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FOREWORD

ENGINE AND AIRPLANE PERFORMANCE DATA

The engine and airplane performance provided in the mein body
of this document is based on engine nerformance data received prior ¢2
15 July 1966.

The RFP provides for firm technical engine data to be submitted
on 8 August 1966, The predicted effect of this data is of interest to
the readers of this document. Accordingly, an addendum summarizing
the effect of the 8 August 1966 engine performance on the B-2707 88T
has been inserted into the following documents:

V2-B2707-3 Aerodynamic Design Report
V2-B2707-12  Propulsion Report - Part A
V4-B2707-1 Operational Suitability Report
V4-B2707-4 Afrport and Community Noise Program

The performance information contained {n the Summary document,
the Mode! Bpecification, and the Statement of Work is based upon the
8 August 1966 firm technical data,

V4-B2707-4
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The Airport and Community Noise Program ig
called for by FAA Request for Proposal for
Phase I of the SST Development Program.
The Airport and Community Noise Program is
part of Vol. 1V, Systems Integration, The
purpose of this document is:

a. To present the airport and community
noise characteristics of the B-2707 abrplane
with each of the offered engines installed,

b, To present the airport and community
noiseé characteristics of the B-2707 airplane
with a Boelng jet suppressor installed on each
of the offered engines.

¢. To present the Boeing predictions of
the installed noise characteristios of the offered
engines, together with the- “and pro~
cedures used to arrive at these predictions.
It will include a discussion of the effects of noise
smmssmmmmv%

d. Topresent an airport and community
noise activities program, with detailed activities
work plan tasks and schedules, to satisfy the
RFP, Sec. 5-1V-A.2.d and e,

The excellent low-speed ﬁight characteristics

of the B-2707 together with ‘the-high thrust-loading

and noise suppression capabilities of the propul-
sion system, provide great flexibility to the oper-
ator in adapting to the various airport noisge

1-0--INTRODUCTION N

restrictions. Specifically, the B~2707 will
provide the flexibility to:

& Meet FAA objectives of 116PNdB at the
airport and 105PNdB in the community duying
takeoff and climbout. R

b. Meet the FAA objective of 108PNdB in
the community during landing approach,

€. Maintain low noise levels during ramp
and taxi operations.

Realizing the importance of further noise reduc-
tions Boeing is continuing an intensive research
and development effort to provide more effective
means of noise suppression. Some of the results
of this program are covered in this dooument.and-
8 complete report on this work 1s included in

Propulsion Report, V2-2707-13.

Addittonal airport and community noise dis-
cussions may be found in Aerodynamis Design

Report, V2-B2707-3, Airplane Perforinance
(GE), V2-B2707-4, Airplane Performance
(P&WA), V2-B2707-5, and Operational Suttabily
V4-B2707-1, in which operational technigu
integrated with engine noise characterigtios, and
In the Phase II-C study reports, Airport Com-... ..
patibility Analysis, in which nofse contours have
been applied to specific alrports. Noise allevia-
tion by means of atrplane design is discussed in

System Engineering Report, V2-B2707-1.

V4-B2707-4




The noise environment at the airport and the
- community during takeoff, departure, landing
appromh ground operations, and maintenance

uas bee

n predicted by combining GE4/75P and -

P&WA JTF 17A-21B engine nofse cha.racteristics
with the performance characteristics of the - - -
B-2707. The predicted noise characteristics

of each engine have been based on two different

2.0 B-2707 NOISE CHARACTERISTICS

e.xgine exhaust nozzie configurations: 1) The
configuration offered by the engine contractor

and 2) an advanced suppressor

configuration
to be made availablc by Boeing for the B-2707.
tablishing the noise environment of the
B-2707 Boeing has also included the inle! noise
suppression achieved by use of the Boeing designed

Ines

gonic inlet,

Table 2.A. _Airport and Community Noise Levels with Engine Menufocturers Jet Suppression

TANEOFF ° FIELD ALTITUDE]  AIRPORT NOISE, © | COMMUNITY NOISE, @
MEIGHT, "TEMP. iE.LD g’- E PNdB PNAB
mots PO RS
—— - -.~—1WW-AMTEDEAKE&5¢--M&-WW s e g
m e T — R
675 59°F 0 7.8 121.0 165.0 100.0
(34 “TTRF 0 1165 1208 1120 167.0
675 52°F 2,000 1165 1205 108.0 1040
675 £5°F 4000 1168 _120.0 1125 108.0
*PART POWER TAKEOFF - NOISE ABATEMENT CLIMBOUT
DOMESTIC '
575 55°F ] mso b | oo 99.0
575 8eF 0 145 116.5 107.0 105.0
518 52°F 2,000 1155 116.5 165.0 108.6
575 45°F 4,000 14,0 160 168.0 180
*MAXIMUM DRY POWER FOR B-2707 (GE)
5 AUGMENTED POWER FOR B~2707 (PSWA)
/
1 smn

=

3STATUTE MILES

V4-B2707-4
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Table 2.B. Airport and Community Noise Level with Boeing Jet Suppression

2.1 TAKEOFF NOISE

The noise levels predicted for the airport and
community during takeoff and climbout of the
B-2707 International (675, 000 1b gross weight)

and the B-2707 Domestic (575, 000 Ib groes
weight), for a number of airport altitudes and
ambient temperature conditions are given in

Table 2-A with the engine manufacturers nozzles
and in Table 2-B for the Boeing suppressors.

The community noise levels shown are based on

a maximum augmented thrust takeoff with a thrust
reduction that results in an unaccelerated rate of
climb of 500 fpm at a point one statute mile beyond
the departure end of the runway. The thrust
reduction is smooth beginning several seconds
before reaching the three mile point, thus achieving

o= - o= — - i — ;;.«._..,—.".“ e W
e —— FELD | AMRFORTNORE O | COWMNITY NORE ©
4 weewr TEWP | ALTITUDE Pad8 il 4
. L0018 FT . , A | GE)
AKEOFF = NOISE A CLIMBOUT
o 0 130 120 1035 %.0
e 0 1125 s 1100 105.0
8¢ b 2,000 s | s 60 | .00
&5 4,000 wo | me § uw 106.0
= NORE ABATENENT CLIVBOUT
-—*
5° 0 109.0 ms | 0w %.0
% o 1085 w85 | wes | e
520 2,000 s | owes | o | mo
&5 4,000 196.0 108.0 wo | we0
T SuKiMON DRY POWER FOR 82707 (GE) |
5 AUGNERTED POWER FOR B-2707 (PEWA) -
- A > -
3 STATUTE MILES

the thrust required for 500 fpm rate of climb as
the airplane passes over the three mile point.
The resulting altitude and engine thrust require-
ment produce a noise level in the community at
the three mite point of 100PNdB (GE Suppression)
and 98PNdB (Boeing Suppression) for the B-2707
(GE) International airplane at 675, 000 pounds
takeoff gross weight and 105 PNdB (P&WA Sup-
pression) and 104 PNAB (Boeing Suppression)

for the B-2707 (P&WA) International airplane at
the same gross weight. The decrease in afrport
nolse with increase in ambient temperature and
airport altitude is the result of changes in two
Jet engine parameters: 1) jet velocity and 2)

jet density. The increase in coromunity noise
with increase in ambient temperature and airport
altitude is the result of changes in 1) erngine jet




l veloeity and density and 2) reduced climb-out duration of the noise and for the presence of
rate and therefore reduced altitude over the discrete frequency noise in the total noise spoc~
community, o trum. _The method used.in-calculating- PNal3- - -——
T seconds is given in Ref 1. Use of a sonic inlct,
The changes in airport and community noise levels and fan duct acoustic lining in the nase of the

1

as functions of takeoff power and airplane gross turbofan engine, reduces the discrete frequency

weight are shown in Figs. 2-1, and 2-2, for the content of the noise; climbout at increased spoed

airplane equipped with jet suppressors as pro- minimizes the effect of time duration. Asa

vided by the engine manufacturer and in Figs. consequence, the noise exposure contours caicu-
: 2-3 and 2-4, for the airplane equipped with Boeing lated in PNdB seconds are not appreciably different
4 jet suppressors. The large reductions in both from noise contours calculated in PNAB directly
airport and the community noise levels afforded under the flight path. However, sideline noise does
i

‘ by the Boeing jet suppressor are readily apparent. increase when measured in PNdB seconds becauso

. 1 of the correction factor for time duration. The

3 The noise exposure contours below and to the side predicted noise level contours (PNdB) for the

! ' of the afrplane takeoff flight path resulting from  B-2707 (GE) and B~2707 (P&WA) International
standard noise abatement techniques on a standard pirplanes equipped with Boeing suppressors arc

day are presented in Figs. 2-5 through 2-12. The presented in Figs, 2-13 and 2-14. The reduction

s predicted noise levels are in units of both PNdB in lateral spread of the nolse as well as the abso-
: (Figs. 2~5 through 2-8) and PNdB seconds (Figs. lute noise level is apparent.
3 1 2-9 through 2-12), Units of PNdB are based on
: the maximum noise heard by the observer regard- 2.2 LANDING APPROACH
. less of time or direction of the noise, Units of -  Approach noise one mile from the end of the run-
g PNdB seconds are based on the maximum instan- way with the airplane flying a 3-deg glide slopc
taneous PNL with correction factors for time ILS approach is tabulated in Table 2-C. Fora

1 Table 2-C. Londing Noise Levels

L ANDING COMMUNITY ROISEO, PNdB

AIRPLANE WEIGHT SEALEVEL | SEALEVEL | ZOOFTALT | 4,000 FTALT
100 LB S9°F 8°F 52°F d5eF

B-2707 (P&W) * 420 ul 112 112 mn
= 420 115 116 116 i
* 400 il 12 112 13
“* 400 11§ 116 116 7

5

i 8-2707 (GE) * 430 108 109 109 110
1 l = 430 112 113 113 1M
i * 410 108 109 109 110

s ; “ 40 1 1 13 14
€

) * DECELERATING APPROACH
\ i s+ CONSTANT SPEED
1 2\
'
i
1
‘

* /

1 STATUTE MILE —sy?”

\mmmmmmm

wrd Wi oty A




--standard day at maximur: landing

of pure tone. (whine) in the landing noise speotrum,
By scheduling

weight, the
I to be 112 PNdB and 115 PNdB
for the B~2707 (GE) and B-2707 (P&WA) airplanes

yespectively. The use of a sonic inlet and treated

“duct lining lowers the PNL snd reduces the sanoy-
nnoe fuctor connected with the presence

pr ‘Wmm%mn
mding v in lowared, redug
fugtmy noikze to s level “Where it wﬂ?‘
nuheapwblem

Tkemiselmhbalmmdtoﬂmaidadman:-

' mm:mmmmmaa‘mgm

the maximum PNAB seconds noise level divectly
- ander the flight path is leas than the noise calcu-

bge,m shown in Figs. 2-15  2-18 for
. Noise contours in\mmo!m!@ .
(Figs, 2~15 and 2-16) and PNdB seconds (Figs.
2-17 and 2-18) are shown. Because of the shoxt
time duration durisg landing approach fly-over,

in units of PNdB. Also shown, at two points

“in'the sommunity, ave noise levels that would be

; :mrkmmnmmswemnﬂmmm

improvement has been made through

'tmrenm not only {6 thy mamimum level but

';r,z.semmbapsnér;onv o
" Neoise sevoly reeulting mﬁmmmw

&&mﬁdmﬁew&esmdmm

e

‘ﬁmuzﬁm (38xi,  ets.) am. coaxmmblz
' tmmi

g wili . mguu 119 weistursmmrm

%ﬂ ﬁ* ?ég.;i:‘ I‘Rv atwg
* m 8
suﬁs mmwmmumeo:

“B-2707 (GE) or B-2707 (PLWA) airplane @ses Fig.

2-18). - These low noise levels are the result of
near sonic conditions in tie inlet, ucouatictmat
mext in the fan discharge duct, and reducel B
velooities from the tailpipes, .. Wtﬂavuubla
ares inlets in the mintmum-ﬂ\roat ponuion, which

- in-the pormsl case for

PN that-will be. exparieneédat # distance of :
,,_lrsmn&omtbaawmduﬂngmxlmnmaugmen—
. " taton will-be 99 PNAB with the GE 4/J5P engine
- . .-ond 97 PNAB with the P&WA JTF17A-21B. engine. ..
; -~ Mnintenknos persnnnel stationsd at: NOCESHATY
‘ mam mnim airplane during such runups -

’__-enginu' mwmmwmm%e inEt

throat Mach number to about 0.8. Although this is

" bolow-sonic flow, tests have shown that inlet woise
© ip sttenusted 10d1.0r more st these velocities

(Par. 4.2 and Ref. 2).  Jet velocities are lov
‘beoause of the open tallpipe concept used on. both
engines at raduced power. The taxi noise levels

. mwm;mmmmummdsmmm

_etthegmnwightoftheﬂrpm

2,4 MAINTENANOE RUNUPS

nummmurm M@BMes.

Vo :ﬁmund-mwp suppressors will be used for ex-

tended maintenunce testing at Bigh power. 'Ground
rynup suppmsm offering 2548 noise reductions
With theiz use, the maximum

will not; to overall sound pressure
" levels (SPL) in excesis of 140dB nor to speech
aterference levels (SIL) above 130dB. A plot

..m'm siippressed noise levels for both engliies
. is shown i Fig. 2-20. The predicted specira

for 1, Sﬁonuxdforthenear!ieldareshown

. nFig. 22l

V4-B2707-4
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Figure 24, Airport - Community Noise Trades B-2707 (PAWA)
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Pigure 2-11. Neise Conteurs for Tokeot, B-2707 (GE) Domestic Mission
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3.0 88T ENGINE NOISE CHARACTERISTICS

3.1 UNSUPPRESSED ENGINE NOISE
CHARACTERISTICS
The unsuppressed nofse levels predicted for the
GE 4/J5P and the P& WA JTF17A-21B engines
are presented in Figs. 3-1 and 3-2 for points
directly beneath the flight path as a function of
inflight thrust setting. Also shown are the pre-
dicted suppressed noise levels discussed in
Par, 2,2, Two altitudes are shown. The 400-ft
altitude is a direct vesuit of applying the SAE
noise prediction procedures. The 1,500-ft
altitude noise data allows interpolation of noise
levels at other flight altitudes,

Figures 3-3 and 3-4 show ground noise for points

1,500 ft to the side of the runway as a function of

ground-thrust setting.. ‘Fables 3-A-and-3-B show
noige spectra predicted for seven specific engine
operations: 1) maximom sugmentation, 2) max-

cent of maximum dry power for the P&WA
JTF17A-21B engine, 4) noise asbatement cutback
thrust for the 675,000 b International B-2707,

§) noise abatement cuthack thrust for the 575,000
Ib domestic B~2707, 6) landing approach thrust,
and 7) taxi thrust, The engine operating con-

ditions were chosen becavse of their significance

in airplane operations. :

The noise levels presented in Figs. 3-1 through
3-4 and Tables 3-A and 3-B have been predicted
using 1) the standard SAE procedures outlined in
Ref 3 for jet noise calculation and 2) the pro-
cedures outlined in Ref 4 for compressor or fan
noise calculations. Figure 3-5 {8 a reproduction
of a curve from Ref 4 showing the relationship
between engine compressor or fan parameters and
noise level of the fundamental discrete frequency
geaerated by the compressor or fan, The method
of Ref 4 is identical with that used by Pratt &
Whitney. The General Electric method requires
engine compressor data not aveilable at Boelng,

3.2 SUPPRESSED ENGINE NOISE
CHARACTERIETICS

The effects of compressor, fan, and jet nolse

suppression devices on predicted engine noise

levels are shown in Figs, 3~1 through 3-4 and

Tables 3-A and 3-B. A discuasion of the means
for obtaining the compressor and fsn noise :
suppression contributing to the total PNL reduc-
tions shown are discussed in Bec 4.0 of this book.

The suppression included in Figs. 3-1 through 3-4
is the Boeing prediction for the engine and
nozzles supplied hy the two engine manufscturers
88 well as the predicted auppression for the jet

. suppressor Boeing will have available for the

B-2707 production airplene, The inlet nolse
suppression achieved by use of a sonic throat in
the Boaing propulsion air inlet is also included.
(The increased sound suppression with the new
GE, two-staje ejector nozzle is not included). :
This amount of suppression is consistent with the

--installed propulsion performance and weight used - -

in the B-2707 performance.

- imum dry power-for-the-GE-4/J5D,- -3) 180 per-—3. 3. ENGINE NOISE EXPOSURE CONTOURS

The noise environment around the airport and

in the community during takeoff, -climbout and .
landing spproach maneuvers has been predicied
for the B-2707 (GE) and B-2707 (P&WA) afr-
planes. This noise enviroument was predicied

- using the following procedires: Maximum noise

levels at points on the ground below and to the .

- side. of the flight path were calculated according - N

to the stendard procedures in Refs 3, 4, 5, and

- 6. The oalculation procedure assumes a gradual

change in noise attennation witl distance when
going from ground-to-ground propsgation to
alr-to-ground propegation, The effect of four
engines and their orientation with respect to the
listener a8 the aircraft takes off is also included. .
This is done by adding 3 dB to the single engine's -

" woise during ground roil and gradually increasing

the increment to 6 dB as the airplane elevation
angle increases. These transition effects are
assumed to be complete by the time the angle
from aireraft to listener has increased to 20 deg
with respect to the ground. When several noise

- sources contribute to the noise level at a point

on the ground, as shown schematically {n Fig. 3-5
2 composite spectrum is determined according to
Raf 3. This composite spectrum is then used to
compute the maxinum perceived noise level
contours corresponding to given engine parameters
and flight path variatious, :
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Tabia 3h. Noise Spectra for GE 4/35P Engina

Table 3.5.  Noise Spectra for PEWA JTF 174218
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4.0 ENGINE NOISE SUPPRESSION DEVELOPMENT

The noise suppression characteristics applied to
the GE 4/J5P and P& WA JTF17A-21B engines
have been determined by many acoustic tests run
on J-75, JT8D, and JT3D engines and on the
one-eighth scale models of the exhaust nozzles
of the two proposed engines. (The increased
noise suppression with the new GE, two-stage
nozzle ejector is not included.)

4.1 EXHAUST NOISE SUPPRESSION

4.1.1 Engine Manufacturers' Exhaust Nozzles
The exhaust noise characteristics of the GE 4/J5P
and P& WA JTF17A-21B engines were determined
by means of tests in the Boeing acoustic model
jet facility. One-eighth scale models of the two
engine exhaust nozzle configurations were built
and tested at several design operating conditions,
including after burning. The nozzle configura-
tions tested are shown in Figs. 4-1 and 4-2,

The noise suppression resulting from these
nozzle-ejector combinations was determined
from comparison with results from standard
round nozzles as required by the procedures
established in Ref 3, The jet noise suppression
obtained with the P&WA JTF17A-21B nozzle
configuration was 4 PNdB at maximum augmen-
tation and 3 PNdB at maximum dry thrust. The
jet noise suppression obtained with the GE 4/J5P
nozzle configuration was 1 PNdB at maximum
augmentation and 2 PNdB at maximum dry

thrust condition. The jet noise suppression
Boeing has used to predict the suppressed noise
levels of the B-2707 airplane is shown in Fig. 4-3.
The suppression for the August submittal by
Genera! Electric with the new two-stage ejector
nozzle, may be found in the Appendix. Further
discussion of engine manufacturers' suppression
objectives may be found in Engine Airframe
Technical Agreement, D6A10193-1 (GE), and
D6A10199-1 (P&WA).

4.1,2 Boeing Exhaust Nozzles

In addition to the noise suppression studies
carried out on the nozzle-cjector combinations
offered by the engine manufacturers, Boeing has
also conducted an intensive noise suppression
research and developmont program to define
methods of further improving the noise charac-

teristics of the B-2707 with either of the offered
engines. This program, based on 15 years of
noise suppression research and development,
has yielded significant new information for
suppression of augmented propulsion sysiems.

A number of jet wake noise suppression con-
figurations have been studied and have been
tested model scale. One configuration tested
yields up to 8 PNdB reduction. This configura-
tion can be installed in the divergent portion of
the ejector shroud of the exhaust nozzle. The
reduction in airport-community noise exposure
afforded by this suppressor i8 shown in Figs. 4-4
and 4-5. Pictures of the scale model suppressor
configurations adapted to the GE4/J5P and P& WA
JTF17A-21B engines are shown in Figs. 4-6 and
4-7, The suppression characteristics of this
suppressor are given in Figs. 4-8 and 4-9.

More advanced suppression concepts developed

by Boeing have demonstrated the potential to
reduce noise levels by a8 much as 15 to 20 PNdB.
Suppressors {ncorporating these concepts will
require more extensive treatment of the primary
engine and nozzle system. This study is being
conducted in a company-funded research program,
Figures 4-4 and 4-5 ghow the reductions in air-
port and community noige levels that would

result from use of such suppressors.

As a result of the above suppression studies,
Boeing feels that a jet suppressor yielding

10 PNdB suppression at maxirmum augmented
thrust on the GE Turbojet and 8 PNdB on the
P&WA turbofan, is feasible for the B-2707 pro-
duction airplane. Boeing will work closely with
the engine contractor to develop this suppressor
and insure its compatability with the engine-

- airplane configuration. The predicted airport

and community noise reduction for this suppressor
is also illustrated on Fig. 4-4 and 4-5. Adjust-
ments in thrust and weight have been included in
the performance of the B-2707 in order to
determine the correct altitudes and thrust for
noise prediction in the community.
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Propulsion Report, V2-2707-12, and Refs 7
and 8 contain a more detniled report of the
Boeing noise suppression program,

4,2 COMPRESSOR NOISE SUPPRESSION

-
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|

Tniet uolse suppression on the B-2707-8
accomplished by producing & sonic thyoat in
the inlet during operattons in which coffipressor
or fan noise radiating from the inlet ia Hkely to
contribute to the overall noise level. The sonic
throat is ohiasined by éxpanding the centédbody
to a point where air flow through the inlet
reaches sonic velocity. Boeing has demonsirated
the compressor noise suppression afforded
through application of the sonic throat principle
in the inlet of a J-75 turbojet engine (Fig. 4-10
and Ref. 9). In‘this {est the J-75 was fitted
with a SST-type inlet complete with sinwulated
expanded centerbody. The effect of the sonic
throat on the discrete !raqnency compressor
noise gencrated by the J-75 engine {8 shown in
Fig. 4-11. Predicted unsuppressed GE4/J5P
and P&WA JTF17A-218 inlet nol8é spectra has
been superimposed on the J-75 speotra to

__indicate the predicted change innolselevel =~
between the S§T engines and the J-75. “Elimina-

tion of the discrete frequency spikes present in

OCTAVE BAXD REDUSTION, 68
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Bosing has conducted tests cm fan aoginea {0
deterine the feasibility of msﬁemy treating
fan diaeharge ducts to attenuste discrete fre-
quency noige, Results of tesiz on'a J]
{Fig. 4-13) show large aftennutions of discrele
frequencies. - As-much a8 20-dB reduction-was - -
.o}stnmﬁwﬁhso in. ofmm:mmsﬁﬂni

the SST engine spectra will result in a possible
30-dB reduction In the pesk noige Tevel, '

Additional testing has been conducted at Boeing.
on a 5-in. diameter model inlét to examine negr
sonic as well as sonic conditions under both
simulated flight and static conditions. Figure
4-12 shows the effect of inlet mach number on
the suppression as determined from this test.

nwmmmmm' f,
y noise from the fan can

10to 15 deynseo!mﬁcal :
materialﬂttedwithtnthspmentdutgnof&c

The sonic condition shows-a reduction in-noise — — —JTF17A-21B engine, Additional suppresdion

level of 40 dB. Simulated airplane speed had no
measurable effect on the suppression achieved
by the sonic throat. A detailed report of the test
and the resulis may be found in Ref 2.

4.3 FAN NOISE SUPPRESSION

The noise generated in the fan section of a turbo-
fan engine and propagated rearward through the

fan discharge duct has the same noise intensity

as that propagated forward through the inlet,
Suppression of this noise is therefore essential

if substantial total noise reduction 18 to be achieved.

should also be possible through proper fan (!es!gn. V

Pratt and Whitney has guaranteed a 15 dB reduc-
tion from the predicted fan discharge noise levels
produced by the unsuppressed JTF17A~-21B engine.
It is expected that this suppreu!eawﬂlbe achieved
by (1) proper fan design for miniroum nolse gen-
eration and (2) acoustic treatment of the fan dis~
charge duct wall to attenuite the discrete fre~
quency fan noise as it is propagated through the
duct. This reduction has been used in the caloula-
tion of the B-2707 (P& WA) airplane noise levels.
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2-B OUTER COWLING IN PLACE

Figure 4-14- JT8D Turbofan Engine With Acoustically Treated Extension To Fan Duct
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5.0 ACTIVITIES PLAN

The airport and community noise activities plan
has as its objective the acceplance of the B-2707
into its airport environment from a noise stand-

point. To achieve this objective the activities plan
includes:

a, Continuation of compressor, fan, and jet
noise supression studies.

b. Evaluation of suppression techniques pro-
posed by the engine contractor.

c¢. Evaluation of engine noise data supplied
by the enginz contracter,

d. Application of proven suppression tech-
niques to the SST.

e. Analysis of noise from the Prototype and
Production Engines.

f. Analysis of noise from inflight operations
of the Prototype and Production Airplane.

g. Development and evaluation of noise con-
tours for airports.

h. Examination of methods of airplane opera-
tion to reduce noise levels,

i, Examination of the human response to
aircraft noise,

The responsibility for these activities is assigned
to the Acoustics Unit of the Elecirodynamics Staff
reporting to the Chief of SST, Technology, Boeing
SST Division, with support from the Propulsion
Staff, the Aerodynamics Staff, and Flight Test.
(Refer to Program Management, V5-B2707-8.)
The airport and community noise activities plan:
will be executed in accordance with the program
schedule shown in Fig. 5-1,

Further work plans arc contained in the Detail
Work Plan, V5-B2707-4. Control of the program
will be maintained through the use of detailed and
suramary PEKRT networks and periodic status
reporting. These activities are consistent with
Integrated Test Program, V4-B2707~11,

5.1 NOISE SUPPRESSION DEVELOPMENT
Boeing's nolse suppression development will be
continuous through Phases III, IV, and V to ensure
airport compatibility of all versions of the B-2707
with all airports from which it will operate.

5.1.1 Jet Noise Suppression

Jet noise suppression will include analysis of jet
noise generation and suppression. Model and full
scale testing of various nozzle and ejector shapes
will be conducted, The objective of these studies
will be to establish suppressor optimization rules
by which suppressors can be designed to give
maximum sound reduction for the least thrust loss
and weight penalty. This effort will be integrated
with the engine contractor's studies to obtain the
optimum jet suppression on the engine.

5.1.2 Compressor Noise Suppression
Compressor noise suppression studies will be
directed primarily to the optimization of suppres-
sion through control of airflow through the inlet.
Sonic and near sonic flow conditions ereated
through expansion of the inlet centerbody will be
examined to assure maximum compressor inlet
noise attenuation for all ground and flight
operations.

5.1.3 Fan Noise Suppression

Fan noise suppression studies will include inlet
airflow control investigations as described in
Par. 5. 1.2 with additional studies on suppression
of discrete frequency noise generated by the fan and
propagated down the fan discharge duct. Absorp-
tive studies will continue in conjunction with the
engine contractor's noise studies to help design
absorptive linings and acoustic impedance mis-
match devices for reducing downstream noise
propagation.

5.2 AIRPORT NOISE STUDY

The airport noise study currently being conducted
will be expanded to include other airports, both
domestic and foreign. B-2707 engine-airplane
noise characteristics will be monitored continu-
ously. The pattern of noise complaints in airplane-
noise sensitive areas near airports will be studied.
Methods of reducing the noise problems through
noise suppression and noise abatement techniques

V4-B2707-4



on the engine and airplane will be investigated.
These methods will be recommended to the FAA,

- the airlines, and the airport operators when their

use could result in alleviation of noise. Airport

and community noise report will be prepared in
accordance with the data list.

5.3 SUBJECTIVE REACTION PROGRAM

A current Boeing research program to study the
subjective effects of noise is divided into three con~
current efforts:

a. Studies of psycho-acoustical perception
and scaling, Emphasis is on the relationship be-
tween subject judgements and the physical vari-
ables of sounds (e. g. octave band spectrum, dis-
crete frequency components, duration, and doppler
effects).

b. Examination of jet aircraft noise as
potential interference with present modes of living

and working. These studies will explore the
effects of noise on sleeping, reading, communica-
tions, concentration, task performance etc.

c. Derivation of relationships between
community complaints and past aircraft noise
exposures. These studies will identify significant
correlation between aircraft type, flight procedures;
noise characteristics, weather, season, time of
day, airport topography, etc., and relevent com-
munity complaint data.

5.4 TEST SCHEDULE

The test schedule planned to ensure B-2707 com-
pliance with airport and community noise guarantee
includes:

a. Tests on model scale jeis to develop jet
noise suppressors.

FISCAL YEAR 1967 1968 1969 1970
CA';,EE’RAR 1966 197 1968 1969 1970
NO, 1 100 HOUR
SUBMIT 90% PREPRODUCTION COMPLETE BASIC  PREPRODUCTION|PROTOTYPE FLIGHT
WAOR  |PHASENI  F PHASE PROTOTYPE PREPRODUCTION  PROTOTYPE  |FIRST DEMONSTRA
WILESTONES |PROPOSAL | 0 STRUCTURE RELEASE PROTOTYPE RELEASE ROLL OUT FLIGHT  TION
* COMPLETE
JASONDJFMAMI)ASOND|JFMAM) JASOND|JFMAMI JASONDI FMAMI JASOND
TIT VT T rTTTTTT Vi igd Tlllllllllllilllllll'l 'llllllllll
' COMPLETE SERIES Il
COMPLETE TESTiNG |  COMPLETE TESTING TESTING ON ACOUSTIC
OF SERIES | MODEL ON SERIES Il MODEL LINING ON LARGE SCALE
JET SUPPRESSORS JET SUPPRESSORS  FOR ENGINE
NOISE
SUPPRESSION
DEVELOPMENT
COMPLETE TESTING COMPLETE SERIES | COMPLETE TESTING COMPLETE FINAL
OF SERIES | LARGE  TESTING ON ACOUSTIC ON SERIES it LARGE DEFINITION OF
SCALE JET NOISE  LINING ON LARGE SCALE  SCALE JET NOISE ENGINE NOISE
SUPPRESSCRS FAN ENGINE SUPPRESSORS SUPPRESSORS
UPDATE NOISE EXPOSURE CONTOURS AND AIRPORT LAYOUTS
AIRPORT
COMPATABILITY
STUDIES
COMPLETE PRELIMINARY
DEFINITION OF PROTO-
TYPE TAKEOFF/LANDING
NOISE CHARACTERISTICS

Figure 5-1.
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b. Ground Tests on large scale and full

scale engines to provide.verification of model scale
test results,

c. Large scale tests of the sonic throat
principle.

d. Large scale tests of fan discharge
acoustic liners for discrete frequency attenuation.

e. Flight tests to ensure adequate noise
suppression of selected noise suppression devices
during low-speed flight operations.

Technical knowledge gained by the Boeing Company
in making community noise measurements of its
family of jet transports will be utilized in estab-
lishing procedures for testing and for data analysis
of the B~-2707.

The prototype will be used to determine the ground
and flight noise characteristics of the B-2707
engine-airplane configurations with noise suppres-
sion devices developed to that time. The first
production B-2707 will be used to show compliance
with guaranteed noise levels for both ground and
flight operations. These noise levels will be
determined through a series of takeoff, flyby,
landing approach, and static ground operations of
the B-2707. Measurements will be made around
the engine, under the flight path, and at specific
distances to the side of the flight path to ensure that
no significant data points are missed. Extensive
use will be made of computerized data reduction
and analysis techniques. FAA recommended pro-
cedures will be used for instrumentation calibra-
tion, data acquisition, and data analysis when
such procedures are appropriate,

All test results obtained during the course of the
Activities Program will be documented as each
series of tests is completed. All documentation
will be made available to the FAA, the airlines,
and the airport operators.

V4-B2707-4
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ADDENDUM

SUMMARY REPORT - 8 AUGUST 1966 ENGINE PERFORMANCE DATA

The foregoing document is based upon engine performance
data received prior to 15 July 1966.

Because there was insufficient time available to completely
revise the B-2707 performance after receiving the 8 August 1966 firm
technical engine data, the following summary is provided to show the
major effect of the firm data on the airplane performance shown in the
Phase III proposal dccuments. Only the most important figures have
been provided herein,

if additional or suppleme\ntal data is needed, a request to
The Boeing Company, SST Division, will receive immediate attention.
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SE HEON 1.0
INTRODUC®:UR AND SUMMARY

The Boeing SST Froposal is prepared on the bagis of engine manufacturer -
technical data received prior to July 15, 1966. On August 8, 1966, firn

technical data was received from General Electric and Pratt & Whitney

Aircraft which differed in some respects from the data received prior to

July 15, 1966, The purpose of this addendum is to describe the significant
differences and to summarize effects on performance of the Boeing Model

2707 airplane.

All information in the proposal is based on the July 15, 1966 engine data with
the exception of the Phase Il Proposal Summary, V1i-B2707-1, Propulsion
Report ~ Part C, Engine Evaluation, V2-B2707-14, and this addendum. These
documents are based on engine data received from the engine manufacturers
as of August 8, 1966,

1.1 ENGINE DIFFERENCES

The General Electric GE4/J5P engine data received on August 8, 1966, pro~-
vided lower airport and community noise levels for all engine operating con-
ditions, These lower noise levels were the result of redesign of the exhaust

[t G s

nozzle and noise suppression data obtained from J-93 engine testing. Acoustic
data provided by General Electric also indicated reduced furbine noise from
that being predicted by Boeing for the GE4/J5P engine. These changes pro-
vide significantly improved takeoff and approach noise for the B-2707 (GE).

An improvement in transonic thrust was also provided, Updated installed
engine weight, including optional equipment has resulted in a 112-lb weight
increase for the GE4/J5P engine installation. Engine changes have not affected
the installed pod configuration.

In the case of Pratt & Whitney Aircraft JTF17A-21B engine, a 2~percent
reduction in specific fuel consumption (SFC) at essentially all operating con-
ditions was the principal change. This improvement reduces B-2707 (P&WA)
fuel consumed over the design mission and lowers the reserve fuel require-
ments., Updated installed engine weight including optional equipment has
resulted in a 190-1b weight increase for the JTF17A-21B engine installation,
Engine changes have not affected the installed pod configuration.




1.2 ATRPLANE PERF&RMANCE
The mﬁor__eﬁacta ot,xhege engme changes on airplane performance are

taxi

weigbt of 575 000 1b. The improved hot day
range eapabﬂity and noise characteristics of the B-2707 (GE) are apparent,
a8 is the lmproved range capablllty of the B~2707 (P&WA),




Table 1-A. Performonce Chonges Internutionul Mission

- B~2707 (OF)
Joly 15, Aug

Maximum Taxi Gross Weight = 675,000 1b

Operational Empty Weight 1b
o

Range with 50, 000 1b Payload
AP

max = 2.5 psf

Standard Day, nmi - oy

Standard Day + 100(;, nmi

MMO _Qlimb

Standarcit-‘Day. nmi
~ M=0.85Cruise
Standard Day, nmi

Takeoff Noise, PNQ})
Maximum Augmented Thruqig

s

‘Standard AirportNojse | | 2 b o | wr | un

Day Community Noise, Ny
cgato' 596 Cy B i 100 | 96 1} 108 - 305 ]
cg at 0.615 CR s 99 95 104 104

Standard Airport Noise , 121 117 117 117

Day ° Commhnity Noise

+15°C cg at 0,595 Cg 108 | 102 110 110

Landing Approach Noige, PNdB

Standard Day -

Landing Weight, 1b ' 430,000 | 430,000 | 420,000 | 420,600

20°/40° cg at 0,595 C 12 105 115 115

Flaps og at 0.615 Cy 111 103 114 114

o ]
30°/50
Flape cg at 0. 615 CR 113 107 118 116

Decelerating Approach ) 108 08 111 111
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s Table 1~B. Performonce Changes, Domestic Mission

3 -
Domestic Domestic
5 B-2707 (GE) B-2707 (P&WA)
July 15, Aug, 8, July 15, Aug. 8,
Maximum Taxi Gross Weight = 575, 000 Ib 1966 1966 1966 1966
Basis Basis Basis Basis
Operational Empty Weight 1b 275,500 275,500 273,000 273,760
Range with 50, 000 1b Payload
AP = 2.0 psf Climb; 1.5 psf Cruise
Standard Day, nmi 2,450 2,465 2,442 2,493
Standard Day + 10°C, nmi 2,295 2, 368 2,268 2,307
M = 0, 85 Cruise
Standard Day, nmi 2,571 2,571 3,042 3,100
,\
Takeoff Noise, PNdb Maximum Dry Thrust 80% Maximum
Aug, Thrust
Standard Alrport Noise 117 115 114 114
, Day Community Noise
} cg at 0.595 Cg 99 93 103 103
: cg at 0,615 CR 98 92 102 102
Standard Airport Noise 116 114 114 114
j Day . Community Noise
] +15°C cg at 0,595 Cp 107 99 108 108
i
Landing Approach Noise, PNdB
i Standard Day
| Landing Weight, 1b 410,000 | 410,000 400, 000 400, 000
P
20°/40° cg at 0.595 Cp 112 104 115 115
Flaps cg at 0.615 Cr 110 102 114 114
0, O
) 30°/50
: Flaps cg at 0,615 Cy 112 106 116 116
| Decelerating Approach 108 98 111 111
i
|
i
i

ol it
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SECTION 2,0
ENGINE CHANGES

2.1 PERFORMANCE

2.1.1 General Electric GE4/J5P Engine

A 6-percent improvement in transonic thrust was provided as well as increased
transonic hot day thrust by means of higher engine rpm and increased airflow
for an incremental 50-1b weight increase. Figure 2-1 shows the change in

hot day transonic thrust for a 2.5 PSF sonic boom overpressure climb path,
Reduced transonic inlet drag due to lower bypass airflow is also shown.

2.1,2 Pratt & Whitney Aircraft JTF17A-21B Engine

The two percent SFC reduction for the JTF17A-21B engine at all power
settings except idle power is listed in Table 2~A for important B-2707 oper-~
ating points. This improvement is provided as a result of incrcased com-

ponent efficiencies demonstrated in primary burner, duct burner, and nozzle
component development programs.

2,2 INSTALLATION

Pod configuration and external contours for both engire installations are
unchanged. The final installed pod weights for both engines including added
weight for optional equipment are listed in Table 2-B,

2.3 NOISE

The noise characteristics of the JTF17A-21B remain unchanged fric ke 4o
data presented in the body of the Boeing SST proposal, Thu v -5 lur of the
discussion concerns the GE4/J5P engine.

2. 3.1 Engine Noise Characteristics GE4/J5P

The engine noise characteristics of the GE4/J5P engine have been predicted
from the engine data and jet noise suppression as supplied by General
Electric, Additional engine noise suppression achieved through inlet choking
by use of the sonic throat principle as descrihed in the Airpart and Community
Noise Program report, V4-B2707-4, has also been included. The jet noise
suppression values used in the calculation of noise levels for the GE4/J5P
engine are shown in Fig. 2-2. These values have been determined by General
Electric through acoustic tests that have been conducted on a J-93 engine.




© ©4a OB L2 \& 20 24
. MACH NUMBER ~Mee

Fiyare 2-1. GE4/I5P Climb Parformancss, $ssadord Doy + 16°C




Table 2-A. JTF17A<~21B Perfoiménce Summary

Power ‘Pressure 7 Mach | _  Net ]
Setting Altgude | - Temperature ‘No _.ngst. 1

Max . . i } e
Augmented 0 - -Std 1 o - 58,740

Max Now- | . -
Augmented ] - Std

85,480

Max -
Augmented 45, 000 Std

; 451000 St.d +10°C

Augmented | 83,000 Std

Augmented &5, 000 Btd+10C | -2.61 | "15,000 1.66 T 1,63

Patial Non- | -
Augmented { 36,150 | = std = | 0.8 | 5000 | 107 | . .

Partial Non-| o
Augmented 15, 000 Std 0.5 5, 000 1.10 1,08 .
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‘operations are shown in Figs. 2-3 and 2

2.3.1 (Continued)

The unsuppressed noise levels for the GE4/J5P engine for ground and flight
-4, Also shown in these figures are
the predicted noise levels with all suppression included. The effect of the
open-nozzle concept wherein the nozzle throat area is maintained on a maxi-
mum area schedule is included in the suppressed noise level predictions., The

predicted noise spectra for a series of engine operating conditions have also
been predicted and are presented in Table 2-C.

Noise levels beneath and to the side of the airplane flight path have been
determined from the revised noise data. These levels have been integrated
into contours of Perceived Noise Level for takeoff. These contours are shown

for the B-2707 (GE) international airplane in Fig.4-12 and the B-2707 {GE)
domestic airplane in Fig. 4-14,

The landing noise characteristics of the B-2707 (GE) have changed signifi-
cantly due to the noise data presented on August 8, 1966. These data indicated
that turbine noise would not contribute significantly to the total noise from the
airplane even at landing approach power sgettings. Boeing had been predicting
very significant noise increases due to turbine noise contribution. The pre-
dictions were based on the J-75 engine acoustic test results. Since the GE
data were obtained on an engine more closely resembling the SST turbojet
offering, these data should be more representative of the noise characteristics
of the SST engine. Therefore the B-2707 landing noise levels have been
revised to conform to the August 8, 1966 data inputs. The results of these
revisions are shown in Figs. 4-17 and 4-18,




.2-B. Instolled Pod Waight

B-2707 (GE)

T B-2707 (PEWA) -

{

Eogine weight 11,125 a,8i0. :
Optional equipment 12 . 730
 Total 11, 287 slﬂ.-mvf_ I R
et 2,000 2,485
' Forwéﬁ 326 325
Aft 180 -

o Is5

THRUAT, 1000 LB
_Figure 2-2. Predicted GE4/J5P lat Noise Suppression
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L NET mus-r PER ENGINE., 1008
ngun 2-3. lnmg!af Noise Characteristics of GE4/J5P Engines

| e ) " T Tyt
CONDITIONS

4 ENGINES
B0 FROM RUNVAY
STANDARD DY | 1

IS 20 28 30 38 9© 48 56 65 o
NET THRUST FER ENGINE , 100008

Figure 2-4. Noise Choracteristics of GE4/J5P Engines For Static Ground Operations
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SECTION 3.0
AIRPLANE WEIGHT EFFECTS

L1

The Airframe Design Report - Part A, Weight and Balance, gives an .

Operating Empty Weight breakdown of the GE and P&WA powered airplanes.

i Table 3-A lists these comparative weights as they are modified by the ©
August 8, 1966 engine data and other reiated airplane changes." '

| S

3 The 760-1b weight change in the P&WA powered airplane incréasés the ..
Manufacturer's Empty Weight, Operating Empty Weight and Zero Fuel: i

-

Weight of the following P&WA powered airplanes:
a. 635,000-1b gross weight design point airplane

- b. 675, 000-1b gross weight production international airplane

L
[¢]

635, 000-1b gross weight prototype airplane

—
&

575, 000-1b gross weight production domestic airplane

: — o
::JED@WQEZ]L_J =




|
|
|
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TABLE 3-A

OPERATING EMFTY WEIGHT

GROUP GE P&WA
Engines 44, 950 42,560
Nacelle 12, 30C 12,900
Horizontal Tail 20,400 20,460
Engine Accessories - ADS 1,100 1,160
Anti-Icing and Anti-Fogging 280 330
Starting System 490 430
Fuel System 7,400 7,510
, (1) ‘o
Hydraulic System 3, 600 3,429
(1) 5
Body Structure 47,300 47,220
Other 149,779 149,770
Operational Empty Weight 287,500 285,760
(Max. design taxi weight 675, 000 1b)
Original Operating Empty Weight 287,500 285, 000
Weight Change 0 +760 1b

)]

Includes effect cf ram air turbine - B-2707 (GE) only
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SECTION 4.0
AIRPLANE PERFORMANCE

The effect of the changes in engine data on the standard day payload-range
capability are illustrated in Fig. 4-1 for the international B-2707 and

Fig. 4-2 for the domestic airplane. As noted, theve is no significant effect
on the standard day range of the B-2707 (GE). The improved specific fuel
consumption of the Pratt & Whitney Aircraft engine results in slightly less
than 2 percent increase in range. The effect of temperature changes from
standard day on range are shown in Fig. 4--3 for the B-2707 (GE) and Fig.
4-4 for the B2707 (P&WA). There is no change for the B-2707 (P&WA) curve
since the effect of temperature on the engine data did not change.

Figures 4-5 and 4-6 show the off-loaded supersonic range capability and
corresponding transonic thrust margins for the airplanes. The range per-
formance with a mixed subsonic and supersonic mission is shown in Fig. 4-7.
Figures 4-8 and 4-9 show fuel, time, and distance breakdowns for a nominal,
standard day, intercontinental mission at a maximum sonic-boom overpressure
of 2, 5 psf for both airplanes,

Summaries of takeoff performance, using maximum augmented thrust, are
shoewn in Figs. 4-10 and 4-11. The significant change in takeoff performance
is in the airport and community noise of the B-2707 (GE). The changes in
noise characteristics are shown in more detail by the noise contours around
the airport in Figs. 4-12 through 4-15.

The noise data shown on the preceding curves are based on the engines as pro-
posed by the engine contractors with {he use of a sonic throat in the inlet at
reduced powers. With the Boeing noise suppressor, the August 8, 1966
General Electric engine data have resulted in an additional 1 PNdb reduction
in the airplane's noise characteristics at maximum augmented thrust. Noise
contours with the Boeing jet suppressor are compared in Fig. 4-16 for the
B-2707 (GE).

The only change in landing performance for the airplanes caused by the
changed engine daia is in the approach ncise for the B-2707 (GE) as shown in
Figs. 4-17 and 4-18. Figure 4-19 shows the B-2707 (P&W) landing performance.
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Figure 4-1.

Payload—Range, International Model B-2707
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Figure 4-5. Off-Locded Airplans Performaonce Model B-2707 (GE)
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Max. Design

Tax{ Weight = 675,000 Ib
OEW = 287,500 1b
Payload = 50,0001b
Wing Area = 9,000 ft2
Engine = GE4/J5P
Airflow = 620 1h/sec

Std Day, Zero Wind

Phase 111 Rules

Block Time = 3.290 hr
Block Fuel = 292,181 1b

1. Taxi-out

2, Takeoff (Bea Jovel to 35 ft)

3. Acceleration to climb speed

4, Deparfure air maneuver allowance
(250 kts EAS & 5, 000 ft)

5. Acceleration and climb

6. Supersonic cruise climb

7. & 8, Deceleration and descent
(eruise altitude to 1,500 ft)

9. Destination air maneuver
(Approach & Landing Allow- .
ance, 250 kts EAS at 5, 000 ft)
WT = WT at (8) = 5% block fuel

10. Taxi-in
TOTAL MISSION

Reserves

A. 5 percent block fuel

B. Missed approach (climb

-7 gea level to 1,500 ft)

C. Climb from 1,500 ft subsonic
cruise, descent to sea level
at altn (300 st mi)

D. 20 min hold at 15, 000 ft

over alternate

TOTAL RESERVES

TOTAL FUEL

*

ALT=61,000 FT
cLing
AP“AX=2.5 213

O

oJoJo,
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Burned
(1b)

4,080
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4,790
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81,400
186, 791

2,330
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@,720)*
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2,510

20,070

i

w=1.!

Fuel
Remaining
(Ib)
333,440
329,290

324,600

320,500
238, 800

52,309

49,979
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Fuel burned not included in mission fuel; for D,O, C, only

®
CRUISE £LM3
@ A Pyax=18 PSF
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End of
Operation
(b

670, 940
166,790
662, 000

658, 000
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Figure 4-8 FE-2707 (GE) International Supersonic Cruise Mission
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Taxi Weight 675,000 1h M=27
OEW - 25,760 1b chg - 0T
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v Ax *7.

Engine < PWAJTFI7A-21D G  anpecras
Wq = G687 Ib/sec O Pupy =1.87 PSF

Std hay, Zero Wind

Phase 1 Rules @
Block Time - 3.400 hr @ @

Rlock Fuel 207,890 1b Weight At
Fuel Fuel End of
Burned Remaining Operation
(1b) (1b) (ib)
1. Taxi-out 2,880 336,360 672,120
2. Takeoff Sea level to 35 ft) 4,385 331,975 667,735
3. Acceleration to ¢limb apeed 4,880 327,095 662, 855
4.  Departure air mancuver allowance
(250 kin FAR & 5,000 ft) 3,160 323,935 659, 695
5.  Acceleration and climh 95,400 228,535 564, 294
6i.  Supersonic cruise climb 181,626 46, 90 382,669

7. & ¥, Deceleration and descent
{cruine altitude to 1,500 ft) 2,070 14,839 380,599

. Doatinntion air mancuver
(Avproach & Tanding Allow-
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WT ~ WT at (8) - 6% hlock fuel

10, Paxi-in (1, 255)*
TOTAL MINRION 296, 635
Roneryun
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Figure 4-9 B-2707 (P&WA) International Supersonic Cruiss Mission
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Figure 4-17. Landing Performance Mode! B-2707 (GE)
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