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ABSTRACT

Generalized noise contours, in terms of the perceived noise
level, are presented for takeoff and landing operations of:

a) vwo and three engine, short and medium range turbojet
and turbofan transport aircraft, (Boeing 727, BAC 1-li,
Douglas DC-9 and Sud Aviation Caravelle 3 and 6);

b) multi-engine turbojet and turbofan business aircraft
(Jet Commander 1121, Dassault Falcon, Hawker Siddeley
D.H. 125, Lear Jet 23, Lockheed JetStar and North
American Sabreliner); and

c) two-engine propeller transport and business aircraft.

Estimates of ground runup noise for aircraft in groups a)
and b) above are also presented. The noise contours are
based on noise measurements and estimates.

The noise contours extend the scope of aircraft noise
information for land use planning in the vicinity of
airports. The noise information should be particularly
helpful in describing the noise environment in and about
smaller airports not regularly handling military or large
civil jet tranbport aircraft.
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i. D!TRODUCTION

This report presents e'timates of the noise exposure during
takeoff and landing operations of a variety of aircraft in
three general classifications:

a) two and three engine, short and medium range turbo-

jet and turbofan transport aircraft

b) multi-ezgilne turbojet and turbufan business aircraft

c) two-engine propeller aircraft (transport and
business.

The report also provides estimates of the noise due to
ground runups of aircraft engines for aircraft in classi-
fications a) and b) above.

These .oluse estimates are intended to extend and supplement
the scope of the noise information given in the report "Land
Use Planning Relating to Aircraft Noise" issued by the FAA
as a technical report of Bolt Beranek and Newman Inc. in
October 1964* (hereafter referred to as sinmply the Land Use
Report).

The noise information, presented in the form of noise con-
tours, forms a basis for estimating community response to
aircraft noise, as described in the Land Use Report. The
noise contours also form a basis for evaluating aircraft
noise compatability for land uses other than residential
in accordance with the procedures given 1n Reference 1.

The Land Use Report provided information on military jet
aircraft, four-engine propeller transport aircraft, the
larger civil Jet transports, and the larger civil heli-
copters. This noise information is well suited for deter-
mining the noise exposure in the vicinity of military air
bases and those airports served by large civil aircraft.

Also published by the Department of Defense as a
Tri-Service Manual "Lqnd Use Planning With Respect
to Aircraft Noise" given the following designations:
AFM 86-5, TM 5-365 and NAVDOCKS P-98.



However, because of the sharp inrease in general aircraft
activity, the rapid introduction of the smaller jet trans-
ports and the rapid development of land in the vicinity of
airports, there is also increased need for noise informa-
tion helpful in land planning for those smaller airports
not regularly exposed to noise from military iircraft orthe larger civil transports. This report hel- s fill that

need by presenting, in compact form, noise inLormation for
the newer and 6maller jet transports and busf iess aircraft,
as well as for smaller propeller aircraft.

The noise contours are given in Appendix A tc-ether with a
table showing the appropriate contour to be I-lected for
the different types of aircraft. Appendix A may be used
directly as an attachment to the Land Use Report, without
referenCe to the remainder of this report. The following
sections of the report discuss the analysis procedure,
sources of information, and some of the detailed noise
information from which the generalized contours were derived.
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I

II. ANALYSIS MEWHO.D

The noise level information is presented in this report in
terms of the perceived noise level expressed in PNdB. The
perceived noise level has been found to correlate well with
the subjective evaluation o;' the noisiness of various types
of aircraft noise and has become widely accepted as a means
for describing aircraft noise bot', in this country and
abroad. It is a calculated quantiry based on physical meas-
urements of the noise. The procedure for calculating per-
ceived noise level is summarized in Attachment 4 of the Land
Use Report; more complete descriptions of the concepts and
calculation procedures are presented in Reference 2.

For flight orerations, landing or takeoff, the perceived
noise level given on the contours is the maximum occurring
durir'g the flight operation. Consistent with the Land Use
Report contours, no corrections have been made for the
relative duration of the noise produced by the flight opera-
tion.

The perceived noise level at any point on the ground, either
underneath an aircraft in flight or around an aircraft running
up on the ground, depends on the following factors:

a) Type of aircraft (specifically the type of engine)

b) engine power setting

c) distance to aircraft.

To develop a noise contour, in general, one needs to determine
the variation in perceived noise level with distance to the
aircraft, and the geometrical orientation and distances bet-
ween the aircraft and ground positions. For a flight opera-
tion at a particular engine power setting, one can construct
a noise contour based upon:

a) a graph or table giving tv perceived noise ic; .l
as a function of distance between aircraft and
observer, and

b) a flight profile which specifies the aircraft
altitude in terms of distance from the runway.

-3-



To construct a noise contour for ground runup operations,
at a particular engine power setting, one needs:

a) a graph showing the variation of perceived noise
level with angle at a constant distance about the
aircraft

b) a graph showing the variation of perceived noise
level with distance at different angles around
the aircraft.

To construct the generalized noise contouro given in this
report, i.e., contours that apply to one or more aircraft
or one or more operating conditions, it is necessary to
assemble detailed information on the noise and operational
char&cteristics of the particular aircraft involved. Then,
from comparison of the characteristics for individual air-
craft, one or more curves are developed which approximate
the range of values to be encountered. Such a procedure
necessarily involves selecting one curve to represent a
range in values. Approximate tolerance limits for the
generalized curves are indicated throughout the report.

The major sources of information presented in this report
are :*

a) numerous studies .onductad by Bolt Beranek and
Newman Inc. (BBN) for •hi Port of New York Authority,
and various aircraft manufaciurers wher.e extensive
photographic (positional) and acoustical data were
obtained during takeoffs landing and runup opera-
tions under controlled aircraft operati conditions.

b) noise estimates or measurements provi d by airframe
or engine manufacturers, and airoraZ performance
information prov led by airframe mahufacturers.

* The scope of this study did not include extensive field
noise measurements. However, a number of noise measure-
ments were made at several local airports to acquire data
for the smaller two-engine piston aircraft. These meas-
urements were taken in conjunction with a study of
helicopter noise, also undertaken as part of this contract.-4I



c) data supplied by the Federal Aviation Agency on
operations and acoustical characteristics of civil
aircraft.j/

d) numerous studies conducted by BBN in the vicinity
of civil airports and military air bases where
accurate positional and acoustical data were
obtained during routine takeoff and landing opern-
tions, but where detailed information concerning
aircraft operating conditions (power settings,
operating gross weight, etc.) was lacking.

Since field noise data were not available for some of the
aircraft colered in this report, noise estimates as well
as noise measur-ments were utilized. In the following
sections and in the figures, noise level estimates are
distinguished from data directly substantiated by measure-
ments. In the case of the smaller two-engine piston
aircraft, which encompass a large range of old and new
aircraft, the noise estimates presented are based upon
measurements of several of the many different types of
aircraft falling within this rather broad category.

"-5-



IIM. VARIATION OF PERCEIVED NOISE LEVEL

WITH DISTANCE FOR AIRCRAFT- IN FLIGHT

A. Jet Aircraft

The variations of perceived noise level with distance
used in constructing the noise c.r-Furs for jet air-
craft in Appendix A (Contour Sets :0A, 1OA and 11A) are
shown in Fig. 1. The curves fjr takeoff and approach
thrust shnwi in the figure apply directly tc the Boeing
727 and Douglas DC-9 aircraft. Perceived noise level
corrections for other transport and business aircraft
are listed in the figure. Note from the table in FiS. 1
that the takeoff curve also applies directly to the small
business turbojet aircraft, such as the Jet Commander 1121,
Lear Jet 23, Lockheed JetStar, and the North American
Sabreliner.

These generalized curves are based on acoustical mea3-
urements on the Eoeing 727, Jet Commander 1121, HaWker
Siddeley D.H. 125, Lockheed JetStar, North American
Spbreliner, and the Caravelle plus estimates or the noise
ciharacteristias ror the BAC 1-11, Douglas DC-9, Lear Jet
23 and the Dassault Falcon. The variat-one of perceived
z-oise level with distance for so=e of the individual air-
craft at takeoffr thrust are shown in Pigs. 2 and 3. Figure
2 shows perceived noise 13vel for the small and medium
range turbofan aircraft, while Fig. I shows the perceived
noise levels for five business type jet aircraft, four
powered by turbojet engines and one with turbofan engines.

14here detailed noise reasurements were available, the
curves in Figs. 2 and 3 were generateO •j first defining
the octave band noise spectra for eg! .- ioular aircraft
fit a reference distance of 1000 ft. .ii noise spectra
at various other distances were theei ca'culated using
standard air attenuation values ani estimates of the
directional characteristics of the nsb field. Per-
coived noise levels were then calc alated from the octave
band values.

I
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I
The air attenuation values use. n calculating the octave
band spectra are listed below.!

AIR ATTENUATION VALUES
USED IN PREPARING FLIGHT NOISE CONTOURS

Attenuation, db/lOO0 ft
OCTAVp BAND, Current Land Use

Report Report

20-75 0 0

75-150 0 0.15

150-300 0 0.3

300-600 0.6 0.6

600-1200 1.1 1.2

1200-24oo 2.5 2.4

24oo-48oo 6.2 4.8

48oo-o0,000 11.3 10.0

These attenuation values are slightly different from those
used in preparing the Land Use Report (listed in the third
column of the above table) and those in the various BBN
reports prepared for the Port of New York Authority. Com-
pared to the Land Use Report attenuation values, the current
attenuation values are smaller at frequencies below 300 cps
and are slightlj greater at frequencies above 2400 cps.
Because of the smaller low frequency attenuation values,

-8- I



XoA A.,

tAA

ILl

Z _ _ _ _ _

UJ Z 0

uIu

_ __- LU

L6.A
do 4' 1-I -

____ Ci0

50

Im.

ON u9



z

7"_ _ _'I

U, LL.

z IUu
'LI Ln A -§I

k-u -n3: . 0

'Ut

Z I.- Z-- 0-- LL.- 0
-j L- a.. to .__ - .-... ý

_____ __ __ <<0

Y_ -o , - Z_ _ _ _ _

0_ /u
o 0--

L~AJ I. J

-~U) W)

00
U. 0

_ _U _ _ _ _ _ _ _ _ _ _

UP~~~~d UtIAIZOo .j~~

06

100 LU



the attenuation values used In this report result in
perceived noise level curves which decrease with distance
nore slowly at large distances from the aircrafM.

In Fig. 2, noise estimates for the DC-9 are shown as a
cross-hatched band. The upper edge of the band repre3ents
estimates for the DC-9 powered with JT8D-l engines of
14,000 lbs thrust each; the lower edge, the JT8D-5 engines
of 12,000 lbs thrust each. The estimates for the BAC 1-11
are for the aircraft fitted with RB 163/25 engines of 11,000
lbs takeoff thrust (American Airlines version).*

Comparison of Figs. 2 and 3 shows that the noise levels
produced by the business turbojet aircraft are approxim-
ately the same as those produced by the turbofan transports,
the 727 and DC-9. For example, at 1000 ft the perceived
noise levels for the business turbojet aircraft range from
110 to 116 PNdB while for the 727 and DC-9, the noise levels
range from 108 to 112 PNdB. Thus one generalized curve for
takeoff thrust fits the noise characteristics of the 727,
DC-9 and Jhe four turbojet business aircraft with a spread
of about -3 to 4 PNdB over most of the distance range. A
+5 PNdB correction, an given in the table in Fig. 1, accounts
for the increased noise of the BAC 1-11 and the Caravelle
series 3 and 6 aircraft. A -5 PNdB correction provides a
relatively conservative correction for the Dassault Falcon
powered with small turbofan engines.

Compared to the corresponding curves In the Land Use Report
(the civil turbofan curve in Fig. 3-2 and the carve for
military Flight Groups 6 mnd 9 in Fig. 3-3) the takeoff
power curve of Fig. 1 predicts noise levels slightly lower
for slant distances less than about 3000 ft and slightly
higher for slant distances greater than about 4000 ft. For
example, at "000 ft distance the curve of Fig. I predicts
ill PNdB whi.Le the corresponding Land Use Report curves
predict 114 PNdB. At 10,000 ft, Fig. 1 predicts 82 PNd.B,
2 PNdB higher than the corresponding Land Use Report curves.

* These engines are slightly greater in thrust than the
RB 163-2 engines of 10,410 lbs thrust powering the
Braniff Airways aircraft.

-11-



The fa3t that the perceived noise level curves for some
of the business turbojet aircraft coincide with the per-
ceived noise level curves for some of the turbofan powered
transports, already noted above, well illustrates the
relative noise advantage of some of the turbofan engines
compared to turbojet engines at high thrust settings. For
example, the takeoff thrust of the Boeing 727 is approxim-
ately 3.5 times the takeoff thrust of the Lockheed JetStar,
yet the takeoff perceived noise levels are approximately
the same for the two aircraft.

DifferenLes in the noise characteristics of turbojet and
turbofan aircraft are also apparent when comparing the
octave band noise spectra. Figure 4 provides such a com-
parison by showing the typical octave band noise spectra
at takeoff power at 1000 ft distance for the Boeing 727,
the Jet Commander 1121, and the North American Sabreliner.

The variation of perceived noise level with distance at
approach power settings for specific aircraft is show. in
Fig. 5. Curves for seven transport and business jet air-
craft are shown.* From Fig. 5, it can be seen that there
is nonsiderable spread in the noise level data for the
various aircraft. At 1000 ft the noise levels range from
about 87 to 105 PNdB. It is also evident from Fig. 4 that
the acoustical advantage of the turbofan engine compared
to the straight turbojet engine is much less at approach
power settings. For example, at 1000 ft, the appropch
noise levels of the 727 range from 15 to 17 PNdB above the
noise levels produced by the smaller business turbojet air-
craft.

The curves in Fig. 5 show somewhat greater variation in
slope than the perceived noise level curves for takeoff
power. This variation results largely from the greater
differences in spectrum shape at approach power settings.
These differences are illustrated in Fig. 6 which shows
the octave band noise spectra at 1000 ft for the 727, the

A separate curve is now shown for the DC-9 since the
DC-9 noise levels on approach are estimated to be
approximately 2 PNdB less than those for the Boeing 727,
Likewise, the curve for the Lear Jet 23 is assumed to be
identical with that for the Jet Commander 1121.

-12-
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Jet Commander 1121, and the North American Sabreliner.
The irregula:ities in the octave band spectra suggest
the presence of strong pure tone components in much
different frequency ranges for the 727 and Jet Commander
1121.

The generalized curve for approach power shown in Fig. 1
fits the perceived noise level curves for the 727 and DC-9
with a spread of approximately ±2 PNdB. Corrections of
-5 and -10 PNdB, as indicated in Fig. 1, provide a fit
for the other aircraft with a spread of about t3 PNdB.

The generalized approach curve of Fig. 1 is quite similar
to that given for turbojet and turbofan aircraft in Figs.
3-2 and 3-3 of the Land Use Report. The curve in Fig. 2
is approximately 1 PNdB higher than the Land Use Report
curves at distances of 1000 ft or greater. At distances
less than 500 ft the curve in Fig. 2 falls below the Land
Use Report curves.

B. Two-Engine Propeller Aircraft

Figure 7 shows three generalized curves depicting the
variation of perceived noise level with distanct for two-
engine piston and turboprop transport aircraft. The upper
curve is for METO (maximum except takeoff) power for piston
transports such as the DC-3D Convair 2110, 340 and 440,
Martin 202 and 404, etc, The middle curve is for two-engine
turboprop aircraft, such as the Fairchild F-27 and the
Grumman Gulfstream, at takeoff power. The lower curve shows
perceived noise level at approach power settings for the
above piston and turboprop aircraft.

These generalized curves also provide estimates of the
variation in perceived noise level with distance for many
of the lighter two-engine piston powered aircraft such as
the Aero Commander, Beech 18 Series, Beech Baron, Cessna
310 Series, Pipor Apache and Aztec# etc, For these aircraft
and others powered by reciprocating engines, and falling
in a gross weight range of about 3500 to 10,000 Ibs, a
correction of -13 PNdB should be applied to the METO power
curve of Fig. 7. For approach power settings for these
lighter piston aircraft, a correction of -10 PNdB should
be applied to the approach power curve of Fig. 7.

-16-
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From the perceived noise level curves of Fig. 7, plus the
flight profile curves (to be discussed later), the takeoff
noise contours of Contour Set 9B in Appendix A were derived.
One difference between these contours and the corresponding
contours for four-engine propeller aircraft given in the
Land Use Report (Contour Set 4) may be noted. In this report,
for simplicity, the contour shows a single power reduction,
from METO to climb power. Contour Set t includes two power
reductions, an initial reduction from takeoff power to METO
power immediately after takeoff, plus the second reduction
from M!ETO power to climb power. A 4 PNdB difference between
METO and climb power has been assumed in this report consis-
tent with the differences in the Land Use Report.

The noise data for Fig. 7 were obtained from measurements
made in the vicinity of a number of civil and military air-
ports. Aircraft measured include the Douglas DC-3, Convair
240 and 340, Martin 404, Fairchild P-27 and lighter piston-
powered aircraft including the Aero Commander, Beech Baron,
Beech 18 Series (C-45), Cessna Bobcat, Cessna 310, and
Piper Aztec and Apache aircraft. Although noise levels and
slant distances were measured accurately, information on the
exact engine power settings and operating gross weights was
ueually unobtainable. Thus the field data represent infor-
mation obtained under less well controlled operating condi-
tions than those which are often available for many of the
turbofan and turbojet transport aircraft.

To derive the ge,%sralized noise curves, the field noise data
were first plotted in terms of perceived noise level-vs-
di,~tance for the different aircraft groupings. A curve was
then fitted by eye to the data. As a second step the varia-
tion in perceived noise level with distance was checked for
several specific types of aircraft. Several sets of field
noise measurements, representing no-iee meas'urements of the
same aircraft at different slant distances, were adjusted
to a comnon distance of 1000 ft. A mean noise spectrum for
the 1000 ft diatance was then calculated. Using this spec-
trum, octave band spectra at other distances were calculated
using the air attenuation values listed on pase 8. Per-
ceived noise levels were calculate l from tbi. octave band
spectra; curves were then fitted to the plots of the per-
ceived noise level versus distance. Comparison of these
curves for specific aircraft with the curvet Pitted to the
field data led to a refinement of the initial curves. The

-18-



resulting generalized curves of Fig. 7 fit the field data
with a spread of about t4 PNdB. The curves of Fig. 7 are
similar in shape and lie 2 to 3 FNdB below the correspond-
ing Land Use Report curves (Fig. 3-1).

Some of the takeoff noise spectra for individual propeller
aircraft are shown in Fig. 8. Although the range of absolute
noise levele for the four aircraft shown in Fig. 8 is consid-
erable, the spectrum shapes are similar except for the high
frequency turbine noise component evident for the turboprop
F-27. The similarity in the spectra is more clearly shown
in Fig. ) where each of the four spectra are plotted relative
to their overall sound pressure level.

Typical approach noise spectra at 1000 ft for two propeller
aircraft, the Convair 340 and the Fairchild F-27, are shown
in Fig. 10. Here again a difference between turboprop and
piston powered noise spec';ra is evident, with the pure tone
component produced by the turboprop clearly in evidence in
the 2400-4800 cps octave band.

-19-
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IV. TAKEOFF AND LANDING PROFILES

Figure 11 shows the generalized takeoff profile applicable
for small and medium raige Jet aircraft and for business
turbojet and turbofan aircraft. This profile was used in
developing the takeoff noise contours in Contour Set 9A
in Appendix A. The botndaries of the shaded area shown in
Fig. 11 represent takeoff profiles at maximum gross weight
and at approxtmatel-% 85% gross weiht under standard day,
no wind conditions f.or the small and medium range civil jet
transports (727, DC-9, BAC 1-11 and Caravelle). These
boundaries were alsD found to correspond closely with the
corresponding takeoff profiles for three of the four business
et aircraft for which performance information was available
Jet Commander 1121, D.H. 125, JetStar and Sabreliner).*

The generalized takeoff profile line was drawn through the
shaded area in such a manner that at any given distance
from the start of takeoff roll the variation in altitude
above and below the profile line would produce the same
change in perceived noise level. Hence the generalized
profile ha. nrt been drawn through the exact center of the
shaded area. For the range of takeoff profiles shown in
Fig. 11, the vwrlation in perceived noise level is about
U PNdB about the profile line for positions directly under
the flight path located 10,000 ft or more from the start
of the takeoff roll.

The takeoff profile in Fig. 11 is quite similar in slope to
that shown for short to medium range flights of large civil
J-t transports in Fig. 3-6 of the Land Use Report. However
the profile in Fig. 11 is displaced about 2000 ft towards
the start of the takeoff roll, reflecting the shorter field
lengths required for takeoffs of the smaller civil transport
and business jet aircraft.

Figure 12 shows the generalized takeoff profile used In con-
struction of Contour Set 9B for propeller aircraft. The
shaded area represents the approximate range in expected
profiles for two-engine piston and turboprop aircraft. The
profile information surmarized in the figure is based upon

At the lower gross weights, the Sabreliner flight profile
lies slightly above the shaded area of Fig. 11.

-23-
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performance information for two-engine transport aircraft
furnished by aircraft manufacturers, numerous observations
of flight altitudes under takeoff flight paths at civil
and •ilitary airfields, and information supplied by the
FAA.j/ The profile information is based largely upon
observations and flight information for the heavier two-
engine aircraft, (DC-3, Convairs, Martin 404, and Fairchild
:7-27); hence it may not be entirely representative of take-
off profiles for some of the smaller two-engine piston
aircraft.

As in the previous figure, the takeoff profile line in
Fig. 12 was drawn through the shaded area in such a manner
that at a given distance from the start of takeoff roll
the variation in altitude would be equivalent to the same
change in perceived noise level above and below the profile
line. The variation in perceived noise level is U4 PNdB
about the profile line that has been used in constructing
the noise contours for positions located directly under
the flight path.

Two sets of landing noise contours are included in Appendix
A, Contour Sets 10 and 11. These sets are based upon the
same noise data, but difserent approach profiles. Contour
Set 10 is based upon a 3 glide slope applicable to instru-
ment (OCA and ILS) landings at civil airports and military
air bases. This profile is consistent with that used in
preparing the landing profiles in the Land Use Report.

Undez VIPR conditions the approach path for some aircraf,
particularly the smaller ones, may lie well above the 3
glide elope. The combination of higher glide slope and
the slightly lower power settings o ten accompany! 'g the
higher glide path leads to overestilation of noise levels
when using a profile based upon a 3 glide slope. There-
fore, as an aid in estimating noise levels in the vicinity
of airports or runways handling VPR traffic, Contour Set 11
has been prepared. This contour set, based upon a higher
glide slope of 4 1/20, may be used instead of Contour Set
10 for more accurate estimation of approach noise levels
at airports or runways not equipped for handling instrument
approaches. Contour Set 11 should not be used for predict-
ing current or expected noise exposure for runways handling
(or expected to handle) any appreciable number of instrument
landings.
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V. GROUND RUNUP CONTOURS

Contour Set 12 in Appendix A presents contours for estima-
ting the noise exposure produced by ground r.nups of civil
and mllitary turbofan engines. The noise contours apply
directly to the ground runups of the 727 and DC-9 aircraft.
Contour Set 12 should also be used for estimating the noise
exposure resulting from ground runups of the turbofan engines
in Boeing 707 and 720, Douglas DC-9 and Convair 990 aircraft.
Contour Set 12 is thus recommended as a repl,.cernent for
Contour Set 7 in the Land Use Report since it is baied upon
more comp.lete noise information covering a wider Pange of
engines.

Contour Set 12 is based upon study of the noise character-
istics of the JT3D-1, JT8D-I, and CJ805-23 turbofan engines.
The contours were developed by first examining the variation
of perceived noise level with anle at a constant distance
of 250 ft from the aircraft for the different engines, and
constructing a generalized directivity plot. Thq variation
of perceived noise level with distance was then determined
for each engine at several angles.

Attenuation values used In determi.ning the variation in
PNdB with distance were the same ns those used In preparing
the runup contours in the earlier Land Use Report. They
are based upon the inverse square reduction of sound, typical
attenuation values for sound traveling throug'' the air and
over terrain, and the effectc of a moderate wind (velocity
gradient). These attenuatlon vaiues for ground-to-ground
propagation of sound are considerably greater than the air-
to-ground attenuation values used in preparing the flight
contour's,

From the basic directivity curve and the attenuation plots
at selected angles, the corresponding perceived noise levels
were plotted as a function of listance on polar graph paper.
Equal PNdB values were then connected to form the noise
contours.

The three types of civil turbofan engines in.fluded in the
study show a sizeable variation in directivity. As a result
the spread in data about Contour .et 12 is about t5 PNdB.
Contour Set 12 is similar to Contour Se4 7 in the Land Use
Report for angles of 1100 or less; for Larger an~les (i.e.,
angles closer to the jet exhaust), Contour Set 12 predicts
perceived noise levels greater than estimated from Contour
Set 7.
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APPENDIX A

This Appendix presents perceived noise level contours for
the takeoff and landing operations of the following types
of civil aircraft:

a) two and three engine, short and medium range turbo-
jet and turbofan transports

b) multi-engine small business turboJet and turbofan
aircraft

c) two-engine piston and turboprop aircraft, both
transport and business.

These contours permit the determination of the noise level
in PHcd over a wide area beneath and off to the side of a
flittr path. The Appendix also includes a runup noise
contour for estimating the noise from ground runups of
civil and military turbofan engines.

The noise contours for flight operations supplement the
noise contours given in Attachment 2 of the report "Land
Use Planning Relating to Aircraft Noise" issued by the
FAA as a Technical Report of Bolt Beranek and New'.an Inc.
in October 1964.* The runup noise contour (Contour Set 12)
replaces Contour Set 7 of Attachment 2; it is based upon a
more extinsive range of turbofan engines than Contour Set 7.
The noise contours are to be used in the same marnner as
those in Attachment 2 following exactly the same procedures
outlined in the referenced report.

By providing noise estimates for a variety of small-r and
more recent aircraft not included in Attachment 2, this
Appendix should extend the usefuln6ss of the referenced
report as & lInd use planning aid at both large and small
airports. The noise contours may also prove :.ieful in
determinlnb aircraft noise compatibility for varied land
uses, other than residential, following the procedures
outlined in Part II of the Federal Aviation Agency SRDS
Report No. RD64-1148.

* This report has also been published by the Department of
D>ferse as a Tri-Service Manual "Land Use Planning With
Respect to Aircraft N,-se" given the following designa-
t1ins: AFM 86.-5, TM 5-365 and Navdocks P-98.
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The a.;propriate contour for a specific problem can be
selected by reference to Table A-I. Thisitable shows,
for different aircraft, the appropriate takeoff, landing,
or ground runup contour to be used and the appropriate
perceived noise level correction needed for the particular
contour.

Two sets of landing contours are listed in Table A-I for
each type of aircraft. Contour Set 10, based upon a 30
glide slope, should normally be used for estimatirg noise
!-vels in the vicinity of airports served by scheduled
commercial aircraft and in the vicinity of all runways
equipped for instrument landings. Contour Set 11, based
upon an approach path appreciably higher than 30, may be
used for estimating the noise due to landing operations
at airports not served by scheduled commercial aircraft
and not possessing instruient landing facilities. Contour
Set 10 provides E higher estimate of noise levels at dis-
tances more than several thousand feet from the runway
threshhold.

Figures A-1, A-2, A-3 end A-4 present the generalized
perceived noise level-vs-distance and flight profile
information upon which Contour Sets 9. 10 and 11 are
based. This information supplements the generalized
curves given In Attachmen' 3.

Figure A-1 shows two curves depicting the variation of
perceived noise level with distance for medium and short
range Jet transport and business jet aircraft. These
curves were used in constructing Contour Sets 9A 1OA
and 11A. One curve is for takeoff power the otter for
approach power. The curves apply directly to the Boeing
727 and Douglas DC-9 aircraft. Perceived noise level
corrections for other transport and business aircraft are
listed in the figure.

Figure A-2 shows generalized perceived noise level versus
distance curves for two-engine piston and turboprop air-
craft. These curves were used in constructing Contour
Sets 9B, lOB and l1B. The upper curve describes the noise
output at METO power for two-engine piston transport air-
craft such as the Douglas DC-3, Convair 340 and Martin404. The middle curve describes the noise output at
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takeoff power for two-engine turboprop transports (Fair-
child F-27 and Grunmman Gulfstream). The lower curve is
for approach power for two-ergine piston and turboprop
transport aircraft. Aa noted in the figure, a correction
or -10 PNdB should be appli ed to the upper and lower
curves of Figure A-2 for estimates of the noise output
of two-engine light piston business aircraft.

Figure A-3 shows the takeoff profile used in constructing
Contour Set 9A. The boundaries of the shaded area shown
In the figure represent the range of takeoff profiles at
maximum dross weight and at approximately 85% grosp weight
under standard day, no wind conditions for two and three
engine, small and medium range Jet transport ai.-craft.
These boundaries also depict the range of corresponding
takeoff profiles for most multi-engine business Jet air-
craft. The generalized takeoff profile line shown in the
figure was drarn through the shaded area in such a manner
that, at any given distance from the start of takeoff
roll, the variation in altitude and above and below the
profile line would produce the same change in perceived
noise level.

Figure A-4 shows the generalized takeoff profile used In
constr•'ction of Contour Set 9B for propeller aircraft.
The siaded area represents the apgroximate range in
expected profiles for two-engine piston and turboprop
aircraft.

The landing profile used in preparing Contour Set 10 is
based on a 30 glide slope, shown in Fig. 3-8 of Attachment
3. This landing profile is applicable to instrument land-
ings (GCA and ILS) at civil airports and military air bases.
In preparing Contour Set 11 applicable for VPR aircraft
landings, a &lide slope Of o/22 was used. This glide
slope forms the upper boundary of the shaded area shown
in Fig. 3-8 of Attachmen: 3.
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