), use the average of V5 and Vp to represent the

true airspeed V¢. For Eq. (A19), use the landing-approach airspeed
calculated from Eq. (Al13).

A.11 Procedure for Evaluating B, C, D, R, and the Thrust Parameters: The
coefficients B, C, D and the ratio R should be evaluated for each specific
model of an airplane, generally by the manufacturer. The evaluation should
be performed—for—the reference comditions—amd—takeoff—and approach gross
weights defined in Section 2.3 of the AIR,

To derive airplane specific coefficients the following stieps are
recgmmended:

1) |[Extrapolate the initial landing-gear-retidcted climbqut flight path
back to the ground plane (see Fig. Al)Ote determine fhe equivalent
takeoff ground-roll distance, sq, fot.the reference fakeoff gross
weight, reference airplane configuration, and reference
initial-climbout calibrated airspeed.

2) [Calculate the net thrust available by making use of Hq. (Al), or its
variants, for the reference wvalue of initial-climbouf calibrated
airspeed,

3) |Knowing reference valués for sq, ©
(

(N/Sam) , and (Fn/ﬁam) s
calculate coefficient B from EQ,

ams
A6).
4) |Knowing the imitial climbout calibrated airspeed and [the reference

take-of f gross weight, calculate coefficient C from Hq. (A7).-

5) |Knowing ¥he landing-approach calibrated airspeed for|the reference
landing-weight at the reference airplane configuratign, calculate
coefficient D from Eq. (Al13).

6) |Values for ratio R may be calculated from the equatigns for the average
geometric flight-path angles during initial climb, Eq. (A8), continued
climb, Eq. (A12), and landing approach, Eq. (Al4), when values for all
other quantities are known. Alternatively, values for ratio R may be
obtained from aerodynamic data as the effective ratio of drag
coefficient to 1ift coefficient for specified airspeeds and airplane
configurations under the reference conditions of Section 2.3,

7) The constant and the coefficients in the equations for net thrust per
engine at any power setting should be évaluated as follows:

a) The speed-dependent coefficient, F, should be evaluated as the
ratio of the change in net thrust to a change in airspeed when
altitude (or height) and air temperature are held constant.

NI P N MY 2SN T R ey TR v BT v
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(Conti
b)

c)

nued)

The height-dependent coefficient, G, should be evaluated as the
ratio of the change in net thrust to a change in height when
airspeed and air temperature are held constant.

The temperature-dependent coefficient, H, should be evaluated as
the ratio of the change in net thrust to a change in air
temperature when airspeed and pressure altitude are held constant.

The terms in the equations giving the relation between referred net thrust
and engine ppwer setting parameters shoutd be evaluated 1hma simifar
manner, Airplane, or engine, manufacturer's data will usuallyibe| required.

References:.
A-1, Manual|of ICAQO Standard Atmosphere, Document Numbér 7488, 1B64,
A-2. U.S. Standard Atmosphere, 1976. National Océanic and Atmospheric

Administration, National Aeronautics and Space Administratipn, United
States|Air Force; U.S. Government Printing-0ffice NOAA-S/T [6-1562
(Octobpr 1976).
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STEADY CLIMB AT
RECOMMENDED SPEED \\\\///////

GEAR UP

LIFT-OFF

Figure Al. - Illustration of Equivalent Takeoff Ground

Rol11 Distance, Sg‘
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APPENDIX B
AIRPLANE SOUND LEVELS

This Appendix describes the development of generalized relationships for the
dependence of sound exposure level on minimum distance to the flight path and
engine power setting, i.e., the Noise-Power-Distance (NPD) data needed to
calculate noise levels at locations around an airport for operations by
individual airplanes. Sound exposure levels, determined in accordance with the
procedures recommended in this Appendix, are based on 1/3-octave-band sound
pressure levels th i i ditions,
airspeed, and engijne power setting,

B.1 Reference Sound Pressure Levels: stical

Whenever possible reference acou

data should b
conditions an
aircraft nois
noise tests,

and synchroni
setting, flap
nominally con
Meteorologica
intervals and
transmission

microphones i
airplane is n
levels, the a
climb angle o

For the compu
analyzed as 1
reference pre
for the 24 1/
10,000 Hz, at
sound recordi
corrected for

e based on the results of tests conducted unde¥ contr
d should be comparable in quality to acoustit data ac
e certification purposes [B-1,B-21*. During controll
the position of the airplane along thef¥ight path is
zed with the sound recordings. The ajrplane's engine
deflection, gear position, and airspeed are maintain
stant values throughout the duration of each sound re
I conditions of the atmosphere .ave sampled at suffici
heights to establish the atmospheric conditions over
bath for each sound recording. The terrain around th
5 flat and unobstructed to)the extent that the sound
ot significantly influenced. When méasuring airplane
irplane's flight pathiomay be nominally level, have a
r a constant descent/glideslope.

tation of sound gxposure level, neasured sound data a
3-octave-band) sound pressure levels in decibels rela
ssure of 20 micropascals. Sound pressure levels are

B-octavesbands with center frequencies ranging from 5
0.5 second intervals throughout the duration of each
hg. {The measured 1/3-octave-band sound pressure leve
ingtrument calibrations and background noise contami

b1led
guired for
ed flyover
measured
power

ed at
cording.
ent

the sound
from the
sound
constant

re
tive to a
pbtained,
D to
flyover
Is are
nation.

The corrected sound pressure levels are then adjusted to account for
differences between the atmospheric absorption losses that occurred during
the test and the losses that would have occurred if the meteorological
conditions aloft had been such as to yield the attenuation rate coefficients

of Table Bl w

hich was taken from Reference B-3,

Atmospheric absorption

coefficients applicable to the meteorological conditions prevailing at the

time of the t

est should be obtained from Reference B-4.

The number of

0.5-second data samples to which to apply the atmospheric-absorption
adjustments and the specification of sound propagation pathlengths depends
on the type of data available and the data-analysis procedure, see Sections

B.3, B.4, and

B.5.

*References f

or Appendix B are given in Section B.8.
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(Continued)

For many jet and propeller driven airplanes, the preferred nominal height
above ground level for noise measurements is of the order of 300 m (1000 ft)
for each engine power setting. However, the actual height during a flyover
noise test is often different for each airplane type and may range from

100 m (330 ft) to 800 m (2625 ft). This range of heights encompasses those
normally encountered in noise certification compliance demonstrations.

Sound Exposure Level: Sound exposure level [abbreviated by SEL and with the

letter—symbod LAt.] rs—determined—from—the -;lltc\dla} over—time of the square
of the instantaneous A-weighted sound pressure. A-weighted sound level in
each|0.5 second time interval is obtained from the 1/3-octave band sound

pressure levels by applying the A-weighting defined<in References B-~5 and
B-6.

Thus| sound exposure level, SEL, in decibels. is determined from

t

2 2
jz Pa(t) dt]/POtO} (B1)

ty

where pi(t) is the A-weighted squared sound pressure as a|function of time t
in seconds, pg is the referenCe sound pressure of 20 micrgpascals, tg is
the reference time of one)second, and pgt0 is the referenge sound exposure.

The time interval from tq to tp in Eq. (Bl) designates the time in

secopds, from the beginning to the end of the integration|period for the
sound produced by the airplane. The duration (t2-t1) shoyld be long

enough to include-ali significant contributions to the total sound

expopure. SuPficient accuracy is usually achieved by intégrating over the
time|interval) during which the A-weighted sound level is yithin ten decibels
of its maximum value. Integration over longer durations than that defined
by the 10<dB-down times will, in general, yield sound exp¢sure levels that
are poZmore than 0.5 dB greater than those determined by jntegrating over
the 10-dB-down time interval.

Because 1/3-octave-band sound pressure level data are usually only available
at discrete time intervals, the integral in Eq. (B1l) is evaluated
numerically and approximated by a summation. The limits of the summation
from t] to tp are defined, for the purpose of this document, to

correspond to the first and Tast data-sample times when the A-weighted sound
level is at least 10 decibels less than the maximum sound level, i.e.,
includes, as a minimum, all points within Lapx - La(t) < 10 decibels.



https://saenorm.com/api/?name=12f178248d32d74345581643f67319bc

SAE AIRx1845 &L ME 8357340 000LHELS O m

B.3

- 36 -

7
Lye = 1019 [(1/t) ) (10
1=t1

0.1 L1 44yq (B2)

where tq and tp are the 10-dB-down times, At is the interval between
data samples, and La(i) is the time-averaged, A-weighted sound level at
time i.

Noise-Power-Distance Data Sets: Measured airplane sound data are normally

Thus, to
to
owever,
exposure

available fo :
develop generjalized Noise-Power-Distance, NPD, data it is necessa
adjust availaple data for each power setting to other distances.
since sufficient test data are not always available to permit ‘soun
levels to be determined experimentally for the range of engine powgr

settings and distances needed for airplane noise contoursy any of fthe
types of data may be used (in order of-preference).

red noise and performance data where:.spectral data ajre
ilable for the complete flyover time<period of interest.

red noise and performance data“where spectral data afe
ilable only for the time of occurrence of the maximum sound

measurenents obtainedi,during normal airport operatipns where
ane position and performance data are not available ps a

ion of time throughout the duration of a sound recording.
data, although subject to considerable scatter and
rt-specific influences are normally the only type of| data
ifable for airplanes manufactured prior to the requirempent for

Type 4. Noisp and airplane/engine performance data derived from apalytical
estipates.. This is normally the only type of data availaple for
projected new type airplanes.

For each of the above four types of data, the sound from the airplane is
assumed to be measured, or calculated, at a Tocation that is nominally under
the flight path. The following is a broad overview of the procedures
recommended for the development of generalized noise-power-distance data
using each of the different types of data identified above. Detailed
procedures are contained in Sections B4 and BS5.

Full Spectrum Time History Data (Type 1):

1. For an initial reference flight path, adjust each 0.5-second set of
1/3-octave-band sound pressure levels by the method described in Section
B.1 using sound propagation pathlengths appropriate for the test and
reference flight paths and the integrated procedure of Section B.5.
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.3 (Continued)

2.

Spectyal Data at LAmx Plus Sound Exposure-Level (Type 2):

For minimum airplane-to-microphone distances of 800 m or less, establish
noise-power-distance relationships at the other minimum distances
specified in Table B2 by extrapolating the 1/3-octave-band sound
pressure levels at each 0.5 second interval, calculating the A-weighted
scund levels, and then computing sound exposure levels for each distance
in accordance with the integrated procedure of Section B.5.

For a distance of 800 m determine the sound exposure level, Lagy, the
mrxTmUm—vaTue—Uf—ﬁ=wE+ghted—snund—+eve+7—tﬁﬁ§;7—the—2¢l1/3-octave-band
spund pressure levels, L,.(j) for j = 1,24, and the soynd-emission

r
apgle, epei, correspondiﬁg to Lamxr.

Fpr distances in Table B2 greater than 800 m,ccompute Upmx for the
afijusted spectral data, using the 800 m data @s reference, then
dptermine sound exposure levels by the simplified procedure described in
Section B.4.

|3V

Airpofpt In-Service Scund Measurements (Type 3):

Afljust measured spectral data cerresponding to LpyxT by the method
described in Section B.1 usingoapplicable test-day and|reference-day
spund propagation path lengths.

-

br the measured distance, determine the maximum value|of A-weighted
pund level, LanxT, @nd the sound emission angle eqj cprresponding

D LAmxT.

t »»

[

e the simplified procedure described in Section B.4 to obtain sound
kposure levels” for the minimum distances specified in|Table BZ2.

(D

™y
.

Use overhead or minimum distance (as measured by camerg or other device)
aphd-~the best available temperature and humidity informption to adjust
measured >pcutra1 data Lurlcbpuud;uy to LAmx for—atmospheric-
absorption Tosses by the method described in Section B.1.

For the measured distance, determine Lpyyx, the 1/3-octave-band sound
pressure levels corresponding to Lpyy, and Lap. The reference sound
exposure level is computed by applying the incremental difference

between reference and test day values of Lppx to the test day sound
exposure level. The resultant sound exposure level is identified with

the measured minimum distance.

Use the simplified procedure described in Section B.4 to obtain sound
exposure levels for the minimum distances specified in Table B2.
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Noise Data Derived from Analytical Estimates (Type 4):

1.

Follow the procedures for Type 1 data if sufficient spectral and

airplane-positio information are provided by the analytical model,
otherwise follow the procedures for Type 2 data where spectral and
airplane-position information are available only for the time of maximum

sound leve

Simplified Adj

1.

ustment Procedure:

used to calcu
the airplane {
Type 4 data af
calculations.

At the closest

of geometry) f
written as thg
duration DpgpT

At any referer
minimum distan

where Lapxr 1S
spectra to the
effective durd

Subtracting Eg

4

where the test
(3.9) for the
airspeed.

ound pressure levels were measured. It is used for-I
distances greater than 800 m, and for all Typer2oand

approach test distance, dy, (see Fig. BL for illusty
he sound exposure level calculated by use‘of Eq. (B2)
sum of the maximum sound Tevel, Lanxts and an effect
as

LAET = LAmxT * DAET

ce minimum distance, dpp, greater or less than the te
ce, Eq. (B3) can be writtenias

LAEr = Lamxr * DAEP

the maximum sound Fevel obtained by adjustment of tH
desired minimum\distance dpp. Dppp is the correspor
tion from Eq. ((86).

. (B3) from'Eq. (B4) yields

AEr = LaET * (Lamxr - LAmxT) * (DAEr - DAET)

The simplified adjustment procedure is
ate SEL at a speciftied distance different rrom that g

t which
ype 1 and
3 data

ration
can be
i ve
(B3)
st

(B4)

e test
ding

(B5)

n of Eq.

sound exposure level has been adjusted by applicatig

ference

Experimental results suggested that the following empirical

expression adequately describes the difference in effective duration

DAEr - DAET = 7.5 1g(dpp/dp)

(B6)

The general expression for sound exposure level at any reference minimum

distance dpy
combining Egs.

La

(B5) and (B6) to yield

Er = LAET * (Lamxr - LAmxT) * 7.5 1g(dpp/dry)

different from the test minimum distance d;y is found by

(B7)

where a method to estimate Lppmyy is all that is now required to calculate

LAEr Since Laf

Ts LamxT. and dyp are known,
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For each 1/3-octave-band sound pressure level, the extrapolation procedure
is represented by

Lpr(3) = LpT(3) - 20 1g (dppi/drpi) - [ap(3)1ldppy - dypil (B8)

where LpT(j) 7s_a band sound pressure level from the set of 1/3-octave-band
sound pressure level measurements at the test distance for some particular
engine power setting and airspeed, ap(j) is the reference atmospheric

i j ncy, and drpi
lT,4 are the reference and test sound propagation disgtances at the

of maximum A-weighted sound level, respectively.o Atmospheric

nuation rates are given in Table B,

The ¢alculations indicated by Eq. (B8) are performed with|the assumption
that|the sound emission angle at the time of eéecurrence of the maximum sound
leve] for the test distance does not change-with increased distance. With
the gssumption of a constant sound emissign‘angle, the soynd propagation
distance can be expressed in terms of theyminimum (closest approach)
distgnce dyy or dypp (see Fig. Bl or B2)

dTpj = dTm €SC Oej and dppj ' dppm CSC Oej (B9)
giving

Lpp(d) = Lp1(3) - 20 dg"{dpp/dm) - [ap(d)Ildem - drml csc eei  (B10)

The assumption of a constant sound emission angle for the|time of occurrence
of the maximum sound ‘level is not always valid at distance¢s much larger than
the reference distance because atmospheric-absorption effects significantly
reduge the high-firequency sound pressure levels at Targe distances.* Thus
the relative time of occurrence of the maximum sound leve] may change as the
distgnce increases. However, the variation of sound emis$ion angle with
distpnce is’taken into account by the empirical correlation used to estimate
the duration factor by Eq. (B6).

Integrated Procedure:

B.5.1 Introduction: The "integrated procedure" is recommended for adjusting

measured Type 1 data to reference conditions suitable for developing a
noise-power-distance (NPD) acoustical data base.

For the purpose of this AIR, the test airplane's noise signal is assumed
to be measured at a location that is nominally under the average test
flight path such that the elevation angle, 8, at the time of closest
approach as defined in Reference B-7, is greater than 60 degrees,

*Note: Sound emission angle, egj, must be determined from measured data.
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Data required to perform the analyses described in this Section consist of:
(1) 1/3-octave-band sound pressure levels, Lp1(i,3), that are time
averaged over an appropriate time period and available at 0.5-sec
intervals throughout the significant duration of the airplane noise
signal;

(2) time, ty, relative to any suitable reference time, at the midpoint
of each averaging time period;

(3) X,Y,Z [coordinates, with respect to a reference origin of ¢dordinates,
of an |airplane reference point on the average test flight'path at the
midpoiint times, ti, associated with the samples of acousticlal data;

(4) Tlocatilon (XM, YTM, 0), with respect to the origim of coordinates,
of thd measurement microphone in the reference %-Y plane and nowminally
under [the test flight path;

(5) temperjature and humidity of the air, at the time of the megsurement
of the airplane noise signal, from nearsthe ground surface [to the
heightl of the airplane;

(6) X and [ coordinates, with respect.to the same origin of cogrdinates,
of the| airplane on an initial reference flight path over the ground
track jalong the X-axis. A reference microphone location ig on the
ground| track at Xyy,0,0.

includes
hone
ocation
that of
rrain
nates.

Height coordinate Z is measured above a reference X-Y plane tha
the measurement microphones'The height of the measurement micro
above the lpcal terrain should be known, e.g., 1.2 meters. The
of the measprement microphone does not necessarily coincide with
the reference microphone position. The elevation of the local t
should be kphown relative to the elevation of the origin of coordj
For the purpose<of this AIR, the average test flight path is assumed to be
a straight [line consistent with the airplane flight paths determined by
the methods ? XA ] ] e average
path may be specified, at any time during the period of interest, from
time-correlated airplane-position data. Alternatively, airplane-position
data may be obtained from a single measurement, such as the minimum or
"overhead" distance between the measurement microphone and the airplane at
a time correlated with the corresponding time of the acoustical data that
are being recorded. The minimum distance and corresponding time are used
in conjunction with assumptions for the average straight flight path and
average true airspeed along the path to estimate the X,Y,Z coordinates of
an airplane reference point at any time during the period of interest.

=l VOTIOOG Dy T Tl O1 ETVIT TG T OOl Vi UOT
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A-weighted sound Tevels are computed from each set of 1/3-octave-band
sound pressure levels after adjustment to the conditions of the initial

reference fight path.

The resultant sound levels are numerically

integrated over the relevant portion of the flyover time period of

interest to arrive at an A-weighted sound exposure level

for that engine

power setting and minimum distance to the initial reference flight path.
The effect of differences in true airspeeds along the test and reference
f11ght paths on the duration of the sound is accounted for by differences
in the t 1 da

¢ analysis except that the true airspeed along each pa
erence airspeed of 160 knots and the speed of sound i
i The process is reped

¢ integrated procedure is different from the simplifie

¢ relevant portion of theitime history. Second, becad
metric differences, time intervals between successivg

igal data.

ight paths

ined by repeating

th is always the
s always that for
ted for minimum
accordance with
interest. The

4 applied for

d procedure in

First, geometric differences between the measured

d for throughout
se of the
samples of

e 0.5-second

Third,

e accounted for

grious positions of

eference flight

4sociated with the

jated with
m attenuation

coefficier : ' -
test f11ght path to the 1n1t1a1 reference f11ght path

tments from the
Thereafter,

adjustments for atmospheric absorption use only the attenuation
coefficients of Table B1 and the differences in spherical-divergence over
the different sound propagation pathlengths for each sound-emission angle.

Section B.7 contains a description of the symbols for the quantities
needed to determine adjustments by the integrated-procedure method.

For the test flight path, the following subsections present the equations
needed to determine (1) the minimum microphone-to-flight-path distance,
(2) the sound-propagation times, and (3) the sound-emission angles between
the average test flight path and the average sound-propagation distances

to the microphone.
determined is the minimum distance from the reference mi
to the flight path.

For reference flight paths, the only parameter to be

crophone Tocation
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Minimum Microphone-To-Test-F1ight-Path Distance:
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Referring to Figure Bl,

the distance from the location of the measurement microphone at point Kt
to point Ry on the average test flight path is the minimum
microphone-to-test-path distance, dyy.

When airplane-tracking data are used to define the coordinates of points
along the average flight path as a function of time, the minimum distance
may be calculated from

dTp
The (XRT’ y
the general
average sty
distance 11
(XRT, YRT, Zf
coordinate
tracking dg
propagatiof

Sound-Prop:

[(XpT - Xw)2 * (Ypy - Yym)2 + (zp7)2]1/2

[RT>ZRT) coordinates of point Ry may be determined Tre
equation for the angle between two 1ines where one-l
raight test flight path and the other 1ine is the mini
ne from KT to Rr. An initial estimate of the
1) coordinates may be made from the known Xty
of the microphone. Alternatively, time correlated ai
ta may be used directly to determine the-test-path sg
distances, sound propagation times, and’ sound-emissi

gation Times and Sound-Emission Angles for Test Fligh

(B11)

m
ine is the
mum

rplane
und-
on times.

t Path:

When the c(
average tes
path distaf
times, at 4

AtTpi = [1/

B =ty

cT is the 3
VT is the 3

The averagg

ordinates, and hence the time, tyy, for the point on
t flight path associated with the minimum microphone-

ce, drp, are established, test-flight-path sound-prop
ny data-sample time, tj, may be computed from

(c12 - v72)] {BVTZ + Tter? - Vp2) (dyyp)2 + B2c72Vr2]
ime difference B_1is given by
- ti

verage speed of sound along the sound-propagation pat
verage (true airspeed of the test airplane along the p

speéd of sound along the sound-propagation path shoy

calculated

from the average absolute temperature of the air betw

surface, Tq, and the nefght of the afvplane, 1A, T.&., from

cT = [y*R*/Mg) (Tg + Tp) /21172

the
to-flight-
agation

1/23 (B12)

h, and
ath,

1d be
een the

(B13)

Sound-emission angles, eqi, at points Qqj associated with the samples
of acoustical data at times t; may be determined from the minimum
distance and the sound-propagation pathlength, dTpi’ using

sin egj

= dTm/dTpi = dTm/[(AtTpi)(CT)]

(B14)
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NOTE: If the engines' average thrust axis or the airplane's pitch angle
are not aligned with the average flight path, the average sound-emission
angle is different from that computed as recommended above. For the
purpose of this AIR, the small effect on the adjustments to the measured
sound pressure levels of differences between engine-thrust-axis angle or
airplane pitch angle and average-flight-path angle were ignored because
the differences would have had negligible effect on the calculated sound
exposure levels or on day-night average sound levels. ;

Mi
fo

himum Distance to the Reference FTight Path: Figure B2 shows geometry
Fa reference f1ight path in the X-Z plane over thé.reference microphone

1o
re
sp
f1
kn

As
re
em
co
SO
ca

Si
by
K
di
th

B.5.5 Ad

Ference X-Y ground plane. The reference flightipath
pcified flight path angle vy
ies along the reference flight path at copstant true
pts.

indicated on Figure B2, sound-emissign angles, epej,
Ference flight path are assumed to _equal the correspo
ission angles, eqj, along the average test flight pat
rresponding samples of acoustical data. The coordina
ind-emission points along the reference flight path m
Iculated from geometrical censiderations.

hce X and Z coordinatestalong the reference flight pa
an equation, the height, hyg, over the reference mic

rp may be calculated'readily at reference distance Xy

stance, dpp, fromK,. to the reference flight path at
en be determined from

justment-from the Average Test Flight Path to the Inij

relative to the%horizontal.

cation at K, on the reference ground track at (Xym30,0) in the

s inclined at a
The airplane
irspeed V. = 160

along the
nding sound-
n for the
tes of the
iy be readily

th may be specified
rophone location,
Minimum

point Ry may

(B15)

tial Reference

Fl

ight’Path: For each sample of acoustical data at som

angley 1.e., for each sample time ti and corresponding

Tl

the test-time sound pressure levels, | . v(i,j), for

e sound-emission
reference time
each of the

j-th frequency bands, are'adjusted for the difference in spherical-
divergence and atmospheric-absorption losses over the test and the initial
reference pathlengths by use of the following expression

Lpr(ri,j)

LpT(i,3) - 20 1g{dppi/dTpi) - {,[ar(j)]drpi - [aT(

LpT(i,j) - 20 ]g(drm/dTm) - { [ar(j)]drm - [aT(j)]

j)]dTpi}
dﬂn} csc 8 (B16)

where the test and reference minimum flight-path distances and sound-

emission angles are determined as described above.

Ref

erence atmospheric

attenuation rates, ap(j), as a function of nominal band-center frequency
j, are given in Table B1. Test atmospheric-absorption coefficients,
aT(j), are given in Ref. B-4 as a function of air temperature, relative
humidity, and nominal band-center frequency j.
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To minimize the magnitude of the adjustments from test to reference
conditions, it is recommended that the initial reference minimum distance
be selected from those in Table B2 and be close to, and larger than, the
test minimum distance, for example, select 125 meters if the test distance
was 120 meters or select 315 meters if the test distance was 300 meters.

NOTE :

Measured test-day sound pressure levels to be adjusted to reference

conditions by Eq. (B16) should be checked to ensure that they are free of

contaminati

on from background noise. After the adjustment, suff

jcient

inspection of the spectra is recommended to make sure that neither

background
frequency s

Reference-P

acoustic nor electronic noise have resulted ih anomal
pectral shaping.

ath Sound Exposure Level: After applying the A-frequ

weighting fi
pressure 1€
time tri, t
distance is

L

AEr ~

where timeg
times for t
average int
level at tp
tg is one s

Because, as
times, tyj
emission po
(B17) is fo

Gtri

rom Refs, B-5 or B-6 to the adjusted 1/3-octave-band
vels to determine A-weighted sound levels for each re
he sound exposure level for the initialcreference min
found from

n
E: (100'1 LAr(tri)

10 1g[(1/t0 2
1=

Gtri)]

he A-weighted sound levels Lap(tpi), and stpq is the
erval around the timelassociated with the A-weighted
i when the airplane~is at position Qnj. The referenc
econd for sound.éxposure as given in Eqs. (B1l) and (B

shown in Fig. B2, two successive airplane-position n
and tp(j+19s occur after the time tpei at the sound-

und from

[ateq + atp(i-1)1/2

tpi through ty, include<the first and Tast 10-dB-down

ous high

ency
sound
ference
imum

(B17)

sound
e time
2).

eference

int, thelaverage interval of time for the product terms in Eq.

(B18)

To initiate
= Ay,
that sty =

Reference T

the summation in Eq. (B17), set atpg = Atp] SO that

Atrn Atr(n_l)o

ime Interval at The interval atpj between success

i

§tpr1

To terminate the summation, assume that Aty = Atp(n-1) SO

jve

reference times s not equal to 0.5 seconds as it is for the interval
between successive samples of acoustical data measured at locations such

as those sh
A-weighted

own on Fig. Bl. The reference time interval between
sound levels is given by

Atpq tr(i+1) - tpi

samples of
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For the test flight path, acoustical-data-sample times, sound-emission
times, and sound-propagation times are related by

ti = tei * AtTpis Or t(i+1) = te(i+1) * ALTp(i+1)

For reference-path conditions, the difference between successive times may

be written as
At . Ft g en ey 4 a4 4. 2] [+ 4 a2+ .
= el T oREFrei it} A REYE LErel =ErpU
= [tre(i+1) - treid * [Atep(i*1) - Atypil
Forl a reference flight path, Equation (B19) shows that t

bet
tra

al

Sou

at

geo
ref

The

ten
Eq.

Bec
bec

as

sound-emission points, the interval between two referenc

cal

Ady

ween successive times is the sum of the timekfor the
vel, at average speed V., from one sound-gmnission poi

nd-propagation times from the sound-enission points t
Coordinates of sound-emission points may be dete
metrical considerations for equal _sound-emission angl
erence and average test flight paths.

K.

speed ¢f sound, ¢y, under reference conditions is th
perature of 29&.15 K (25 C~or 77 F), i.e., 346.15 m/s
(B13).

ause the average testoflight path is assumed to be a
ause the sound-emission angle to the reference flight
the sound-emissign angle to the test flight path at ¢

culated from (
Aty =~y /dTn) LOVT/ V) i 0.5 - [attp(j+1)-atypil
* (et/ep)(atyp(i+1) - atrpill

ustment from Initial Reference Flight Path to Other

(B19)

he difference
girplane to
nt to the next

ng the reference flight path plus the difference between the

o the microphone
rmined fron
es on the

at for an air
(1135.66 ft/s) by

straight line and
path is the same
orresponding

e times may be

(B20)

eference Flight

Paths:

To adjust the 1/3-octave-band sound pressure levels and hence the

A-weighted sound levels and sound exposure levels from the initial
reference flight path to any other reference flight path parallel to the
initial reference flight path, say to the k-th reference flight path, the
sound pressure levels obtained by Eq. (B16) are adjusted to the new
reference minimum distance by

Lpp(ri,i,k) = Lpp(ri,j,k-1) - 20 1gldpy(k)/dyp(k-1)]
- Lap(3) 1ldpp(k) - dpplk-1)Jcsc egj

(B21)

where only the attenuation rates of Table Bl are needed because the

atmospheric conditions are the same for all reference flight paths.

See

Eq. (B10) for a comparable adjustment by the simplified procedure.
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A-weighted sound levels for the k-th reference wminimum distance are

computed as for the initial reference flight path,

The A-weigh

ted sound

exposure level for the k-th reference minimum distance is determined by

use of Eq.

(B17),

Because the 160 knot airspeed and the air temperature,

hence sound speed, are the same for all reference flight paths, the
increment atpj(k), between corresponding reference times of two
A-weighted sound Tevel samples for the k-th path is given by:

atpilk
where dppl

(

Atpy

d i

For each e
develop th
distances

NOTE: Whi
(B17) only
maximum A-
more than

exposure 1
from the t
lower soun
time as th

B.6 Data Present

) = Ldrm(k)/dpp(1) 1[atyi(1)]

(B22)

k) is the minimum distance from point K, to the k-th
L) is the minimum distance to the initial reference p

(1) is the time interval by Eq. (B20) for the initial
path and the same sound emission angle as for aty

ngine power setting of interest, repeat the above pro
acoustical data base by extrapolating to the refere
bf Table Bl (i.e., to 800 meters):

ay
-

le the number of samples, n, to include in the summat
needs to include the firsti and last 10-dB-down times
wveighted sound level for the initial reference minimu
the minimum number of data samples needed to calculat
cvel for the initial . reference flight path should be

pst data to ensure Coverage of the 10-dB-down times f
l Tevels associated with the increasingly longer tota
b minimum distadce increases to 800 meters,

ption: Sound exposure levels should be calculated an

for a range
methods of t
distances as
Tevel of abo
they may be

pf closest approach distances to the flight path usin
nis Appéndix for distances as short as 80 meters and
required, up to the distance corresponding to a soun
it #5-dB. If lower values of sound exposure level ar
pbtained by further extrapolation.

path
ath, and

reference
i (k).

cess to
nce minimum

ion in Eq.
from the

m distance,
£ the sound
available
por the

I spans of

1 tabulated
j the

for longer
1 exposure
b required

-

For consistency, all sound exposure Tevels should be presented to the
nearest 0.1 dB.

Table B2 illustrates the general format preferred for presentation of sound
exposure level data for a particular airplane as a function of closest
approach distance for various values of the thrust-related, engine-power
setting parameter.

The.thrust-related engine-power-setting parameter shown as the parameter for
the sound exposure level data in Table Bl should be one of the following, as

appropriate:

(1)

pounds force (1bf);

Corrected net thrust per engine, Fp/63y, in kilonewtons (kN) or
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—

(2) Corrected low-pressure shaft speed per engine, Nj/y/ ey, in
revolutions per minute or percent;

(3) Corrected shaft power applied to a propeller, SP/(aam‘vfeT) in
kilowatts (kW) or horsepower, at a stated propeller speed;

(4) Any other power-setting parameter used for specific engine model.

The qga

(1) The ambient pressure ratio

(2) The temperature ratio

sam = Pam/Pam,std

o1 = TT/Tam,std

e—gefined by:

vhere Py, is the ambient or atmospheric préssure, in kilopascals, at
Lhe height of the airplane and Pap ¢tq<z"101.325 kPa.

where| Tt is the absolute total air temperature in kelvins at the fan inlet

and Tim,Std = 288.15 K.

Nomenglature for Section B.5, Integrated Procedures:

NOTE:| Subscript r for.reference conditions; subscript T fpr test-day

conditions.

ap(J)par(y)

Cr;CT

reference atmospheric attenuation rates from Table Bl;
average test-day atmospheric absorption goefficients

A-frequency weighting

speed of sound at reference, or average test-day, air

dyp3dTm

drpi sdTpi

temperature

minimum distance from reference microphone location at
Ky to reference flight path at Rp; or from test-day
microphone location at K7 to average test flignht path at

RT

sound-propagation pathlength at time typeq from
sound-emission point Qpeij on the reference flight path
to the reference microphone location at Kp; or at time
tej from sound-emission point Qe on the average test
flight path to the test-day microphone location at Kt

height vertically over the reference microphone location
at Ky to the reference flight path
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KpsKT location on the X-axis for the reference microphone; or on
the X-Y plane for the test microphone '
Lop(ri,j)s - 1/3-octave-band sound pressure levels, for each of the
LpT(i,3) J frequency bands, when the airplane is at Cpi at time

tei on the initial reference flight path over K,; or
when the airplane is at Qi at time tj on the average
test flight path for measurements at Kt

Lpr(ri,j,k) I/73-octave-band sound pressure levels at time t.f, for
each of the j frequency bands, when the airplane| is at
Qri on any reference flight path over K, except [the

initial reference path

Lap(tei) A-frequency-weighted sound level at reférence miprophone
Tocation Ky at time tpj when the airplane is at Qp4
on the reference flight path

LAEY A-frequency-weighted sound exposure level at refprence
microphone location Ky for_.an“airplane on a refepence
flight path at minimum distance dyy

Mo mean molecular weight -of air; 28,9644 kg/kmol

Qi a point on the average test flight path where thp airplane
was at time t;-associated with the middie of the
time-averaging period for a sample of airplane npise
signal recorded at Kt

Qe the pointyon the average test flight path at the| time
tej where the airplane was when it emitted the npise
signal associated with sound-emission angle eqj

Qpi a point on a reference flight path where the airplane was

at time tpj and with the same sound-emission angfe
hetween the F'I1nh1' nafh and the sound- nv‘nnanahnq path to

Ky as for time t1 on the average test f11ght path

Qrei the point on a reference flight path at time tpej where
the airplane was when it emitted the noise signal
associated with sound-emission angle opaj = ©gj

R* gas constant: 8314.32 N-m/(kmol-K)

RpsRT the point on the reference (or average test) flight path
: at the time of closest approach to point K, (or Ky)
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time, relative to an arbitrary starting time, at the
middle of the averaging time period for any set of
measured 1/3-octave-band sound pressure levels and also
the time when the airplane was at Qi on the average test
flight path; time when the airplane was at sound-emission
peint Qgj on the average test flight path

time, relative to the same starting time as for time tj,

whon the advnlane vac at RBr on +he gvera
WAReR—he—aHrpehne—wWe I

ge test flight

rei

nisLed

"M s Zri

M ZTM

path

time, relative to an arbitrary starting
airplane was at Qpj on a referepce fligh
the airplane was at sound-emission point
reference flight path

absolute temperature of the air at the h

time, when the
. path; or when
Qrej On @

pight of the test

airplane on the test flight path; or near the ground

surface in the vicinity of measurement p

reference true airspeed of the airplane

pint Kt

pTong the

reference flight“path (160 knots); or average true

airspeed of _the test airplane along the
flight path

hverage test

coordinates of a point relative to a refgrence origin

coordinates of a point (g on the averag
path

coordinates of reference microphone loca
(Yptq = Zym = 0)

coordinates of test microphone location

b test flight

tion Kr'

T

RT>ZRT

rei

coordinates of minimum-distance point RT
test flight path
ratio of specific heats: 1.4

inclination angle of the reference fligh
horizontal, positive upwards

sound-emission angle, at Qgj, from the a

on the average

t path to the

verage test

flight path to the sound-propagation path for measurement
point K5 or, at point Qpej, from the reference flight
path to the sound-propagation path for reference point Ky
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Atrp13 AtTpi sound-propagation time at speed c, along the reference
sound-propagation path from Gprej to Kp; or at speed
ct along the test-day sound-propagation path from Qg
to Kt
Atpi difference between times ty(j+1) and tyj at successive

airplane-position locations on a reference flight path
corresponding to the same sound-emission angles relative
to the test flight path at times t(i+1) and tj

Stpq average of time differences tpj and ty(j-1)-and|also

the average period of time for a sample ofrA<weighted
mean-square sound pressure in a calculation of A-weighted
sound exposure level



https://saenorm.com/api/?name=12f178248d32d74345581643f67319bc

SAE AIRx1845 &L WM 8357340 000Lyauy 7 M

B.&

B-1

B-2

B-4

B-6

B-7

- 51 -

References:

Anon., "Aircraft MNoise," International Standards and Recommended Practices,
Annex 16 to the Convention of International Civil Aviation, International

Civil

Aviation Organization, Amendment 2 (1985).

Anon., "MNoise Standards: Aircraft Type and Airworthiness Certification,"
Part 36 of the Federal Aviation Regulations (Part 36 was first published 1
December 1969; includes changes 1 to 16 with change 16 effective

13 Se

Appen
Compu
Meeti

"Stan
Humid
Engin

“Soun
techn

"Amer
S1.4-
NY.

“Pred
and L
Engin

ptember 1982).

Hix A to the report on Agenda Item 3 "Outline of a St
ting Noise Exposure Contours,” ICAO Committee on AircC
ng, CAN/7-WP/59, May 1983, Montreal.

Hard Values of Atmospheric Absorption as a Function o
pers, Inc., 400 Commonwealth Drive, Warrendale, PA 15

i Level Meters," IEC Standard, Publication 651, Inter
ical Commission, Geneva, Switzerland (First Edition 1

ican National Standard Specification for Sound lLevel
1983, Standards Secretariat; (Acoustical Society of Am

iction Method for Lateral Attenuation of Airplane Noi
anding," Aerospace Information Report AIR 1751, Socie
pers, Inc., 400 Commonwealth Drive, Warrendale, PA 15

ity," Aerospace Recommended Practice ARP 8G6A, Societ

indard Method of
raft Noise Seventh

F Temperature and
of Automotive
o€ (1975).

national Electro-
h79) .

Meters," ANSI
brica, Mew York,

5e During Takeoff
ty of Automotive
DO6 (1981).



https://saenorm.com/api/?name=12f178248d32d74345581643f67319bc

SAE AIRx1445 &L N 8357340 000L445 9 mA

- 52 -
TABLE B1.

ATTENUATION COEFFICIENTS
FOR EXTRAPOLATION OF DURATION
ADJUSTMENTS TO SOUND EXPOSURE LEVEL

(Reference B-3)

CENTER FREQUENCY
OF 1/3-0CTAVE BAND,Hz

ATTENUATION COEFFICIENT,
DECIBELS PER 100 METERS

50 .033
63 .033
80 .033
100 <066
25 .066
1 60 .098
P00 .131
P50 131
3815 .197
00 .229
b00 .295
b30 .361
B00 .459
1,000 .590
1,250 . 754
1,600 .983
2,000 1.311
2,%00 1.705
3,150 2.295
4,000 3.115
5,000 3.607
6,300 5.245
8,000 7.213
10,000 9.836
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ATRPLANE:
ENGINES:

MINIMUM
DISTANCE,
METERS

80
100
125
160
200
250
315
400
500
630
800

1000
1250
1600
2000
2500
3150
4000
5000
6300
8000

LOCATION:

Under the Flight Path

AIR TEMP: |

Referenced to Attenuation Rates

REL. HUM:]

Defined in Table Bl

AIRSPEED:

160 Knots

SOUND EXPOSURE LEVEL, SEL, dB

THRUST-RELATED ENGINE-POWER PARAMETER
INTERMEDIATE

TARLE B2

The number of power settings for which data are to be tabulated
depends on the airplane type, except that at least two (approach
and takeoff) are required.

PRECERRED FORMAT FOR PRESENTATION OF SOUND EXPOSURE LEVEL DATA
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+Z
+Y AVERAGE TEST FLIGHT PATH
WITH AVERAGE TRUE AIRSPEED Vi
+X .
tem

ORIGIN OF
COORDINATES

(X

™ ™

0)

Fig. B1 | GEOMETRY.FOR TEST MEASUREMENT CONDITIONS USED IN INFEGRATED

PROCEDURE.

Note: Sound-propagation distance dTpi is from sound-emission
point Qei’ on the average test flight path at time t;,

to the test-time location of the microphone in the X-Y
plane at point KT. Sound is received at Ky at time t;

when the airplane is at point Qi‘ The minimun distance
to the flight path, dTM’ occurs when the airplane is at
point RT at time tTm' Sound-propagation time is Atpi at
average sound speed Cr.
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+Z

REFERENCE FLIGHT PATH WITH
REFERENCE TRUE AIRSPEED Vr

Lr(i+1)

=<

J R

.:4-1!‘

. d \ :hI"O
~— ri .= . A
\d\\\ \ |
At rpi TS L
rpi i P \I
\\__\ 1
& v REFERENCE GROUND %i(% |
ORIGIN AT (0, 0, 0) TRACK ALONG X-AXIS r
(X 4> 0, 0)

Fig. B2 GEOMETRY FOR FLIGHT REFERENCE CONDITIONS USED IN INTEGRATED

PROCEDURE.

Reference microphone location at Kr on reference
ground track under reference flight path.
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APPENDIX C
DURATION ADJUSTMENT FOR CURVED FLIGHT PATHS

Introduction: When the airplane's flight path includes a turn, i

desirable to adjust the noise values derived per the procedures i
B for the change in duration that occurs as a result of the turn.
duration adjustment, Ag, to the SEL value accounts for the differ
between a straight flight path and a curved flight path for an ob
lTocated on the ground and is defined by:

ag = 10 1g(t'/t)

t' are duration times (corresponding to the times wh
dB less than Lapx) for straight and curved flight pa
respectively. From the above equation a doubling of durvation co
an increase [of 3 dB in sound exposure level. Procedures to esti
effect on the duration time, (Refs. C-1 and C-2),<@nd hence on t
exposure levyels, of curved flight paths are often.based on approx
derived using equivalent straight 1ine flight paths. One of the
approximatigns is outlined below.

where t and
level is 10

Circular Segment Approximation of Curved-Flight Paths by Straight

t may be

n Appendix
This

ences

server

(C1)

n the sound
hs,
responds to
ate the

e sound
imations

Line

number of sfraight 1ine segments, selected so that the length of

Segments: (ircular portions of a ground track may be replaced by
segments whan summed equals the are-length of the curved flight t
is desirablg to select the arc segments such that no segment exce
angle of 30| to Timit position error. With this constraint, the
position ertor is 0.02 times\the radius of the track, or 180 ft f
of 9000 ft. | When the equivalent straight 1ine segments are defin
geometric rglationships arve developed which identify the correspqg
coordinates [of the curved flight path. The contribution of each
the change in duration-time and therefore to the sound exposure 1
estimated by computing the sound exposure fraction of the segment
sound exposyre fraction for a straight 1ine segment is defined as
exposure at |an ‘observation position attributed to an aircraft's f
finite strail
at the position if the straight segment had infinite length. Its
is based on a 90° dipole model which identifies the time history

sound received at an observation position for the linear segment

that received from an airplane flyby on a straight segment of inf
length. The fractional sound exposure increments are then summed
values representative of the change in sound exposure level resul
the flight path curvature. Representative calculations indicate

duration adjustment, ag, at Tateral Tocations is of the order of

less for typical operational turns by civil jet transports within

an even
the
rack.
eds an

It

maximum

or a radius
ed,
nding
segment to
evel is
. The
the sound
light on a
be observed
derivation
of the
relative to
inite
yielding
ting from
that the
0.5 dB or

approximately 25 percent of the turn radius from the flight track.
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APPENDIX D
CUMULATIVE SOUND LEVEL MEASURE

Compatibility of various land uses with a noise environment is determined by the
cumulative effect of the different noise sources contributing to the noise

environment.

Consistent with American National Standard $3.23-1980, "Sound Level

Descriptors for Determination of Compatible Land Use," this AIR recommends
day-night average sound level as the acoustical measure for assessing land use

compatibility with respect to noise,

long-term, contin
considered to be

Day-night average

24-hour average, (¢

between 2200 hour
for assessing com
noise, some state
with different or

the fundamental s
computation of any

application of ap

By definition, average sound level* is the level, in decibels, of the i

A-weighted sound

square of the stapdard reference sound pressure of 20 micropascals.

noise environment
series of airplang
sound exposure le)

L+ = 1

T

where Lpg(i)
of n events 1

Since land uses are generally of
in appropriate quantity for planning purposes.
sound level, with abbreviation DNL and symbol.kdy, i

5 and 0700 hours. Although day-night average'sound 1
unity noise by all U.S. Federal agenciesiconcerned w
and Tocal agencies may use other forms)of average so
no adjustments for evening or nighttime operations.
milarity, the procedures of this AIR'may be used for
cumulative measure based on sound exposure level by
ropriate adjustments for time-of-day.

ressure during a stated _time period, with reference 1

is caused.by a number'of identifiable noise events,
operations, average sound Tevel may be calculated f
els of the individual events occurring within a time

n .
100.1 LAE(1)]

3

1g [(1/T)
i=1

is the sound exposure Tevel of the ith event, in a s
n-time period T, in seconds.

a .
nd level is

b a

btained after adding 10 decibels to sound levels occlrring

pvel is use
th airport
ind Tevel,

Because of

lean-square
o the

Where a

tuch as a
rom the
period T:

(D1)

tries

For an individual event, time-average sound level and sound exposure level
are related by:

Lt = Lag - 10 1g (T/tg)

(D2)

*In the literature, average sound level has also been called "equivalent sound
Tevel" or "equivalent continuous sound Tevel" with the alternative letter symbol
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When T is 86,400 seconds or 24 hours, representing a daily average sound
Tevel, Eq. (D1) becomes: .
{_” 0.1 L,o(1)
L”4h = 10 1g | S 107~ “AE - 49,4 (D3)
(A L_i—;
where the constant term is from 10 1g (1/86,400). ,
Equation (D3) is modified to account for the time of day weighting associated
with m nighftime TIights and n daytime T1ights in the day-nignt faverage sound
Tevel calcylation as:
n . m . :
Ly 1019 [T 100- 1 Lag(i) y 100- 10104, (G031 - 49.4 gy
n :
i=1 J:l
Yearly day-night average sound level is defined a9:
365 .
L. 4101g l—(1/365) 5 100+ 1 LagtT) (D5)
dny i1
where Lqp (i) is the day-night average‘sound lTevel for the ith day out of one
year. An dquivalent alternative computation that is convenient|for airport:
operations |[is to calculate the yearly-day-night average sound 1gqvel from Eq. (D4)
making use |of annual average numbers of airplane operations per|daytime and

nighttime p

eriods of each airplane type, in the summations.

—h'mm-r.mmm“—-ﬂmm
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APPENDIX E

EXAMPLE CALCULATION OF SOUND EXPOSURE LEVEL DURING A TAKEOFF OPERATION

This Appendix provides an example of the calculation of airplane performance and

noise,

The departure operation of a two engine jet airplane is used for the

example calculation of sound exposure levels for four representative community
Tocations; behind brake release, adjacent to ground roll during departure,
directly under the flight path during climbout, and tateral to the ground track

after 1iftoff.

Calculation proce
similar to those
Calculation of no
not considered in

E.1 Performance

dures for sound exposure levels during approach operd
used during the airborne part of the takeoff operatio
ise adjacent to the runway during ground roll after 1
this AIR.,

Calculation: The aircraft used in this{example has 3

takeoff wei
ratio jet e
in Figure E
management
input data.)
for the exan
airport cond
computationg

Airplane aen
for each of
operation (s
engine).

Departure Py

ht of 32,205 kg (71,000 1b) and is powered by two Tow
gines. Aircraft performance data areto be assembled
for the selected departure operation. (Thrust and f
etails for both takeoff and approach operations are §

The selected takeoff operationa] weight equal to th
ple case is based upon the mission range of the aircr
itions in this example are assumed to correspond to 1
1 reference conditions of-Section 2.3 of the AIR.

odynamic and engine~data were developed according to
the different configurations of the aircraft involved
ee Figure E2.

ocedure: ~€Timb at 6° flap with takeoff thrust to 100

At 1000 feet altitude reduce rate of climb
ft/min and accelerate to 180 knots whilé reg
flaps; reduce thrust te climb power;

tion are
n. -
ouchdown is

maximum
-bypass-
as shown
Tap
upplied as
e maximum
aft. Local
he

Appendix A
in the

Note, coefficient H equals zero for the example

0 feet;

to 1000
tracting

Continue climb to 3000 feet. At 3000 ft al

titude

accelerate to 250 knots while maintaining 1000 ft/min

rate of climb.

Development of the departure performance profile (shown in Figure E1)

proceeds as

follows:
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E.2 Initial Climb Speed:

E.3

E.4

From Eq. (A7)

Ve - ¢ VW

where:
C = 0.574 (see Figure E2)
V. - 0.574 /71,000 = 152.9 knots
Equivalent Takeoff Ground Roll:
From £q. (A6)
sg = Boam(W/6am) 2/ IN(Fn/sam) ]
where
B = 0.0146 (see Figure E2)
eam = 1.0 (Ref. temperature, 15°C)
sam = 1.0(Ref. altitude, sea level
N = 2 (Number of Engines)
Frn/Sam = 9605 - 7.10Vc + 0.0828 h = P605 - 1086
"+ 0 = 8519 1b (from Eq. (Al) for thrust
corresponding to 152.9 knots, sea level
and 15 C)
Therefore:
.0 (2.(():512)(71000)2 _ 4408 ft
Initial Climb (Sea Level to 1000 ft):

From Eq. (A8)

Y aY‘CS'in(l.Ol { [N(Fn/ﬁam)avg/(w/ﬁam)avg] - R )

where:

R = 0.0753 (see Figure E2)
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E.4 (Continued)

and at the average altitude of 500 feet:

Sqm = 0.982
(Fn/sam)s00 = 9605 - 7.1(152.9) + 0.0828(500)
= 9605 - 1086 + 41 = 8560 1b
Therefore: ( ]

sin y = (1.01) i [2(8562)/(71,000/0.982)] - 0.0753;

and

From Eq. (AS

1000 1000

E.5 Acceleration|and Flap Retraction:

From Eq. (AlD) for sy in feet, V in kpots and V¢, in ft/min

N(EC/s, ) v
2 2 n’ “am’avg tz
s, = (1/2g)(0.95)(Vy, -V )/// l CR - R
a th ta. (N76am)avg avg ~ 101.3 VtavgJ

An estimate ¢of 1250 feet will be used as the altitude at the end ¢f
accelerationfand flap retraction, i.e., point b.

Then:
(Uam)looo = 0).971
(oam)1250 = 07565

V3 = 152.9 knots calibrated airspeed (CAS)

Vp = 180 knots CAS
V,, knots true airspeed (TAS) = w/r_}fﬁifl__ - 155.1 knots TAS
(0. ) v =169.2
am’ 1000 tavg Knots
V,, knots TAS = 180 - 183.2 knots TAS
V{oam)1250

’
FOONOUG DY S TTIT O TTGL TOIT TRUTAT 1 11y U1 Vi LOS
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£E.5 {Continued)

Viz = 1000 ft/min

Reppp 6 = 0-0793 R - 0.0768

avg
RELAPS UP = 0.0763

o

560

(6am) aqvg—=Samt 25—
(W/5anavy = 73,958 1b
(Fp/6am) 1250 = S605 - 7.1(160) + 0.0828(1250) = 8430)Tb
(Fn/Sam) 1000, = 9605 - 7.1(152.9) + 0.0828(1000) = 8602 1b
(Fn/6dn)avg = 8516 1b

Thereflore:

0.0421(183.2% _ 155.1%)

54 = | T2IBSINT _ o o76s 1000 = 4204 fr
ﬁ 73,958 : . PI0T.37(169.2)
o N Gl 1000 4o
Y= T3V, : 101.3(169.2) = °

tavg

ap = |(sa tan Y)/0095 = 4204(tan 3.34°) = 259 ft
h =|1259 ft

NOTE: | Theé difference between the computed altitude gain af
estimate of 250 ft (for obtaining altitude related g

d the initial
arameters) is

within 10 percent and a second iteration is not req

ired.

E.6 Continued Climb: 12556 Feet to 3000 Feet: Thrust will now
climb rating (specified in Figure E2).

Average altitude = 2130 ft = (1259 + 3000)/2
(8am)avg = 0.925

(W/sam)avg = 76,757 1b

RFLAPS up = 0.0783 (see Figure E2)

V = 180 knots CAS

be reduced to the
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E.6 (Continued)
(Fn/sam)2130 = 8574 - 4.202(180) + 0.0967(2130) = 8024 1b
And from Eq. (Al2)

. 2(8024)
sin Y = (0,95) 73?757— - 0.0783 = 0,1242
Y = 7.13°

From Eq. (A9) with ah = 3000 - 1259 = 1741 ft

Ap 1755

5S¢ * Tan[Y™ = tan 7.1

7 = 13906 ft

E.7 Acceleration[ to 250 Knot Climb Speed: Equations Al0 4nd All are jused again
to calculate| this segment of the flight profile.

An initial egtimate of 3500 feet will be used as‘the pressure altlitude at
the end of the acceleration.

Then:
(O’am)3000 = ).915
(Uam)3500 = 0.902
180 kts CAS
vta = __*__7____ = 188.2 knots TAS Vt - 225 7 knots
VY %am’ 3000 avg
Vyy - 250 kts CAS = 263.2 knots TAS
'N[-°am)3500
Viz = 1000 ftAmin
(8am)avg = Sam(3250) = 0.888
(W/samavg = 79,955 1b
(Fn/6am)3500 = 8574 - 4.202(250) + 0.0967(3500) = 7862 1b
(Fn/6am)3000 = 8574 - 4.202(180) + 0.0967(3000) = 8108 1b

(Fn/sam)avg = 7985 1b

=



https://saenorm.com/api/?name=12f178248d32d74345581643f67319bc

SAE AIRx1845 &L WM 8357340 000LY9E 7

E.7

E.8
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(Continued)
Therefore:
. 0.0421(263.2° - 188.2%) 18343 ft
a = | T2IT98) g ores o0~ &
{"7—755—9,9 . TI0T 3 (225°7)
1 Vi 1 1000 o
v o= sinT oty = STV poraresTy < 25!
= £ : :
4h = (sg tan v)/0.95 = 18,343(tan 2.51 ) = 845 ft

and

h = 3845 ft

This ¢nd altitude gain is 345 feet higher than the initial|height gain
estimgte of 500 ft, and is not within 1O«percent of the estimate. For many
purpoges this initial result will be sufficiently accurate|since the effect
on altitude related parameters is small. A second iteration should be made
using|3845 feet as the estimated end*altitude. This second computation
results in an altitude of 3870 feet, an increase of 25 feef, and the
distance from brake release would increase by 595 feet to 7,502 feet, which
is within 10 percent of the revised estimated height gain ¢f 845 feet.

The efitire profile to thé_250 knot end speed is tabulated and displayed on
Figuré E1 including a second iteration for the height gained in the final
segment.

Noise|Calculatioh: The representative airplane has Noise-Power-Distance

(NPDY|data rekating SEL to power setting and minimum slant|distance as shown
in Figure E3() These data were developed as described in Appendix B for each
power| setting, i.e., for each noted power setting acousticpl measurenents
were pade~dnd the recorded data were normalized to referente atmospheric
attenliafion rates and then adjusted to other distances to provide the
Noise-Power Distance data of Figure E3. With aircraft performance (Figure
E1) and noise data (Figure E3) established, the calculation of SEL for any
point P (x,y), can now be accomplished. This Appendix calculates noise
levels at four representative locations. Sound exposure level contours at
90 and 100 dB are shown on Figure E4 for noise at the start of takeoff roll,
acceleration, and climbout.

Representative Locations: Consider three locations, Py, Pp, and P3

which are 610 m (2000 feet) to the side of the takeoff ground track and a
fourth point P4 underneath the flight path. Location Py is behind brake
release, Py is lateral to the runway and P3 is at a point after Tiftoff
has occurred. P4 is the under the flight path Tocation where a sound
exposure level of 90 dB occurs. '
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In accordance with Section 3.3.1 of the AIR an x,y coordinate system is
chosen with the origin (0,0) at the brake release point, and the x axis

along the ru

with distances in feet, are:

nway centerline.
P1 (-1500,2000); P2 (1500,2000); P3

The coordinates for the example calculations

(7000,2000) ; and P4 (closure of the 90 dB SEL contour) to be determined by

n Section

iteration.

NOTE: NPD data from Fig. E3 provide the initial estimate for all noise
calculations, but adjustments are required for over-ground effects,
direcivity—effectss—and—fHght—rconditions;—as—deseribed—

3.1 of the AIR.

E.10 Sound Expos

ure Level at P1 (-1500,2000): Sound exposure level 4

dependent u
roll, the d
From equati

Lag(P1)

The magnitu
the angle t

From the ai
corrected n

By interpol
Lag(P,d) co
thrust of G
The speed a

Ay

Lateral att
a distance

pon the airplane-to-observer radial distance.at the s

irectivity angle, and the takeoff power (see Section
on 3.4.1

= LAE(P,d) +

de of the radial vector is V. 15002’+ 20002
b the runway is [180° - tan-1 .(2000/1500)]

ay -4 (0,r) tAy

n o

127°,

rplane performance data in-Section E.3 and Figure E1
bt thrust per engine at Tift-off is 8519 1b.

/.4 dB is obtained from Figure E3.
djustment for-duration,

. 10 1g(160/32) = 7.0 dB

pf- 2500 feet (762 m)

Mo,r)

= 15,09 (1 - ¢-2.088) . 13.2 dB

t P1 is
tart of
3.3.1).

2500 feelt and

the

ation using equations(3.7) and (3.8) a base noise Tgvel,
rresponding to a distance of 2500 feet (762 m) and 8519 1b

enuation is computed using equation (3.10) for 0° elevation and

The directivity adjustment factor is determined from equation (3.2) for an
angle of 127 .

AL =

Lap(P1)

1.9 dB

=97.4+7.0- 13,2+ 1,9 = 93,1 dB
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SEL At P2 (1500, 2000): Sound Exposure Level at P2 is determined by

adjusting the reference level, corresponding to takeoff power, for velocity
and lateral attenuation, Eq. (32.4.2)

Lap(P2) = Lap(P,d) + ay - A(0,d)

From the airplane performance data in Section E.3 and Figure E1 the
corrected net thrust per engine at 1ift-off is 8519 1b. By interpolation,
a base noise level, Lap(P,d), corresponding to a distance of 2000 feet
(610 m) and 8519 1b thrust, of 99.1 dB is obtained from Figure E3.

Airpllane speed at 1500 feet from the point of brake release is computed by

the nlethod described in Section 3.3.2 for an initial Tiftdff speed of 152,9
knots and an equivalent takeoff ground roll of 4,408 feet |(see Sections E.2
and H.3 for performance calculations).

f§§2 + (152.92 - 322) (1500/4408) = 92.9 knots

-~

V =
The dpeed adjustment for duration,
ay = 10 1g (152,9/92.9) = 2.2 dB

Latertal attenuation is computed uSing equation (3.10) for 0° elevation and
a didtance of 2000 feet (610 m)

15.09 (1-e-1.67) - 12.3 4B

A|(0,d)
LA (P2)
SEL gt P3 (7000,2000): Since P3 is beyond the point of 1liftoff and the

99,1 + 2,2 - 12.3 = 89.0 dB

ground track is '.straight," there are only two adjustment |factors; speed
and lateral aftenuation. Performance data from Fig. El ane used to
detefmine the) height and airspeed of the aircraft as it pdsses by P3,
j.e.{ closest approach distance. From Eq. (3.1) and Sectilon 3.4

LAE(P3) = Lap(P,d) + ay - A(8,¢)

Conditions 7000 feet from brake release: Height = 429 feet
Speed = 154 knots TAS

Minimum distance Eq. (3.5) = [20002 + 4292 ¢cos? 9,3971/2

2044 ft (623 m)
Elevation Angle, 8 , Eq. (3.6) = cos-l (2000/2044) = 11.9°
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