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In a letter dated Cctober 14, 1966, Reference SS5-100 to Mr. M. L. Pemnell,
Major Genersl J. C. Maxvell, USA?, Director, Supersonic Transport Devslopwent,
asked that "certsin additicnal investigatioms ve completed {n order to improve
*he SST Program analytical base.” The purpose of this document {s to satisfy
that request.

'
-

Docunentation was requested on the following impartant prograsa issues:

1. If sonic boom considerstions were completely removed and the SST design
fully optirized for overvater cperatioms, could significantly betier
ecanomics be achieved?

Coe o,

G Fre N e B RSt vt o Sl R
N
L]

"In your ccpduct of such a paraxeiric study, it is important that you re-
ertablish the fundamentel) zircraft characteristics required for eccaomic
optimdzation in the total abzence of sonic boom restrictiome. It would
not serve our purpose adequstely if you sirmply deiermined Low your existing
design could be flown for optimm economics, or how it could be redesigned
to appromch interim econamic optimization. Your result should evolve from
a completely fresh approach to the parsmetric design solution, besed oo
your current experience.”

oy

"4 second prograz issue is the practicability of developing a damestic SST
wiiich would heve an "acceptabls” boor level and coulld de opereted profitebly
{:E over inhsbited areas. Por the purpose of &iscussion, this criterion might

indicate & meximm overpressure of 1.0 - 1.2 lbs/sq. ft. in cruise, based
on the reslistic stmosphere (Friedmmn method)., As in the preceding stuly,
ve should like ycu +o consider the widest range of design possibilities.

That i{s, can there be & coxbization of 3ize, weighi, shape, Msch mmber,
altitude, engine configuration and the like iaich conld reduce overpressures
significantly and still {ndicate profitable operation st ranges no greater
than required iv U.S. domestic routes? Your investigation might slso con-
sider, for axzmple, vbether there is ary possidility of combining veight,
altitode, and speed to fly vithin the boomm-cutoff conditicas.”

LT

ES

3. ™A third prograz issue is the status of any developments, pending or con-
ceivatle, vithin the sudbsonic transport dcmmin which suggest significantly
greater performance, improved service, cr reduced opersting costs. DFossi-
bilities night range from spplication of sivanced mmterials and engine
technology to transomic tailoring, leading into the "mildly supersonic”
comdition within the boam-cutoff rsgime.”

'
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It vas requested that the depth of the anelysis be cousistent vith completion
of the pergmetric studies by Novembsr 1k, 1960 snd that s preliminery reviev
of the results be given on Octoder 28, 1966.
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At the preliwinary reviev on Ociober 28, Genersl Maxvell requestad that no
further vark de done cn questicns 1 and 3 above, axd that aghasis de given
to expanding the study of Qquestiom 2. Accordingly, this doc'meat simmarises
the Octobar 28 4data relative to Jnestions 1 and 3 and the sudeeguent vork
reiative to question 2.
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Section Itex
YOREWORD
- 1.0 STFMARY
2.0 IRTRRNATIORAL SST OPTIMIZED IN THZ ABSENCE

OF 30XIC BOOM REETRICTIONS

3.0 DOMESTIC SST DESIGEKED T/ MERT AC.EPTABLE
SCNIC ROOM COVERFRESSURES

L0 HO BOOM DOMESTIC TRARSPORTS DESIGRED FOR
OPERATION IN 1974

APPERUIX A DESIGN INPVIS FOR DOMESTIC SST DESIGNED TO
MEET ACCEPTABLE SOKIC BOOM OVERPRESSURSS
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SUMMARY

A brief paramairic study of the effect of sonic boom comstraints en
the design of the supersonic tramsport his been completsd, For
almplification, the economic effects have been evaluated in terms of
Direct Operating Cost, computed in accordance vwith the "Superacnic
Trwasport Economic Model Ground Rulad, SST 66-3, Jjune 30, 1956. This
ginpliZication asnmes equal marketsbility for all airplanss, ard thus
caly provides a techmic 'l figure of merit. A discussion of this
limitation is presented in parsgraph 1.2,

The najor port Jon cf the study is concerned with low somic boom,
deamestic supersonic transportz and *he probable competing subsonie
transporta in the 197i4 time period. This is m=wmarized im parsgraph
1.1. The ztudy assumpticms for leveli of tachnology in serodynaaics,
propulsicn; and weights for the damestic supezsonic tramsports is gives
ir. the Appendix and the study details zre giver in Section 3. Ths
corresponding asmmption and study results for 1974 sudbsomic transports

ave given in Section L.

Several very prelixinary bGase-point configurations have been svaluaied
in order to estabiish the overall level of “schmology usad in the
study, The objective has been to uzs optimistic, dut potentislly
atizinable characteristicz, in crder 10 estadlish a rough lower bdouni
for Direct Operating Costs. A simple evaluation of the sensitivity

to assreptiocns is shown in Section 3 for the N = 2.7 sirplane designed
for & maximm senic boad overpressurs of 1.2 pef.

A further cautionsry nots s ¢to remingd the reader of the inbiprent

lixdtations of axy parsmetric airplane design study. 3Several cycles

el e ekt L a
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in ths stady are necesgaery with intersediats configuration evaluations
in order to achieve & reesonzble lavel of confidence in the resulte.
A nroper design evaluation has not been completed iz 2he prasent atudy
beceuge of . he impodad time limiteiions. A cursory ccmparirzon of the
results »ith tha rough, baze-point con®igwrations indicates that the

M = 2.7 airplanes designed for sonic boom overpressurs of 1.2 psf oo

greaver are optinistically sttainable; the =mmaller airplanes for lower
eonic boom are too optimistic, requiring changes such as fuel volume

increases vith correspording degradation of drag amd weight.

The parametric sxamination of +the potential gains to be realized
through eliminatior of sonic bocm constraints on the intercontipental

supareonic transport 13 swaarized in paragraph 1.3 and discussed in
Section 2.

Domesgtic Alrplane

The Direct Operating Costs for the dumestiic transports considerad in
this study are summerized in Figure 1.1, The girplans characteristics

are tebulated in Teble 1A,

Sunerscnic twmasporte limited to maximm sonic boom overpressures of
1.2 psf azs evalusted to have DXIC's sbout 50 percent greater taan
subsocic transporss in the 197k ¢ims perfod., Relaxing the aonic boca
requiremant to 1.5 psf shows DOC's 35 percent grestsr. The corres-
ponding DCC's for ths Model 747 tramsport, 2 potential M = 1.2 trana-

port, the Concords, and the domestic B-2707 &re shcwn for comparison,

The study indicates that the choics of superscnic design Hacn masder
kas an effact en DOC. Temparature effects on fuel; systems, and

structure cause an incresse at spesds greater than 2.7 Mach number,

SHEET
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1.2

The higher DOC's near a Mach number of 2.0 are caused by the cruise
sonic boom limit. Optimm cruise altitudes increas: with increasing

Mach number, providing sonic boom alleviation at higher speeds.

All of the airplanes shown in Figure 1.1 are of titanium construction
and are powered with study engires which are variations of the aRL/JSP.
The effects of assuning aluminum structure ecnd a higher presaure ratio
engine, comparable to the Bristol BS 593, were individually asasessed

at a Mach number of 2.2, These are shown in Table lA. The degradation
in weight ratio using aluminum offset the advantage of cheaper
construction. The greater engine weight of the higher pressure ratio
engine more than offgets the fuel saving at the design range of 2500
nautical miles.

It should be noted that the sonic boom values quoted are the nominal
meximum valueg in climb. A super boom region with peak values of
twice the nominal will exist at the beginning of acceleration to cruise

for all of the SET's.

Effects of Airplane Marketability end Operational Feotors on Direct
Opersting Costs of the Domestic Study Airplanes

On the assumption that each of the study airplanes has equal
marketability, both from the sirlines and the manufacturers viewpoint,

it can be seen in Figure 1.1 that DOC's of subsonic and transonic air-
planes can be 30% to 60% less than supersonic airplanes designed for
low gonic boom.

In order to develop & true perspective, appraisal of the factors that
are 1ot agqual must bo undertuken.
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One major factor ia that fram the passenger viewpoint, suroute times
and deperture schedules would not be equal. Therefore, the trip valus
tc the travelsrs would vary. From the airline view this increased
value of the SST ccuid bs represented by sn incrsased revesue protential
thich could be a3 much a8 .4 cents per seat miles at Mach 2,7 cvsr the
sudgonic airplane. Evan the transonic airplane would have sdane
advantage. A factor vhich would tend to offset this revenue advantage
of the SST is that the higher lach aumber airplaves would require s
graater {anvestignt per unit of productivity. Or the airplanes limited
to sonic booms of 12 psf, this could add as much as .2¢4/3sat =xile to
the costz of the Mach 2.7 airplane. Also start-up and inmtroductory
coats could add .C5¢ ‘zeat =mile,

In the cass of the supsrsmmic airplanes, some toom immige claias
could be expected. Additiomal costs of .05¢/seat xmils osuld de
sxperisnced.

The DOC effect of varistions is productivity dus to size, trip tises;
and ttilizztion requiring 4ifferent mmbers of aircraft of each type
would te mmall. It iz sstizated that the sffect of increased speed
aWWMaotw:cﬁuuthwc
airplanes would ds offset by the incresse dus to ianiing fees =nd
airera?t servicing.

In samary, decguse of the large differemce in DOC detweea ths sdo-
sonic airpianes and the most optimistice eatimate for the supersonic
airplanes, thers ig oaly a small probabiliity of there deing 2 aaxrket
for supersonic airplanes of this gquality.
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Internaticna: 53T Opiimized Without Sonic Boom Limitations

The elimixetior 4f asnic Hoovt conghraints on the design of s long
rangs supersonisz Lransport woukl ailow the use of higher wing iocadings
=4 lower thrurt inkdings thag have bean selected for the B-2707
propesal sirplane. Thesc changes wo:ld improvs the economics through a

reduced gross weight for 3 zimea niyylosd-range design choice.

Aa sxgmnie of tha potentisl] istrsyawent is shown in Table 1B. The
sharactaristisze of xn 825,000 pevnd airplane, using the same engine
gise and wing avex az the 8-27C7, ava compared to those cf the B-2707.
Toe rznge incresza of 500 nsutiazl wiles for hot day conditions

would ailow noz-stop operaticn batwsen more city pairs, thus increasing
tee utllity of the sizrplans. Conversaly, the payloed could be increas-

ed st leas range by d2signding ¢ l3rger dody, thus improving eccnomdes.

A yevisw of the dssign decinions leading to the B-2707 has shown that
no specilic comprckises wsre made for somic doom. The philosophy of
uging virizole swas) 30 meet lov speed parformence cbjectives has
3ilorved Ihe coafiguration to de cptimized for cruise with o highly
eyt pianfovn wad asrodynamicslly contoured body; this simultanecusly
providss & sorZigarstion with optimm samic boom charscteristics.
Tha aliminciion of sonic boom limits allows this comfigurstien concept
e be mrs fully exploited. The increeses in wing losding and thrust
1oaiing which oould de mads would require the use of variadle-sweep
to schieve scceptadls low spead performance. This toend is idenmtical
to trat which has evolived in the 2esigr of subsomic transports vhere
very vowsrful dgh-1lift systeas have been develicpad so that cruise-
optixized airplames could achieve the required lov speed parformenmce.
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INTEREATIORAL SET PERFORMANCE SUMMARY®

* Reference Wing Area = 9,000 8q. ft.
* GEh/JSP Bugine Airflow = 633 1b/sec.
. W Clisb Scheduls (see Pigure 2.3)

TABLE 1-B

B.2707 Parenetric
Maximz Taxi Weight - Ib. 675,000 825,000
Opersiing Mepty Weight - Ib. 267,500 330,590
Payload - Ib. ‘ 50,000 50,000
Meage | /T Range | /T-D

Renge srd Transonic Thrust Margin: - Ea. (T - e kT Min.
Standard Day, Cruise M = 2.7 BT T3 k&80 .58
Std. +10°C Day Cruise, X = 2.61; %50 .5k 4160 .45
Sta. +15°C Climb
Takeoff Flap Setting, Deg. 20/%0 20/%0
Mx. Design | Thrust Setting Wx. Aug. Max. Aug.
Taxi Weight | F.A.R, Pleld Length, It 5,700 8,900
S.L. Std. Dey |Iift Off Speed, Knots 162 180
C.G. @ .615 Cp | Airpart Noise, PN 117.5 17.5

Commnity Noise, F&> 93 m
— g —
S, 415°C P.AR, Fia)d Lamgth, Pt. 6,800 10,500
laniing Normm) landing ¥t., Ib. Bk, 500 A%%,000
8.L. Sti. Day |TFlap Setting 30/50 30/50
Dry Rumey F.A.R, Fleld Iength, Ft. 5,800 6,30
€.G. @ .615 C;, | Approsch Speed, Knots 125 133

Appronch Noiss, MBS 10h 107
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IMTERNATIORAL $ST OPTIMIZED IR THE ABSENCE OF SGNIC BOCM RESTRICTIONS

Design Approsach

This section presents parametric 4ats on fundamental aircraft

characteristica required for economic optimization im the total

absencs of sonic boom overpressure rastrictions., It iz recalled that

fundamerntally to minimize airplane D,0.C., the payload to gzross

weight retio must be as high as possidle, In order to cbtain a high
paylosd to zross weight ratic. airplane economics are maximized al a
given design range ty:

O developing s dense configuration with & high wing loading

¢ high gross weight, limited caly by technology

Use of this design approach leads %o:

O an airplane optimized for cruise perfermance

O use of variatie sweep and high 1ift szystams {5 order $o meet

PPN D

lov spec«d and community noise objectives

© avoidance ¢f sonic boom limitations

The starting point for the parametric 3tudy 7as to sclect s cruise
optinized wing-body sonfiguration as s dase point. A wisg plsafors
with a subsonic leading edge at supersomic cruise Mach mmPers was
selected because its use resulis in the lowest drag:-<ie-t0-11it and,

i ainhth A e

TR

therefore, the kighest crulse lift-drag ratios. This plarform ia
cambinetion with & well-taiiorad dody was aslected ixs srier to
mininize cruise daag. Aitkough not pertinent for the purpose of this
study, use of these design festures also results iz a ccefiguration
with optimiced sonic doom characteristics.

W AS LML, Y EBAELM VIR LKL ik, S0 S N
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2.2

Use of the variable-sveep fasture provides the capability to meet low
speed performance and community noise objectives without compromising
cruise efficiency. Thus, the comfiguration seizction for the parametric
study was in no way constrainsd for sonic boom. Pased upon the cruise
configuration selection, aerodynamic ard structural dats were generated,
These inputs, in comdination with the General Electric GEBL4/J5P engine
charscteristics, formed the technology basis for the parametric study.
The technology basis is consistent with the level achieved in design

of the B2707 and thus has a firx base point.

The choice of ziimd schedule for leagt fuel penalty iz climd and
scceleration as well as structural weight effects on overall performance

hag Deen examined and is discusasd in FPavagrsph 2.3.

Zogine-Airframe Sizing

The effect of perametrically varying the ving area and engine size on
range, transonic thrust margin and low speed characteristics for a
675,000 pound gross veight airplane with fixed peylosd i{s shown in
Figure 2.1. Figure 2.1 is sometimes called a "thumbprint” decause of
the characteristic shape cf the range coatcurs thus produced. The
range contours can be exrlained dy concidering the range trade with
wing area (for a comstant powerplant size) and vice versa.

Coasider first the range treade versus wing ares. The lift-drag ratio
improves with increases in wing ares bdecause the wetied area ratio
irproves, However, wing weight also increases as srea increases
vhich i3 adverse, 20 that & range maximm will occcur at same wing

arex. Next, comsider the range trade with increeses in powerplant

2
;
H
H
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8iz3; this involves a trade betwegn powerplant weight (which
increasss with increasing airflov) and improved fuel eongmption

which leads to & range optimization.

Other iradez such as low speed performance and transonic thrust margin
are zlso shown. For a constant takeoff field lengtn, for example, as
wing area increasss, the power plant size can b2 reduced =28 shown in

Figure 2.1.

A standard + 15°C day for climd and & standard + 10°% dsy for crulse
wa3 the basis for the range calculatiorns which are representative of
airline operation. The climb schedule followed ir all cases wes the

schedule labeied "1" as shown in Pigure 2.3.

The wing ares of the B-2707 of 9000 square feet, and the airflov of the
offered GEL/J5F engine is 633 1b/sec. This point is noted in Pigure 2.1
The range loss relative ¢o the maximuwz obtainable iz adout 200 miles
Notize that to odtain maximm renge, the powerplant size would de adbout
575 1b/sec. and the wing area would de 7500 square feet. This oon-
firas that Zor maximm range a high wing loading and low takeofr thrust
to weight ratic is desirsdble, provided all other practical design
requirements and considerations can be met concurrently. As noted in
Figure 2.1, takeoff field length und approach speed wuld increass dut
woald Ds within the cbjectivaes if the wing area and engine size wers
selected for maximm range.

It is similarly trus that more range can be achieved by incr=asing
the gross weight for the conditions ghowm, 1.e., vhere the offered
powerplant size and wing area are oversised. To furthsr clarify this
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point, a further example, given in Figure 2,2 {g presented which showe
the effect on range performance of increasing the gross weight to
825,000 pounds. The wing-bedy configuration selected for this study
wag basically the same as for the 675,000 pound airplane study except
it nad slight changes ip order to get more fuel volume. The wing was

thickened slightly and the body volume was increaszed for %his purpose.

As expected, with the 9000 sguare foot wing and 633 lb/sec sngine, the
maximzm range is increased substantially (500 nautical miles) and the
takeof? field length is increased to 10,500 feet {cn a hot day) and
the approach speed increased to about 133 knots. As discussed above,
this range Snerease is due to holding the wing ares conatant &t

900 square feet and the engine size constant at 633 1b/sec resuiting
in & higher wing losding and lower thrust to weigkt ratio for the
825,000 pound airplane. Becsuse the 825,000 pound airplane has 500
miles greater range. it would de adle to provide service to more city
rairs and would therefore produce a greater return of revenue.
Altsrnatively, the body 2ould be redesigned to provide grester paylosd
st less range. This example illustrates how performance and, thus,
economics, could be improved with no somic boom restrictions.

A &iffersnt climd schedule was used for the 825,000 pound airplane and
it iz showm ir Pigere 2.3. This schedule was a prelirinary selection
prior to compietion of the Placard Study discisaed in Seetion 2.3 dut
is represextative from & tremd standpoint.

Placars Study
Determinaticn of the climb schoduls yielding maximos range capadility
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involves e careful study of posaible patis with respect to structural

end {iuvtter considerations as well as fusl savad during cliimd,
Clsasical climd path studies have beean calculated in the prst showing

thet for lesat range loss a fairly high dynamic pressure {"q") schodule

must be followed in ordar to nminimize the fuel burned. Basicaily, the

minixm fuel clinmb path corresponds to the zltitude schedule for =zsxi.-
mm range factor and mavimms thruat margin in climh. This type of

schedule zanerally is contrary to the requiresments for least structursl

weight. Transcnic and supersonic "q", flutter and upset mensuvers

ugually determine the design ijoading conditions and, heuce, the amount

of structure required for a given achedule.

T
o (W\‘.&'h\\\wﬂ\&\\ﬂ\w

Placerd studies have besn carried out on the B-27 for gross weights

of 675,00u pcunis sud 825,000 pounds. Nine climd paths ware selected

wtyahiadoat e

based upcn past experience with trade studies of this type. Altitude
snd Mach mmbers for the study placards ars given in Table 2-A,
Schedule Kurber 1 iz the highest "q" placard vhich 2en He used based

on the strength and stiffness vhich are provided in the structure from

o A Qi

r ey critical design points in the flight envelope such &3 maximm
gross weignt takeoff, landing loads, cruise, etc. Ineresses irn

Y

PR T
N

structural veight are necessary as various oarts of the placard

becone degign pointe with placard change:s to higher "q". For this

stuty, the M = 1.2 end 2.7 &ltitule reference points were used. The

nat changes in range considsring both structural weight and fuel
useage are given in Table Z-A. The range tadulation showa thai ths sched-
ule selected for the B-2T07 at 575,000 pound taxi weight resauvits in

moximm range; hence, may de considerel the cptimumm. At 825,000 pounds
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TABLE 2-A

G¥h /5P WGINES v, = 633 La/smc.

Bogy = 3000 - o
STD. PAY X = 2.7 CRUISR
2\ PANGE FROM B-2T07 Yo
‘o {arrmme | Ao - e, M.
CLIMNB AT AT ADOW | WX, TAXT WP, | MAX. TRXT WT.
PIACARD | M« 1.2 Ne2,7] 12 | « 575,000 188, | =« 825,000 L3S.
1 33,200 89,500 0 0 0
2 30)5‘“@ 57)5m 4‘1,3& -10 “5
3 31,750 5k, 300 +2,900 =33 3
Y 28,T15¢ 60,500 +1,500 -9 £
s 28,100 57,500 +2,800 =31 +36
é 27,500 S&, 300 +4,500 -58 +29
7 26,350 60,500 +5,200 -88 -60
8 ‘255’3‘30 51,500 +7,009 -1 -3
9 25’2@ 9:” ﬂ,m - '50
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selection of a climb My, in which the altitude at M = 2,7 is lovered
about 3000 to 5000 feet {schedules 2 and 3} results in maximm range.
This ccsurs because the highar altitude placard limits the start of

cruise to altitudes above best cruise altitule at takeoff gross

weights above about 750,000 pounds. Other schedules {5 and 6) resuwt

in nearly the sare range improvements., Hence, it can be concluded
that only very minor range improvements are possible for the 825,000
tound airplane snd nome for the §75,000 poun? airplane.
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3.0

3.3

DOMESTIC SST DESIGNED TO MEET ACCEPTABIE SONIC BOOM GVERFRESSURES

Parsmstric airplane sising and Direct Operating Cost dats for

Domestic SST's dasigned to meet scceptable senic boom overpressures

are presented in this section. Sizing and econcmic deta for airplanes

constrained to meet climb overpressures of from 1.0 to 1.6 psf are
presented. The tasia for the sonic boom cverpressure calculations is
near field theory, with correcticns spplied for the 1952 U.S.
Standard Atmosphers. This is the most realistic theory and
calculatior basia developed to the pressant ti=s. Detailed aerco-

dynaxic, sonic boom, weights, and poverplant input data used for
the study are given in Appendix A.

Az 2 result of the briefing and interim repcrt ou these studies to
the PAA on Octobar 23, 1966, the scope of the Domestic Adrplane
Parmmetiric study was sxtended to inecluds s range of cruise Mach
numsbers. Specifically, the study plan wes extended to include
airplanes designed for cruiss Mach numbers of 1.7, 2.2, 2.7, and 3.2.
(8cbaequestly, the K = 1.7 decign peint study was deleted.) Zecsuse
the scope of the study ves enlarged to include Mach numbcrs in
cruice lower than 2.7, one comparstive study of sluminus versus
titaniua airframe materials vas mads. Also, a brief comparstive
mequﬂut&mmmunmnot

these siudies are given in Paragrsph 3.4.
Desig: Approach

mwwummmmm«m
congldarstion ¢f the following major items:
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1) Choics of the bast possible and practicadbis baseline configuration,

2) Performance requirements of range and engine-airfrsms matching

eriteris.

To provide verification cf the inputs selected, & preli=minary base-

1line configuration was selscted. Only a minimuxe amgunt of engineering
aiysis has besz mede on this baseline configurstion due to the time

limitations. Because of the time restricticn, & brief exsminaticn

of the sensitivity of changes in the inputs to the study resulis

has besr made and i{g discussed in Paragraph 3.2.
3.1.1 Bassline Configuration

The choice of the baseline configuration emphasized featurss which
O would result in low sonic boom characteristics and low supersonic
dreg. The wing sweep selected was 74° and sverage thici_sss ratio
2.75%. Superscnic wing aspect ratio sslected was 1.6. This latter
choice wvas & compromise betwesn wave 4rag and low drag due to iift
consider.tions. Nacellss were piaced well aft to provide favorsdle
interference affects. A highly ares-ruled boay sised for 85

R e R B T D T e O e A M R W 3 T WL RS K TR B o i T VA I I o, ok Vb S R LB

ETIERD
L

passengers vas selected. Thase festures were cochined inte a M = 2.7
Mwmmammomuth.m
ares of €000 square fest and & preliminary Arawing was wede. The
mxizos 1{ft-drag ratic of this configurstion is estimater to be
9.5, The maxizm 1ift-dreg rstis versus Msch number, an ares
distridation pict, and sopis boom cBaracteristics of the baselirs
configurstion are giveo in igpendix A.
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3.1.2

3.1.3

Beconomic Model ard Mission Ground Rules

The Superscnic Zconomic Ground Rules (SST 66-3) dated June 30, 1555,
were followed in calculating the range perforzance, fuel resesrves,
and Direct Operating Costs. Sonic boom overpressures were calculated
using the near field theory corrected for U,S. Standaré Atmosphere,
1962. (The Septesber 6, 1966 proposal dsta used the far field solu-

ticn for caleulsting sonic boom overpressures using the \h/ﬁ
stacspheric correction.)

Performance Requirements and Engins-Airframe Sizing Criteria
The rangs requirement selected was 250C nautical milee under standard
day co=ditions. The bagis for this selection was that it would
provids ¥ew Yorx to San Francisco range capedility under the
tempersture conditions of standard +15°C for climb and standard for
cruise. Engine sisss sslected yrovide for a minimm transonic
thrust margin of .30 ot & standard +15°C day. This provides a
minizm clisd corrider of adbout MOOO feet. W¥ing areas were sslected
to provide the minlmm gross weight for the particular payloed
cangidered, thnsmiiinng ths paylosd to gross weight ratio. Since
relstively low wing loadings and lsrge sugine sizes were sxprectad as
i+ ~sult of ths souie voom requirements, no restrictions were meds
on éagine or wing sizing for iow speed comsidsrstions.
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O 3.2 Gross Weight Parmmetric Stody Results

i D.0.C., engins airflow, wing iloading and initiel cruise setic doem cver-

Pressures versus gross weight are shown in Pigures 3.1, 3.2, 3.3, and 3.k,
All airplanes were gized 0 meet the 230C nautical wmile renge requiremen
together wit: a winimum transonic thrust sargin of .35 as noted in

peragraph 3.1.3.

‘ Pigure 3.1 shows the sensitivity of the stwdy zestlts to changes in irputs
of cruise Lift to dreg rstio and zirframe opersting espty weight. It is
_ felt that both the 11ft to dreg retio and operating eapty weights are
3 i optimistic. The baselime senfigurstien was an 8% pessenger airplans with
i a 6000 gsquare foet wing arsa. Ths selseted airplanss for this dody iise
have about half of ihis wing ares. The much smsller wing ares probadbly
will result in lower lift to drag retics snd higher CEW's than sssumed by
the paremstric extrapolation used in this stody. Body drsg and drag due
to 1ift were assumed constant versus ving arve ad foel volume prodlems

,‘W
Sup”

: ' were culy roughly comsidered at the smailer wing sress. A study weald be
1 z necessary to determine the charscteristics of & new baseline econfiguration
which is more representative of the optimmm airplanes shown ia Figurea
3.1 to 3.4,

It i3 noted that an incresse of 10% in operating empty weight resulis in

about s 10% ineresse ir groes weight for a given payloed and, henoe,
sysroximately & 108 ineresse in DOC. I, in abdition, thae is & losz of
10% in cruise 11ft to dreg ratio the DOC's wouid irsvesse & furtrer €4
resuliing in a total incmesse iz direst oparsting ocecgis of Wwout 164,

A
4 Iy




M=2.7 TITANIUM
APmax. cLimp®!-2 PSF

| +10%. OEW LESS ENGINES
—10% CRUISE L/G

+10°s OEW LESS ENGINES]

I

DOC, 4/SEAT-ST MI.
Q

o
Q

W/S,LBFT?

102
Q

RANGE =250G N. Mi.
STD. DAY

» T'Q
‘\\ - M'N- b ‘35
TRANSONIC

PHASE IIC RULES
- TWIN ENGINE ASRPLANES

EC

8

, LB/S

BOEING MEDIUM
PRESSURE RATIO
TURBOJET

AIRFLOW
N

o

®

APwmaL cruise, °SF

00 200 300 400
GROSS WEIGHT, 1000 LB,

——— - 2 e ——- -

"5 | SENSITWITY TODESIGN | ]
~ INPUTS: CRUISE L/D & OEW
-+ LESS ENGINES _

b BTLING COMPANY

———— e w

- am




o e,

NUMBER DoAlOkB83-1
™™E 'a’l”c COMoarmy R' ' l”(' l\

3.3

Effect of Cruise Mach Number

Study results showing the effect of cruise Mach numder are presented in
Figure 3.2. From the data of FPigurc 3.2 a minimum DOC airplane meeting
the design objectives of magiwmum clisb and cruise overpressure of 1.2
PSF was selected for each Mach number. The characteristics of these
airplanes are summarigzed in Tndble 1A, pages 7. The lowest IXx!'s occur at
a cruise iach mmber of 2.7 because the cruise range ractor 1z at its
maximux resulting in the lowest gross weight for a given psyload. Moreover
the initial cruise overrressure limitation penalizes the ¥ . 2.2 airplane
since cptimum cruise altitude decreases with decrzasing Mach mumber. The
airplanes ere gized for transonic climd so thet for the same gross weight,
payload, and climd. overpressure the wing loading is z2pproximately constant.
In sddition, the engine size is independent of cruise Mach mmber because
the engine characteristics are unchanged in the transomic region. The OEW
increases only slightly, about 3%, from M = 2.2 to ¥ . 3.2. Hence,

cruise range factor (1ift to drag ratio times true velocity divided by
engine SFC) is the chisf parameter determining the lowest gross weight for
a given paylosd. The true velocity increases linearily from M . 2.2 to

M = 3.2. SFC incresses sbout 3f fram M = 2.2 to M = 2.7 and about 2%%
from 4 = 2.7 to M = 3.2. L/D decrcases 20%f, nearly linsarly, from M = 2,2
to M = 3.2. The net result is that from M = 2.2 to M = 2.7, the L/D
decrease and SF. increase are more than counterbalanced by the true velce-
ity increase. From M = 2.7 to M = 3.2 the very large SFC ircreass togather
with the L/D decrssse more thar compensates the true velocity increase.
Hence, the range factor decreases. In sddition, soms of the costs,
particularly fusl, are greater for the airplanes cruising at M = 3.2
resulting in sti1l higher DOC's compared o M = 2.7 and 2.2.
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3.4

Engine Cycle Choice for M = 2.2 Cruise Airplane

The effect of engins cycle cholce for a M = 2.2 cruisa airplens {s shown
in Figure 3.3. A high pressure ratic turbolet dezignoed for cruiss st

M = 2.2 was compared with & medium preszsura ratio turbojzt designad
originally for ¥ = 2.7. The aigh pressurs rvatic (HPR) engine operatas at
relatively low turbine inist temperatures with only partisi augmentation.
The medium pressure ~atic {MPR) engins operntes st high turbine inlet
temperatures and has a full augmentor. 3Since tu. zngines are gized for

the same traneonic thrust mergin, the HPR turbojet must be aized 50%

larger in airflov than the MPR turbojet. This results in a 1009 aagine

weight increass due to tune greater walght per unit eirflow of the HPR
ergine end, hence, in a largs range lcss. 7The SFC advantage of the IPR
turbolet in the subgonic and transcaic regions results in & rage Lsprove-
=ani wilch very nearly coampenssies for the rangs loss dus to incraased
eagine weight. Crulse is performed at partlal agumentaticn vwhere b»oth
engines have comparsble SIC s, The net effect ia a sliznt zange loss for
a given gross weight and paylocad vher using the HPR turdojet. Since im
this astudy range is heid constant, this resulis in a highar gross veight
for a given payioad. If the study were continued, en obvious eter would be
tc investigate the poasibls ixprovement resuiting from incressed augments-

tion on the HPR erngizne.

It is imporiant to ncte that ths initial crulss overprassure iz highsr for
the HPR turbojet. Tuis is due to the fact that the injtiel cruise weight
is higher because the SFC of the HPh sngine iz lovwer {1 climd. Thus, the
miniue 70C airplares selsctad {rom Figure 3.3 sired to the 1.2 PSP
odjectives in crrise aad clind tend to grastly favor the medium pressure

ratio eagins, Thase alrplsses are somuarizad in Tabla A, pags 7,
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Alminus Versus Titanium Airframe for M = 2.2 Cruiss Airplane

The M = 2.2 cruise alrplane was analyzed with rsgard to material
gselection. Alurimm and Titanium airframes were studied and the
reaslts are preseatad in Pigure 3-4. The powerrplant used for this
study was the high rressurs ratio turbojet. The estimsted styuctural
welights for the alusimum airplares are 5 to 15% greater than those
for titanivm airplanes. As shovm in Figure 3-1, sensitivity to
design inputs, these weight incressses would imcreass the pc's 5 to
154 dus to larger gross weights for a given payloed. The compensating
affect on DOC of lower aluminum costs is not sufficlent to offset the
increass dus to weight axcapt for very small sirplanes. In general,
the resuits indicate sn sluminua airframe wculd result in 5 to 10%
grester DOC for comparsble conditions. It is expected that this would
also be the case if the medium pressure ratio turbojet were used for
tha comparison.
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NO BCOM DOMESTIC TRANSFORTS DESIGNED FPOR 1974 OPERATION

The foliowing topics relsting to domestic transports which could

fly overiand withcut producing a sonic boom are diacussed in ihis

section.

(1) A general discussion of the sonic boom cut-off Mach number, ard
westiier factors influencing its choice, az related to s
transonic cruise Mach number airplans.

(2) Subsoric cruise ajrplanes and the projected technology base
availsble for use in dasdgy are reviewsed and compared with
the Model 747,

{3) The point fesign charscteristics of a transport designed to
cruise &t transcnic Mach numbers below the eonic bom cut-cff

Mach nuxber.

Firally, a brief economic comparison is made among these air-
Place typer for tha San Francieco to New York route.

Posaible Transonic Cruise Mach Xumbers For Ko Sonic Boom

Shock waves produced dy supersonic alirpianes are refractel sway from
the gzound as they travel through the stmosphers. The refraction is
mwmmm;dmawtymmmbmmnr-
plane snd the grourd. wmiwotmmxnv-un
known as cut-aff, and is possible for supersonic fiight near Mach
1.0 {as sketched in Figure 4.1). Thir phenomsnon has been cbasrved
sxperimentally aod has bean reported in NASA TED-3520. The airplane
Mack mumber st which eut-®% occurs {s known as the cut-off Mach
nder. 1o boom weld reash the ground for fiight st Mach nwmbers
lese than ths cut-off ach nusber.
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The shock wave strength as msasured on the ground is influenced

by atmosphare refraction and by reflection from the ground. When
an obliqua shock wave intersects the ground, a reflscted wsve of
squal strength and angle is produced. The total pressure jump
acToss the gystem of the incident and reflected waves is twice that
of the incidant wave, and the factor accounting for this reflectiorn,
ER, is 2.0, If the shock wave is normal to the ground, the reflected
wave Goes not exist so thst X is 1.0. Thsorstical calculstioms of
ths variation of shock wave strength 4due to atmospheric refraction
(assuming K, = 2.0) indicstes an increase in cverpressure for flight
very nesr the cut-off Mach number as indicated by the dashed lirne
in Fig. §.2. However, the ircident shock wave argle aggproaches

90° for flight very near ida cut-off Mach number. The cambinstion
otthteﬁwtaotwmemimmmmxxu in-
dicsted by the solid line in Pig. 8.2, BEvidence of thess self can-
celling effects has been cbserved and is discussed in XASA THD-3520.

The effect on the cat-off Mach number of variztions in atmospharic
condistions from those which are Gefined for a standard day are
ahwnin?ig.k.&- The effect of wirds is shown in the upper ~urve.
Tailwinds st the alrplane reduce tne cut-off Mach nimber while
heatwinds ircresse it. The effect of varistions in the temperature
graient is ghown in the lower curve. Temperatures lower than

standard gt the ground reduse the cut-off Mach nuxber whilsg
toperstures highsr than standad increase it.
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A statistical study of weather pstterns over ths continental U.S8.
was conducted toc determine ths variation of the cut-off Mach number
with season and location. These results are shown in Fig. 4.L for
a flight from loe Angelea o New York. For fiighte in the summer
the cperating Mach number would have to be about 1.08 to ensure a
95% probability of no boom reaching the ground, In the winter, this
value is sbout 1.04, Subsonic f1ight is necessary to assure 100%

relisbility that no boom reaches the ground,

Technology Base for 1974 Time Period Airplanes

A gignificant technicel facter, the airplane cruise lift to dreg
(L/D) ratio, is plctied versus Mach number in Fig. 4.5. Tae two
currest designs represent tne Bosing 707-320B at Mach R0 (& = 19)
and the Bosing 747 st Mach .86 (5 = 16.6). The three points iden-
tified as 1374 airplanes are st an £ = 15.2 at Mach .50, %‘-- 12,8
at Mach 1.2 and = = 8.2 at Mach 2.7. These sirplanes have been
designed to maximizre overall operational efficlency considering the
trades cetween tekeoff and landing performancs, cruise efficiency,

and airplane sise, weight, and price.

The 1974 airplanes take advantage of the promising results of recent
high speed wing design research. Advanced airfoil technology will
snadle a wing of given sweepdback arnd thickness to operate al speeds
3 to 5% faster than present wings before encounterirg critical Mach
nuaber effects. The slotted airfoll (Figure 4.6), which has teen

given considersble study by EASA ard also by Bosing, is one concept

which shows such promise. The benefits of advanced airfoil technology
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uan also bo realized in othsr ways. Tne speed advanti 3 can ve turned
intc xn empty weight advantags by applyirg the advanced technology in
the ferm of a substactielly thizker wing. The improved structursl
efficieicy ¥hich results can reduce the wing weight about 17 percent.
Aternatively, the spesd sdvantage can be turnel intc irproved itekeoff
cspabiiity. For a given wing weight and cruise speed, the advanced
tschaclogy permita & wing of less sweeplack and higher sgpeast rstio --

bot:k bvensficia® for higher allowsble takecff grcss weighte.

Turning specifically to the Mach 1.2 regime, it !s eszaniisal that
tha wave drag Of the wing-fuselage combinatios be zirimized. Con-
figurations guch aa that ehown in Fig. k.7 hsve bsen uxder study

snd test by Boeing for sbout 5 yesrs. The proncunesd bady enmizuring
and highly swept (55°-60°) wrrow wing recuits in the %z&r!azmct
show: in Pig. b.8. It may be ncted that an & = 13 wae damcuetrated
at Hach 1.2.

Ir adédition to sarcdynamic afficiensy, the guestica of propuision
sraten perforesnce is important to mid-i1970 sirplans verfarmance.
Tha state-of-the-art of gas turbine ongines hes sdvarced mexkedly
oveyx the las® twanty years-- 2 incraase irn engize thrugti-to-weight
retio cf 0 percent and a 4ecrezss in gpecific fuel consugtion of
30 percant.
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The {uprovensat in emging sen level static thrust-to-veight retdo
(T/4) versus year cf first flight is shown ir Fig. 1.9. In the
escly 1950's, the exgire T/¥ retio was spproxtmstely 3.0. These
turbojet amgines jrovided pover for same succsssful sirplanes such
as the 707-120, T07-320, EC-135, and B-52. In the early i960's,
the turbofan emgines entersd scemercisl service vith T/V retios
from 5.0 to 5.0. Thess higher engine \/%'s vere & result of higher
turbine tempsratures brought sbout by metallurgicsl sdvsnces snd
improved propulsion efficiemcy of the bypass engise. These eagines
hive replaced in mary cases the turdojet and resulted in more
economical sirplanes such as the T20B, T07-3208, and B-32H. Lookiag
sheed, the Gensrsl Elecirie T¥-3 engine {C-5A) end Prett & Whi‘zey
JROD-1 esgine (787) vill be flying about 1970 with TA ratics of
approximstely 5.3. It is estimeted Hhat tv 1975, ¢ TA of 5.T5 will
be typicel of & nevw engize, besed om the current rete o adweacisg

e state-af-the-urt.

The improvemsmt {n specific fuel comeumption (SFC} warsus year of
riret flight is stows 1a Fig. 5 i2. e condition choser Tor come
parison parposer. 13 the minimex c—uise SFC at 35,000 feet ac’ HMach
0.8. A remmriadle decresae iz £FU is cdeervsd cver the last =0
years--3 pereant. s improvemsstt ars dus minly 3G sn incramse
iz trpass retio, and thersfure propelsics sfficiemcy, sdweneing
frce the turbojet, bypess zero, i3 e eeriy 195C°s, to the high-
bysess-ratic turbofems; § t0 5, i 1970, Figwes 3.11 shows ths
xinizoe 3FC versus bypass ritic, indiseting the largs sffeet of
bypass ratio oa &K.
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Comrponent techaclogy improvememtis have zmde the high-bypess-retic

e s Saem o smomrssaaiabin ks 1)

engins possible since it is not aconomical without high tusbine

Turtine

inlet tempersture and high compressor pressure rsetic.
tesperstures have incressed from 1k00°F in the early engines to

about 2300°F in zome of the lzter high-bDymss-retio engines.

Compressor pressure retios have incressed from about 10 ¢o 25 in

hic pericd. It is expected thet the SFC will decresses soes in the

1975 engine, possitliy by 2 percent. As indiceted in Fig. &.131,

further incresces in bypsss ratic 4o not have a significsnt effect

on the SFC's of 2 high-bypass-ratic, subsonic commercizl sngize.

Therefore, the expected iaprovement will be largely due to fmproved

Since veight epd SFC srs treded in the

canponat efficiency.
development and design of an enginz, specific improvements will ve
a8 functiocn of the engine's sppliicstion.

i Ti»s Pericd Poinmt laze Desipn Charwcteristics

ased oo the acrciymamic spd propulsion techrology Just descrided,
s vell as improved structural veights dus to higher silcowables
and the use of titantue, eirplanes were Gesigeed st Mach .30 smd
1.2. These sirplanes vers designed £0 maks them comparedle m &
transcontizemial U.3. segasm?! with the SST. The four wincipmil
dosisn 52183 are noted below:

JIK - 570

¢ Desiga reuge- - -
* 3sengar$ece--e-eccmem-eaevaoa-26) (208 First, 80% Tourist)
* Maximw Apgrosch Speedec-eac----135 Encts

* Technology leaveleecmcecoccoeaea 197C Go-dhesd, 13Th Airline
Operstice

-

Eaace = "N "
o




B e D TP S, ——— — -t e

NUMBER  DGAIGLB3-1

™K '0””‘ Cammany . ’{E\v’ L.I'

hnB.l

k.3.2

Degigs Cruise Mach Kumber .30 Airplans
s Mach .90 eirpisas (Model T55-300) 13 shown in Fig. 8.)2, sleng

with some principal charecteriscics. The three-engine design is
about 215 feet long, 132 feet vwing spen, and has & ‘akeoff gross
veight of 350,000 pornds. The low sspect ~stic (6.5) wing is svept
42.5%, aid incorporetes sophisticetsd high 1ift devices. The fuse-
lage hae a circular croes sectiom, suitabls for eight abresst seeting
in the tourist zection. The thrae high bypass ratic (5-8) engines
are instslld vwith two on the wings, eixilsr to the Boeing T47
srrengement, S one at the bese of the vertical tail, Ix order %o
sgsess the technology level of the Model 755-300, the techaical

improvements incorporsted in the Gssign are noted below:

pyv INPROVRNENT COMPARED 10
() Crutse 0.5 ™
¥ortteeal -03 ™7
cm“lx 20% T2T
Ox 5% Th7 Technoiogy
(§) 18 15% £39D
mmzn 3 ST9D

These sivencamentz are balievsd schieveble in the tims period speci-
ficd, a»d can be realistioally f=-ecast for airline opeetiom in
the x14-197C’s.

Desigr Cruise Mack 1.20 Aizplage
The Mach 1.2 sirplase is presmted 1a Fig. #.13. Wil deetgned o

Wsah 1.2 cruise capadility, £t vould normslly opereted in th2 sande
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bocm oul-off resior at rpeeds bstveen Heceh 1,75 wnd L. .5 for the
redsone dlacuszel in parz  ~.1. This three-sngine, varisbls-

aveesp aircralt heas an overall length of sbout 271 feet and a ving

aran of 13 faet in the cruize camfiguration. Witr tre vings gvept

forvard for takecf? and lsnding, tre span increasss 4o 1F7 feet. The

aspect retio L.S wing bac = gweep of S€° and incorparstes advancad,

double-glottad flaps. The Nuselage 18 eres rilsd to minimice Mazh

1.2 volume vave drag, resulting in 2 mirimum cross section {demtical

to the 707 body end e m=xizm crofs secticn appreciebly grester.
8ix abrsast tourist zeating {r pomaidle thriughout the antire
pagsenger c3bin. The thres 0.6 bypess ratio engines &re installed
in 2 sixmilar mamear to the T55-300. Technical improvements 1n-
coxpwated in the design are consistent vith theae used for the
755-300C, with perforpsnce substantiated by the wind tupnel - ts

prezented in Fig. b5.8.

o e ae

.5 Reoncmic Coaparicson
A3 ghown in Pig. k.15, an economic comparizom of the ¥vch .20 and
1.20 airplanes vith the 757 airplene zhcws the follcwing:

0 An advencxd teshnology airplane designed st Mach .90 will
operate under the coditions showva for sbout 7% less than
the T&7, while ths Mach 1.2 eirplana is 08 .lovs.

2 Relaxisg tha eruiss spead requirement fra Kach .3C %o
Mack .30 results in 2a sirplene sypvocimately 263 lover
in operating coet than the THT.
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Thate sirplanes heve deon designad for 251 tassengers; e [.0.C.

of the ¥ach .90 dirplans covli be ixprovsd somwhat 1€ deaigned fcoe

& larger psyled.
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1.0

1.1

ABRODYRAHIC AND SORIC BOGM CHARACTERISTICS
The raguirement of iow sonic boam characteristica for a domeatic air-
pi=ne dictates a pumber of configvration faatures. A long, slender
body ccebined with a wing that distributes tha 1ift over 2 long length
help alaviate sonic docm ovespressures. These two fustures are also
compatible with the requirement of low érag in the supersonic {light
regime, A nigh asvect ratic wing providez gocd climb cheracteristlics
thet allov the airplane to fly highar et a given Mack mxbe:r, thus
raducing sonic bocm overpressures at the ground, but the cholce of an
agpect ratis for the wing must be tempered by wave drag conziderations.
Yacelles should te placed well aft to provide favorable interfarencs

=ffects.

These Zeatures were ccsbined into a ¥ = 2,7 baseline configuration,
using & twin-engine arrangement with a 6000 £t.°2 wing havirg a leading
edge sweaep angle of 7h°, an eversge thickness rztio of 2.75 percent,
and an easpect ratio of 1.5. The bedy, sized to ca¥ry 85 pazsengers,

was highly area-ruled for low drag and sonic boam.

Aerotmamic Charscveriztics

The parzmet=ic study waz based on initisl estimates of aerodynezmic
characteristics for s low-boom domestic airplane. These initial
estinstes vare later confimmes by & detgiied amalysis of tha Laseline

configuration.

Maxizmm 1lift-drag ratio as a function of Mach puzder, ix ahown for the
vaseiine configuration in Pigure A-l. The design is eiatimsted Yo have
an (L,-’D)m of 2,5 &t the cruise Mach rxmsber 5€ 2.7 ard en altitude

of 65,000 fest. Estimated veluss for 42 and 128 passanger warsions

© - — e s U
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of ths bazeline Jesign ars Blsc shovn for ‘' = 2.7. These two «lilernate
cenfigurations were develcped by changing btody zemmetry while holding
wing geametry and swea (6000 2.7 constant. "he drag increment far
the 42 -passenger body wes asswssd to be one-hslf the drag of the base-

line body. The lﬁpasaenger body was asewmed tO be the ssme as the

€5 .pessenger body with the sddition of & 21-Toot cylipdzital section.
The body drag for the larger *udy included the sdditions) friction ani !

eir conditioning drags.

Maximm lift-dreg ratios for a= 55 -passenger configuratiom ¥ith 1 wing
ares of 3000 square feat are also shown in Figure A-l. The aero-
dynamic cheracteristics for this configuration vere cbiained by adiust-
ing the 6000 ft.2 configuration characteriztics to the smaller wing :
area. This configuration is represzntative of an sirplane meeting the
renge and sonic boom regulremerntz of this study, The grastar loas in
(1,D),,, ¥ith increasizg Kach mmber for the 3000 ft,” configuretion
ia caused by the assumed veriationm cf vave draz with Mach mmber and

the reletive gizes of the wing sad body.

A Mack 2.7 area d&istribution for the basaline configuration is shown
in Figure A-2.

1.2 Sonic Boom Charactezristics

The sonic booe charactaristies ofthedamasiic airplanss ware estimated
&t the beginning of the parsastric studies by the following

procedurs: The sonic doem chauracleristics of a number of previcusly
studi‘d configurations were exemined, Theze characteriztics wepe all

adjusted tc 8 common wing area and a “typical” curve of scaic dosn
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cverpressure psrameter versus 1ift coefficient was determined. The
typical cur s wag then sdjusted by reducing the vaiue cf the over-
presaure by 5 percent at zereo 1ift coefficientw; leaving it unchanged
=t “'gh 1i#% coefficients, where the boowr would be 1ift dzminated; and
f2iring a variation between these twc axtremez. This established the
sonic hocm charactaristics for cne ving area, In this study the
initiel wing arve was 6000 squers fast. Cheracteristics for other
wing araas were cbiained by adjusting the boom, vy wing ares to the
taresw@ighths poser at high 1if{ coefficients, end by total frontsal
areea tc the one-half powsr at zero 1ifi. The estimats, ihus obtained,
served az the basis for the parameiric studies and is compared with
the sonic nhoom characteristics of the B-2707 and SCAT-15F in Figure
A~3. From this comparigon it can be seen that the characteristics
assumed for the parmmatric study are somevwhat optimistic dput not to

&n gaxcsszive dag-ee,

In order tc confirm the lavel of sonic boom characteristics eastablished
for the parsoetric atudies. the characteristics of the baaeline config-
uraticn and a refinement of the tasgline wers detarmined by a theore-
tiesl snalysis., Both configurations were sssumed to have a wing area
of 605C square f=2t. The rafined bassline configursiion represented a
point-dssign that wag optimized {o produce a minimun overpresasure at
Mach 1.3, an aititude of 40,000 ft. ané Por a weight of 250,000 pounds.
Thia configuration incluled A more favorable body shape ard s different
longitudinal pogitioning of the wing with regpect to the body, Maxiem

tranacnic sonic boom ovarprecsures ag a function of altituds for the

Yegaline ané refinsd veseiine configursiiona are compared with values
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ovtained from the characteristics established for ihe parametric
studies in Figure 4-h. The range of M = 1.3 eltitudes covered during
the paramsatric studies is algo shown. This coemparizon {llustrates

the validity of the charscteristicsz sssumed for ths parametric

studies as well ag the significant improverents thst can be achieved
wish & point-design. The Mash 1.3 ares distributions used in the sonic
boox analyses of the baseline and refined baseline airplanes sre

shown in Pigures A-5 and A-6.

In the precesding discussion, the spproash to the problem of minimizing
the overpressures produced on the ground, by a domestic airplane
during transonic clizb and accelerstiom wes to optimize the geometry
for minimmm bocm at Mach 1.3. An altermate appreach would optimize
the airplene gecmetry for best cruige zonic boom and use specialized
flight procedures to minimise or eliminate ground overpressures
during clinb ard acceleration. Thess transonic flight procedures
would involve combirations of altitude, Mzch nuxber, and flight path
angle that prevent the sirplanze shock wavas from reaching the ground,
Under these conditiona the ray paths of the shock wave are turned

to a horizcntal direction, i.e. “cut off”, before they reach the
ground., Incrossing the flight path angle incresasez the cut-off Mach
nuzber for & given altitude and theraby reduces the gronnd sres
gubjected to transonic overpresiurss. A 3iffsrent fiight procedurs
could be exploysd on Tiights where the takeoff is =ade near clesn
&reag., For thege flightg the problem of trangonic overpressurss o-

the ground could be svoldsd intirely by conducting the cli=b and

SHEET

1

it PHTOE K o
‘ﬁi’iﬁ%ﬁ% VS e e




‘1 M* by 4 4 ﬁ—l‘ﬂ
REV ORI o )X

o

ST TR 1 O O 2
i s I O PR R .w - oot I R SR ” :
' .

| A T A :

w . b

R s &m

H " . ! PN .“ “

" _ _ ,

| | 2

RS e
N’T-w\l New L

AITIAL BASELIE
CONFIGDRATION
2

40

FIG, A-k COMPARISOR OF MAXIMONM TRANSCNIC OVERPZESSURZS

.
2R

20 v e e

v
¥
a
¢

x
d
4

td




INITIAL. BASELINE CONFIGURATION

MACH NO. = L3O
=zt ALT. = 40,000 FT

WT. = 250,00 LBS.
S SO0 FY?

M\

SCx)
~ FT2

250

200
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REFINED BASELING CONEIRAIRATION

MALCH NG, = 1.3y
L Ve ALT. * 40,00 &1,
WT. 7 250,000 1\ B,
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acceleration phage over water. Alditional study would be required

t0 egtadlish the trades for thess slternate approsaches.
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2.0

2'1

2.2

203

POVER FLART CHARACTBRISTICS

Cycle Configuration

Pover plant performance xtulies were based upon two engine cycles

uzed in current supersonic transport engine design.

(2) A mediun pressure ratio, high maximm turbine inlet temperature,
fully augnsnted 3ingle spool twbojet.

(b) A nigh pressure ratic, low maximiz turbine inle: tezperature,

partislly augmented two-gpool turbojet.

These cycles are designated the Boeing Medium Pressure Ratio

Cycle and Boeing High Pressure Ratic Cycle, reapectively.

¥ach Variations

Ergine performance was generated for both engines over the following
range of sirplane operating Mach numbers:
Medium Presgure Rziic Engire M= 3.2 at 65,000 £t Altitude
n " " n Mw27" n n n
n n 2 " M=2.2% » " "
Figh Pressurs Ratioc Zngine M=22" 60,000 " "
" n n ® M=1.7" 50,000 " "
Bumsary engire characteristics and installed perforzance ars given
in Tabis A-A and Figures A-7 and 3-8, Engire weights include the

aungmentor, thrust reverser and exhsust noskle.

Engine Cycie
The cycle pressure ratios ussd in the engire airplane matching
studies provide mexisum perforsancs over the range of Mach numbers

considsred. Turdofan cycle invastigations were not pursued dus
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o to time limdfationsz though it was gpparaat that this type of engine

would also be suitedle over the range of Mach numbers considered.

0f the twe cycles, that with the high preasure ratic, two-speol
compressor was found to be mwre suitsble for the two lowest Maeh
ruzber spplications. The inhersnt higk flow capability of ths A
two-spool mschine at the eruise condition where the inlet iz sized J
allows better inlst/engine matching during transonic ciixdb and

I accaleration. With regard to the lower turbine inlet tempsrature
-'_ of this eycle, an improvement of 100-200°F could be spplied, which 1

would still allow tha tushine tc operate within the current supersonic

incroass and increased coclirg flows, but the end result could allow

E angine state of the srt. Such an increass may require scee weight
E Y the Mach 1.7 and 2.2 airplsnes to cruise without augmentetion.

The medium prezsurs ratic high tempersture cycle wag fcund to de

vary suitable foi the Mach range 2.7 - 3.2, A% the Mach 2.2
' scndition, it was found Becerzary to high-flow the single spool
f & engise for engine/inlet matching cansiderations. A 10§ flow

A b

A e e

W
[

incresse at cruiae was cbtained by engins overspeeding, the ;;
%
accompanying weight increass being cospenssied by the weight -
=
redaction resulting frea the lower environmentsl tesperature. Yor é:%

-2
o}
L
',—g—r
=
!n'-f
Er o

t]
\

the Xach 1.7 oondition, the engine demand became difficuld to
match vith an inist Laving external compressicn; therefore, the
K 1.7 condition for thia cycie was not included in the study.
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TARIE A-A
8ingle Spool Two Spool
Bogine Type Hedium Pressurs Ratic High Pressure Ratio
Design Machk No. 3.2 2.7 2,2 2.2 1.7
Wi, f5, 1b/sec 633 633 633 432 432
Takeof? .
Max. Aug. Py ©3,20¢ 63,200 63,200 36,200 36,300
Transcnic
M o 102 Alt' = us,m rt'
SPC 1.848 1.848 1.848 1.445 1.44s
Supersonic Cruiss
W, 1b/sec 470 291 203 187 195
Altitude - ft. 65,000 65,000 65,000 60,000 50,000
?H/q Min, Aug. 18.3 22.8 8.7 15.4 23.3
SFC Min, Aug. 1.62  1.475 1.566 1.46 1.315
Subsonic Cruise
M= 0.8 axt. ~ 36,150 £t.
Ty 5000 5000 5000 5000 5000
a7C 1.08 1.08 1.08 .89 .89
Inlet
Type (2) (2) {1) (1) (3)
langin/Dis, 2.0 20 1.8 1.8 1.5
Height
Engine Ibv, 1,600 11,237 31,090 E,k50 8,050
Bozxle Sizs Ins, 83.3 Th.2 71.0 55.0 48.5
$ Angmeutation 100 100 100 30 30
(1) Axizymmstric External-Intezmal Comgression Inlet with Translating Centerbody
(2) Actisymmetric Externai-Internal Compression Inlet with Varisble Cantarbody
(3) Axtsymmetric External Compression with Tranala‘ing Centerbody
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WERIGHTS DATA
Ths welighte ueed for thiz study are perumetsic extrzpolaticas of
B-2707 informaticn. Weights are shown in Figure 4-G for a
ropresentative wing fcading of 65 paf. These weights include

ectimxtes for body fuel incremsnts as required. The primsry

structure for all Hech nuzbers is titanium.

The increments shown for dssign cruiss Mech nuzber variaticns include

aliowances for the changes in stricture, systems, and power plant.

Figure A-10 shows the totel propulsion pod weight versus airflow
for dcth study engins cyclez. Parsmetrically selected sirplanes
¥ill be analyged in more dstall to refins ths weight estimatea.
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DIREBCT OPERATING COST GROUND RULRS

R A

The direct operating costs of the study sirplanes wesre calculated in

—-—

accordance with the FAA Supersonic Transport Eccnomic iodel Ground

Rules (3ST 56-3, June 20, 1966) with the exception of crev pay.

Sales prices were based on proluctian of 200 airplanes and development

costs amortized over 30C airplsnes. The prices of subsonic airplanes

shown for comparison have beern adjuated tc reflect a development
prograx sixilar to that of the SST. Eowever, development ccstc were
incivded in airframe and engine price to determine maintenance costs. }
While the design ranges used to determine maxlwim gross weight
included the effect of wind and tespersture, the operating costa are
based cn & stsndard day, no wind.

Annual utilization was varied from 3300 dlock hours per yesr for
subsonic airplanes toc 202C block hours per year at Mach 3.2 sz shown
on Fig.A-11.Puel price was comstant for all designs Mach numbers op
to 2,7, snd incresesed 63 parcent for N 3.2 as shown on Fig. A-11.
Crevw pay was raised with deaign gross weight as shown.
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