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1.0   SUMMARY (RFP S.l.fl 
Hie Boeinf propuluon pud cunorpt arWlod f« the pto- 
powi airpUne u shown in Kit. 1-1- Si.mifiauit (eaturM 
incorporated in the pod (or nvuimurn ptrlumtance, ufety, 
idiability, mainUintbiljty, and «ervircability indud«: 

• A aeparable, aelt-tnnUined, (rlf-amtroUing, high 
performance, aupemnir inlet with a diflercntial, 
praasure-actuaUd, Mcondary air door lytlem to 
maintain a sate and ttabl* operating condition kl 
the event of an inlet untUrL 

• A wparable exhaust •yslem aiaembly »hkrh aup- 
pUea ita own ventilating and coolinj air and which 
nquirea no inputa other than thrust lever angle 
to control ita variable area (unctions lor maxim urn 
perfonnano*. 

• A thrust reverser integrated into the exhaust aya- 
tcm which includes a partial irverae position lor 
increased flexibility in airplane speed control dur- 
ing descent, landing, and taxi. 

t A flight idlo provision t/> allow the rotor RPM to 
be reduced as a (unction of airplane speed during 
normal deacent to provide drag lor deceleration 
and to save airplane (uel 

• A windmill brake to reduce engine rotor RPM 
in the event of in-fl Eht enfrine shutdown. 

• An accessory compartment containing all engine 
and airplane acccsforics in a low tempera tun en- 
vironment. 

• Non-pressuriied ronventkmal cowling which opens 
as two halve«, expomng the complete engine cai« 
and accessohca (or ease of service and mainte- 
nance. 

• Inherent fire aalely due to the non-ventilated, 
non-prmsu.SMd bum-throuch cowling and the re- 
mote engine location prmided by slnit mounting. 

• Freedom and flciibility in sdspting the airplane 
nmCguration to any selected engUM. 

1.1 ln«U« M*ctfMI 
At this time, a strung argument is not being made (ot 
any one of the specific engine oflr- igt submit;«] in pre- 
liminary (orm on November 15, I'J&l. T^ie piufjlsiuo pod 
fur the pmpiMed airplane is dnugned around the General 
Electric GIL4'J4C engine. Although this engine appear» 
to be the correct choice, bawd on the current RFP miasia* 
and available engine data, the Boeing configuratioa, using 
the propulsion pod concept, lends itaell to use of any of 
the offend engines. 

Boeing experience with the Model 707 has had • 
useful influence on engine selection. Thst prcigrun ha* 
shown that the rircrsft manufacturer must cuosider th* 
long-term utilization and growth of the aircraft and not 
make a puinl-deiign evaluation based solely on conditka» 
existing at the outset of any pngram. 

Early cflurtx to combine the le-ssont learned in th* 
Model 707 program with detailed SST trade studies in 
suppoK of airline forvcants led Boeing to the sugmentsd 
fan as the desired cycle. Ttm choice came about du« to 
the li-.irc (or reasonable subsonic specific fuel ctmtump- 
tion and low airport noise. 

rhese early judgments have been altered recently, 
in part by unexpected improvemonta in turbine tcthnol- 
ogy and by an incroawd undemanding of sonic boom. 
The requiTment for a limiting overpressure of 2.0 prf 
during tnvnr.onic acrelcrat-on strungly influences engine 
cycle choice. 

Improvements in turbine technology, both in ma- 
terials and cooling trthriques, have led to a reliabl» 
forecast that turbine flame tnri>eniturrs 200" to 300" F. 
higher (hi>n was believed practical three yean sgo «rdd 
he used when the SST become« operational This COO- 
sideretion rniw« the flight spc-ed st which the turbojet 
is still superior to the fan. At a fixed, supersonic speed 
the fuel advantage o( the turbojet is increased. 

The importance o( »implioty (or maintenance, !•■ 
liability and early availability make the turbojet cydt 
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more attnctiv*. 
TV Borini Cutnpany, in •elcctirg U« mgvtt ia UM 

in the propoMtl phuc, work«! with lh» meine tntnufac- 
turcn to rnmiie that the turbojet* ^'.ng r.flrred it thi* 
time coulH he convertH either tc ier»>»U|;«l lurbujeti 
or to titrbofani at aome later date. TYm change would 
occur il aubucquent FAA-sponiond ttadk-* or airline 
need* ahould neceMitate prugrem redirection. 

A complete diacMulon of thi propnard engine* and 
the atlection at the huic engine (or the propoaal i* con- 
Uined in Section IL 

1.3   Propultlen Pc4t 
TVr« are (our independent propulraon pnda (Fig. 1-2). 
Each poo i* hung by ■ atnit to the undimide of the in- 

buerd wing tnrqu* boa. The engine ia attached to th* 
atrut at three puinta with ronetype (ittipg*. Tfm* 6»- 
tinga are aellaligning to aimplity uutallation. An inlet 
aswnlily i* bulled to the rniiine cumpmaor caae ajid 
an exhaust and rev« r« r aMerr.blv is bolted to the engine 
turbine (rame. The inlet and the ethauat aertwn* may 
be readily removed from the propuUicin pod for arparat* 
maintenanre (Fig 1-3). Omlmf over the engine and *tn< 
fairinga complete the pripulsion pod. TYie inlet, th* 
engine, and the ethautt nertion comprise * unit thst c*> 
be aau^nblcd in its entirety fur insUUalion on the rtniL 

Becimse the unitued ethauct aertion provide* ic 
own cooling, the engine instalhtion ia not cnmpramiaaiS 
with large duct». Conventkiml two-piece ouwlmg can b* 
used. Airplane and engine acceeaarie* «re arranged on th* 
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engine in the luunl manner. This permit« the name «aae 
of Bervicing u in typical of exiMing airplane«. Opening or 
removal of the cowl panels expose« the entire engine build- 
up, including the portion under the strut 

t.3   tnflln« lnl«f 
A new coneppt of a variable ' 
terbody inlet is submitted it. 
Noteworthy advances in safety ai. 
by this new deuign. 

Control of the inlet is accomplished by an automatic 
control system which governs the position of the variable 
diameter centerbody and the controlled bypass door». 

-or translating cen- 
pri)KiM] (Fig. 1-4). 
■facl-jncy are realized 

Natural furres act on «econdary air inlet doors for takeoff 
and on secondary bypass door« to srrest shock expubiOB. 
Tlic system, eicept for the fuel supply pump, is self-oon- 
tflincd within the inlet and require« no signal from th* 
flight deck. 

The inlet provides a cruise pressure recovery of 90 
percent at a bleed penalty of only 5 pereenL Performance 
is also high during off-design conditkmt, 

1.4   Ixhautt Syttam 
T'ne complete exhaust noule and re\emer, including In- 
tegral cooling provision», nrtuatior. and casrade roveim, 
is rupplicd by the engine rnnnufartuirr as a unit (Fig. 1-&). 
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Clear definition of reaponxibility for dfvclopment and 
operatiar. is thui ensured. Development of this hot lec- 
tion u an independent item, completely free of any air- 
f*aim considerations auch aa cooling air, is assigned to 
the engine manufacturer. 

For maintenance and aerviceability the exhaust noi- 
de-rrvrner section is readily detachable from the engine. 
The engine exhaust system consists of: 

• The aft section of the engine augmentor case 
• The variable area convergent-divergent notzie 
• The integrated thrust reverser 
• The variable area secondary inlets for nozzle ven- 

tilation and cooling air 
• Actiinlors. controls, and associated plumbing 
• The exterior cowling from the aft end of the 

engine cowl panels to the nozzle exit 
The design of the system will he closely coordinated 

by Boeing and the engine manufacturer. Boeing will con- 

trol the external lines of the exhaust system and integrat* 
the exhaust and revereer systems into the propulsion pud. 

Nni-M" suppressors are not requir ■' TSe takeoff, land- 
ing, and ground noise requirvmenls are satisfied without 
special hardware. Nevertheless, The Boeing Company 
U applying its experience in testing, analyzing, and re- 
ducing noise throughout the design. 

1.5   Fual tyitMN 
Simplicity ia a feature of the SST fuel system, giving 
it the desired mnintainnbilily and reliabOity. Only four 
main and two auxiliary tanks are used (Tig. I-T). Center 
of gravity control is maintained by a balanced arrange- 
ment of tanks and bv feeding (ml directly from the tanks 
to the engines without monitoring or switchmn by the 
flight engineer or by the use of computing devices. "Ht» 
auxiliary tanks use an override pumping system to debver 
fuel to the crossfeed manifold and srlerted engines.  Re- 
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•crvoi «re equally diittnbut«d in (he main Unlu. Syitam 
dnipi preclude« Unk-to-Unk tniuf«. Cnm feedinf 
from main tinkr to an engine U uaed only to rompcniat* 
(or unusual conditiona, auch aa an engine out or ruatainad 
difTrrential fuel ennsumptian. 

A combination of thermal inaulation, scheduled fuel 
usaice, and natural oxygen depletion through an open- 
vent sysU-m rliminatea coking and the fomulion of tank 
deposits. The need (or inerting and purging is avoided 
by locating tanks in cooler portions of the airplane and 
by placing vent exits to avoid full stagn tion tempera- 
ture«. Transitnt overehaots to Mach 2.« will not b» 
haiardoua. 

Pressure fueling and defueling i» dona from two 
stations containing nozzle adapters, tank quantity gages, 
controls, and illumination. 

The dump system uses portions of the pressure fuel- 
ing plumbing snd the additional capacity in the engine 
feed system boost pumps to jettison fuel out of a fixed 
tube in the body tail cow, 

1 .A Other Design Contldsrotlont 
A pneumatic starter, mounted on the gear box of each 
engine, is used for engine starting. Air from either a 
ground source or an operating engine is used to drive the 
starter. The time required to start is approximately 37 
seconds. 

Tlie engine 03 system is an integral part of the 
engine and is furnished b> the engine manulacturer. The 
■ystcm capacity is sufficient for all flight requirements. 

Engine fuel Is used (or cooling the scressoriea. Ths 
compartment noumng the accessories, plumbing, electrical 
aysUms, and controls is an annular chamber insulated 
from the engine case. The outer wall of this compart- 
ment is formed by the insulatod cowl panels. TTis (it 
end o( the c\,mpnrtmv.it is a conventional firewall bairisr 
to the a(t portion o( the engine.  The (orward wall is ■ 
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portion of the inlet. Convection rouling to the nwny fud- 
cooled iU-ms and line* eiitabliiihe« the temprralure en- 
vironment o( the romparUnent The environment will 
be leu wveic than that in the iwual unihieldcd enfint 
caw acccaaoty iecliona typical o( today'i jet transporta 
(Fig». 1-7 and \-*). 

The engine compartment deaign mi limizea the prob- 

ability of fire or of aerioua damage if ana doea occur III* 
engine cowling oaiuuita of two hinged titanmm aDoy 
aaaembliea with aluminum bum-out panrla; combuatiblaa 
are teparat«! froni ignition aourcoa; fluid draina are pro- 
vided; air flow through the compartment ia minimizad 
Fire protection ia provided by a cuntinuouiK-lanent fln 
detector and i high rote-discliarge eitingimhing lyataoL 
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3.0   INGINI INSTALLATION  OW i.l.9JH 

3.1    0«n«rat ftotcrlptteN 
The major componrnli of th» propulxion pod arc ihown 
in Fif. 2-1. The pod ociwiuU of: (1) the tupenionic inlet, 
(2) the en|inc Mction, (3) the nhiiiwt aecticn, and (4) 
theatnit 

Several chancn from the General Electric GE4'J4C 
November 15, 196.?, proposal engine were necensary to 
make the engine rompntible with the propulsion lyttem 
inalalUtion. The dsviatiom listed below have been agtcd 
upon by General Electric. 

• The engine support System designed to permit 
■ three-point-attarhment method. 

• The farwnrd flange of the engine designed to sup- 
port the supersonic inlet through use of a bolted flsnge 
amngemenL 

• The engine sreessory gor bni enlarged to include 
provision» lor direct mounting of a starter, two hydraulic 
pumps, and a generator with its constant speed drive. 

• The compressor outlet guide vanes designed to 
be rotated to an overlapping position by moving the en- 
gine-start lever to the cut-off position. This provides a 
windmilling brake. 

• The engine accessory compartment insulated from 
the engine-case temperatures by an engine-mounted, Boe- 
ing supplied annular shell. Boundary layer bleed air from 
the first stage of the compressor flows at a very low rat« 
between the shell and the engine case. The shell is fitted 
with thermal insulatiryg blanket«. 

• TV enp'no fuel control designed to include: (a) 
an unlocked rotor regime for flight-idle as a standard op- 
erating procedure; (b) a purtial-reveme-thrust operation 
band; «nH (c) a special bins to open the stator angles 
during re>en<e-thmst operation. 

• The enjjinc evhai-it system designed to include 
vsniiWr htra boundary layer air scoops to provide venti- 
lating and cooling air to the eshaust nocil«. 

• The eshaust gs; eiit path for i» verse thrust apm- 
ation tailored to match the propulsion pod poaitiona on th» 
airplane. 

The supersonic inlet is bolted to th« forward lac« <rf 
the ei.gine. The aft, or ixhaust, section la furnished by 
the engire manufacturer. 

The engine section is the ce.iler portion of th« ft*- 
pulsiun pod. Contained within the engine section »r» th» 
engine and its mounts, the engine accessories, the engin«- 
drivrn airframe accessories, and the engine-instrument»- 
tion transmitters, together with sssocialed plumbing, wir- 
ing and controls. To provide rapid and unhampered acoeaa 
to all areas requiring frequent servi-ing and maintenan«, 
hinged cowling with quick-release latches enclose th« •»- 
gine section. 

'Uns propulsion pod provides the same ««sy and simpJ« 
acesa to engine components characteristic of aubnonie 
jets. Complete propol.-iim pods can be built-up in their 
entirely before installation. By this method, oumplet« 
pods can he placed .it strategic locations thioughout th* 
world for use aa pool stock. 

3.3   MeunHn« 
Each propulsion pod is attained to the underside of th« 
inboard wing toique bo«. TV center section or structural 
portion of the strut contiins two structural bulkhead« 
made of heat-treated A1SI 17-4PH corrosion-remsUnt 
steel. These bulkheads accept the engine-mount load« and 
transmit them to the wing front and nar spar«. Shear fit- 
tings are used at the wingtostrut attach points to pr». 
vide rapid removal and in-.Ullstkin of the strut Forward 
and aft of the Mrurtuml portion of tV strut «re noo- 
structurai fairings. Those are attached to tV lower «urtae« 
of tV wing with quick-releaw futencm, 

The engine is attached to the strut by a conventional 
three point attach system siinilat to that used on th« 
Model 707 commerriai tet. Delails of the «>stem «re shown 
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in Fig. 2-2. TW atUch points tr» on the engin* forward 
mount ring and one attach point ia on the engine rear 
mount ring. The ergine ia inatalk>d by Mtling a rone bolt 
at each of the three attach point» and torquing a nut on 
ea~h bolt Within ihe cone bolt, engine vertical loads are 
taken in twit tendon; thrust and aide loads are taken in 
bearing on the com socket The cone bolta are aelf-aligning 
and iimplify engine installation by eliminating the need 
for praciae alignment of matching holes brfore a bolt can 
be inserted Two cone bolta are attached to the engrne by 
links which transmit the engine loads tangentially from 
the engine cat*. Two forgings attach the cone bolts to the 
strut structure. The forging for the forward attach pointa 

ia fixed and is part of the strut The forging tor the aft 
attach point alio part of the strut is hinged to allow fc» 
engine expaiuion. The ~ T bolta and the liiika are mad* 
of hcat-treaUd AISI IV-tFH corraaion reaiatant sUai a* 
are the strut forginga. 

The load di..j;rnm for the three point mounting aystai 
ia shown in Kig, 2-3. Engine thrust is taken totally at Point 
1. Engine side and vertical loads arc taken at Pointa 1,1 
and 3. Engine seizure loads are taken at Pointa 1 and 1 

3.3   tngin« Oil Sysfmn <RF^ 3.10; 2.25.21 
The engine oil ayateffl (Fig. 2-4) provide« for engine hibri- 
cation and is an integral part of the engine. It ia fumkfaad 
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by Ute engiiM muiubctuicT. The »yutcra i* romprwed ol 
the follow inis itcim: w oil Unk nl nine |>Uoni toUl oO 
capacity, which «lao conUin» a drarntor; a hwl oil hieat 
exchanicr. which coo!» the oil; pumpe which provide far 
•cavenging and premuming the lubrication ayiinn; and 
an oil filter, which u bypawed should the filter bftcome 
dogged. 

The uwtrumenUtion ic^uirod to monitor the ofl «ym- 
tern (Fig. "-T) U (umu-hed and installed on the engine by 
Boeine. Componenti ol thia instnunentation an: 

• Oil quantity prab* 
• Oil pressure trananitter 
• Oil IOW-PRMUIC warning twitch 
• Oil temperature prob« 
• Oil filter pressure transmitter 
• Oil breather pressure transmitter. 

Ihc oil flow circuit (or engine lubrication begins with 
the oil being scavi-ngcd (mm the engine bearings and 
pumped into the (uel oil hvat exchanger where it is cooled. 
From the best eichanger, the oil flows through a filter and 
check valve to a Unk where it is denerab-d. From the ofl 
tank, the oil passe« in series through a pressure pimp, a 
filter. ■ check vn've, and on to the various bearings re- 
quiring tuhrication. The system operates at a normal pres- 
sure o( «0 to 70 psig with pressure relie( occurring at 100 
pnig. The oil-in temperature limits are —10" F. to 42.V F. 
For engine starts at lower temperatures, some external 
heatinp will be required. 

The tvpe of oil used is per General Electric specifica- 
tion. GEA SCfT 20A. An experimental oil, Esso WSX-5435, 
is facing qunlified to the Onrnil Electric specifications. 
The nine gallon tank is more than enough (or the maxi- 
mum eniluni'.ice o( the nirplnne at the gunranteed maxi- 
mum oil consumption o( 0.50 gallons per hour. 

1.4   AccatseriM 
To provide mnnimum reliability and the liest possible loca- 
tion lor miintcnancc and serviceability, the main hydrau- 

lic pumps and the constant speed drive electrial goiar»- 
tor are mounted dirortly on the engine. These airlrama 
accemories are adjacent to the engine starter and also I* 
the engine accesaoriea. Fig. 2-5 shows the location of tha 
major «crt.-.sori«* mounted directly on the engine and 
readily '.icceHsible through the open cowl panda, 

Tlie hydraulic pumps are cooled by the fluid that ia 
pawing through them. The constant speed drive and tha 
generator are bo'.i rooted by the constant speed drive ofl. 
The oil is in tun. cooled by a fuel-to-oil heat exchangar. 
A schematic diagram ol this cooling system is sl-uwa kl 
ri|.24L 

2.9   InstrtHitMitatlen end Cngin« Analytcr 

3.5.1    INSTtUMENTATION llff Sl.ll.S 
Complete and accurate indications o( all important cngint 
function« are provided at the flight deck fay signals (ram 
electrical trarsmi'ler* mounted on the «rgineXThe instrt- 
ment panel arrancement is shown in Volume A-VIIJFig. 
2-7 lists lor each (unction the type ol indicstion, monitor 
location, and the tvpe ol pickup used. 

With the excplion of thrust indication, sH ol the bt- 
diintor» and trsnsmitters are production iterm used OB 
present day ainrnfL A schematic di.ignun ol the thmat 
indication system is shown in Fig. 2-8. The tj'stetD pro- 
posed for the SST »ill renct elc-ctrically to changes in tha 
nozzle area as well as changes in the ratio ol the total 
exhaust gas pressure to the inlet total pressure. Tliis sy»- 
tern is very similar to present engine pressure ratio sy»- 
tems. The only difterencc is that the nozzle area variabb 
doe^. not exist on present fixed area exhaust systems lor 
suhsnpic jet«. 

Another method o( thmst indication, which has been 
used (or flight test purposes, is under consideration lor 
the SST. This method will give s dircrt reading ol pod 
net thrust by electrically reading the force eierud by the 
pcxl on the thrust link. The Boeing SST engine mount- 
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|             rUHCTIO« 
i      LOCATION TYPE OF 

INDICATOR j           TYPE OF PICKUP         1 [PILOT    FLTENG. 

i     1 s« K DIAL j       TACHOMETER CENERATO«           | 

i EXHAUST CAS UUPtftATURE IECT) X DIAL TWRMOCOUPU 
I THRUST (CM*) X DIAL !       TRANSMiriER                            ! 

1      • TANK FUEL TEWEKATURE - MAI«, DIAL THERMOCOUPLE 
s TANK F UEl i EMPE RAVURE - AUXILIARY DIAL THERMOCOUPLE                          1 
1 FUEL FLOI X DIAL THANSMJTTE»                             1 

!      ' INLET FUEL TEHPERATIMC DIAL RESISTANCE BULI                     | 

i OIL PRESSURE DIAL TRANSMITTEN                              I 
« OIL BREATHER PRESSURE DIAL TRANSMIHER                              1 

1     " OIL TWPtRATURE DIAL THERHOCOUPU                          1 
ii ML QUARTITY DIAL CAPACITANCE TYPE PROBE         1 

" LOI OIL PRESSUH LIGHT PRESSURE SWITCH                       1 

1     u 
OIL FILTER CONOITKM LIGHT PRESSURE SNITCH                      1 

1     !4 
VtBRATKM DIAL MASS ACCELERATION                   1 

1     '* MH-IQM LIGHT VALVE POSITION StlTCH              | 

1     » INLET TOTAL PRESSURE DIAL TRANMinER                              j 

1     w INLET POSITION DIAL TRANSMITTFR                              i 

it AUTO. INLET CONTROL LIGHT POSITICÜ SWITCH                         1 

" NOZZLE POSITION DIAL TRANSMITTER                              1 
n FIRE DETECTO« X BELL AND LIGHT CONTINUOUS ELEMENT                1 

1     n 
TH..UST REVERSER POSITION X LIGHT POSITION StlTCH                         | 

a CSO OIL INLET TEMPERATURE DIAL THERMOCOUPLE                          1 
I     ii ruELQUANTITT EACH TANK DIAL CAPACITANCE TYPE PROBE         | 
j    » TOTAL HjlL REMAINING DIAL TRANSMITTER                              | 

n Eua PUMP ION PRESSURt LIGHT PRESSURE SWITCH                        1 
n     : FUEL VALVE IN-TRANSIT LIGHT POSITION SWITCH                          ij 
v     \ STARTER MANIFOLD PRESSURE DIAL TRANSMITTER 
u      i FUEL CONSUMED FLOIMETER DIAL TRANSMITTER                              1 
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ing lyston ia easily idaptable to this method of thrust 
mranurement. 

Carrful detail Icipi will eliminate the possibility of 
any thrust hcinK transmitted by other links, fluid line«, 
duct«, or engine cowling. Elongation of the thrust link 
will be measured elei-trirally to give the thrust load. Com- 
pensation for airplane attitude and "g" loading will be 
«ccomplUhcd within the system. This approach to thrust 
measvirement can be developed to give « true reading of 
actual engine thrust with an accuracy equivalent to eiist- 
ing engine pressure ratio tysteim. 

152 ENGINE ANAI fZEK-MAINTENANCt 
ANALYSIS AMD RECORDING 

A» ■ mean« of rcduring rruinlemincc costs hnd improving 
•chedule Rilhrrence, a flight maintennnce analysis and re- 

cording system ia under oonsideration for the angina and 
engine accmsoric« usvd on the SST. By monilarinf and 
analyzing engine perlurmanre, this systen: astusti in pia- 
pointing probable fai^um fur preventive action. IT» po- 
tential berefiLs may be considerable but further evalua- 
tion of eflectivent-» and reliability it requind. 

Tht system provides information in two fortm. Pint, 
the on-board display aflords a qui< k look at the data being 
accumulated and indi^aU-s any significant otit-ol-toleranot 
conditions to the flight crew. S«rond, the data are reconUd 
on magnetic tape for later detailed ^naly.ui at ground fa- 
cilities by general purpose oomputen, auch u those gen- 
erally available at airline installation». 

2.6   tutld-Up 
Engine build-up is the installation on the engine of plumb- 
ing, wiri'ig, and lomponcnts by ft« airplane manufacturer. 
Only plui'il.'ing and wiriiiK will be durussed here; compo- 
nents are Hiscu- -*<! in other part» of Section 2. 

Hie plumbing Is conventional, uncomplicated, and 
readily inst.nll"d or removed by fVandard »Tenclics. Wher- 
ever possible, tubmg bends are used to control ther.ial 
expansion, eliminnling the need for hosea. 

Fuel snd oil linrs on Boeing suSsonic jet engine« an 
in arens where eng-ne case trmperatures reach 750' F, well 
ohove the nutoignitinn temperature of lirrroll fluids. Yet, 
with more than Ifi million hours of engine time, autoigni- 
tion resulting from fluid lenkjge Is inn a probl tn. IT«« 
SST <nv:-onment forward of the firewall ia not different 
from that of the subsonic jet Since the leakage potential 
is no greater, the u1* of end fitlmgs lor tubing on the SST 
does not incre.T* fire haia-a. The gains ass'iriated with 
welded fillings in engine buildup do not appear to war- 
rnnt the added co-t of sU«-king spare »eld«! tube assem- 
blies where the use cl row stork tul ing will suffice. Stand- 
ard «id fittings are therefore used in the SST engine 
build-up. 
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To (aciliUtc engine chargea, hydraulic tubing runa art 
urmiiiaU-d in (K-K-w.iing couplings (quick-duconnect fit- 
ting») at a cummun disconnect bracket All tubing and end 
fitting» are made of oomwiun resistant ttcei. Tubing runa 
are aupported by damp« made of comwion resistant ttcel 
containing a cushion o( asbestos-impregnated teflon rein- 
forced with «ire. 

Tubing less than 1.0 inch in diameter uwa flareleas-end 
fittings with conventional "B" nuts. Tubing aawmbliea 
from 1.0 to 2.0 inches in diameter Uve flared-end fitting» 
with "B" nuta. 

Tubing greater than 2.0 inches in diameter, such aa 
the rrmin fuel line and the engine hlcod duct«, U-rmmatea 
at disconnect points which are flexible to allow tor mis- 
alignment and thermal growth These tube sizes use bolted- 
flange end fitting». 

High temperature wire and connector* suitable (or 
the environment are used in tlie engine electrical installa- 
tion. The ' iring is routed in bundles from equipment on 
the engine to flame-re«iKtant connectors at the »Int- 
firrwall disconnect points. Large bundles of wires which 
would otherwise be exposed to chafing or damage by main- 
tenance personnel are protected by channel raceway*. 
Convrr tional high tempcature loop clamps are used to 
attach the wiring to the engine. In systema such aa th* 
oil svstem, where more thin one instrument reading is 
taken, the wiring from each transmitter is run in different 
bundles to prevent complete loss of instrumentation of 
that system should a «ire bundle he damaged. Ground 
buses are installed from the K\sir engine structure to the 
aircraft to maintain electrical continuity without depend- 
ing on the engine support fitting». 

3.7   Accessory Comparttnen» Envlronmant 
The engine compartment, which contains both airframe 
acces^iries and engine accessories. Is maintained at a rela- 
tively cool temperature and a minimum pile of ventila- 
tion. This provides an environment that ensures reliability 

2     Dft-2400-lt 

and long life of the arceMoriea. It also gives the maiiroum 
proUction from fire and permita a simple, lightweight, and 
effective extinguishing syatera. 

A suitable environment, with acceptable temperatur* 
limits for scccssories, is provided by use of fuel cooling 
of components within the compartment and by insulating 
the compartment from the engine case 

The compartment is insulated by two feature«. Pint, 
the engine case proper is enclosed within an engine-mount- 
ed annular shell. Boundary layer bleed air from the first 
stage of the cumpresMir slowly flows between the engine 
case and th.- annular shell. This air maintains the ten»- 
perature inside the shell below 550 F. Second, the ouUr 
surface of this shell is insulated by s ihertnal blankst 
which maintains the compartment temperature at an ac- 
ceptable level (Fig. 2-9). 

Airflow in the accessory zone is held to the minimuiB 
amount required for venting to compensate for altitude 
changes. Tins is dune far three reasons: there is no appre- 
ciable g.iin in rone cooling with airflow: fire extinguishing 
system efTectivrness deteriorates as airflow increases; and, 
fire tcmiierntures are limited when fires are oxygen-atarvsd. 

The essential features of the compartment are shown 
in Fig. 2-10. 

2.«   Drain System 
Drainage in the pod falls into three categories: cowl drain- 
age, engine pad and equipment drainage, and large-voluBW 
fuel drainage. Danger from flammable fluids and contam- 
ination of the engine compartment is minimized by these 
drains. A list of the iiema drained is shown in Fig. 2-1L 
A diagram of the drain system is shown in Fig. 2-12. 

3.1.1   COWL DRAINACI 
Leekafce of rain, fuel, oil, and hydraulic fluid within the 
pod cowling Is drained overboard at the cowl low point 
To provide s good flow path for fluid, each circumferential 
frame of the cowling has a large offset The fluid flows be- 
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tween the cowl «kin »nd ÜK frame o<I»rt to th« low point 
Tlw fluid dram« ovrrbotrd Ihrouch ■ 0^-inch diameUr 
hole in the row) «t that point. 

7.9.7   ENGINE PAD AND EQUIPMENT 
DRAINAGE 

The rnRinr drain »ystom rrnioN« (rom the enfinc oom- 
pnrlnviil the fluid« rfsullinx (rum lenluise or overflow ol 
the «-urine comjxmcntH.  Individunl drain tube» are run 
from e.ic h engine component and accesMji^' requirinf drain- 
«Kc   The  dLschnrjte point« of the drama are clustered, 
provi.ling a convenient point to check accessor«« for i 
ce-vsive lraka~«. Tlie drain tuhe outlet« are located at 
the  «ft  end   of the cowlinn presMjre relief panel. Th» 
cowl e»it L« «hnped If direct drainage overboard and pre- 
vent it« re-<-iilry. Thi« same method of drainage u I 
on the Model 707 aixplanea. 

3.B.3 FUR. DRAINACI 
Fui1! drainace from the main fuel manifold, the augmentor 
manifold, an.1 comhustur« i» collected in a drain can. T>u» 
drain^ipr would lie objertionafcle if dwharged directly on 
the gnnmd. I'iT^Mjri;»tion of the can by ram air torvea 
the fuel overboard throuih the drain e»il in the engine 
cowling. 
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J.9 Ingln« Cowlln« 
The mxin« tv»lin| (KIR 2-13) <-n<-ndi (mm Ott «ft tot 
of Ih« outer wirfiire of th« enüinr inlet to the (orwtrd tni 
o( the engine tJisust noulc. Otier.JIJ the co-vlmi provMUi 
tccess to Ue engine mounting, plumbing, wiring, «nd «e- 
ci-s.s..nc» llii re »re two tiUmum »Uiiy (Ti-8Al-lMo IV) 
duplet-anncalul pnn<'K (or enrh mgine. Each p*ne) it 
muhly rentovalile by unUUIiing and rotatrng the P«IMI 
to the mnoviJ position. Ordinary hand toola auffiot (or 
panel rvnvivnt. Either panel may be renioved without t%- 
moving or adjusting Üie oilier. Either one of the pinii 
can be rotaUd to the open position and tucured then by 
tubular brans. This gives t-nsy acoeu to the aoceaaory 
are« without t-movlng the panel completely. 

Quick aco-j for oil Krvicing is provided by a aepaimti 
«null arrrvs door in the ctjwl panel. Atvess for ground tilt 
eitinpui hing « pro\idfd by push-in pancK Two Uifc, 
permanently in .tjill«!, aluminum alloy aubpanela ar» pi* 
virfed to allow fire bumlhrough relirl should an enfint 
ompirtmi nt fire occur. "Hie very light gage of the noo- 
slmcliirnl panel combined with Üic low melting point tl 
nluniinum n^ults in very early failure of the punrl when 
it w sul>j(x led to a fire environment. A wnall hinged axca 
door is also provided for adjusting the fud control unit 
during '.n engine (round run. 

3.10 Ingln« Comportment Hro ProloctloN 
(RFP 3.33.1, 3.3.1S.4I 

3.10.1 COMPARTMENT DESIGN 
The encine i-ompnrtment is designed tc K-Juce to the min- 
imum the probability of fire by: (1) sepnrating of com- 
bustiMes from iRnilion sources, (2i providing drain» to 
prevent au-u-nulntion of combustiMr fluid« and. (3) pro- 
viding an appropriate pressure di(!irenti«l acrus» tonca to 
prevent the movemml of comhu-tible gn^'s fnim one zone 
to another. Fire proUs tion is pnnicli<l by a continuoui 
element fire detector >y»te(n and a single notrle, high-rat*. 
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II MANIFOLD PfiCSJURI^mC 

AND DUWF VALVt 
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dwrh*r|«a ftre MtinfutkhiiiC lytUm. All coinp-.iwti local- 
•d in ', Hi« tune «i» file roiistant in «rcordancc with CAR 

Tht Mifiiie u «upported (run the win| by a «Irut 
which provides a phynical «rpantiun of an t-nKinc fire or 
npluMon from the wiiif primary structure and lud tanka. 
The furward vrrtual bulkhead and the lovirr »par of thia 
•Imt are coiv-tructrd of Ktamleoa »Uil to Lsolate the engine 
enrnparUiMf it frrm the ktrut All com|.'artnvnU within Uie 
•tmt ran tain in( fluid-carryini Unit are dnlt Kaled, vent- 
ed, and drained. Draft aeala are provided between the ttmt 
and the win( ntntcttm. 

T«0 large engine-fire bumthraugh panela provide 
proHourt relnf of the engine corn|.irliwnt and allow oaa- 
■age of fluid and Aame out of thia compartmmt should an 
engine fire otv-jf. 

AU fluid carrying linea and elntrical lenda enter tht 
engine compartment through cteel fittingn and are fim- 
piuof in accordance with CAR 4b. All con'.pur>enta located 
in a drsigniited fire zone are eiplwionproof. Compartment 
ventilation ii essentially u-ro and liiniUtl to that necesnary 
to provide adKiuate venting for altitude cluingea. A small, 
pmitive prrvure dilTereiiluil i.i provided bel»ei'n llie accea- 
•ory Mition and the fn« air r|>ace to prevent flow of gaa 
into the actewmry Mctioii. 

TTie cnmpnnenU in the engine combustor »cetion, auch 
aa alu-rbumer fuel line«, furl drain can, and thermocouple 
hamem, are designed to wittutand puddle firea. 

3.10.3 FIRE DETECTION 
A rontinuou» element fire detector nviitem i* installed in 
each engine rompnrtnK-nt. Tlic elerr'nt i« engine mounted 
and attnrhnt with quirk niMTiing, hinged dip«. The ele- 
ment run cover» the l-itlom nl the engine «nd other criti- 
cal an-n» which r«|uire fire dejition coverage. The detail 
routing of the eltment run provide* maiimum prot/ction 

from damage by maintenance pcnonnel or adjacent enfiaa 
componenta. Chafing or breaking the element will Ml 
cau-* fake fire warning«. Indication of either a fir» with- 
in the engine compartment or an abnormal trmperatun 
condition i» provided to the flight deck. An abnormal tem- 
perature condition auch aa the rupture or leakage of a hi(k 
premure, high temperature ail duct, is indicated by • 
flashing red light A fir« condition is indicaUd by a ooa- 
linijous glow of the rad light and an alarm ball 

3.10.)   FWE EXTINCUISHMO 
The engine cuiniwtUuent fire extinguishing lyatan ia • 
single nozzle, high-rate-disrharge i.ystem. Two aupply 
bottles containing an extinguishing agent (triflorobraroo- 
meüuine) are installed on each side ol the airplane wilk 
provision« lor discharging the age it into the engine cao- 
partmenL On each side ol the airplane, either battle er 
both buttles may be discharged into either sccewory cor* 
partment. A fire extinguisher twitch lor each aocesaory 
comimrtment and two transfer switch«, one for the two 
eztinguisher bottle« on the left hand side and one for the 
two extinguisher bottle* on the right hand side, an pro- 
vided on Ute flight deck. 

3.10.4   FIRE SWITCN 
A fire »witch is provided lor euch engine. Actuation of tht 
switch iicfomplishes the followmg: 

• Clusc« fuel hhutoll valve 
• Close« hydmulic suilion shutofl valvet 
• De-exrite.« generator  and  dinconnecta generator 

from eli'clrical system 
• rut» out hydraulic prroure warning lights 
• Amvi the engine fire extinguishing «ysUn 
• Ctunrs tir bleed shutofl valvet 
• Clo«« engine anti-ice valves 

All functions can be returned to normal in flight 
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3.0   ENGINI INUT fYSTIM   IMP  3.1.f.*i 

3.1    Inlvt Contldtratlon« Summary 

Th» kuprnionic inl-t prtwcnU one ol the major dnupi 
problrnu confn>ntin( the wipfrsunic transport, both (ram 
pcrformanre and aatrty •tandimintn. Buemg «ubmiU in 
th.» propooal an mlrl i-uncrpt tiuil is new to <uper»onic 
ai/crufL In it» esM-ntialf. tiiir. design embodioi the well 
known aiLsymmetric inlit d(~i(!n tuchniques. A variable 
diameter, nontranslating centerlxxly i» provided to coi.lrol 
throat area mdipemlent of capture area. Sadty of flight ii 
guaranUvd by the use of xiinple, prcssure-actunlud auxil- 
iary doors. Thene duore prevent an unstable condition from 
enduring in the event of irli-l unntart. 

Tent progrumii show that it is definitely possible to 
build an operating inlet and associated control system 
capable of adapting i'.-sell '.<i its airplane environment 
Such an inlet »ill provide (Vie desiivd performance during 
takeoff, climb, acwlerntion, and bubwjnic crui;« regimes. 
The inlet will aUo adapt itM-lf to »tall, ciigine^x^t inter- 
ference, unstart. and gusi efler'A It is recopiUed that the 
inlet stability and shock system characteristics are such 
that airplane safety cannot be sokly dependent on the 
automatic controls. Automatic controls are present to 
maintain the trim schedules essealiol to efficient and eco- 
nomic flight. 

Should the automatic control system fail to maintain 
stable inlet operation, aeeondary doors will be opened by 
the air picssure« acting directly upon them. These doors 
*re redundant in quantity to ensure adequate air flow 
capacity and reliability. Although efficiency in this case 
is reduced, the inlet operate« in s stable region. AirplaiM 
safety is in no way impaired 

3.1.1   INLET SEltCTION 
The supersonic inlet chnven far the propoh.il airplane ii 
an asisymmetric est<-mal-intemal cumpresaion inlet. 

The proposed engines for the SST have high tnn- 
sonic airflow rcquirementa relative to cruise requimncnU 
because of the need fi>r high transonic thrust an the air- 
plane. The capture ana re^mremenU at supersonic cruia» 
size the cowl lip. Tlie high ratio of transonic to cruise air- 
flow require« a large variation in inle: throat ana lor 
efficient operation Kig. 3-1 kh"w« the airflow demand of 
three ofTerrd engines as a ratio of capture area required 
at each M.TII number to the i»plure area at free strean 
M 2.7 cruise. The corresponHmg throat areas an also 
shown. The required area ratios are readily obtainahlc 
with the rhofe-n inlet which has a variable diameter cen- 
terbody. Fig. 3-2 shows how the airflow demand et the 
three engines, shown ui Fig. 31, romphres with the rapture 
area (air supply) ol the inlet. A variable diameter Center- 
body design was chosen as the configuration (»ft fitted 
to the airflow schedules of the proposed engines. 

The choice of the axisymmetric inlet over the two 
dimensional type was based on the following inherent ad- 
vantages: 

• Higher pressure recovery with lower boundary 
layer bleed 

• Lighter weight 
• Lower cirnirr.ferentia! distortion «I engine loot 
• Combntihle with the podded engine concept 
• Separable component, more easily maintained as 

a unit 
In addition to the ease of airflow matching to any 

engine airflow demand, other advantages of hsving th* 
variable diameter eenterbody ir the inlet si»: 

• The physical location of the throat remains in a 
namiw region fore and aft. This greatly simplifies 
thront Mach number and normal shock position 
sensing. 

• The fix«-d fore ami aft position of the eenterbody 
permit« fixed lengths of inlet Mach sensing lines 
and cemerlssly bleed ducting. 

• The sliding leaf frali.rr of the cenlrrliody design 
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En^tnm Airflow Oawirf 

provide «n nutomatic reduction in bleed at lower 
Mach number« consisttnl with the demand« o( 
the inlet for optimum recovery. 

3.3   Sytl«m D«*crlp«t»n 
The inlet inrorpornte« a variable dmmeU-r cenlerbody for 
controllinn the throat area and variable bj-pn» door» for 
matrhinK inlet to engine airflow. The jilel u Hhown in 
Figa. 3-3 and 3-1 

3.2.1   INLET COWl ASSEMBLY 

The inlet cowl wsembly i« aupported by the engine for- 
ward dunce. All loml» pan» from the l.ilet into the engine 
and llmiugh the engine mimr.ling »y»l«n to the strut 
and wing Ihe alt buy of the inlet »wtembly mnlain« the 
actualom tor tlie controlled bypns« door« and other ele- 
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mcnl.s of the inlet control system. Unds on the actuaton 
nre nducid and rqualiwd by mechinical interconnect! 
between the door». The controllt i bypam door« «re •» 
eatH imn«itüiUl>' forward of the «cltuitor bay. Also in 
this area «re (..ur doom lorali-d 90" «part which provide 
overboard p;.s^ipe for the centerbody bountlary layer 
blwi. TheM" doom arc mecKanically connected to the 
variable centerbody for clokure in irbition to airplane 
«peed. 

In addition to the controlled bypaa« door» Hiimiwied 
al>'\e, the inlet «utembly ctmLain» a M-I of vuckin takeoff 
d(X)ni and wcundary bypnua d(K>rs (Fig. 3-4). 

Thcw diKir» are rl'M-d in normal cruise operation. 
The leading and trailing ed^cs of the rinsed door« form 
tailored slot« to pas« the eo»l inner kurfaiT l»>und«ry 
layer blin'd efficiently overboard. 
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CENTtRBOOY StMENTS 
TRMUMIC POSITION HOUNTM 

FLANGE 

SUPPONT 
jTitun 

COMTML 
UNIT} 

CONLAOEMBLT 

w,lA^..»^/r(P'W•, 

-SECCHDART 
BYPASS DOORS 
NORMALLY CLOSED 

LtADINCtDCE 
CONTROLLED COIL PANELS 
BYPASS DOORS 

-CENTERWOT 
BLEED OOOO 

TV Uikeofl door« are nimilnr to thou* on Bocin» 707 
fnnjrta. They «re springloadfHl to the rlovxl position 
»nH open inward in rrspons* to low pmwuie within the 
inlet during »Intic »nd low sprrd operation. 

The K-ondary byj«*«« d(K>r> are «prinn-loaded Lo the 
rloM'd position for ;ill n<;rm.d operntinn ot the inlet TTws* 
door« open 'xitward to relieve the pre-^urv in the lorward 
pnrt al Hie inlet cau-sed by any khork system expulsion 

at Mach numhen» ahove2.0. 
Hie inlet rowl twrmhly i« cnnstrurted d titanium 

alloy TiHAI-lMo-lV duplex annealed nvlrhal. The *•- 
«cmtily enn 1» removed n« a unit by disomnerting the 
mounting brlla at the engine (nee (tinge, the ealiin air 
supply line, the plumbing to tlte pump on the engine gear 
box, und the inntrumenlalkin line». 

Air (or the enhin supply and the eabin heat exrhanfer 
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i* collected in ■ ihurt m&nifuld »t the Uip ot ihe inlet jiut 
forward o( the mount Suif«. 

3.2.1   CiNTKBOOY AÜSEMUT 
T^e centerhody ix a high nlrmgt) (ted and titanium u- 
sc ,i.i.l> mpported from luur ftn-uinlincd struti that ooo- 
,*• i to ' K inn«T surface o( the inlet cx)wl a&senibly. "Hie«» 
f'niit position the n-nlcrlxxly, iiau il' Ktructural loadi to 
Ihe cyvl, provide pas^Ke (or iru-trumentation and contra! 
UneH, and r.lio passage (or the ceiterbody boundary lay« 
bleed air to the lour exit doure rrlcrred to previouily. 

The centerbody avv?mbly conaiata ol: 
• A none cone, in which a hoiscd the variable di- 

ameter control unit and the Mach aeniuir probe*. 
(The cover for this area ia easily removable for 
■erviring.) 

• Fourteen variable diameter •egmcnU with 14 radi- 
ally upaced leaves. 

• Two leta of link» and collar« which connert the 
actuator and the varvible diameter wpnenta. 

• The main lupport tube and the necemary frame« 
nndalilTener«. 

The actuator li powered by engine fuel at IMO psi 
through a «rpirate pump l(>./ite<l on the engine. TTii« 
pump ato power« the controlled bypasa door«, "nie vari- 
able are« centerbony lua the capntility of incfMiiing the 
inlet throat area 91 percent from the crui« position. 

3.3   Oparotle« 
The operation o.' the «upcrvinic inlet is independent of 
the mg:-e contnil». No ci>i,lr>U arc required on Ihe flight 
deck to govern the inlrlV variable area function*. The 
autonvitic power control f'>r the variable diameter cen- 
U'rlxwly and the controlled l>\p.is.t air doom is governed 
by «elf-contained pn-ure wnsing unit«. A complete and 
detailed dewriplion of tie inlet np'ration is given in 
Section  &. 
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3.4    f.Hormonc«  (KIP 3.33.11; 3.3S.3I 
Fig. 3-5 Shu»« tlie in-Ui'.li-d total pr«»ure rec<»'eiy of UM 
full wale inlet as a function of flirlil Mach number. Thil 
prvsMire recovcr>' includes the eflivu of the local flow 
fields. The total pleasure distortion at the engine lace 
during all normal fi:ght condition» will be within the «i- 
pine manuficturrr's rc<4'jirr^-,cnU f'ir cuntinuou« opera- 
tion a« defined in the engine specification The change in 
flow incidence angles is sfr-all becaiuc of the aheltehng 
effect of the wing at the under»ing inlet locations (See 
Figure 11. Par. 3 4.1.1, Flow Field Dclcrminalion.) Over 
the Mach number range where the irlet is operating with 
partial internal (T>mprev.„;r. (M r. 1.8 to 2.7) the 
change in the local fliw ang'e of incidence at the inlet lip 
will be about one ha'( degne for ll>c mlxiard inlet and one 
and one-half degrets* for IYA' outtxiard inlet. Even during 
engine-out conditions (or r>am|ilr, the airplane yaw angle« 
will momentarily be le« than 2 riegree« which produce« 
total pressure distortions t.( l<--s thin 14 prrrrnt. ße^nuse 
the distortion ia predominantly radial, rather than cir- 
cumtennlial, and  Usau-e  it  I» taVifl  from smiill   scale 
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modrl daU it w nprctrd that the ftctual full-Kalc dis- 
tortion Irvrl« will br rvm lower. Durüif t i>udd*n 2J> "f" 
pullup maneuver (which «ill oexur very rarely), th> 
change in the oulbuard inlet angle of incidence to the 
local flow will he ahout (our drgrei« The inboard inlet 
angle of incidence change will be les» than two degreee. 
This is considen«! to be the must critical inlet diilortion 
condition. At thin condition the outboard inlet pressure 
recovery will drop off about ten percent, and the distor- 
tion level will be sbot;« 20 percent. 'ITiis is tolerable (or 
the short time such ■ maneuver will ls<L 

The relative locations n( the inlets are such that the 
flow field of one inlet doe* not nflect the operation of the 
other. K'.vn in the event of an inlet upstart the expelled 
shock will not disturb the adjacent inlet This has been 
verified by wind tunnel tests with two operating inlets. 
(See Par. 3.4.1.2.) 

In the case of an inlet unstart the pressure actuated 
■econdary bypaxs dnors will open and the automatic con- 
trol will open the controll«! bypass doors (see Section 
5.0), to «tnhili/e the ripelled shixk system and prevent 
inlet hu«. The automatic control system will immedmtel;' 
restart the inlet The efTect on the airplane of the pressure 
fields created by sn expelled shock have been studied in 
wind tunnel tests. A discuK'ion of these eflccts on airplane 
stability is contained in Volume A-V, Aerodynamics. 

3.4.1 ENVIRONMENT 
Supersonic inlets are sensitive to Mach number and flow 
direction (incidence) conditions at the inlet face and to 
transient changes in these conditions. Since the engine 
performance is dependent upon inlet total pn-s..ure re- 
covery, it is neces^iry to evaluate the InMnlli-d inlet recov- 
ery, in order to deterrninr nirjtlane performance, A major 
(»art of this e\attiation is the determination of the flow 
field under the wing «I the inlii lip »nil the inlet per- 
forrrmme in this flow field. A further requirement is that 
the inlets he completely independent of one another MO 
that flow conditions created by one inlet cannot disturb 

J~"2 

I I 11 ^■<li'»J1 •..'-.«. ,,J 
Flo» F„/<( ftolM 

the neighborinf inleta. 

3.4.1.1   Flow Reld Dt«rmlnotleii 
In normal fliclil the outboard inlet »ill see no more than 
1.5 deprces nnpie of incidence. Ivisod on experimental and 
analytical flow IK Id data, while the inboard inlet will ne 
alnuM no nn|!lc of incidence. 

Flow field survey« in the vicinity of the inlets under 
the wing were nude in the wind tunnels using t complete 
model of the nirplnne. A prewure rake was used to tnea> 
ure Mnrh numlsr and flow direction beiicath the wii|. 
Fips.1 <", nnd 3 7 show the rake and the rake mounl.'d on 
the model. The flow direction relative to the airplane body 
centerline is measured in the lorm of dowT.wash and side- 
wash comp>ncnts KIRS. Wl and 3 9 show lines of constant 
sidewash for the inboard and outUnrd inlet locations 
Outward flfiw is indicated as negative sidewash on the 
curves, l-ig. 3 9 slso shows the pressure coefficient (C,) 
mensured on the wing and tin- local Mach number which 
corTes()onds to thi« Cp. 

The flow  field under the w ing has hr-en calculated 
using  theory (or a swept  flat  plate at  the same swerp 
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nn^le at the wing Fig. 3-10 (ho»i the theorplkml Mach 
numfx-r and redaction in »treiim tube «mi for th« two 
inli t Uxaliuns (outboard find inboard), •* ■ function of 
airplane Mach numlx-r for the airplane angle of attadt 
cur.e ahown. Data (rom the Bow fifld test »r» alao ahown 
in Figs. 3-IOMUJ3-11. 

Fig. J-ll hhuwa the caliulated and mMüured inlet 
anpli' u( incidence vt-mu airplane ant;le of attack for ■ 
Miwh numlx-r <if 20 to 2.7. From the airplane angle ol 
al'mk curve in Fig 3-10, together with Fig. 311, it ia aeen 
thiil (or Mnrh nuinhcru above 1> (inlet optrating with 
purliiil internal compresaion) the inlet« will M>e loaa than 
four liier«'« incidence lor airplane onfl« ol attack of Icaa 
thnn «-iclit degrws alx)ve the cruise angle. As eiplained in 
Par. 3.4. this com^pond» to a 2.S "g" pull up maneuv«-, 
which is the mo-t critical condition impo-i'd on the inkC 
This maneuver rJiould never occur in commercial opera- 
tionn. It ia hh<mn that the inlet can kafely be operated 
under thin condition. 

3.4 1}    i  Dclng ol Adjocanl lnl»H 
"nie relative apacmg betwwn ad)acent ml» ta must be auch 
thai the mli Ls are Completely indt |H-nilrnl of one another. 
In Ihe caae of ar airplane wilh M (».träte jxuls. (lie »-pneinf 
i» set In the rf'juirenxiil lhal nn inlet unslart i>n one pod 
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not ntlnri th« inlel on th« rwighborinj pod. 
Boeing UwU have l«->ii run with too uperabng, ud- 

ivnutM'thc inlet mtxlels to e*lahli.vh the reUtive lor«tiofM 
of fuljuvnt u-ihM required to |<i< ■.inl llie npelled thock 
of one inlet mim ii(I«tir< tti* oilier. Tbt U-st model ■ 
ihovoi in f\g. 3-12 M i.sUlled in the kuptrwjnic wind 
tunnel. Fi{. 3-13 bhovi »n exj« HIM nU.lly derived torn 
repn~«-ntmg ■ boundary of unsati»f«rtory locations (of 
an adjarent inlet An inlet will be undutuibed if locatad 
■head of tins lone. An inlet can be operated behind thii 
lone and tolerate Üie unslarting of the adjacent front inlet 
only if it has a hicher throat Mach number, correspond- 
ing to a recovery redu» tion of 8 to 10 jiercent. On the pro* 
posal airplane the inlet« are positimed forward of Ox 
none »o ttut then; »ill be no mutual interference or r»- 
covery reduction. 

FiR 3 M (ihows a wfluence from a high-»peed movie 
of the sli «k «yalemii <( two inlcla Li a coplanar ^»ition. 
Tlie e»pclled khock i» clearly shown for one irl.-t, but the 
ndjinnt mill Li unaffected because it i« located in the 
»atisfactory rone In this li-st tlie b>p.iss dour lynUtn ct 
the im'lnrti'd lop inld was umulntid in closed position. 
In F'g 3 IS Hie top inlet was unstarted, but with the 
bypos» dnurx ►imulaied open. In both case« there w« no 
inlerfirrn.-e between inlets, and in the wcond case the 
»trength «I the cupelled shock wa« much reduced. 

34}    RECOVEIY 
For (^'er five yenrs TTic Boeing Compnny ha« carried out 
Ihit.ii liivil amlvses and eiperimenlnl testing of varioui 
inlet concept« (or the SST. 

Some iif the nnslrls UMNI in these test progmm» are 
«howTi in KiR 3lfi. Sues rm^e from OK inih diameter 
cowl lip nvalrls fur inlet aircraft «tability, control, drag, 
and inlrifercnie stui'ie« to 10 in» h dinnvler cowl lip 
m/e ni'sirls for boundnry layer hlet'd, stability, and per- 
formance test«. A*is\ninielnc moileU, hnlf.axisN-mmetric 
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Rtgion of (nJ«r Mvfw«' lnl*rftrinc» 

nwxlfl», »nl two iluncnsionnl mntli'l« o( diflrri'nt «ii«'« hav» 

A ^vimrrwiry of rroivory Icwl« nlUünrd with th* aii* 
»Mnrr-rtrir, i-xlrrn.il internal rompfewoon inlrt m'KirlÄ »im- 
ilj>r to Kiß 1--1 IH »-hown in KIJ;. 1-17. Rrrrnt NASA AniM 
ft'o shown for inforrn-ition. AI*o f'hown nrv initial tc^t daU 

(or filed veniem» of Ihf propoMid variabl* diunrUr ocnUr- 
body uiU-t Tlir fm «tn-am (uniform fti ■. without urpUia 
rffixU) nrovrry rurvr u«<l k> tli«- bfcM» (or uutalled inl«t 
pcrf'irmanrc ralrubliom for the propoHl airplaiM i* i 
prrsriiUd. TTw »irplane installpd inlet prrionnanot i - 

»re considered later, but Kif. 3-17 khowt the f 
(omuinrv level a&sumed (or the inlet. 

i ig. 3-18 hhows the predicted (utl-acmW üuUlled < 
inlet recovery a> a function of eirplane flight Mach I 
ber. This recovery includes tli* eflecti o' the airplane flow 
fields and the flii-'hl attitude« at varioua Mach numbeis. 
'llus recovery wi^ deterroinH as (ollowa: Initially the inlet 
was di-MRned and dcvi-bpe-l by U*ting proper sited moduli 
in a uniform flov. field. Measumnenlj of the local flow 
conditions in the potential inlet location! on aerodynamic 
wind tunnel mode!» provided angle of incidence and Mad) 
number Variation! to be cipected. The-« incidence ami 
Modi number cvndifion» were simulcU-d in the wind 
tunnel by placing curved plat«! in front of the tnodcL 
The re-ulling inlet (xrfomianre efTi-t. vere lUidied. For 
Fpnific inlet« IheM" testa were filln.i-d by Ui.U oi inlet 
moihli in a uniform field and then in the pressure field ol 
a model wing. Such U*ts have showTi good correlatioo 
between predicU-d in»Ulled pcrfortnanoe and p<Tfürtn«nc» 
in the wing flow field. 

3.4.2.1 Inlet Deiign (RFP 2.IS 1« 
The ».pecific inlet internal aerodynamic design (or the 
fiF.4 v'4C engine is deioilied a« follow». The "»le model 
tost« of this inlet are still in pr'Sr^ss, but the a»uiyn>- 
rmtric inlet models which have Ixxn lostrd »re very aim- 
liar to the proposed inlet 

The uilel capture »re» ratio curve is shown in Fif. 
3-19 logither with the (iK4 J4C rnitine capture ratio 
Khc<iulc fur sUiiid.ird and non .Undard days at maxi- 
mum drv power and ilm.e ITie inlet internal contour» 
are sliown in Kig. :(.M lor lilorh 2 7, 2.4, 2.2, and at sub- 
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lie and mrucnic •[«•«•da   The i-orre^pundinf uilrm»i 
w arrj« are ahown in Kift. 3-"l, »uh the r<|uiv(lcnt 
lical in. ludi-d iulNMmic 'iitlu-t«.ii trnfle and Mach num- 
n at the engine luce. 'Hie difluakin unglea «re within 
luea ctmaitlered acit'ptuble fur inlet design. Tlie internal 
ituura wen* di^igm-d by cumputtng  the fluw charmc- 
iitm iniilf the inlet tu ülilain acxptiibie khuck pa* 
TW, wall static prt».Mire kradunU, and throat velocity 
ofilea ttirtiughout the Mach number runge. Lutnipl't of 
ia numericul fli,* .r..ld work are included in Fig. 3 22, 
owing the pn>[M>Hfd inlet intema) How at the design air* 
ane Much number u( 2.7 and at one off-design condition. 
he average throat Mach number it 1.3 when the inlet ia 
lerated in the mixed cumpre^ion mode (n irmal thock 
«allowed)  above airplane Mach 1.8. This Ihroat Mach 
unber provuli^ high prc-s>ure recovery w ith adequate eta- 
lit; margin t > bundle upstream airflow dulurbancet auch 
i gMHta or airplane maneuvera which cau-*- inlet Mach 
amtier or flow direction cliangi-s. The^; numerical aolu- 
orui of the flow «juationi, uMiig the nn-thod ol character- 
tic» and shock wave theory, have bcx-n confimxd by wind 
innel teat 

At the proposal airplane design Much number of 2.7, 
wtalltd inleta will operate on the airpline in an average 
ical Much number fu'lrt of 2.5. "Die Iloeing Mach 2.5 
i'rt model haa contoura Himilar to the inlet chosen tor 
he pniposal airplane. This miKlel his Ix'en tested exten- 
ively and will be referred to n« the Yw-ic inlet model. 
>ie model ha» the Mme cenlerliody angle, same length 
two cowl lip diameters), generally the winv internal con- 

ours, and the same design Mach number as the proposed 
nlet 

TTie variable diameter ctnterlxxly inlet hat good 
•ontoura for the Mach 25 desii^i rondition and for the 
»ff-dc'ogn suixTsonic cmise and accelemlion ran(;e. In the 
ransonic and sultwinic range the variable diameter cen- 
.erUxly inlet alw-aya has ade<iunte area at the lip station 
o provide the proper lip velocity ratio. Kxcess nir t.» UKen 
>n Ixiunl at these spee<l« and bypassed overlxwrd at low 
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angle» f» the exUmul stwim. "Pie variable diameter cen- 
terUsIv mil t is maUhed to give tlie oiitimum trade l»- 
twivn pressure recovery ami bypasa drag. 

Tlie situation of engine shut d IWTI with »indmillinf 
brake iipplie«! is the He^ign i-omlition for suing total '.y 
[vis» disir area (secondary and controlled Intxis» . Kor 
thi« case psscnlially 90 percent of inlet air must paat 
througl. the bjpnsa doora. 

3.4.2.2    Moch J.$ Ft»« $tr»om »Kovary 
Data 

Tlie free »Ireiun perfonrtince of the basic inlet test mod«! 
i« vh.iwn in Fig. 3-23 as a functi.in of Maih numtier and 
nntlf of im ui« net. Fig, 3-2< shows prt-wure n-covery versua 
Maih n.imlsr. His ivery 's 'A 2 |«nint at Mach 2 5. To 
increase the stability margin ngainsl upstrenm flow dia- 
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turfotinrm the inlet operatra ^.th a thrtwit Ninth numher 
of 1.25. In thoNp U*LH the inlet opcniti'd with » RWäII«*«! 

Ithock up to nn nn^Ie of infKienr* of 8 dcfiiwn. Thi« ct)r- 
rt^IxmHs to An nirjil.-ine en/J-.' "f altnck of 20 ile^ri'*-- (Fig. 
3-11). well heyond nuperwmic *\*t*\ flight ItmiU. The** 
ti*^t.** nl-o Rhow tli.it the inlet enpturr mns.- flow ntio »a» 
iTinMnnt up to 1.5 degn* nn^le cjf mi uleoce, a« **fv hy the 
cnn-tjtnt  eenteiUitly   ray  angtc.  This   mdiratwi   '.^al  no 

thnwit area rhanKc« werr rfquired, Aä a rr«*uU the inWi 
«mtml ne«i not read over thi» ranjt». 

A brper thrrvit area nrxjel «a« alvi UMed 71» per- 
fumvmce nme ahowTi wilh broken line« in Fif. ^-23 is 
for this lartfer ihmnt nrwi, rorn-;*in(iir.j: to a 1,3S df*i|rn 
thnvit M.-uh numher. Wiih \h\% ronlrnrikin rjtio tiw 
inlet w fnjkihlp <»f anepttnn wi II oscr luo (Upreo* rfwinf* 
in flow inodenrr hrfonp inlet (xmtnJ ■rti<xi ic requir»^. 
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but thit is Hct'iniimniwl by ■ rrducikwi in rrrovtry. 

hiitlDM) cf Kig. ■! J'» 'PM" nmuunt »if b^^od i» wrvi-n per- 
cxnt f"r ihis tifxlrl M/r (14 mrh HwmrUt cowl Up). 
M.KI. 1 tt-f* ul n n(,iil\ uli ntu.il Much HO mlrt »t 10 inch 

bl«-<<l nnv^..' vvMrtim (-(mid \w »nfimpl^h«'«!, fSowc-d a 
dr« n-.>sr in bUi.i n-quin-rm-nl to ftTS jKrrenl, It i» et- 
j«^ 1(^1 tint thp .ri |x rrrtit bl<f*d iis>unV"d f«»r \\>r nirpUr* 
l>«rliirm;imT rnlt-ulfltion will k*r atlfltm-d with full srmle 

[vn".Hurp n^tnery v^r-u-* «mount (»( blwd (or thr 3.4 inch 
(ii.irrMlfT ntttdil Kip .1 2n KIIO^-. tlM. < ;,1( UIHIO-I airplane 
r.Tiu't' \ir-u* [M nt-nt bltt'd (or Ihr lull MBIF '..■lei TW-* 
i :ili uljit innv n^unw thnt tbr proirwi) mrpl i,1*' in1, i KAU 
Ihr "omr intunl inlet rwiMTV ^, ihi ...*..i ^-■t^ tmt 
with 2 (M Mi-nt 1»-^ M<IH1  'Hu- Ufiiic  t« • A. < r. [ n-v-urp r*- 
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iu acruunt in f 4 3-2«. 

1.4 1.3   Haw FUW tMavwy 
mU wrre ctmilMcted UJ dctennina th* prrfürm*iK* cl an 
let in a mm unilurm flu* held T>ie (wld umWr the wiM 
M »tmuLit<rd :n frunt u( the inlet by pUt ing c\irv#<i 
tin upntrt-am of the uilH.  Kij   J-'i? khow» the inlet 

,_:r-rt« »«as« 

z^- 

£Äi-'"-S« 

■nd the pUte "Hie ptrlnnnanre. ir. prrt*nt at Ire» ttrimni 
toLnl pri's>ure m a (unrtio of rhange in f.uw angle arroM 
U* inle-l fui-e, u thc»-n in 11{ 3-2«. Vsmt the data from 
the li'f ilrram inlet and flow ti' Irl U«U, the perlormanot 
o( the prtip4<s<il inlet lüiu.ted under the wing »ai calot- 

Uted iFu 348). 
The dekign n'.-overv c-urv- (ur intrta Vxaled uoAm 
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lh« winj i» oimpwirrd with Ihr fr<T «tnam pnr» u« r»- 
rt.-vcry nin'e in Fig. 3*lfi A« fchow-n by lh(-sf cunT» I** 
kiwi due to non-uniform flow "* ■pproiifln«l*ly «JUPI to 
thr g:iin due to the lower Msrh number in the »m| pre»- 
■ure firld 

3 4 14 Inlet Under the Win« 

A» further «uppnrt ol the pirdicled periomvinoi ot the 
pn>p>ifutl mli t. U^l* wi re rondurtrd in the Boemg Biiper- 
«inic wind tunnrlt. The tr^t ctnfioirntt'm wnr the Iwi^ie 
«iwymmrtric 12 5 dejirM- eintetlolv inlet »ilh • »inf 
diwly --iniul.ilmii the |>.iil of tile 7t ilrpriT r»r\A »ing 
lurunrt] r,f the inlet. The inlet und »inK nre khowT» in^tjilled 
in the »in«' tunnel« in Kie-i 3-29 through M2 

The li-t »n» mndutt«) «l 7 mid h Jrfrre iingle« ol 
«tUik »t tunnel Mm h numl« rs Inmi O.fiO to 2... Tly inlet 

wn- fin-t liMaUvi u,: tlie wing rrntrriine »nd then near 
the <nJt«.nrd «i^e of !•.• »ir.g. Mmulnting t)>e (wo inle« 
iiMftli'in* The ar.i'» of l)ie inlet won ftfoa turned inw»nj 
relnlive tn the wing nny ol r>'mmetry U) f--tjihlish the 
optimum inlel nncle lor tlie outwosh ol tVie l««l air »• 
rruew- Kic 3-m ^liov » inli-t pre^-ure reooven ver«u« inlet 
• ncle Tlie iiptimatn kntle of Üx' inlet IK 4 '• Aifntm in 
ward U> the lK»dy erTiUTline. 

A tmn-^jnic le*! uMng A LI'I       ^.-ile m-"!' 
varuihle   Imnwler ►ptVe IT,lei   i .   in  i 
photogrnph of i)ie rrvxli' IHIIM t i ^    » .^ 
PrelimmAn datü from the* o-; KH '. .«n u tig 3-36. 

Tlie n'fculUi of lioth the trati-inn »lul MJJM rsonic U^<U 
of thr- inlet in'tjillcd undi. tin wm^ nre plutted in Ki|. 
3 .'W\ «long with the (li^iim inlet procure recovery. Puf« 
te^t tl-iLa ha\t' hhown llutt toting wiili brger N'ale inleU 
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» I live inlet ptrfurmanre iiKTcaM-n uf I lu 2 i« t<»Tit. 
W ^h tha mcrrmmt aiiplitxl to the l<~! diU bhuwn, the 
dt-Mgn pir(urm«ni.-e -K'/uM be excmled by < »uflirient 
margin to ptrtnit u(irratm( with the 2 perrrnl «UbUily 
margin raquim) (ur control dyiuunia. 

3.4.3   DISTORTION 
The toUl pressure dulortiun at the comprcwor l»cr i* 
■ (urn hem of the angle o( incidt-nce ul the ml« t to the 
local flow, the umount ul flow ili>torti<in in the air at the 
inlet lip, and the internal geomilry ol the inlet flow pa» 
•age. The inlcta are inntiilli-d under the *ing, redudng 
local angle o( incidence clvingo» with airplane angle ot 
atlac'it ami are ont ntrtl with renpert to the local flow to 
be euentially at iefo angle of incidence. TTie flow direc- 
tion change acn'M O.e outlxMrd inlet luce ia very amsll, 
(bout I.S degrees, and acnjM the inboard inlet about OS 
defrm. 

Fig. J-17 ahowb typical cflmprenwir fuce total pre«- 
•ure distortion Wnt result» (or the KI«IC inlet model op- 
erating at varioua Mach numhom und angli« ol imidence 
(«), flixtivery and capture ana ratio are noted, to- 
gether with Much numlx-r »nd angle of incidence for each 
dugnim »hown. For each mtunlion the General Electric 
distortion indc« (N,,) is shewn aa computed per direc- 
tion» in the GE4 J4C  msLulLitiun nunual   (lle(J). At 

the »upereunic Mach numUm luted (ur uro angle ct uo- 
iencf, tin- distortion mdet u Iwluw 0 1Ü u required lo» 
ion', mi.as engine oj^-ration at no (M-rformanot penalty. 
Tlie distortion u predoniuiar.lly radud which i* chara*- 
tertstic ol a npiketyi* atuymtnetric inlet. Axial flow 
cxjmpre*vsora are unuall; le»* »fleeted by radial than nr- 
cumfcrential distorlicr.. 

Airplane mam-uven or attitude chang« during «uper- 
aunic truise »ill Iw on tlie onler o( • 2 degree» to cov» 
all normal oprtationa. Ilia »ai rt^alt in inlet dintortMnt 
will within the 0 15 ...IJC ^Ili/»ed Sot continuoua cruise 
with «nail perlomunor reHuc'Jona Tlie engine-ait ya» 
conditionB will lie les» liiafl '. di-grw!»- With lull-acaW 
inlcta it i» expected llmt distortion level» will be even 
lower, die to n-ducli'm m Kale eftecta and hecauae at 
the Urge ^ca\r more ran be done to cimtrol Ü>e boundary 
layer. Tlir sidewaih an«le« (wen a» inlet flow angularity) 
im n-ase at transjnic end rulx^mic Ma<-h n- mla-r» but 
the distortion It »IIH at transonic and sul»sonic sjwssis haw 
Ixsn Icu.'id to In relatively un-iflwU-d by inlet flow anglea. 
11H' mlit distortion will lie acoeptabla. 

3 4 4   EXCESS All ORAO 
T^e inlet drag» ossiMintKl with boundary layer bleed, 
exc«^.'* air hpillage and IAJK.SS air ire div-uwd in Sets 
tun 12. 
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4.0   IXHAUST tTSTtM (Mf 3.1.V.SI 

4.1     C«n«ral Do Mr lpt1«« 

T>ir «klviuat ■> itt m a ft M-pardU «A^rfithly Ou»t (mil bv 
buth UUUUMI of r>nu>rd wiih the ii,f,.nr in pUce un Utc 
■irpUn«. 

Tttc ethatut •\»Uin »sM-rnhl, iFig. 4-1) rwuuU at 
the aft MT-lMm of l/w m|[ine aufmrntri cw«, ihc vanjiMe 
• rw convrr^rnldivfrgtiil ej^n'tor n u/it; Ihe mU-tcrat^d 
thrwt rv\irrM*r; the VdruiUe ar«a w-ruLiTy ml. u (or 
nuule ventiUtHii) und njultni; air, t)w uttu^tuni. cunfula. 
and avMjcmUti pluinhing. and ihr rtU-nur tu^h.ig rv. 
quirvd to runtinur the ac-nMlynamtc cuntour of thr pod 
(ruin the aft tnd al th« rnninr iu«l panrla to the noitlt 
mit 

IT» doign of .he rihauit «ysl -m aasnnhly rrn"'"» 
■ carefully coordinated prugraro on the part of twth 11* 

Borinf Company and the rnfine mitnutacturrr. Ttie Bue- 
inf Company »ill »taMi>h rrquimncnta to make Us 
Ji- ftrii c<in>)>titihle with Ute airfrenie cunficuratian, audl 
a» t itrrrul rotthng pnifile fur inmimuni »t nalMmmic par- 
fiirmitnce, ihr Operation and riliauit flow pattern* of th* 
ihiirl reveraw, and ihr «iluiu-t cyntem controU. 

To prxnidr n\Aiimum prt>pulfri^e perfo. :uincc thruufb 
the bnwd »[«•d rarer of ihr aupereonic tranaport, th» 
*elcct«-d rnitinr, tlie General Kkvlric L.K4 J4C, requua 
a vanahlr «rw rorvirprnl-divergent »jejtor nozxlc Be- 
cause the proper ojjt-rutKHi of tlie variable are« f«*tuv 
of tii.- nor/lr u vital to engine performance guarunteea, 
the runi|>litr nliaust •yatem avunhly will I« dcMicned 
ai\d prutluifd aa an engine cwnponent by the erifin* 
manufacturer 

S»mr of tlie mHhatiisina that operate the variahl* 
are* componenla of tlie CE4 J4C turbojet enfin* noui* 

CNCWt COIL 

tNCINl CASE ■ 

- VARIABU AREA 
StCOkOART( 
,*llT V»«i|»Blf MU 

tRCLKlR      U«IINC7    tj[ClWtm. 
(-»Ml 

 ^  tKCWt t 
' C*$t  AUCDtNTO* 

PS.lWHr fL« 

VAKIABlf ARIA 
PHWJlk» NO/Zl'. 

- VAClABll AHA 
UIC10« TXROAI 

■ F OMARO 

BtJ     " --^*(    D'OgfO*   t»''Ow»t   S^llf«    -   for'-rO'^   ThfWlt 
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• rr umirr pifrnl cliAcloxurr rr<«tnctiont- Ai • reftult. (\f 
UiU o( compunrntii are not included in thti duK-UMiun. 
Urf   2 nuy b« rucuulttHl for drUilrd mturmation. 

4.3   Cxhowtt NoiiU 

4.1.1   DESCRIPTION 

Tl« phrruirv. tonverpNit lection of th* nozzl» consUU of 
vtruihlr poMtKjn flap «nd hrid Nfment«, • mounting ring. 
■nd BCtiuting hnkflpe. Thi* lartHm iurm» thp jet nozzle 
thront 'Pw vcondary, divfrfrnt ■ection con*>i»U of \ari- 
•Mr poMtiin, flap «nd uml MfmenU lupporting »truc- 
tun-, and •. tuRting linkage. Thil netion termu ihr ejrctor 
wall» and the e«trma| UmtLnJ surface. TJ» tyvcioT 
thmnt and nit arran are vtihnble in orJcr to guide and 
provjde mnxinmm control of the cvhauht gti» ciparuran. 
Aspiration and cooling air flow« over the aft ride of th« 
pnnvry nozzle BPgmenU and w taken into the elector 
through an pnnuUr (:nP provided at the nozzle throat 

433   OPERATION 

The rTthftu*t nozzle and revrn* control i% ^town in Fig. 
4-2  A 3000 psi hydraulic ayatrm uting the lame type of 
fluid .i' the engine lubricating oil powrn the c<intral 
nyntrnv 'Die ayalern u» MU contziined on e.ich engine and 
ha^ iU O»TI fluid rwiervoir, engine-driven pump«, and 
nunifold «ystem. 

The primary nozzle area i« governed by a clowd loop 
paiiilionin( control. The control ronaiatl of a hydro-me- 
chanical computer and MTVO valve, lynchranited hy- 
draulic nrtuntorm. and a mechanical poritifin feedb>cil 
lyatrm. TIVP nozzle in p»»-iti"ned HA a function of thrust 
lever arttin| and turhtnc temperature a» »hown in Fig. 
< T At low thrust netting« the ana w <-.taMi~hed in 
«crordnme with the "fl'Mjr" achedule At hiph lhru.>-t art* 
Ur£- the nn .i varies between the merhnnically eaUbliahed 
limiU of the "floor" and "roor* achedulea as a function of 
turbine !empe.jture. In this rrgirvn a turbine-letnpemtUP*' 

aignal amplifier tntrudme« a huii to Ü»e cjntml whicftk 
varie« the exit are.i U) hold a ctineUnl turbine temper» 
ture Pi»- "fl(X>r" «nd "rooT* K U-duU« maintain manuftl 
CfMitrul »if eut an-a tn ll* event of a turbine temprrature- 
aignal malfunction. 

The rjcclor thront area, which ia a funrttun of the 
primarv noz/Ie ptr-ition, eatablUhea t>»e annular gap pro- 
vided at the noz/le throat for efftt tent pumping of the 
anpiratkin and ctjolinf air. 

TVie ejector eiit area and buattaQ angle are gnvrmed 
to provide the proper etpanaion ratio f<*r nozzle efficiency. 
Studies are currently underway to poutKin the aegment» 
by preaaurv balancing. 

Nuzzle poaition ndtcatKjn ia provided on the flight 
engineer's panaL 

4.1.3   PlkFORMANCt 

The function of the nozzle ia to achieve maiimum throat 
minus nozzle dr»R fn>m the engine exhau»t gaac». T^e 
performanoe is defined by a groM corflioent Cr. whet»; 

Groaa Thrust-Notzl« Drug   (Including Hun 
Dmg of Secondary Air) 

Ideal Gro« TVuat jf Pnmary Plua 
Seomdary Air 

U'/zle ([eoimtry is achecluled U> a p<iaition »hkil 
(jivea ti.e iru&imum fn>4 th.~vi>t coefficient at any flight 
c<»ndilion. 

Tlic nn//le on thf CE4 J4C engine hw divergent 
walls, uhuh c-t.ihlish the nor/le ekpanaion ratto, A» At, 
and the e»ti mal hnnttail arRlr, Thtrse wnllt can he placed 
in one of four pivitinn» appmaching the ideal eipanaifW 
ratio for a (fiven Much nurnlx-r, Fig. 4-4 ahowt the eipan- 
sion mtio-Mach number relationvhip pro»aded by the not- 
rie. Shown in doited form i» the achcdule indicated by 
theory. 

Etperimental evaluation and analysis of this nozzle 
have been conducted by General Electric. TTie internal 

Cr. 

'Pu 
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1 ULI MT* 

IMM. D**l 

THRUST LtVERANCLE 

Noifl« *'— Coniftt S;»wAil« 

5 

i     3    i.o    il    :.o   jl    II 

AIRPLANE MACH NO. 

prrfnnmricf o( tdr n:in\f at fach rrxrhjinir») pn<itifl«i ii 
shown in fig 4 S Kig 4-fi sho»» ihr IxwtUil dr«| rftfrt 
fx|w^|i^ nt rnrh nr>7.>Ip pmiittafv 

'ütr nimpo-itr pcrfjmvinrr c«tim»U, Cr, U nhown 
in Fi« 4-7. 

An.ily«i« o( Ihf influrnrr nf lh* r»Um«l flow fwld m- 
vironmi-nt muvHj by Ihr rhm* prniimily uf th* winf an 
no.vlr crov^ (hm«l riM-flt. H-MI linn hrm mud^ Tlif dight 
iliH-nvi^ in TV177IP prc^^uri' rfttto rnu^'d bv (hf incrmiMl 
prr^urr fi>'.<) nncl.r ttir »inj «fi m-lion i» •ppmtimatrly 
oounlrr-biiUnrrd hy ihr nor» hvonblc prrs-umi «rdnf 

4        OtritOO-M 



^^rnmwvm^m 1     —— 

AIRPLANE MACH NO. 

on th» nozzle IxMlt^il M<m» in nil «irrraft p«Tfortn«no« 
i-.nlu.ilJHi'. Ihr nur i» »-sumol U) I* i>|*nilm| in frt« 
ktrram. 

414    EXHAUST HOW FIIID 

4 7 4 1     Surfoc* Hroting Influcnc« el tH* 
EjiKoutl Sir. «m IfilP 3 } 9 SI 

"T^c Ifnütion of thr propulsion ^fU under the »inu «nd 
fonfc;iril of tne tnl re^uirr^l nn inve-(ipation of the heating 
fffect of thr jet stream on mlpft-nt turfam. 

TTie«^ rofiititUma »err nntilyreH: 
• Cround rhrckoul of the ■uftrnmlrr on ■ hot d*y 

«t * t.iinl jil trmprntura of »[ipitnimalrly OTIO F. 
• Mjiiiinum dry oprrotion durtng ■ hot d«y on the 

gn>und   at  a  Jrt   trmptralure   of  approitmatdy 
IfiOO   P. 

•  Mannium aucmrntiition at Marh 09, 25,000 fw<, 
on a hot r;«y al a (el Umptralur» of 3000 T. 

To inw-tiffrtlr the gntund eunditifjna, a rn ■1.-1 Uat 
wai M-t up Miih i let eshauMifig *\iM\fsuie of a aimulated 
tp^!, ( I , 4 > Tlte )et wb« run at vanou» tir:,(* ralur«a 
up t/> the ."**} limit of tlie hamer Surfat» temperatuna 
w*-rr riMüSured at wvenil d.'Urre« t- ■- f the aimulated 
Uxly I!,- body wai pl.i.ed at vanoua di^tanees fnifn Ow 
)et ce-nterlme and at M-\er^l anpli-a rrfermerd lo lb» |rt 
(enti-rline T<--t data (or )et tempt-raturrs of 1000' F, 
IS00' ¥ . and 2.'<(/J f »ere taken aa a funrtion (A j»t 
duin*eti'n» doHn'-trntm and ra'ii^l distance* frum th« )H 
centiilme. The data »ere then (-»vv plot ted to »mv« at 
the r.nt tuu co.iditiofu above, «a khovt-n in Fi{V 4 9 and 
4-ia 

0 i       10      IS      70       :i     10 

■iRPLANC «ACM NO 
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AlRPLANt MACH NO. 

Jet w** f trmprrattirrHi, rather thun »urfm-«* Irmprr- 
»(ar»-«. iirr prrvmlrd for thr third n>nditH*n (Fi«. 411). 
The Rlnvf Hrta vurrtu^tl to drtrrminc tK.it vurfat» trm- 
prmtumi of «'Ij.nrnl airpUnc ».truiture do not Mcrcd 
'^J*J F (Th.« d« ti (tninalton w dc^cribni in Section fi of 
Volume A IV, "Slructu^e».,') 

4.3    Thrust R«ver»«r  (»fP 3.1.f 1 

43 1    DJSCPIPTION 

Thr thru-t rrviTvr in .m inlrcr.il p.ir1 *rf (Se rmuW t-truc- 
turr. MMnK »i ipht .mil niUu mg * - niplriiiiv The reverwef 
e»il pf.rt» are looitH in thr n<>;/Ir Hipporl *tr\i( lurr  Tlte 

v«n«Ue p>*itiiin fl [. and MV) M-|^nrnU furming th* 
priJTutrv f.or/ir »rea ronlrul are «Ivj u*e<J '(* thrust !•• 
■ M ..i b*uckji|ie. A -'.■ .;.:'.■ «if t>w thruftt r\<*r»rr in the 
r*-\*-T** IhmM petition »* shown in F»f. 4-12. 

'nir\i>t rt'\»*pwil m »< o/nipli^JM-^ by moving a serUdi 
of etlehor <■•*'..? to unco\rf cH*t*Ae «NW-mUMS Uxitad 
in the notzle nupp-^rt Mrvu'ture ITir primarv" n*jxiW v»n* 
hie \nt iti'm fthp and wal seiftnentJ» arr movJ aft and 
di-fl'tlt't mMhrd to b!<MV. '.•.' normal c-iKau«t flu« path 
and to diit<i ''.' rxhaukt outward throuch the catnadca. 
The oaivadc '■.■■,■.'.'..■- tarn and dirrct t)ie fabes into an 
rfÜrtent rrvrr« thrust putlem 

A partial rrM n^ p«^ it ion IM iriMjrp>jrRU<d into tha 
thrut-t revcrvr de*irn for additional fl'uhihty ir engint 
Ihruat ConUol. A Mh»m^ttr r.f tfte thrust n-vrrwr in th» 
nartial rtvtrw tl.i,. ' povitK^n is Kho^n in ) y  4 13- I'srtiai 

) 
■» t r f 

\! 

CiKoi/i» €iU(t o" Adtortf* Strwcft^a 1*9»* »m4»l\ 

16 C*^«»'! 
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71 30 « 

DlSTANCt FROM JET EXIT  - FT. 

J«i T, -»..uV« fro'  i«   Ma« A.Vw.'yf.^- . M ao     0 9 . 25.000 F^f 

thrust pr\'fnwil U a<t>mf4^h«Mi hv ofirninit t)>* cuwlin« to 
uncover ihr rA^-xtiv* and moving Ihr variable prwitkm 
wfTTwnU i*o lK.it they pitrtiully bWV the nnrnial e\KflU«t 
flaw p.ith Tl*^ rxhau«! fl<>» H dividrd M» tlial a pDrtum 
rrmtinur» «ft th: tu h Ihr rys-Utt noidr and th* rt 
matndcr u dimtcd uutward thrtniRh ihc rrvtrwr oucadet, 

431   OPCtATION 
TVr thrunt rr\(TM r IH ^'Aimod by a rla*d lfl|f>p. thrf« 
(<-. ■ -i contrtd portirti of thp nhauht murle and re- 
vrr*rr rtnitntl f>\si< m ni« con.«!-1» oi a signal trw< fwrn^m 
and arrva vulvr. BynThranic^d h\driiulir artuaior«, lock- 
ing drvKt^. and a nwhanical prysitKm (ti^ilin« V and uifrty 
!■ '- r! - V ityfttrm T^n- rrviTs*T IH |»<r iti-,n»-<i ay a (urution 
of Ihr thrust »rv r •rttuig. S^v S*iti-in 't \>>r a dr-triptton 
of ilipi t r<-\ffX'r (ontrrJ and aprrial («»turx* 

4 3 3   Pf ^fOtMANa 

Tlir i-ffn i» nt v of j tliru-t irvi-rw-r int-lAllaliun on aft »ir- 
pl.jnr h\ a fiw-n rnpiftf po»rr Nttinit ts (rnrraOy et- 
pn ^d ■' \i.' Mtiutil thrn<f thrust with th* unit in th» 
n-vtiM po^iiir«n txj Uir nrt thruat »ilh the unit in tht 
furwitrd ;■■»   "   *! 

F, {Rc\rrv) 
X 

F. (Funkard) 

Tht n*t thnM »ith O* unit in Ihr rrwmr pt*\%tcm 
rvpcrirnti-d h> thr airil.in'* diflrri frnn ihf fnr-* thruat 
of thr unit m thr riAi rv pfr-ition duf to r»m dni| and 
Mit* rfi rmiT- e f *■• t» of t)ir n*\f rsr (hru'l tl<'» fw Id <in tht 
drajt of lh#* air| lun»- For MampJr, Otf nonn«) rirnj of rt- 
tih.Iid fl ij« ihirmi !hr l.ihdinc h»ll on thr runway r»fi 
In- nf c««^! b>  ihr u wi^  thrust flu» f« Id under th« * »ng 

1/8 D6-;«0O-ll 
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Thr allow *Ue fn*» thnut ol the unit in rwer • is 
influrnt-vd b\ > •.. (^rtun (I) the am>(j*<rd mt * »■ h 
the rt-\er^e Ea*r« urr mjct^lrd into Ü»r engine uUrt. (2) 
the i-iw,. r »I ttuiK of thf rn|[iiie with ttkc unit in the r*- 
ver>e thrust [-^.': -i, und (3) the ui /'<■ in rt-Utiun to U* 
rncu~.e cenU-rli'v through »tuch tike rrvtr«« (&»«• «r» 
tunwd 

• Inice-tKin of the revrrw ethau^t K&i«* into th* 
mi/iit\r u Ciuncd mauily by i\w cuandA »tlichmt-nt 
of the t: ■. ■•- to i1-*- pud runluur and by the re 
rcbtrk*if<l ar»-a brtwvm thr wtng and the fround 
plane in »huh the rrvfr>e y * mu>t ftt^w. At the 
hij(^K-r air^j»-«!*, mornvntum of tJ»e frre stnma 
forcr« the rrvrn« KIM-« to turn amund and flow 

brhind the airf^lane AJ tiie aii>pt«<l u rvdu<«4, 
t^* tummf puint tntjvn \ rw«fd »jth rw-pert U» 
the ;• -! uT'tii '-''• t-ti£>ne jiU-t openuifk are trm \*A 
and ir.frtotKir  «x-ur». 

U")»« n in(e*tiun »irrur», th». enitifke ■-■*»ir niual 
be rwij' -^l to df^rwi»*- the r i» ß«» of the rrwfW 
gif** r>-.d alluw ti»r tumc / pnmt to fall hehmd 
ihe >- U-l ■..-■■.- Henrr. . the aupUne alu«* 
down, enprne [jcn»er w« dem -«J pr port»Ofi*'-dy 
At ti^ mttiali-tn of rrven* i'iru>t «t touchdown 
•il>pe*<la, t*>e iroiiin.am possible n-ventf thntft 
force ifl d^-ired and nftMum ta not * prrblem. 
The hi^nM prarUcal r.tcine po»rT u employtd. 
For   ii -i-;;!' ■ '.--I   enftntm,   v *.-   ta   maxunuio  dry 

RtVlRSt THRUST FUN 

-tNCiNt COIL 
ACTUATORS \ 

T RCOVtKPAIItL 

t •■ -.v i noi 

/■ 

l» (.  1 POSITIO« 

■ fOrt»l<0 

StK^-wj'.f D o^')* (atawK SfSf««   - P« v*f ■• Thrwft 
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po«rr iy* u** of •u^mmtrd po^rf it not iMMfalt 
Mfup OM*ltn| the rr\ftt4n rumpunmU wilh intind- 
tr> air i» nut pimuhlt. 

• HdrinK Kax «"*.!*'. S.-d (hn*u(li nprnencr that 
ihr matunum Knjclr, in rt-Utwn tu OM- tmguvt t-m- 
trrlutr throujeh »h*h the rt-\rr>r KS'-t-. *rr turnrd 
c»n \it r*«UtiIi-ht^l by tfM only Fi>r niBXtmum 
rwrp* thrust, the c i--- hhould br tumnl fun*»rd 
to iKenU-tit th^t ingtMiun wiU o».vur at maiunum 
dry power and low atr apMeda. 

A mtjdrl uf thr FWing - ^m-t-..- .■ tnnnfiuft uaed for 
rrvrrwr  drvrluptrtmt  u  iJw«»!!  in  FMEV  4-14  and  4 IS 

Thn« of the four ;--> Have \brjutn »t the mWta and 
nUnmaT at IIR* revrnrf-r^ K^K 4 16 and 4 17 J*tm the 
rm-l»-! tr^uUrd and in operablem 

Ekperiencr namud fnim tl»«- Bortn| Model 707 and 
720 «t>mfi»rr( lal tran-porU and the KUJM nwriic trvihport 
irveratt devetopnmit procrhTu (»taUwhei that an «Ä- 
nency larlor   (A)  O( 4U penxtil and a mlir»!  infeaU» 

PARTI«, «n« 
; HAUST FL» 

-mcwcoti 
X ^-ACTUATO« 

-vfe-e 

—I 

■IhCmf CASI 

(llCMf MliweTFlOt 

\ 
: n covu PMI i 

IklMllAl RtVlKt POSIT« 

r»«Ti»L 

fkllUIR» (LO« 

— f0«»*«0 
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0   t*-^««>•,» 



\; 

.'     'W 

J 
A.  * 

^     : 

P 

-j    » 
- / 

I . T I 

f!~t.':! pTl     $$T T»..i «.-•'»•'$•••" 

J 

I 

4/11 



■™J»M|I>.-' iliujuiiij.uw. iiiiumui« 

• 

R. ■■' 
•■—-»»—■-•• ■•'"« 

1^ ._-J 
Thmtl R«v*rl*i Morf«! m Optntim 

fr,l1     Po.ro- V..- TS-ou»». T-."!»»!«. C ovorf Ph"» 

■pwd o( PO knot* run lie upott«) fn)m Ih» revcnter con- 
filtunilion. FIR«. 41S and 4-19 thnw ihr rr\en« thruiit 
power .tfhc<Ju!c AnH the rt^nltinj rrvrp* thruwl availahlc 
from touchdown »[)«■<) to full stop. TTi» mrvrs ire bawd 
an the following: 

• H/'vcmc thAi't    ffirienry, A      0.40. 
• Mftiin.um    'rN   |»owc*r   is   u'wxi   from  trurhdnwn 

l-nil to ll.i* i'ilMal iiiRc-lion '[HI^I of .'■*) kimU. 

• Continuou« «iftine Ihroltlinf from Ih» ruiimum 
dn powrr wttin« «' 50 knot intiMion «pi«l down 
to 80 prnvnt UPM   (17 p»rc-<fit  inatimum dry 
p<>«<r) HI full »top. 

Thr ktnppini (listan«-i notrd in Volume A V. nrra 
dynnmic*, are lws<-d on th<-« daU. 

4 34   EXHAUST HOW FlflO 
The eilomal itt"u> into whiih (he rrNerwr eiKaust ga«n 
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ran h» (Whargnl influcnrrd th» rrverwr ronfiguratian. 
The undrrvinK polilol m^UlUtinn rnulU in »omr dr(i«* 
of surf-nt- impingrmt'fit Hy Ih» hot rvvvnter caitf« uo th» 
mint "n<f body »nd unHrmrruil«, Cart'dJ conlnil o( th* 
rvwn+'T i-xhnust flow (u Id* i.«» ruTriM-d to liinit Rurfao* 
tfii:[M r.itun-» of adjiuTnt htructurn to Mcceptablf levfls. 
Contml of Ihr plarrmrnt of Ihr ruluiusl |un i* «lno re- 
qvnir-i to avoid pn^ourr buiMnpn under th« body and 
»inn thiil would l< nd to pitch up the body. Temperatur* 
and preKiure mni«urrn>enU are taken durinf the reveraer 
development wind tunnel tenta. 

Fin. 4 20 hhow« the eihaust flow dirertiona. Th* «1- 
hna«t flow from the outlioiird enKin™ 11 directed outboard 
and forward in an unn ITK l< .1 flow path. Tht ejhauat 
flow from the mlxvird rnninea it dKided. TTi* outboard 
portion i« dinTU-d fonrnrd (behind the umlerrarriaK*) 
«nd under the oullmnrd pod to mil with the outboard 
pod flow The inhoiird portion ia directed under the body 
to mit with the flu» from the oppoKile inboard engina. 

4.4   $«tondory Air Sytlam 

4.4.1   DESCRIPTION 

The aspiration and roulinjf recjuirementa of the nozzle are 
supplied hy vnrinhle area, normally flush IICOO|>« locaU<d 
in *he exhaust nystem awiembly exterior cowlinR. A sthem- 
atir of the wondary air ^.v^tem ii shown in Vif. 4-21. 

The lyatrin ronfisl.n of flu-hlype «empa with mov- 
able lip", duclinit. irtuator«, plnmhinn, and control«. Two 
rapture area» ore r»Uhliahrd by the «yulem. With the 
«coop lip ip the ftu-h position, the »coop rapture art« 
aatisfie* the dry (non-iiutfinented) FUpen*onic cnii«e iec- 
onihry air requiren« nts of the norrle. With the «coop lip 
in the displaced outward po«ilit.n, the capture area ia en- 
larRid to «.itisfy the aucmented. mlnsonir. and tranaonic 
«ei-ond'irv air n-ii.tirenwntj» of the no«l«. 

Air rapton*d hy the iconpa i« ducted inward to the 
forward end of the nozzle. From there it i« dire« ted over 

IM 

to 

■ 
w 
'.'   «o 
W 
A. 

w 

0 

^ ̂  "V— 

V 1        I 
NGniiONFm 
jCtdATlWiBtLOi 
.Ikl 

u in »t 
Ainnto - non 

^^  W A»«ri<   Tlwutl   Po-1  ScKWv)* 

►.    100 

i 
£     JO 

bJ 
or 

i   <o 
o 
■ 
UJ 

M 
w      o 

A 

i^ y i 

^ ̂ L !   1 
wet STIWI r«t 
OPltATl» KLW 
U).t 

1     1 

i 
SO 100 ISO 

»IWHO- »HOTJ 

t B tM Rr.f-.t*   TSfl.il  Avorloblt 

Dfe-.'aOO-'?        4/13 

■y-^ r 

J 



-^^B—■ 

thr «ft -iilr uf 'hr primary notilr «•cn^-nl^ und throufh 
Ihr «nnulnr Rip at the mitzlr llinul I ) fill and cool lha 
eininr A portion of the air flow». hflAevn the eaterior 
ro»lmrt and ihr fjwtor wall to rnler the ejector noulc 
area throufh >lal» provitlcd downntream of the noziU 
throat 

4.4.1   OrfRAIION 

The Mvondary air Rystem control is a portion of the ei- 
haust nozzle and reverser control ayiU-m TTii« coruiata 
of a M^n.il m^hanism and valve, hydraulic actuatore, and 
the required plumbinf. 

The signal mi^harism sctw-i the ratio of oomprcsnr 
inlrt total prvs.«ure to the free ttrcam atatic presKure. Thia 
provide«, in essence, an airplane velocity indication aa 
khown in Fig. 4-22. At pressure ratios indicative of air- 
plane velocities o( Mach 2.5 or hiehcr. the signal mcch 
inUm will actuate the lip to the flush position,provided 
that the engine is in th; dry power regim*. 
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4.4.3   PCRFORMANa 
'Hie tKondary lir aynU'm u drsigned to provide nozzle 
ventilation and cooling air flow as indicated in the curvea 
in Fi(. 4-23. In the dry power, low pressure ratio range, 
the rather itrep rise in airflow rcquircmcnU i» established 
aa • mean* of hilpihg to prevent over-opnmian of the 
primary aimtrram. At tlx^«' low pnvxure ratio conditionii, 
the optimum noz/le pcrft>rm.ince is obiained through the 
use of a grenler amount of secondary air, thereby requir- 
ing less bonllail angle. 

TTie pumping rlwracleristicit of an ejector iletermin* 
the roiuiied pressure level of the i<-coiulnry air for a «pe- 
cific flow. These ibnrncdristii-s are nviinly a function of 
prirrury pressure ratio and gap si«- between the primary 
nozzle and ejector thrmt 

Fig. 4-24 show« an envelope of the pumping charac- 
teristirs of a wrie« of ejector model« taken from NASA 
dnlfl (Hef. 3) nuitchcd to an engine over the Mach num- 
ber rnnce. The moHel» lelecled in the development of this 
envelope ncree closely in primary and eiit geometry to 
thi(;K4 J4Cnozzle. 

Superimposed on the pumping characterutics curvea 
is the curve of mntimum secondary flow for the propoMd 
nozzle, which indicate« th* required secondary pressur» 
level. 

Fig. 4-2S show» hew the pit-^ure recovered in tha 
open (swition by the scuop meet» the nozzle requiremenU. 
CalcuLitiim« show the maximum ump area requirement 
to be appronimalely one square foot per engine. 
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5.0   CONTIOLS HfP 3.1.9.3 ond 2.9S.1«! 

S.I    G»o«ral DtKrlptlofl 

The prt'puUiun »ysUm ccmtruU govern the operati'jn ol 
the cTigine inlet, 'uirting syhU-m. exhüuitt tybtrm, «nd 
furl »yfiUrn thruu^hout all modes of flight 

The iupenonic transport, o^M-ruting over u *trüttder 
■(x-ed rdngir than today'i lubbünic airrraftt rc^uir« a 
more compU'x propuUion lyslcm; therefore ■pecial em* 
phA»üi is betnf maintained during the development of the 
control system to ensure simplicity und reliability. One set 
of tlirui levers, for example, controls all mr-— «f ;hr«i"t, 
"PiCKyhatk" reverse thrust levers are not employed. 
Max.mum advnntage has been taken of naluial forces to 
avoid special and complex manual control requirementa 

S.3    Inlet Contn Is   (RFP 3.33.4) 

Control of the «upersomc inlet b BCit>mpliKhed by an auto* 
matic control »yMein governing the position of the vari- 
able dinmeter centerUKly and the controlled bytta.SH doom. 
Natond foroen act on seconcbry air inlet dt •« for takeoff 
and on secondary bypawi dum« to arre t shocK expulsion. 
The system, except for the fuel supply pump, is aelf- 
contained within the int. i aud requires no signal from the 
flight deck. 

5 3.1 AUTOMATIC CONTROL SYSTEM 

The automatic control is a hydmmechanical unit which 
aenses air presj«un*s similnrty to engine fuel control unita 
artd. in fact, operates with fuel as the fluid medium. An 
engine fuel control unit senses v.irious pressure input«, 
and schedulefl fluid flow ns n function of the positioning 
t.f a three dimensional cam. Hydroineohanical fuel con- 
trol uniN hive «^tihli-hetl nn excellent record for nlinble 
service. Airline maintenance of fuel cortrol units is a 
n>utine operation. Technical coordination with various 
c<)ntr<il unit vendoni such as Hamilton Stnndaid Divwion. 
I'mti*«! Aircmft CorporationjMarquardtt and the Carrelt 

Corp<*rati(m is in propresa. Tl>e thematic of the auto* 
matte control sysU-m pn'^Med for the Boeing nuperaonic 
».let by Hamilton Standard is shown in Fig. 5-1. 

Inlet Mach number, snplr of incidence, and other 
pressure signals through the inlet are fed to the auto- 
matic cuntroUer to poititKJn ttte \i>ruible inlet geometry 
for optimum Performance during all mudea of flight 'Hi* 
auUinutic cr.nlroller n-nsisu of a thnui control loop to 
govern the pühiliun of tiio variable diameU-r timUrbody 
and iU airbleed exhaust d<Kirx. and a normal shock coo- 
trol loop to govern the controlled k^paaa doors. Tlie over- 
all loop gfons and eflertive time con>tiinU of Ute throat 
and normal shock tontrul loopa are chosen to handle up- 
strenm r.nd downstream disturbanoea. 

The automatic ermtrol system w deaigtied for safety 
and reliability. Heduncl.ncy of doon and actuaton in 
the bypass system e* Mires thai sinple failurt*« will not 
cause loss of normal shock control Desitfn of tlic doors and 
pivota is such that, with lot*» of hvdraulic power for the 
control and actuators, the contrulle<l bypass doors will 
opi>n to a fail-safe position. 

53.1.1    Throot Control 

TTic thront control is an open loop comprised of a Mach 
sensor, ccntcrbody position feed-U-ick. and an attitude 
bus. Dem&nd sipi.ils generated by the three dimensional 
cam (scheduler) a* a function of Mach number and atti- 
tude inputs are mechanically fed into the servo system, 
initiating the necessary movement of the centrrbody 
actuator. Completion of the actuator motion is effected 
by feed buk linkjice from the aduator to the servo. «»- 
tablfching the required thntnt area for inlet Mach number 
and attitude. Ccntcrbody position a« a function of inlet 
Mai h numticr is shown on Fig. 5-2. The angle of incidenor 
bias is hhown on the Kime figure Inlet Mach number and 
angle of incidence nn* measured by total and static prea- 
sun« at the ccntcrbody tip. 
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S.l.1.3    Normal Shock Control UK* 

The normal thnck <n/nliol is a closed-loop •y»t«*m and con- 
ai»U o( a rtlrrrnrc «ignil ichedulrr, a normal »hock poai- 
tion M-nsor, a K-rv-o, a vtitrt-iLibtart cuittrul, and a bypui 
door actuator. TTie tlo^init loop i« made by the aerody- 
namic fn-.tKc k from the hsp.i^s d(M)r station to tlie dif- 
luM'r Much wnaor. Operation of thin Bv-lrin ia divided 
into two di-tinct mode«: one for the sulromc condition 
and eiU-mal ct)mprt*s.sion condition (up to Mach l£) and 
the other for the mixed romprcaiuon cmditioo at higher 
•peed.1 (Much l.H to 2.7). Switching of the operation ia 
done by the inlit starting or unxtjuling initiated by the 
signal 8<he<lutor and the start unst.-irt control. 

During the subsonic or ettcmal compression mode of 
the inlet, the Mach number »enwd by the diffuser Mach 
aensor ia compored with that generalfd by the rclerence 
tignal arhecluler. If an error eiists, it will be fed into the 
«ervo, initiating the noci-ssary movement of the hypaaa 
door actuator*. Termination of bypass door actuation ia 
accomplishwl by aerodynamic fee<ll»(k from the bypasa 
door to the diffuser Mach pnilx'« »hen the required inlet 
flow ia established. 

Operation of the loop during the mined compreasiun 
mode of the inlet is similar except that the rvferenc« 
signal now generated bv the wheduler is for poxilioninf 
the inlet normal shock. This provide« the maximum 
pri'ssure   recovery   with   an   adequate   stability   margin. 

TTie design  ^.ability  margin  ia two f  icent of pn 
recovery. Diffuser dud Mach number ia tl< aeraad aifnai 
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to control bhuck pwitiun. TT* Mmr pnitv« »rr UArd 
throufhoul the N!«« h nnge. The diflusrr Mach numlwr 
mhitinlr (or bypavi d»» control u J>u«n ui. Fif. 5-3. 

S 1.1.3 Shock fipwltien $«ntlng S|r*t*M 
In ihr tv»nt that th» inlrl hhcxild unntart, « nhutk npul- 
»ion wnfcor KclivaU*» Ihr wrvo to o|n*n the rontnill#Ki 
bvpa.<tii doom »nd throat arcji. This inunfdiaU-ly rt^larU 
ihr uilrt Adcr tlic ahork ha» rt-cnUn'd thr mlrl, the 
nurmjil fch^vk poMion M*nsor wiU res.zc the thrtMit «n-a 
and ctoaf the controlled h\ (»avi doon. Should norne prr- 
alstcnt fault rtist »o iLit the mlet lucccwiively unstarta, 
■ ounlrr on the ahork npuUlon «nninK ay^tmi will «rrwr- 
(iie to lock the controlled bypasa doora opm. 

i.7.7 StCONDA«/ÄYPASS SYSTIM 
Secondary b\f.aK« door» locat«! near the inlet lip rt-main 
cloned at all «peetl» »hen (he inlet » openitjnn normally 
At auper^onic cruise h^tiU, if tlte u.tet unstir.a, the high 
pre.-isure created at the front of the inlet inuiteduitely 
force* the aecondary d<«n n\n'n. Thw stahih.-es the normal 
»hoik at the inlet lip and prevent» inlet hull. The con- 
troller imnMsliati-ly nMarU the inlet by openintf tS«- throat 
and the contn>lled b>p.isa duora. 'Hii- allow» the spring 
loiided M-condary doom to return to their normal cloaed 
pantian. 

In the event that the controlled bypaM »y>lem i» 
inopf-rative and the inlet doet nftt n-start, the »«itrndary 
bypas» doon* ntnain open and position the non^ial hh<ick 
near the inlet lip to establish an inefficient but »table and 
sale (light condition. 

T>H-< doom will open in the event that the enjrine 
u »hut duven and the »i ilmill brake i» applied (Par. 
&3.6). 

S.1.3   TAXEOff DOORS 
Durinft static, takmf!, and low sjietd, hiph engine power 
condition», the engine »ill diinand more air  than can 

flow thniugh Uie mlet lip. The negative pnrH>ure genmimA 
>n»ide the mlet open the tnVt-.rt doorm, providm| mot» 
mu* So«. 

S.I.4   INITT CONTDOl SYSTEM OmATION 
TW perirnt  cruise  <.^pture  ama  aa a  funct»>n  ol the 
i r^ilane Madi numla-r u »IHIWH for the engine, the inlet, 
and the inlet thn. I in Fi4t. &-4. Tlie diHerenc« betwtaa 
engine recjuin-rnenl» and the inlet cupture area et-tabluhea 
tlie (T»ntrolled bypaai area rt^juirenn-nt. T%e diflerenot 
between the inlet capture area and KU percent repreaenU 
cq.iiv&lrnt air to 1* nU-mally »pUledi. The «rr «n with 
lelu-r« A Ihrough F it>rre-i»jnd to Utter» in Fij. r>-5 which 
aliowa »ihemnlin« of tlie inlet »>>Um and iniet flow pal- 
U-ma fur wveral M&ih numlx-r> üirouglioul UM airpUnt 
»peed ranee 

. SCHF-MATIC A (TAKF,OFF rK»ORS OPEN) 
During takeoff and »ul^mic flifnt from Mach 0 to 0\ 
the capture area demandeii by the engine ia larger than 
*he aupply of the inlet. The takeoß doora will ruck in 
during thii flight n-^ime "Hie oenU-rbody ia fully co»- 
tr»cl<-d nml tlie rontnilled and aerr^idary dexw" remain 
closisi. Alxive iiUiut Ninth 0.3 the mlet »upphes adequaU 
air to the engine and tlie takeufl dmn dua*. 

. S( HKMATir B 
(M   (i'i. SI BSONIC BYPA.SSING) 

At »peetl» almve aluiut Mmh 0 ri tlie inlet »upplie« mort 
air th in the engine demanda, EUCCK» air i» »howti enterinf 
the mlet  and  is bvpiisM-d ovirUwird through the CTBV* 
Imlled bvikiss di»ir>.  Tlie cenlerlxxly i» fully contracted 

. SI HFMATIC C 
(M 1.4. TRANSONIC BYPASSING) 

A» the nirpljine »peed increns*-*, the conlnilled bypaaa 
d.»in> pnignsMvely <)i»n. ni«' nvmnmin openinj; «ruf» 
at nl»)ut Mach 1 1. Tlie oblique end bow fhock influence« 
are gaining »trength. Part of the air i« defle< («-d overtxiard 
in rn>nt of the inlet by the coni<al cfnterlxali a» citi*m«l 
»pillage.   F'nce-J» air entering the mlet it bypas^-d over* 
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board thrntiKh the CfintroUod bypam door«. 
• SCHEMATIC D 

(M    IP. Dl'RINC INXET .STARTING) 
At a fp«Hd of «bout Much \ß. the inlrt will switch from 
thr fxtrmnl rcHnprr^iion m^idf   (nnrmal nhock in front 
of ihr inlet lip and KuHwrnic fl(,w intidf iUo inlt t), lo lb* 
nt^-miil inti-m^l romprcfwUm mtxio (nomuil t-hmk ^wnl- 
lowrd nnd «upi-fwrnif' flow iniidf th** inU-l).  Tir hyp«M 
door« op<n wid* momenUihly to alluw ihr nortnal nhock 

to rnt« r ihr inlet.   Tl* cmtrrhody dianK'ter in inrrmfted 
^litlitlv nnd the hyimv* door rloM^d parlütUy, lomlinf the 
intrmal normal khoik f!<»* to ti* thrual c»f the inlH. 

• WHKMATIC E 
(M    IA AFTER STARTING) 

After Marlmp,  lite inlH rontinura lo c)i>rr«tr in  ibe 
pxtrmul-inlcrTuil mmpit^^ürti rncdv    Air i^ bring ^pill^d 
fttrni.tllv   through  tli*  rxlrmal  r»»niral   ».hfirk   nyatons 
eiecs» Hir r.-tplun«! by the inlet i- di%<rhar|Er«l ihrnifh the 
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controlkd bypu* door*. The inU-m.il normal »hark u 
nuinUmed clow lo the inltt throat by th« tutoiraitic 
rantral «v«t«tv. 

. SCHEMATIC T 
(M 2.7. DESIGN CRUISE MACH NUMBER) 

A* th» «irpUn.- npnyl appronrhr« the di-Mgn Mi ih num- 
ber, th« ■utomstir control «>st<in connnup» t< »«pand 
the centerhorly and club^ the contrullcd b>p. J doorm. 
At the design point the oUiqut- ; h<H k of! the rnterbody 
ii »pproiimaU-ly on the inlet lip with minin.um enlerrud 
u>d bypaw tpillaia. 

S.3   Ingln« Contrail (RFP a.SS.U» 

Tlie rnfme control sysU-m provideii the mean* of tran*- 
mittinf '>* pilot«' d>".ired thnut variaiiun« tu the engine. 
The pilu'. i-i-.Iioii» the thrust lever* on the lisle «Und to 
the dtairiJ v/tim-. Thia bipial i* mechanically carried 
to the power mm- J aystrm on the engine. In rcsponM 
to Urn signal, the main fuel and «tnlor portion o( the 
power i-ontrul «yntem controls fuel flow to the main com» 
biLitor* ami pnkitiuna the variable rtator* in the com- 
prcsFoi; the aupnrntation control pi. lion of the power 
control iiyhU-ni controls fuel to the augmentor aprayhurs; 
the nozile and thrust revetscr control portion of the 
power control »yatrm position« the variable area com- 
ponent* of the nczJe for proper area control and lor ites 
the thrust reverser component» for the correct operntinx 
rrcime. The power control system also protecta the 
engine Irom eicorling RPM and turbine temperature 
limit* during stabilired operation a* well aa during accel- 
eration and deceleration. 

The thrust leven and the start lever« »re connected 
*" the engine by mean» of cable control systems and 
lin. '   -  Mj). Tlic cable «yulems inroriKirate auto- 
U-nsio.. u^ to facilitate engine ripbuement   The 
cables, p. .s, and linkines lor the thrust and »tart 
control» are made of corrosion resistant steel». 

The automatic thrust control portion .if the automatic 

flight control system operatM aervofnechanaama on tha 
thrust control cable* to vary thrust Manual throat con- 
Uul* by mean« of the thrust lever» may override at any 
timcL 

A* a safety pn-caulion, the thnut and «tart lever» 
are physically M-parated, as shown in Fig 5-7 Eng.'M 
shutdow-n by using the flart le\er i* accomplished by 
moving the lever to CUTOFF position, thereby doa- 
ing the Btoprcxrli on Ihr i ng.ne. Engine shutdown by 
using the thrust lever is act atnplüihed by moving the lewar 
to the IDLE puxition and activating the proper *witch** 
on the engineer'! panel tu shut of) the fuel »upply to tha 
engine. Fig. 5-8 «how», schemolically, the nvm featuraa 
of the engine control «ytten. 

5.3.1    START CONTIOLSIRFP J JJ Id and 
3.2.9.31 

Starting and cutoff of each of the four engine» ia coo- 
trolled by individual levers loi-il<-d on the control stand. 
Kaih start lever may be s. t at STAHT, IDLE and CUT- 
OFF positions to conli.il the ►tart and cutoff function*. 
With the ttimvt levers in IDLE, moving the start lev«r 
from CUTOFF to STAUT transmits a mechanical input 
into the primary fuel and statur control unit on the engine 
As a n-sult* of tills input, the control unit mechanically 
opens th* engine fuel Mo(ioork alliwing fuel to flow through 
the main fuel pump to the control unit metering system 
and thin to the fuel nozzles. Lighti.ff of the engine ia 
nrcomplishod by an eli-ctrv- signal Irom .he flight deck 
which energizes the engine ipnititwi system After th» 
start is accomplished, the start lever is moved into IDLE. 

A pneumjitic starter is uM-d fur starting *? .l. .-^gin«. 
A prevsure legutallng valve. msUlliil in the jmeumatic 
supply duct, controls the air sup.ilv to the starter. 

A schematic diagram of the electrical .-irruit of the 
system is shown in Fig. Vf*. A Mncle. guardi^l toggle 
sv itih for each engirie mntrols the Milrnoid of the starter 
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pnfunwlK valve. T>ir iwiu-h. UMUDMI on the conlral 
»land. h>n Ihrer powlioiw: CROUND-START, OFF. «nd 
FLIGHT-START. The »witrh i* h«-ld in GROUND- 
START (nxmn-nUiry pcwitiun) to arm the ignition «ystem 
and to energize the »tartir valve. Hie open hlcrter v«lve 
directs air to the pneumatic nlartrr to txvin rotation of the 
eneine. Ignilinn u then ohtained »IMII the start lever ia 
nuved to START. Elwtrical enoigy to the sUrter valv« 
'» interrupted by a culofl xwitch on the htarter which auto- 
matically opens the tlart circuit when the cutufl «peed if 
reached. The atartmg cycle can alM> be terminated at any 
time by releasing the ntart switch. 

Moving the Marling rmitch to FLIGHT-START 
(maintain-ctmtact position) enorgiuit the engine ignition 
svstrm rrgardlesa of the position of the start lever but 
does not operate the starter. This position of the start 
switch is used for starting when the engine is windmillinf, 
or when ignition is desired during takeoff, landing, or fly- 
ing through se-ere turbulence. 

Engine motoring it obtained on the ground without 
ignition by moving the start switch to GROUND-START 
with the start lever in CUTOFF. 

S.3.2 THmST CONTROISIRR» USto) 
The thrust of each of the four engine« is controlled by 
individual thrust levers located on the control stand 
immediately forward of the start lever». TTie thrust lever» 
control engine thrust from full revrme at the aft end 
of the lever travel through idle tn full augmented for- 
ward thrust at the eitrcme forward leve: position. !";•. 
5-10 n » diagram of the thru'    'ever rositiom. 

For slartiiig,  the thrust - r.-mains at the idle 
slop position, shown as (.1) ii 10. After the start, 
moving the thrust lover forw. ismits k mechanical 
sixnal to the engine primary fu I stalor contml unit 
and to the exhaust no/./le and Uuust reverser contml to 
increase engine power in forward thrust and to govern 
noztle areas accordingly. 

THRUST LEVER ANGLE 

| C \^ Ihrutl L«v«' SyHV 

Advancing the thrust lever to p<»iti>in (2) estahlUhea 
maximum drv' |>o»ir a UK) percent rotor HPM. Advanc- 
ing the thrust lever to positmn (I) establishes maximum 
augmenUsl power at 100 percent rotor RPM.   Rrtardinf 
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the thnut l«vrr to pukition   (3)   n-duitu the fn(im< to 
idle p<>»er.  At pwiliun (3) the iille klop ia encuu.' trred. 

Lifting over the i<Ue htop to pu<iliun (4) acluatet 
the thnul revinx.r to the partial revera« thrust pa>>itian 
with th»; engine «t idle RPM. Moving the thrvu.1 lever 
to position ir') inn K rul<-. the engine to appruiinutely 
80 peTent HPM, with the thnut reverwr remaining in 
the partial revrn« poattiun. At petition (5) a high lilt 
•l«p U encountered by the thrust lever. 

Lifting the thrust lever over the high lift atop to 
position (6) actuates the thrust reverser to the full re- 
verse thrust pi«>ilion, with the engine remsining at ap- 
pro« imately 80 percent HPM. Moving the thrust lever 
to position (7) occeleratea the engine to luO percent 
RPM dry power, with the thrust reveraer in the full 
reverse thrust poaition. 

in the full reverse thrust position, the engine fuel 
control govern» fuel flow so that engine overspeed will 
not he a problem. The thrust reverser control is inter- 
connected with the engine fuel and stntor control to 
close the statora slightly from their normal schedule. 
TTiis inrrcases the compressor stall margins, decreases the 
engine sensitivity to temperature distortion at the inlet, 
and allows some ingestion of the exhaust gss without 
causing surge. 

Ingestion ia a function of engine power and airplane 
velocity. At some airplane velocity during full power 
reverse thrust deceleration, a critical Ingestion point is 
reached which will cause surge unless power is reduced. 
The pilot hhould move the thrust lever from position (7) 
toward position (fi) to reduce power. It is anticipated 
that the 80 percent RPM, full reverse thrust position 
(6), can he maintained down tr airplane tumoff veksii'ea. 
From this point the iille RPM. partial reverse Uxi pr^ 
«•dure, position (4), may be used. 

$33   FlICHT IDIE THROTTIINO 
To aid in slowing the airplane during dcx-tni, #ii RPM 

unlocked rotor fuel srhedule regime at flight idle poMr ia 
incorpornted in the engine control. The pilot may retard 
the throttle fully to the idle position (3). The engm« 
rotor It I'M decays, engine fuel fl-iw is n-dueed, and UM 
Stators reposition to reduce airflow The engine inlet auto 
maticallv compensates for the redu<-ed airflow conditiofL 
The reduction in fuel flow during Ihr dcK-ent ICaiulU in 
the sawng of a substantial amount of fuel. Tlie reductiaa 
in airflow esUblishea a moderate level of negative thruat 
per engine. In Fig 5 11, the inslallid thrust of the engine 
as a function of Mach numlier is shown throughout ÜW 
nomrnl descent «chi^lule lor the RPM unlocked rotor idle 
forward thrust condition and the idle partial reverse thruat 
condition. 

At airplane speeds above Mach num'uer 1.5, the fuel 
flow rate at idle power does not supplv the continuam 
cooling requirement of the airplane and engine ayateim 
combined. The fuel delivered to the engine during this 
condition will not exr^'d 125' F. When high airplane 
Rp«V idle power conditions are to be held for long penoda, 
the air bled from the engine inlet« for the cabin air 
system is switched from fuel-air heat eicharger roolinf 
to rum air coolinj. 

5 34   PARTIAL KEVEXSE THRUST CONTiOl 
The   partnl   reverse   position   provide»   the    nlota   with 
belter control of airplane speed during normal descent, 
landing, and taxiing. 

• Döring normal descent for landing, at airplane 
velocities below 300 knot« indicated air spe«!, the 
pilot may place the thrust levers in the idle RPM, 
pirtial reverse thrust position (4). This pro- 
duces a greater level of negative thrust than un- 
locked rotor at idle [lower, a« shown in Fig. 5-11. 
During manual glide slope control the pilot may 
intermittently use the same position for »peed 
contraL 
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• At the beKinninit u' ,J^ ^^ "ll ^,l*' Undinj 
■pprmich, the pilot riuy put! the ti.rwt \r\tr% 
Üj^rn^h tht- idle deUnl and ac^nKt the hifh lift 
KU'p ni ptjhitiun (5) Tliu prtxiufet zrro to siijht- 
ly r.i'K'itivr thruvt, as thown in Vtg 5-12. Main- 
tainuig higher tf^an Mile RPM «t touchdown «• 
ahlcs ttji pilot to pet f .M*T and rquahzed »trei- 
eraln>ns to füll pu»pr rtveme thrust on romrand. 
Approximately 3 Rerondi of engine arreleratioa 
lime art* elinnnaUd. The M) percjnt P.PM on tht 
acceleration W^HHIUU* at position (o) allowt for 
thrust rontn>l riftRinK toUrnnrv-s by bringing aO 
eiiRint* to e^uHli/<*H RPM. This prevent» anym- 
nwtric n-Nt-rv*- tlirust cue cd by thexe tolerancea or 
by variations in the acceleration rate of the enginea 
«fhen accelerating from idle RPM. 

• The pilot may uw the portMl reverse thrust poai- 
ti(jn during taxi conditiona. 'Hie idle thnul to 
weight ratio of today'i cwnmcrciaJ turbofÄn tran»* 
ports rnüM-i hiph t-ui apeeda unless braket art 
u.vd. On Imig tnxi runs ai^nificant brake heat ia 
gem-rated. The idle thrust to weipht ratio on the 
»nipervinic trap port makes tlii** nvjre 8»*vere. Taxi- 
n.K w Mb one o* more engines m idle rever* thruat 
blows foreign matter up of! the runway« to be in- 
p-ti-d by the engines. The use of the partial p»- 
\i r-' position for taxiing rliminati's the inpestion 
ha-ifd and reduces the forward thrust of the tn- 
gin*4« at idle by approximately 50 percent 

5.3.S    SAFFTY INTERLOCK  SYSTEM 

The rtmlr .1 system ■,(orjxinites a mechanical aafety in- 
terlnrk. Thin device »a« c«»nci'ived and developed by T%e 
Boeing Ctjmpiiny nod installed on all Boeing )et trana- 
porta. Tlie significant (fNBturca of the safely interlock 
are as follows: 

• Power cannot lw increnaod in the f"n*nrd thmat 

/14      D^-2400-12 



*m- -!■■■ 

^ 

L 

100 IM 

TRUE AIRSPEED-KNOTJ 

O6-J»C0-li      5/15 



1 

Irvrr trt'unt tml<Mi the rrmwr » in the furwtrd 
thnut positkm 

• Pcwrr rnnnut I» mirrnM'«! in the partial ttvtne 
thruxt lever rrRinie unli-j the rrwrort it in th* 
pitrtuil reverse thru-t punitian. 

• Powrr cannut he inrrvasH in the full nvtn» 
lhm«t lo\«/ n-Rme unlrs* the revervrr» »re in th« 
full rrvrr» thru«t pmitian. 

• In the e^ent thnt, at any power or>ndition, th« 
rweneni should (feiert (r<»m tho poKition dicUitod 
by the thrust levrr poition. the engine power 
will he rrHurcd mich that the nd rffert on the 
airplane will he cquival<-nt U> one-<'ngioe-out oper- 
atinft ronditiont. 

The wifety interlock hetween the thrust lever po«i- 
tiot md the lhru«t revernef p<».ilion provide* the pilot 
with an immediate «ifnal in the evrnt of milfitnrtion. 
Thp niovement or rtv^istance of a thrust levrr, coupled 
with position indinttinx waminx li^lus on the flight devk, 
ennhles the pilot, in the event of a audden change ol 

thrust aa«x-iaied with tlie rrviT»er. to determine which 
engine is afTecU-d and what mod«« of thruM are f'iU avaü- 
ahle to him Tlie rrverarr p<»-ilinn indicalm( lijht mount- 
ed on the pilota* cmter [Mtnt-l ^ *-- on when the m'HMf 
ha« left the forward thruat puaitiun. 

5 36 WINDMUl MAKf CONTtOl 
(RFP 3.3S.SI 

In the event of inflight Hhutdown at high »iiewJ the «»- 
gine may rotate at hifh RPM. Oil hlarvatiun, enfint 
component deterioration, and wi/uit of the rotor would 
be potential hazards. To nnntmire the pniUem, a wind* 
mill hrnke i« employed. Tlie con pres.s<)r outlet (uid* 
van« are ro(«t*-d in the engine to an overlappinf por- 
tion. Tlie inline rlHtmn is reduced to apjmnimately 20 
percent RPM. At this RPM eiiKine windmiring ia com- 
pnrahle to that on prrxnt Hay aircraft Control of the 
wir dmill hraVe is accomplished by movinf the engine »tart 
lever to cutoff. 

- 
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4.0    INGINI STARTING (KM 3 35.1B, 3.3.9.91 

Hi«h rrliahility WM ft prim«ry objrctivc Ihroughuut the 
hrtectiiin ol the ei^urt' hLnrlmx >y»tcm SitnplicUy »nd 
lh^ ■hility to u** ftny one ol irvrrHl air ftouire« ftre features 
ol ihr thosen ftystem. 

The drvelopmenl and test (>Un to envure • ufe and 
reliAble »-t^-itie tUrting hyKU-m is pn-^-nUti in Par. <• S of 
this volume 

6.1 SyilDm Oenripfion (RfP 3.101 
A pneumatic lUirter i» uw-d for startint; each engine. A 
pn-v-urt' rt-guhilin^ and shuUifi valve in^uUed in the pneu- 
matic supply duct cfintfob the oir supply to the i-Urivr. 
The InüüllatKin of the itarter and velvti ia kho»T» in Fig. 
6-1. TUQ manner in »huh the ftipht d*ck cuntroU are 
operated t-j start the aiginfs in explained in SKrtiuA 5. 

ArccMiOry loada dprinR »-Utrtinc, ^uch as turquea re- 
qatred to overcome th*1 mechanical friction and the inertia 
of the hydraulir piimp^, the constant fjxtd drive, and the 
HiM.rrntor, have been 'aken into •t'count in caicTalatinK 
^tartinR primer re<iuirriiiei>t- nrd »-tnrtinß time. TTie enRine 
driven hydruulic puri|M irtnirporate a hypnM ay^U^m to 
unlnad the pump» di ring the «-t/irt. The engine-driven 
Ki'nerntont are "1 ■■■ uiiloailed dunnf; t)ir start. Tu nid in 
prwcntinK "hot" HIAIU, t!»e atarteni are si/xd to provide 
good acccWation through the engine jightof! range. 

Starting can he ammipl^hcd ^ith Hir from crmven« 
tionnl airline gmu^l rarta having a pressure of appnm- 
mately ■'/) \r-\n, or fmm an o|»errling engine. 

The Marter u in«U»lled on the engine gefirhot. A quick* 
nttach-detai h coupling, KUffplicd a** a component of the 
»■tarier, fncilitatr^ remm.il and instnllnlion. To acrompliah 
this a »»inKle tl.imping hott, requiring a Mandnrd tool, at- 
(achcH tlw vtarter to the engine The adap tf and clamp* 
mg nrg ^-rtuin of the mopltng n-miiin with tlw* engine 
»hen  the Marter  \* removed  M»  that  there are no  l<K»se 
parts. 

T\* »tarter rxhau*t M du^Jirgtvl dirertly Jito the 
engine rompartmetit and Lhen overivtard thruujfh a   tmC 

']')>•■ htarler and valve arr in*>li.Ued ir. an an« in »hu* 
the temperature ia Vi) V or U-* OirwugJiojl 0» airpUrw 
oiH rating nange. Tlwy are deMgt>«<l »ith a 100' F. marfin 
eliuvr thin Urii|Mra1ure to enaarr long ptn<jda hrtwaeii 
MTVKirg. nw mrthod u^-d to contnd the arctMory en 
vinnuik-ntal U'm|«Tiilure i% eiplainttl in S** liun 2. No 
eitemal cooling of the ^LarU■^ ur feUrtcr oil ti required. 
T\w ^tarter ii luhrirated with oil of Ute Käme Kperiftcatioa 
a» that d<-it;naU-d for the enginea Wlwn the lubricaUng 
oil in the efi»;ine area ia heated to 40" F or abovs, the 
enRine may lie atarted at an ambient lemprrature aa low 
aa -M' F 

6.1    SYSTEM CHOICt  AND  TtADfS 
During the aetivtiun of O.e atarting lyatTT» dcK-riherf ID 
thi< ftection, wv4 ral other ^tartlng ->>t*-nv »< T» eonwdertd. 
The R\'ten ch'wn i% lielieved U> be tl>e nght oie for tha 
GTAfJiC engine. However, other «yalrmi would he r»- 
viewed in detail if a difltn-nt engine, cvpeciaQy one rrjuir- 
ing gren'er htarlmg encrgv. were MletU-d. In the par*- 
graph« which follitw, a (e* of the ■Itemate «yflrma arr 
Uimhed on briefly in order to ju^hfy tlte Urn prewmw 
pMeunmtir ••y^tem whkh h.»* been chnaaft. 

Cartridge ».tartrni are not UlKved to I» the pniper 
rhoiiT for tnday'ii o>minerru»l aircrnft The p-t-w^il oar- 
ttifiri 111.1-1 I«- Mured in a mntruUed emironnv*nt i^ach 
&•* in ihe pn-^-un/ed cabin. Tlie produrii ci rombu/taMl, 
in additutn to cn-atmg n ►moke pmhlem at ■ terminal, are 
Uittr nnil o>iT»>*i\e. Carlndge Klart mg i* more coatly than 
pnrutnnlic Ktrrting rartndgeii iwfef r.nd eaiief to handle 
nre In mg devrlojud Prngrewi in tin» field »ill he ckwrly 
monitored. 

Alternating curren* el« Inc starling in eor;ur»rt»on 
with a hydraulii' conMjinl ^i**^ i)ri\e »a« ruled out be- 
cau^* a 40 KVA »tarter generatnr cannot he ronMn,cted 
to rflicH nll\   develop the  .'iK) hor^iower neeiled for a 

6/1 



■ 

'-7- "••   ,-•    " j 

\ / \ . J \        J 

PlWWMfiC 5lOfl»i /«»•//•»■•« 

06-2400-12 



1 

• I 

iva.ioiwble OF« J4C «Urtinx time. A rannt «wlnvor by 
Buring and «ciaU-d vendon 'o di^irn an rlrrtric «Urt- 
ind •yttofll (or the MoJel TJ? v 4, ■|1andiirM'd »fler th« 
pn>f|r>m hud pn>(!rt^wd well into a.vi-lopment »nd U»t- 
in|t. Elrrtro m«Knnir«l inUuratnin prit)lrm\ cost, and 
weiKiit trmdn khowtj that a n-OMjiuihlv »olution could 
not he It'hiewd. R«'CO(;nizinK the ad\anUi;ui of * aeH- 
rontiilm'd rio Inral slatting kvnU-m, Boeing will monitor 
develcipnunt work in thii field for rx-w approarhea that 
may nhow promise for tlie SST. 

A review of enercv rtxjuirement« cnm|>arin( an im- 
pingement »tarter •>ii ' a jurlioxmounled pneumatic 
starter show» that iinp.ngement hturtinc require« two to 
three time« a» much energy. General Electric indicated 
that ch«k valve«, weight, and blade pnjblema were alao 
avo» i.it'fl with thi» type of starting. 

Starter« utiliring romhustor» to increai» the available 
air energy were also considered. Experience with thi» type 
of »tarting demonstratra that ila complexity and reliabil- 
ity left much to be desired. Since it wa» found that ■ 
«atUfactory engine »tart could be obtained with 1 simple 
pneumatic starter and an existing ground cart, the u«e of 
a combuster wn« no longer considered. In any cane, if an 
increaM; in energy i.» required, the choice would be to add 
the combuster to the existing ground equipment rather 
than to the airplane. 

Starting »ystems using stored pneumatic energy were 
briefly considm'd. The storage cylinder would be roughly 
twice the »ire «nd weight of the present »torage cylinder« 
us«) on the 707'«. The larg r »torage cylinder volume, 
ombined with the shorter lipie allowed to rrcharge the 
bottle during (light, would griatiy inrredse the inflight 
pumping nquiremenl». The hig. r onboard air tempera- 
lure« to supply the comprewor .'.let air pose a further 
design problem. 

A pneum.-itic starter system using higher prewure WM 
considered. The advantage of lighter aircraft componenta 
i« ofl'rf't  by  the rtsjuirenwnt for new  and  inotv ctwUy 

-1J00 
ICKE m        in 

ENGINE -RPM 

UkJ     fnf'n» S'O'f.np T<K9w« R»1i,rum**tt 
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(round iU-Un« e^ulpmmL rraMklartinf with thr hifhcr 
pnwurr »vntrm ri-quirr* givaler «nt!"" powrr. with Ih« 
nsullinf objntiunalilr inctvaw in tirpurt ti rminal noi«e. 
ShtuiUi the »UrtinK n^ium-nvnU of the ultmuU SST m- 
|inc differ ipprnjilily from fho^e uifd in the propcMal, 
om ulrr.ition c«n I» given to the higher presnir» ►yslitn. 

Ih'lrnuhr. ilni t ilnve tonhnnitnl, and pnrumatic 
conttant tprrd drive •Urtera were nUo roniidercd. 

4.9    STARTER   AND ASSOCIATED  SYSTEM 
COMPATIBIUTY 

6.3.1    COMPATIBIUTY WITH SEUOED ENGINE 

"Hie »ti-Ady «tMe «tiirtinK torque charnrterutk» of the 
GE4 J4C enclne at thrtv ambient condition* arc ahown In 
Fi«. 6-2. The airframe accemory torque load» (Fif. 6-3) 
icllcct the loodi due to two unloaded hydraulic pumpa and 
one constant «pocd drive with generator carrying no elec- 
trical load. The «U.rter torque nvailnhle in shown in 
Fig. 6-4 for four ambient condition«: —65 F., 4 59'P., 
4 110 F. at »'a level; and on a hot day (standard day 

temprralurv • 61'F.) at 10,(100 feet pressure altitude. 
Fig. 6-5 ühow« a typical performance plot for the cngine- 
slarter combination and the excr>s torque available for 
accelerating the engine rotor and airfrnme accessoric«, uv 
in« «ither two ground cart* or a ninsle ground ctrt. Per- 
formance of typical ground carta nupplying the air energy 
to the starter in fhown in Fig. 6-6. The performance fig- 
urea include temperature and pressure looses in the air- 
plane ducting. Fig. 6-7 show« the starting lime a« a func- 
tion of engine RPM for the four ambient condition« under 
considertlion. Fig. 6-R i« a cros«-plot of these data and 
»how« directly the cITect of ambient temperature on start- 
ing lime. A point rcprrsenling starting time at 10,000 feet 
altitude on a hot day in also shown on the plot 

6 3 3   COMPATIBILITY WITH GROUND 
EQUIPMENT 

Starting may be accomplished by using the output from a 
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dinjile i;n)und «art, from two ^ni'uid cartx, or by 
Klarling fmn AH operating engine. Airlinr (round ort» ol 
th<* tyi* now in rx^timce run he uv«d. 

Tlir fnpin#-s mny he RUrtad hy uning the o. tput 
fquivuli-nt nf two ground cJirUt This will rr^ult in an en* 
Kini' start in '■■" Drcundji nn a t>Uim]nrd dny, which in »rU 
within thi" HI 1* n^uinnHtit Hitd ct>iii[^irahlr to prtMcnt 
day i*t aircraft ftflrtinji time. 

Siurtsilinf; rncim-s may each be ntartad in the 30 
Nvnml lime prrkid by i<'n(inuiti|i to use ihr (round equip- 
ment or by (Tom ittntting fn)m an uperatif>i rngine. Cros 
slnrtmR is accnmpli4lod by Nttinß the engine RPM h»- 
tw«"«'n 75 and W) percent depettding upon the »Urtmg limt 
dewired  and prrmi^sihle noise level 

TTir engine« may be atarled u-mg a ainglc ground 
rart In lhi«t rnse stnrtinK time will he 70 seconds on a 
itandnrH day. \V th one enpine *.tflrted, eflih sucrreilinf 
engtrf can he cttwi sUirtf^I in 36 necoffwlii. The resulting 
toLnl sUrting time for all four (-n^in*-* uiU he appnm- 
Rutrly three minute*. 
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Within ■ five yrar [M'riod, improv<^nn)t of niatinf 
(round cquiprrwnt will rcMill in • IS to 20 percent in- 
crra!* in power hvailnhle fnim • finfW JMUIIH cart. Thii 
in. n-aae will further improve the engine storUng time. 

«.4    RELIABILITY  AND  SATtTT 
The probability uf hum^fully »Urting all four engines it 
WM percent, taking into anvunt til componenla of the 
i-vsU-m dimtly riliil.<l lo kUrtrng—MJI-UTX, regulating 
valves, rherV valvi^, and t-I*i tncal nwiUSea. TTie n-guUt- 
ing valve is providi'd witli ntuins to u|»-rate the valve m»- 
chanicallv if it kliould fail tu operate electri'-aUy; thia fea- 
ture in in« liüicd in the nlutbilily analyaia. A detail«! analy- 
au of the »tarting nyhtem reliability ia given in Sectkx 9 
of thia volume. 

Ikx'ing has »urked clowly with manufarturcn of 
«Urting iKjuiiinii-nt to improve the level of aafety. Tin 
starter mruri«>ruU'ii a cutout tpood (ovenipned) twildl 
which will normally cause the »tarter valve to do«« in 
ordrr to <ximplole the starting cycle. However, in case of 
a malfunct.on whii h would allow the »tarter to ovrrvpeed, 
the HI'M will lie liii.ilid to a value 1<-^ than that cau.';n( 
blade failure by t)ie arrod\Tinmic design of the ataricr 
impeller. If fur any rrason the blades hhould neparate from 
the huh, they »ill lie cunUun.'d within the rtarter wroU. 
In mldiliu.i, a fulled huh ia contained within the acraO 
up to the maiimum cutout upeed. Th<«e containment fea- 
tures provide a high level of safety. 

-^ H^ 
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7.0   rUIL SYSTEM (RfP 3.a.*.4l 

7.1    Daxrlptlen 

Fig. 71 khuws tho »yiUtn M.-hem«tic of the primii^l com- 
pom-nlH of the fuel s>sifni Ouit pcrfurm i'ngtne tend, 
pn^^ure futlinK, dumpiriK, anil ■(•■futling. 

Kut-1 i» >>ton-<l in (our main iaiik> and t^o uuxihary 
tankH. OIR* in each movaMi* 'Mng Nn'tiun. The furl re- 
nerve is equally (iMnlmtitl UtvM-»n thv four main umk*. 
Eavh main Lunk fistlt directly U» IU i-ngitu'; a craets-foed 
numlold pcmuU fuil to be dflivered from &ny Umk to 
any engine or innilunation of fH^ineM. The auxiliary 
fui'l is f<*d to the crosut-feed nuiniluld at pa-^ure afxjve 
the "n<> fl.iw" value of the main Umk pumps, Thi* ar- 
ranfement provide!, autmniitic backup of auxiliary tanks 
v»ith t!ic main tanks and uninUrrupU-d flow on auxiliary 
fuel run-out. 

A combination of thermal insulation, «hcdulcd (ud 
usage, and natural oxygen depletion through an open- 
sent system eliminates coking and the formation o( lank 
deixisits. The nwd for inerting and purging is avoided 
by locating Uil.ks in cooler portions of the airplane and 
by placing vent exiU to avoid full stagnation tempera- 
tures. Transient overshoot« to M'ch 2.9 »ill not be 
hazardoua. 

The fiiel sy-tem and ibi is)m|MincnLs are designed to 
operate Mtisfactorily under all condiliona within the 
o{K-rating envelope of the aiqilane, considering the cf- 
fecta of aerudynomic heating, laiulation, and location in 
the airplane. The system is designed to operate with 
commercial kenistne at fuel trmiierature» from -6.VF 
to ITO'F in the tanks and up to 250T at the engine 
Inlet. However, the fuel temperature must not lie les« 
than 10 F above its tree» point. 

All fuel system componcntÄ are explosionproof and 
designed to limit m;uiiiium tcmperalute» to a safe levil 
during  normal and failure condition«. 

7.2 fo»l Manou«manl and C*frt«r-«f> 
Gravity Contra! 

The movable wings in conjunction with the «yttcm of 
fuel management and cenUr-of gravity control five th* 
Boeing SST configuistion the ability to mmirnue tnm 
drag by maintaining the center of gravity near iU alt 
limit during huper^unic flight. The cwiUfM.I-gr^vily po- 
bition is in iint;imed \siihuut sjss lal fuel n^anafanent or 
lud transfer. Fuel tanks are balanced al»ut the cmtar 
of gravity and fuel is led from ttiem in »uch a way that 
a mn imum amount of attention from the crew u required 
during normal operation. 

7.3.1   run. MANAGEMENT (KF? 3.3.9.44 

The simplicity of the system permit« the flight engineer 
to manually control the system without the use of conv 
puti rs cir exclusive switching. 

The sequence in which fuel is drrwn from the tanks 
is ,,s IHIIOWR: (1) during takwifT and early climb each 
main tank fei-ds fuel directly to its engine, (2) during 
rlimh and early iruis«. the auxiliary tank« feed tu<i di- 
rts tly to numiier 3 and i engines, and (3) when the 
auxiliary t.'inks are empty, the main tanks f<x*d fuel to 
encini- so thit the later eniis*'. d<-cenl, and landing art 
performed using fuel dirwtly from the main tank to 
engine. 

Because of the higher beating rate in the auxiliary 
tanks, this fuel is used eiil\ in the flicht tu obtain maxi- 
mum use id the main fuel supply as a heat sink for cool- 
ing a rplane systems sui h as air conditioning, electrical 
power, and hydraulic sysletn«. 
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7 2 J    «NTH Of CIAVITY CONTtOl 
wrr 3.i.f.4W 

Centrr of gravity travel of the «irrratt cauacd by IIMI 
Unix« durinf «TO typical musiun* i* •hawn on Pig. 7-2 
and Fig. 7 J. 

In the evmt of a failure of an mgine or an ratcmbd 
prnod of uneven tuet i-rnvsumption, the center of gravity 
can he family ciintmlled by the fliüht engineer, using the 
cnjM-fi'rd niiiiuf'.l.l and Link gu^ra ur tud-ccMUumed 
flowmeter« to mainUrn Kpmfu'd ratio« of (ut-l in the tanlu, 
»imiUr to current Modol 7U7 operationa. 

During dumping oprnition* the rate* from each tank 
are proportioned to provide auUimalii control of cottar 
of gravity within the denign limita. 

7.3    Fual Tonka  IRFF ).2.«.4.<) 

7.3.1   DtscmmoH 

Structural cavities within the airplane body, inner wing, 
movable wing and wing crntrr wttion are used to hold 
fuel, aa shown on Fig. 7-<. Kui-I capacity will IJC 235,840 
pounds (.1.'>,200 U.S. gallorw) of commercial aviation kero- 
aene. The tank fuel opacilin in I'.S. gallons are; 

Main No. 1 8800 
Main No. 2 8800 
Main No. 3 4250 
Main No. 4 4250 
Left Hand Auxiliary       46S0 
Right Hand Aiuiliury    45U) 

An eipaiviion umie u( at leokt 3 percent of the fuel 
volume is pnjviilirl in nii'h tank. 

M.mu.il Kump drain valve*, inhUilled at Uw low point 
of nch Umk, allow nmoval id water and M>(liment or 
complete drainnge of the tank. The auxiliary tanks, which 
v. ill l«e emptied in normal opprations, drain directly to 
the pumpa to minimi .  puddles which may bud oil. 
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CENTER OF GRAVITY (V*AC) 

C*nr«# ft/ CrOvfy  Jrovt-full f u*t 

InMiUliun in the furm ut «ir upwr ai l.iS to 3 imhe. 
Uiwccn thr imiMili- >.kin und ihr Unk Mufkc« »nut» in 
keeping Uw\ itrn\\wTn\\irv* Mithin »(n-pufale lunitA. Ejitj- 
nutM ot Unk U-inimaluir «rr givm in P«r. 7.10. 

7.3.3   FUEL CtaS AND METHODS Of 
SCALING IRtP 3.11.2. ant 3 J.IS.» 

The Kuiüiary furl innU In- t«l»ii-n (hr (runt and rrmt 
wing Kimr« dividrd by »ing nh». Flow pwiug«« and 
linilxT hull's lhr.iui;h thv ktriKlural nh« alluw p*<a«('> 
of fin I and air and minimi?« unusnhle lurl. A fuel vent 
•urge tank curiiutrUm-nt IwaU'd uutluard uf the wing 
fuel compartment «voida t«t<rnnl tpillage during 
maneuven. 

The lud in the inner winR, center »ection, and body 
U divided into (uur main lunk». Kai h main tank auppliea 
luel to one engine under all operating tempentum, atti 
tudw, and flow rat«. 

Primiiry ».trurtural hulklx'nd» ore u^cd to cooipaft- 
nvnl the mnin Innk« intu cell». Ttii» Mp« to avoid ÜM 
uii<li'~ii,ili1e cltn-U Ol (uel kindling (unter o( gravity 
travil and fuel head») cnusxl hv lungiludin&l arcWn- 
ttona durinc flight maneuvers. The fu<4 tank« are de- 
MRni-d In withstand survivahle trash la.^l» without ni^v 
turt'. The timlipiration of the «irjilnno is »uch that 
whiiKup Inndinpi vvill not nrra|ie the fu-4'lapp Kurpound* 
inc the luel n*lK Tlie contact an-a« are propulsion poda, 
nvain near IHM)-, and the lower »ection of the ventral 6a 
or now Tlie lower surface« of the body and inner wing 
are aUi doiftned to ovoid rupturing the fuel cell» in • 
water ditching. 

The inner wing and center »ection furi cell» are ol 
Ncmi Madder integral cunMnjction, usinjt lower and upper 
«irfair liner» »mied to the structure Viv methanK-al wala 
and intecrnl tnnk Roalanto (Fig. 7-.M. The limn* are teflon- 
mated, For auxiliary tanks the wme methnd« of -ealing 
are u^<l on the lower surface, Sparv rilw, and the upfWT 
wing iMioel form the remainder of tlie luel hamrr. The 

1 
1 
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IMI.   «MHÜIM   I^MI      ,, 

1 

S(»LlD80ll 

BKKINC BOARD 

RI8CH0«) 

JTRlNOt* 

i.o»tR»';.G:":>i 

yyi  w,n( Fmi i—i'ot 

linjr»  in  Ih» luxiy  b!ii.M>.   nils «r» nipport«d  by  th« 
•tni. lur* U) mount pumps vuln-», ptv.lx-», inlcrronnccU, 

«ml «crr^i door*. 
Thr Klatldrr »«Mrmhlir« will  nwrt llw n-quirt-mmU 

of MII.T :'i7M, "MiliUry Spwifioilkm.Tiink«, Fuel, Air- 

l.i  30,000 hi.iin  mininium   Tin- litmlili-r  j-.-nililn-« »r» 
full) i-upporUtl lot ,»Mlivf prt^un-n with II«IV,'.II|[ l»»nl 

nod im-fH in po-iliun to wilhvtiind nrjralivt ^-tt^nur»». IT»« 
nviMnium dry1 t^ll »«U Irmprraturr hr* SMTI dMermtnrtl 

to be 2M  F. 

Ciivilirr. rurrnnndinj the fuel t.-ink« pmvide romparl- 
menliilion to ennUi> M nnf perwinnel to l.x.ilr the iwurr» 

Ihr tiiMtii-* i« di^imrl to dmvl leakf-ce lo H wff o\trf- 
Unrti Imntion. All nvitip»- nod inti-^r.il ti\nk hlructur« 
«re nuiubly pnitected lo «void rorrwion. 

Dfri«»-"» 



^^p* w^—pppi ■' ■ ■   ■■ ^ .,  mmWMiw.m  ,   IIIJ   (   .■I.HI 

.*M»aaWMi >WMKNi 

too ft» l:» 1:30 

FLIGHT TIME - HRS: WW 

2:00 

Lafli En,.«. F-l D.«.-^ £Wf T/^c.) M.ONM 

D«.i«oo-i» 7/7 



■^™^-W~^^P,^WW,H^^^-^W^T^™^W~,,WPW" 

C;3CHARC£ FLO* - 1000 LB/HR 

Soot' Pv* Ptrlnimnn 

* 

10      20       »      «      50       « 

ALTITUDE - 1000 FtET 

Mo,, Toot f«./ F-* P-lo"-*«* 

1J6-240O-1I 



 — 

7.3.3   COM REMOVAl Off 3 J.*.4« mti 

A rumbinatiun uf tlwmuil ia>uliitiur, uhrdulfd fuel IMI(C, 

■nd ruituml oiyKrn drpletiun pmcnti tK«* fomution of 
rokr in ihr (ii<l unkt, tlirnby rlimmatinK (he rtquiic- 
nifnl (or ruke removal. A rumplete diM'u.v>iun of thi* 
•uhject M pfCHmled in Par. 7.10. 

7.4   Engln« r«c<l SytlMM 

The enKine feed «yHtrin txinsist« ol one main Unk per 
engine, ronnttrd dimüy to the rnKine it irrve*. A craa- 
feed manifold pvrmiU any tank to feed any engine or 
roml>inati(.n of entpntk. 

The two wing auxilinn' Linki ronmx-t to (he croaa- 
frrd maniltild to delivrr fuel to (he M'lrrtod enpnea. Each 
tmk ronlains two rlcrtrirally driven rent rifuRal pump«, 
r.uh rapahle uf providing llic furl flow and pn^ure re- 
quired by the engine. The auxiliary tank pump rhararUr- 
Ulir« are »uch that they will override the main Unk 
pump« and supply furl to the »elected enKine*. The mam 
tank pumw N'rve an a hnikup durinf! auxiliary tank Ufntft 
to prcvide unintemiplrl supply o( fuel when the auxili- 
ary tanks are depleted. Kngine (u<l rrquirrmenta and 
airplane pump rhnnn'tehsliex are sliown in Fig. 7-C and 
Fig. 7-7. Overall «ytrm rharncteristir» using - 35 V. 
kerosene are given in Fig. 7-8. This low lemprrnture causes 
a maximum pressure drop because of high vlsrotuty. 

All boost pumps are readily removable through a 
boost pump dry bay without draining and en(ering the 
tanka (Fif. 7-9). 

With all boost pumps inopernlive and fuel tempera- 
ture at 1^5 F, the pressure at the engine pump inlet »ill 
be at least 5 psi al>ove the true vnpor pressure at maxi- 
mum tiigmented ixiwrr up to NXW feel altitude At maxi- 
mum dry |»>wer flu» the inlet pressure will not be le»* 
tlwn the true vapor pressure at the fuel thn>ui;huut the 
entire oinrating emTlope of the airplane. 

Cempunenta «re airangisl with enough nilundancy 

■o that a ungle funrttui^al failure will not 
(he fuel »v.U-m operation. 

The tysUiii O|N rales on rummmial aviattoa kero- 
sene but is rompaliU* with all cummerrially avaiUbl« 
jet fuels. 

The fuel Ui-d line for cadi auxQiary Unk also mnm 
as the refuel and dump line. The auxiliary Unk fuel lint 
has a high temperature hose running through the oanUr 
of the wing pivot. Little defleition a mjuireo to aocam- 
modate wing (wwp (Fig. 7-10). 

Except fur coarse w.een» at the bocKt pump inlrU 
there are m. fillen between tiie tAnk and engine fuel in- 
let in ord'r to avoid Um luge from tee or other conUni- 
nanta. Tlie primary fuel filtration r"^*«!» is acoompliahed 
by a filti'r in the ermine fud »vstf.._ 

A fuel deicing sytiin is not required hecau« the 
heal load (mm air londilionmg. hydraulic, and electrical 
system lieal exchange rs keeps the fuel at temperatuni 
adequate to prevent icing for all operating cundiltona. 

7.S   Refuel, Oafual, ond 0um|» iyttmm 

7.S.1   REFUEUNO 

Tlie system deliver« a minimum of IfiOO gallons per minute 
with SO psi at the noulea. A single manifold, commaa to 
the fuel dumping system, is used to service »U Unka. A 
single level control vclve. hvdraulic.illy ojienited by a float 
pilot valve, is lornted in ea>h Unk. Automatic shutrfl will 
occur at the 100 percent fuel volume level. Electric fus- 
ing selector valves w ill control (low to each Unk for par- 
tial or selective fueling The rr(uel switch will also open 
and close the ilump selector valve (or the auxiliary Unka. 
Controlled valve clo-ute rate will pft-venl any damaging 
surge«. Since Ihc fueling rates are within (he limits u-*d 
on present airiilnncsi, harardous fuel electrification wiB be 
avoided. 

An illuminiiliil refueling station i« lisates on e»ch 
side of the body near the inner wing  TTie control panel 
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■ kicated in the rcfurlinc •Ution on the nfht hand kidt 
only. 

Two tftiM-lini iddptmi with rapt arc install«! at 
each aervicing itation. The*e adapter« mate with 
MS29520 nonla, 

The hjht hand ttation inrludni the (ollowinf rquip- 
mnit: (I) panel with fuel quantity gage» and pashto- 
test aystctn, (2) clirtnc awitch ''>r r>lnrt and-ntop refuel- 
ing for earh tank, and (3) fueling power «witch. The 
refueling atation door is designed i<o that .t c.nnot be 
closed when any tank selector switch ia in the open 
poailian. " 

Special check valves provide line drainage into a main 
lank to reduce the quantity of unusable luet 

Pmtection of tank structure is accomplished by ail- 
ing the vent« to receive the resultant flow of the refuel- 
ing system in the event of a level control valve failure. 
Orifice* are irvstnllrd in the fuel plumbing for each t .nk 
to mtrict the flow to the design value and to provide 
balanced rales to etch tank for minimum overall fueling 

Ml   OEWtUNO 
For defueling, the engine feed boost pumps d. -charge the 
fuel through the pn-.sure-tucling adopters. Pilucling rate 
ia appronmately 200 gallons prr minute per taiik with 
boost pump« operating. By opening (he electric tank 
dump valMea the tanks may be defu.-led to the dump 
reserve level. 

A manual valve betwi<T\ the engine crow-feed system 
and trie pressure fueling manifold permits complete defuel- 
ing. I>us valve is arcmaibll from >>ulsi<le the airplane and 
ia desipied so that the amwi door rnntKit be dosed with 
the valve in the open position. Fuel may be pumped, or 
reinovcsl by ground equipment suction, down to the un- 
usable volume by opening the manual valve and crosa- 
fewl valve lor the tnnk or liinks to l>e serviosl Fuel may 
also be transferred between tanks on the ground by u« 
of the deluel and the pressure fueling system. 

7.S.3 FUa DUMMNO 
Engine feed Isxist pumps are u&ed to dump fuel ovet- 
buurd through a lui'd notzle located in the body tall 
cone of llie airpbane. A priority valve in each main tark 
between the f<ssl system «ml tlie dump &\sUTn ensurei 
the n-qmn-d flow of lu<4 and pressure to the engine* 
under all uperatin] Lunditiuns, A Mjel-pilu(" system far 
tlie priority valve automatically shuts ufl the fuel flow 
from emh nuiin lank I« lore the CAR 4b rmerve 
is reached. The fuel in the nuxilutry lank« may be i 
pleU'ly dumiHsl Uumpmg from srlerted lank« is con- 
ITOIIIHI by the fhdit engineer by us»- of ^dividual control 
«witchnv T*o p.imllil line valves electrically operated and 
located in the numifoid near tlie alt end of the body 
ensure dumping ciiahility (Fig. 71). Tlie mntrol pand, 
located at the flieht engineer's station, has switches and 
in trim it light« for each tnnk and eaih noule valv«. Ill» 
panel has un actfss door which cannot be cloned unlan 
all switches arc in the dosed position (Fig. 7-11). 

'I'hc minpU-te system dump rite is 6200 pounds pef 
minute, which is in excess of the i.K«) pounds per minute 
required by CAR 4h. 

7.6    VbHling  (RrP i.7.9.44} 
Tlie vent sv^trm is uiipres.^nnred and usi-s open lank 
|sirts and exits Tlie Uslv tank system is manifolded 
und u^-s a single vent exit in the alt body Each wing 
tnnk i vented M'paraloly and bus its exit on the under 
surface of the oullsiard wing. A schematic of ■ typical 
body Unk vent system is shown in Fig. 7-12. 

Since the system n-qiiires no merting. tlie vent out- 
lets operate at ambient or slightly negative pressure 
Kvaporrtion or boil-off i1- not a problem with c<immemal 
ken>s*'.ie because fud he.-ittng i '»intnilli^l by insula- 
tion and proper se<juencT of lu<^ usage. Tlie outlets are 
nl-^i designed to tie ice-free. Tnnk cm-ties «re ventrd and 
dr.iinid overboard. The snuree pressures for the cs\ilies 
«re tailored to nuitth, or be below, *h*  tnnk pn-svure. 
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A vurRp t.ink i« IIKHIOJ near raih outlet to promt 
Kpillane (ivcrlmnril rlunnft mancuverv Fuel colliTtrd tn 
the -Urne tink (inniva into nn niljnnnt tank. A min'mum 
o( thnv prniilt «ir tptrc ix irmiilcd (or mch innk. 

The vent «yttefn » \atgr rnouuh to prevent prewun 
in nny Uli trum exo^mK the ktrurtural deNgn timita 
undif the (iilliminii IU 'hdunk u( ope'itiun: (I) (»ilui» 
of ■ pi.-.ure fuihi.g II-M 1 O'r.trul väl\i at the muimun) 
refuelini; r»t», (2) iiuximam efrergi-nrv dencent wilk 
tanks emplv, and i')i maiimum rain ol . jnb under »U 
operatinit tunditionn. Ki. lure uf ■ level ronlrol valv« ■• 
tlie runditiun which siua the vent line». 

7.7    Plumbing and FHtlnf* 
All plumbing u Imat«! a> ilune to tlie neutral uia aa 
(ms ilj.- Where tins u nut (easibli, tulxng it deslgnad 
to arcumm<«laU' length chAngea through bendi and flew- 

■bk' rouplinp» (Hii:il and aiipular). Teflon-lined rUmpa are 
usfd Wiiu.se ol their long hi and m cllo» tub* mow»- 
mint. Where no lulie movement e prewnt, rigid coup- 
lings using multi-bolt, k-^aged I > <e fli.nrm are uaed. AB 
lulie brerkrtry i» adjusUUe to fuuitut« tu-ie inatAlla- 
tinns. All tubing infctnllAtiulU aio iii-.gmJ to mini uiza 
time f r nplnnrm-nt. No tubing is weld«! in place or 
swilled in .tie niipl.ire Tlie miior por*;on o( the tuhin| 
is routnl inside ol t.inVs. a« is done on all Bneing jet«, 
in ■»rili-r *.. mmimire ex(em.il tc-nkagc and reduce main* 
tennmv. Fig. 713 illusl'^trs the typi'-al luH lyatom 
filling». 

Tubing within the tnnks will be lahrirnted Inim alu- 
minum alloy. Firrprnof tubing will I« ust-d in drsigrited 
fin* rnm-s or whore amhic I bent would reduce the 
s|rrn>;th ol nluminum. Firt^resislant hns» aswroblica and 
shrouds will lie usod where nectssaiy. 

7.1    Indrfmcnratlon   IRFP 3.3.11.S) 
Fuel s\s|em inslruiTM-nlition :s loealed in three plftrea on 
the mrplime: ,1) flight mgu «'« sialinn, 12) pilot»-ran- 
Ur panol, and (3) (oiling station. 

7.1.1    FLIGHT  INCINEEIS STATION 
Four eategoneA of fm 1 s\siem instrumentation an* uned 
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■t the flight rncinoer'i «Ution: (1) fnpn» tvl feed, 
(2) furl Umptrnlurr, (3) fuel rorsuincd, und (I) tud 
dumping. 

The »nnnKrinrnt of the fwlfwd panel limuUtn the 
fumtionnl iirr.in(;cm<nl of romponrnU l»in(( moniton^d. 
rrutkmK it rnny U> cS^rrv^ and rontml Ihe ^>>l**m «nd 
minimizim the prolmliilily of rn-w rriir Kinnil»tlv, nwilrh 
irtion and Inyout correspond to furl fl<m dirvction. The 
panel i« ■ «Irnishtfonvard «-hi'matic of t»)» oprration of 
the ayiitein nither than ila phyaic«! layout 

On the engine fuel I«-«! panel (FiR. 7-U) m quantity 
ifilirnlon vtilh a push lo-U-st system indiral« the fuel 
qumlity in («mniU rrmnining for each main and auxiliary 
fuel lank. A UIRKIC switch for each l»os| pump tuma 
the pump on and off. and low pn^.'-urr lichl» allow each 
to I«' monitorial (or minimum nrvsMin-s Four lurk-tugKl* 
suiii hfs o|M'rnle the four mpine shutoff vulvni and four 
rotary nwitchn operate the four rrma-feed valve». Each 

valve fwitrh v ill have an in transit light for munitunn« 
valve actuatiu-t. 

A fuel t.-in;« lalurr sy>'em of four indiraton •how* 
trmprralurr at each engine fuel inlet, a trlwiot •wilek 
allown individual fuel lank temperature to lie detrmuned. 

The panel cunlainn > fuel «..n-uim-l flowmelar tor 
each engine and a total furl lank quantity gag*. 

On the fuel dump panel 'Fig 7-11), fuel tank M- 
lector topple switihes (or each main and auxiliary tank 
will open valves for dumpmf; from MUS t.-*l tankx. ToggW 
cwitch»* a' -icontrtil 11K' two dump nouie valveaTTw panal 
h is in lr.if. it liphu for each valw and marking! to ahow 
line arrangemiTitA 'Hie fuel quantity gage and tank »»- 
lector valvt may be used at a Lackup method of furi 
cutoC. 

7.».J   PILOTS' CENTEI fAHti 
The center panel hau four engine fuel flow rate indk-aton 
reading mass flow in pound« per hour. 

7 1.3 FurilNC STATION 
Tlie left hand luelmg utation ha» two kingle point r»- 
reptades with caps, two ground jacks, and illumination. 
Tlie nghl hnn'l station contain» two »ingle point rtTrpt»- 
clis,, con I ml, i'tumination^nd fuel quantity gagnatthowa 
in Fip 7 lü Tiare are six quantity gage«, one lor «ach 
tank, til SIUIIMII valve «witches, and «ix intranait lighta. 
Tlnre is n (ui 1 Link quantity gape test »witch and a power 
swilih fur the gapes and the station light. Drip slick« ap» 
alw inslal'.isl m each lank to provide a aupplementary 
mean« of chttking fuel quan'ity. 

7,*    Inarlini«  1*1* 3.3.9.4dl 
Imilmg of fuel tank and cavity an«» i» not required. 
Extensive t<M data have been accumulated whkh «how 
tluit the ««lis te<l system omfipuration, cruLse »peed, and 
altitude eliminate the need for inerling. 
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|rgt ■      fvl.nf SlOf'on Conlrol Panmt 

The rflnlM»n''hiji of ButiH^nilinn trmpi rnturwi of 
furl inr mutur.^ to pw^^urf «Uilml»'. riMttKin prrs- 
«uir, und n-i<l<nv timr /it OM"**' l(mi«rnlurr^ t* ^mn 
in FIJI 7 Ifi. Tin- plul H kw«J ti(*.n ihr mo-t n.tw rvnhvr 
ilnli from m'>rr lli.m '„WlO Mii.iriitr li-tv ^mHintrd hv 
Il-ninp. With im omhu-nl vi-nl, im rra mg nlttludf 'lr 
»ri-i^^ the prt'vsurr nf ihr fttrlnir mixtuir nnil hrivr 
im M'iw^ I^M' IrmiKT.itun- ul »huh lh< !»>»liTn will "[M r- 
iitf *it!i no rr    lion. 

('unrtul itiom of ».urfnit» nnH vnj»ir (iTntM'tnlurr* ol 
luik- im«! iithcr (iivitu^ »htm i<inilHi-t,t.lc \.i|w>rx nw> 
nM  *h*>*  lK«l Hw  li*!nii«r«tun-H will  nUnyo 1* U low 

h^r.-irclou" U-vr!* (-»r airplmw n|irr«ttrin »ilhm Ihe pro- 
liiwf) in\«l"|«-, in*lu'!inj Ir.in-Hnl fi\-rr«<hnn|ii to M»rh 
?'• Kip 7-17 »»ho»», tlw riimputrtf ti-nijwfnluri*' fi>r M»i4t 
?7 »mw nnH fur l«ilh normal und frnrttcnry (Wml* 
Tli*- vnpor trTn(>r r.itun' khfmfl I« tJuit cj "ir atr mlmng 
n »mi; t.mk \rn1 Vent mr i* nhliiunrd ffrtn ihr loundAry 
Uvi fiHjnitnl lo tlw ^km nnd ihu«- i« rW** lo *km Irm- 
iwrnlutr*- Ttw »tniiturnl Irmprrmlure ihrt-n i« o4 lh» 
hnttf^l «■(»il »ilhm il.r \jipnr n»>>n* TIM hnttr»! «urf»o» 
nn i^ tturinK (ItMi.it will mituilh i* ihn** wmt Ihr Oiin 
ii!>.i Ih« n w ill Iriin-f* r t.i tin- rni(1|kiinl ol »Inn turnl mrm- 
hi r^, *iit h «* i)*t fnmt -ior. in llw Ullri -IAKI* of IW-«TT>L 
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Ti-Niing of vmtinx di'rini dent-nt u cunrrnü^ uxvicr 
Wiiv .»t B»ji'iri|r Hot air. vn^numncd at SO F highr thftn 
ralruUlcd i* r.tpirraturv f-r miwrviiti^m and flow rttcs to 
ftimulaU* «-rrMr^ituv dr-^vnt fn>m Muh 2.7, h*» b^w» in- 
IHMIUOII into a hrfllcd fo«! l.-nk uftrr a kJinulnU^ miMiioiL 
For furthrr ronwrvatuim, Ihe Unk i* maintain«^ at cmiac 
Irmprratun1 during dmcmt Tttnk pmwurai ar» pro- 
itranimcd to Mmulate an open vent lystcm. No rc«ctkMi 
has orcurn<d in tU-ne runa. 

7.9.1    EXPtOSION ntOOfINO 
(RFP 232.1, 9.2.fS.4l 

AUlviu^h the ambicnl U-niiMTuturt'* arr higher in aupcr« 
•onn flight, pir^nt da) rxplohion pontfind Uihniqu« ar» 
ad^tüite and intTtmu will noi h? required for thia ptu- 
pemf. TIH- mo-.t rrititol condition ix^un» in the ii*-i^n ol 
bootl pumpn where pa.<«ngcii ennnfcl the nv)Utr coro- 
[hirtin. iit and Unk for i-uohng and luhruation. Vig. 7-18 
hhuK* the rt-KullM jf a Boeing tirst v-n«-» lo delirmine Ihe 
AdequRcy of (lame arnMrrs nt ettf%..ted lemperalurw and 
M'ä level prcv-un AH ahown, fl-iriH' airestor *iu•* may be 
sei.-, t^l whith will pnilublt tran^frr uf an explosion, up 
lo th«' )(|ir}ntane<iu«i ignition temperature of the fu*4 va- 
pnin (appnikimilely 4.10 F nt s**« level). A« previmwly 
shoun on Kig 7-!7, vQ|ior und Kurfin.*e lemperaturoa in 
the fuel «juipmenl trea »Iwny» remain heUiw t\*' *\*)t\- 
lAnetHi1» i^nififtn li-miiernture for nil condition« o( opem« 
lion. Thcrnwl prolei hve d**\ KTW «re incorpornted on «t^uip- 
ment wh( re kurface ti ni|« raturfs may exceed ^IKlntaneou■ 
ignition leveU due to a malfunction. 

7.10   Fuel ChorocterUtlc« 
(RFP 2.17.   3.2.9.4«> 

T)if furl -N-hm IH eompnlible Ailh romr^ifiol aviation 
krroH-ne, j^-t fu< I-,and fonva^t impruvmwnt" ,n kero*cf>e». 

Th*1 i*nRini"« pmiw^'l for ilw SST prngram requupt 
fuel of -ligMU en.ihr llirrmnl ^HIMIIU thin ihnt vt 
purfnr enmrmrtml n\iation kinwm-.   ,\dvan(aKe i« taken 
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ul Ihik rwvd (or the brttcf conunrrcial krmwnei lo maV* 
UW »I Ihr IM I a- • heat »ink lor the «in rud »\!>trfnk. 
Certain «' S. rrfirnri«-* are pn-^-nlly (Mivwtn| ihe hifhrt 
»Uhilily kiMiM-iM* at nu irurtaM- in cunl. It u miMinahl* 
tu nptvt 1)111 tli • (uil can U {cnrrally avaJxblr brlora 
tlw S.ST openitKMUtl prriod. 

TV-t work h«> -linwii thiil a mluttion in th» oi>(ca 
contrnt »i ih«- (uri f(l«iivrly rrdurai the amuunt ol <le- 
ptihiU oiUti'U-tl nn MTtvnH or pUu-.l <iut on heat eichan^rv 
tuhri. Information (mm Vor- Pliilli|M Pelrolium Coo»- 
pany and Tb^ Texmco ronip.iny on the corn-lation ol 
oiyct-n inni.ni »iih ih.Tntil kUhility in ploll«! in Fi|t. 
719 and Fn 7■?(). With an OIHTI vent •yhtein »hidi 
maintain» the \apor »(xire pn-vuiv at ambient, the 
oiycrn in the (ut-l will 1»' removed Wy the dwrea** in 
vent pir^Mir« donng climb a» »hown in Fi|. 7-21. A 
cumpirtaun o( lh<-*' fixun« »bow» that the (ud oi\((n 
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itintrnt  ha« beiii ••alf ntl\   rrtlvitt^l  r^.rlv   in crui«* to 
imn-i'* the iliirml -.i ililiiv livi'l by apprntimatrty 
2'i() F, Thi» Imliir. in mnjindmn «ilh improwd (uH 
Ibi rnvd »lalnlilv, rn-ure» minin.um i-ngmr maintm»ni* 
<-iivw<i by It» rm.il degradalHin "I (ueL 
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7.10.1    COKE PtCVENTION 

Bortni IäU iRrf. 4) hnsr ».h<i»n that thr tortntftion 
o( nikr in thr furl tjinkn tan hr prrvpnli«d by ■ (^»m- 
binitttun "f Ihrmuil |irtitrrli<in, liink ronlini nuti-rml. 
«ml fuH n^itLij;« im nt In Aiiunlitniv »ilh Ihr** n-^ults 
douMe-Hallrd Uink« »iih trflun internal hotlnm rfwlmp« 
«rr u-^^l »hrrp rrtiuirrH. The (url rnnnngrnwnl pri*<<"<iur» 
u-rf^ thr tnlal nvivfllilr wmif link fuH ftppniiimnN-ly one 
h.mr brfnrf ihr md of ITUI^* The main tflnk« in the J«rfy 
rrtiin ihi* n-^ rv« und fu« I (or Ht-^^tit and rnd of mil«. 
With thi- pmtrrltrm und mnwiitmml, ihf n-nullmi furf 
IrmiaTnliirt-« nl ihr rnd of A nvumuim rtner CTUWt «t 
Mftrh 2.7 irr n* ^hinbn in Fig. 7 ."2 fi»r (hr »ing LunV* »nd 
in FiK, 7'23 for thr rrwun l.-mWv 
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7.11    Sytlaii Tharmal Chor«c««ri*lk« 

Iri-ul.ttiwn urii) ft». I -r «n ictvnml prwMlum iitKm thr furf 
t" pnivHlr u M .i-r purlfin nf |h* iwal -inV. i'apiit»ility rr- 
quirrd ftUurd it,. ,iii)*ttiH- Mittun Üir ."lü K rrui*« luiul 
(«i (ml drlivfn to lh» rtiüinr 

TvpK'Jil undi'fitruund fu«! *>UinkKr t^■^^^lr^»^ul» *•• 
(irlrmiin«! In \<r *|>|>n>\imiilrll« 'ill f Kig 7 2« nhuw« 
■ >u*l<ir> nf fui-l It [IIEM i.tluir i( SO F lui-l «rrr kiftdr^. 
A siiuill Amuuni tif iiuKiUar > iiBilir^ t» ntjuiiK) during ihm 
mi—Jon i 

FiK 7-5.S, • hulury of IIM* i\t<\ ti-niik-iaturr dunnf 
N nuiimum runn»- hU|H^MmM nn^-ion »tih H'i F (uH k^d* 
rd. vho** ll<«' Itri'i« i.ilun^ uliUincd throunh thr vanaui 
}v-.il vxi-hnnwr» umi \\w n^iutit MM-TII for nuhilutr\- i-milinc 
T)»- 'i't fu< I 1 .'.1 ' t' It ni|ii mlufi f- <i»n'i<l«,n,d Ihr in»»» 
mum to lw i»|itilcd in o>nimm-uü i»|B-nilNi«L 

II liu F lud u II>.I<III| «rill • maumum muMun M 

tlimn, IIH- n^ulting furl u n.^H mlurra «ill br «s khuwn im 
Kl«   7-Ä 

I^vumi» di-Mt-nl ll.f fui-l IvrnprratUTP mlo Ihr «ngin* 
i> liiiuli^l lo K". Atfrm F ta provide «■li«iu«l» ruulmf 
fur Itii i npirw 1")^% i» «immplivlMil by rrmminf »U rahtli 
ninililMiiimi; »nd h' dmultc tint 1<«"I« tn«ii llir turt IWi 
»IT.H^. tu. nl hi« liu iflivt nf »II"«m» th» furl lo h» d»- 
li\rri-H to It«- rncmr *t Unk Irmprnlul«. iS« Vnlumt 
A VI] (nr » ik-irnt.'ion of iy»t«tTO roolmg). 

»W    •. )i»-    ►^>- 

Bni *•■* T„.,I r../ r..»^ .. n.fkf 

22    ovi«oo.i» 
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■ .0    TISTING  AND OIVKOPMINI MOGBKM 
(«rr 9.3.1«, 3.0.1*1 

•.1    C«r.«ral 

Thi» Mcctkin »ummnrii*-' ihr ir»lin|t tin) <W%"«4oprnrnt ol 
Ihc  rnii)t>r  (.f pal-*<)n   N^hU-in  oirnjiuiM-nlft ihiuush vnM 
ol the (ollu^mf tUfm: 

• M *W UmU 

• DfNclupmrnt lr*t» 
• ("..n ;-.;;. fit   qualifi« «tlOCI 
• Sykirrn '1<^I !■ •■:   -ni «mi qu«)ificatKin 

• Certiftratkifl 
• Arrrptanr» 

Inlnri. ih  n on trkt Uotitir» and hlieduUni u givrn 
m Vulumc A IX.T'*»! «mi Ortiftrttion PUn 

9.3 Ingln« InitoMaflon 

lV\*l«.p(Mtil tr-tinit »ill U- (t<inr Ut »u^lmitmtr ihr ilr 
ufn (iit.nU 1.1 ihr iivif.ill « n^inr in-t.illalnn Tl * trst 
prii^r;im intlu*li-y Mmpl«1 i.ii»>fnior\ ti-ts <,( Minna« mm- 
(«»rM-nl«. ktjilH ►:;■■■;'■■) h-l* (►' n ctifTipli Ir rnfinf in*!*t!l« 
Ihm, U*-*1* •■■n Ihr itim(iU-U*l nirfilinr, «ni! fli^t li-l» 
»h» h n*fH lu'ir »ilh l^rf" •irpliir«- • 11 rtifu .tlmn iinH t ii-.tr> 
mcr »i-n-iilvirH» Ir^tA. 

• 2.1 COMPONtNT DtVtlOPMlNT TISTS 

Thr cU-vien i<irv4t|il<« of .i UrXf numU r nl hr)lh futvtHtnJll 
nm\ -irui luril nunpunrrt« u-^-^i in ll*1 in^l.iUnlt'in * ill Iv 
li-vlrti to ilc\«ltp niM\ pri.\r iktt ihr tlr-itn Httiil* «rr 
muiml «n«! |ifnili«iil T^x-^ 1*-^l* «til hr mmlr «1 Ihr («r- 
Iir«l pnwiWf t(m** «• It- .r» I.u ' tu-* nn«l nl -> »I f.i« ilitir* 
of thr \« nit'if« mwl mt» ■ ■nlrrn inr-* {vtrtu ttmtini in thr 
il<-M-li>pnw t>(  .if th*- |ip.['-J  ton ^ttion "f ihr nirplinr 

An  iph)nli\r   of   tU *■   d   tt  is  to  m-ufr  mmplrlr 
i <.n,[k.»til'il.t\    !■ t WK n    ilrtn»   tr ti -I   nrn\    \hf    \i i\    hißh 
HIIIUIII*'^   »iwl r^trrfp«**  m  |rfii|ii rnturr« iivuirMtrd  »ilh 

»uprn«»nkc oprnUun. 

• 23 rNOINE CtOUND «10 TtSTS 

Initial pruumi U^U of rnpitu-s »»11 hr («"HurmMl on two 
Um-inK gtouitil ripv in i'.- SivtltU- an« Approfcimjitrly IS 
nn'tith'« hi-fonp fuM fliphi TIK- rn{inra *ill hr of thr \ 
l>pr i.i \ r>f*U\ »" tin- flight cnpnea Oi*r n.^inr nf i* 
l(KHtf«l Mt thr mitKiinnftl tii£>n<tiing UUiratory in thr 
Stütllr «ri-Ji and ttir uthn nc i- at Uw TuUhp rrtiioU 
leal  ait» 

1 ',. complrtr !■'■ ■; ■■''■ ■ ■■ \"l for thr «iritUnr. imluJ 
mg inlrt, mcitte *ith nucm>-ntor and norilc, mpnt 
iTMiunl*'. acti^^jrw-*.mpinr furl ^»U-m. cv^lmn, rr\'rnwf, 
and ^trut >- .' '■ tr^lt-i) m thr«* fnrihtir« tu cxiiifinn the 
pMpiil'-io.i »v^tiffn dt'vipn pnur to lirvt flight and lo 
\*tt\  thr flifht ti-l praftmnt 

T\w U-t npv »ill \n u-w-d in |H'rform dt^i-hiiimmtai 
li-linß of ntmpiiomU niu\ ■tii,sM»nr* arid I" rvalualr rn- 
piiw [it-rfumuinir nod n|n-riilion lU'fTU lo V» tr^ii-d in 
< lu'W- Ow inli 1, klarier, nj f\ ^U m, fu<^ »sftrm rocn- 
(Mtm-ntN. rnpinr in^ttum' tit,»l mn. rrvrr^cf, n<ifiW-. and 
ii.ntf..U Mi A'-un mw-nl» »ill IN- nuuir of ml« I pn-^urr r»- 
nivtr\ loi'i cii-i> rt i-<n. 4r(i^*>ni\ i^mlmf, i-n^inr i-nvm 
UM nl fuil nod ml flo» t.ilrv. ihiu-l mli mal ti ii.[w : HIUT» 

nod pri- uo-*, >l.-trlin| and (uolri-ition linir*. fir Kn^inr 
!,)■ t ,\ff\ m l«'th thr nufm*ni«i| and dr\ fnnora »ill hr 
fulls 'i i«-d A [hitlmn of thr mrpl.inr furl fr«l avKtrm 
uill 1<   ii i-d in >-uppU  fi.«l I'» llw U^l rrpinr 

'llii   folio» me i npm   imUlUtnin  l**U an- |>Uiinrd 
. KM.INK OIL (TIOUNC 

Ti-^U In r\nlinlr rn^inr  nil  (tailinfl  *\vtcm  pf-rlorniTrvr 
■ Irmi« ralurr^.  pn- un-^   arid  flu»»*.  Udh  »■l»«ad     ^lalr 

nn<{  Irnn-trnl.  »ith \*>\   furl  and  niimia]  tu*-!  Iiirippf«' 
lurr» 

. ( ()%' fWT ^n 1 1) I'lUVK  AND 
(.1 \) is \TnH MH   ( (KM,|\ri 

Ti-'t- tn r\   tn.iii  *\  ii r.i ml < ■•.! -if  , - ifiMnvtncr.   t u^n 
larnlun-v   pn   -^ti^.nn.i  fl.-w-.    l»..h   'ii»d\   i-lalr   a^d 
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rarwtmt.   »ith  Strf  fuc4 and  nomud  trmpmlur*  lud 
Tn»U lo rvaloJU dnv« pr««uruJlion •yvtctr p^rfunn 

no» (mfin« blerd air). 
TCBU to ubUm imeralurC heat rtrfortf r prrfofm- 

• ENGINE AND COMPONENT COOLING 
TeaU to d^UTrmne rumpum*nt U-mpcriitun« ui ihr rnguM 
nvirunnwnt   (ignition lyKU-m.  fut-1 ixwitrul,   1\sfi  puinp, 
lump valve, noizlp i-untrul,  lA*x<\  valvts^ etc.), and  to 
rvaludttf pud U-mpt-ratur* rnviruiimmt. 

!•- U to drtrrmine ROCVMOry gmrliui arw) drive ayv 
trtn mvironmvntAl lemprraturv at »i-U as the ambirnt 
trtrpvraturr« lor ^1m^lJ^nl H^vd drive. (t-iM-rator. »UrVr, 
hydraulic puir.p, (r it. Ju.> r-»   timrv^nutUra, etc. 

• FIRE UKTECTION 
Teat* to eaUMith fire dctflcUJT location« and trmprratu/v*. 

• ENGINE INSTRUMENTS 
Tenta to rvaluatr ihrutt m^■a^ur^n| iyatrm accuracy and 
re*ipon«r; to cvalu*»te othn tnfirM intrumcnt »>»te»n« 
■uch as HTM, lui-l flow, t \Kau>t (aa t*nn[iiTature, oil 
trmpt-ralurr, oil preaaura and od qunntity. lur rcsiponaf 
and aexuracy. and ti) nlahli>-h timiU a% n-quired. 

Testa to evaluate mttnimcrit II>HUTTU lur mnAtant 
■perd dnve ami ci-orr.i'nr o.i nwlinf lyytefna 

• ENGINE rONTUOL SYSTEM (HfP 22bU ) 
Tf-la to evaluate m|int rontro) ■yatrm rr^^'ft"*   to <W- 
teimjnw engine prrforrnJinrf a* a functkm of thnwt lever 
punition.   to  drtj-rmine engine   rt* [wm'*   lo   thrust   lever 
movenvnt, during i-lh arci'iration and deceleration. 

• ENGINE FUEL SYSTEM 
Teata to evaluate engine prrf»rTnance. hotii »ith and 
»ith'.ut knüatamt frT»m W«^t pumpa; to drtermine •\-%- 
tem prewture«, trm[WTalu(tH, ind fl<»* dvinng steady s Ale 
■nd Irafwenl opfralmfU, to r\aliLile ».urge prf^^-urr^. and 
to develop fenerah^-d performance f> r fuel nj h#-at ei 
rhanffer 

• POD DRAINAGE 
Teat to evaluate propuUkm [■■) drainage proviaiona. 

. MISCFILANEOrS (RFP 3.2.16. 3.2.4.7d) 
Ntar field and fur fit-Id acuuMtc mnaaurcfneiiU »Ul ba 

made durinf! the U>t j- i. -i Kxhau»t caa velocity and tcm- 
prralure prufdaa in the refiun ol the auplant fuaelaf*. 
vnnf. and UJ wrtton Hill Le uhLainMl. 

'Pi.  lr*t rig will be in operation until [»•-.,»ul»*un tak- 
»tallaliun pr\.Ufim are auNrd, a prnud of i ppm&unatdy 
30 montlw. 

I.K.J   AtRPlANE GROUND TtSTS 
Ground UT.t» «ill  I« run un llie ain>larir pnof to fin* 
fl ght  lu confirm  ll^al   ll*  \anou»  ^>hU'ms  are  «rarkinf 
properly and are katu>fartory lor flt(ht. 

Ail efiginea »Ul l«* opera led durmg llie preflifht toata 
tu evaliiste iv [ollo«m| lanctkma: 

" Kngin.- sUrtinf  (n* Par. tJb) 
**  h'j\gine  «cceleraUua 
» Aufmrntur and rv.rrle operatxMI 
« Kn^utr i!. tn.'iKt.u:». in mcludtnf the thruat ineaa 

unng a>-iUa«: 
• Might di*k ro» fruk 
• Kngtne can« tm>pcraUir«a 
• I'ud cooling 
• Fngute ■■ A •\»teni 
• lirvervi "[■■r^u-o   (H« Par   A.4) 

1)4   AIRPLANE fUGHT  U$T$ (RFf 3 IS II 
Thr le»!* outlim-d  in  ih.« Motion are Ü¥** required to 
evalu.-tr llie HTHirncy and »onfirm Ctt d<»ign of the €»• 
fine in^lalUtton dunnR the flight treta. 

In flight h'-la Will mraMire engine p«-Hormanr» and 
otwmtMihil (harai t#-n*li<-v furl flow, airflow, ethauid gaa 
trmpenlurr, preh.-urev rvuiie art«, air Ui«\l temper»turaa. 
and proeuim. 

'¥)*• tut start rmr! i* for the engine »TII he ra- 
UlJi U-l lor rtith tlie main gas grneraUK and ll*e au«- 
rrwntnr 11»« f-.II.mmg Mj)rT)iti()nAl lU-m». »ill Ir evaluated 
during the flight  lent pnifnum: 

O*W4Q0-ia 
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• Engine prrfurmaniT i-hAracUnftUc* 
• Kn/nr-   ,-:. i r liTil, .n-  »nd ciKrirr«lJUn» 
• F.niciit« thru&l U-M r trranfcmmt 
• Augnirtilor uprratkun 
• rn>iMil-jon [»id and mitme ooolmf 
• Engine oil »vUn hnvthmK, hcavmgmg, oil con- 

nunplf*n, uil cuulmg, hc«l rr)ertiun, Hc 
• ComprMHoi »urge chArBitrrutka 
• Vibration turvryi 
• ,V" »-v-.ry oprralkia 
• KnKinc anü icing 
• Engine inntrumcnU 
• Pod drainag« 
• Kngin« fuel ayitccn 

• 15   CIRTIFICATION TIST» 

TTw pnipul>*.)n \*f*\ * ill b* U^Ud U> i/bUin data for ITT- 

lifi. «l.(in   UJ   ihr   n^xirrmm  ca^Ulilmi  of   thf  mp.» 
inaUUation »ilhm ihr fliE*>l envrlopc uf the aurrmfl. 

TI-»*J» U^trd hclw» «ri- typii al ol ttv.**- to I» prrfurmad 
Ui m-*urt' n-fi (luirur »ith On  niilKalrd M^ \Hin\ ol (" AH 4b. 

• INFLIGHT KKMAKIS (TAK 41.7*21 
TSr rnvrl«1;« n( fiin|i*^-(l% arvd iiltitu<lti» »ithin «huh 
■■twiaciury   rngtn«   Mighta   tan   \m   obuiru«!   »iU   1* 

• ESdINK AO *»<)»tY (CXJLISÜ (CAR 4b.4'*J 
THUOI CM (h4'.J. 4h«Jfi. AM) Ib.fi25) 

It will hr li iiMtn-tmli-«! iKa! llw* mcinr a« n-sv r\ nuj 
ing «v*li m pruMil«-^ Ihr t '«.lirtr nrrt^ .iry to mainlam 
thr nimp>tm-ntM within rtUMi^fvd limita arxl iKai mm- 
pi»n<-nl rn%ir. nrtM-nt i» antpUblr IhrouKhoul tbr Right 
rrvrl« (w   PnKiMr f.nlofi-H ^,\] \w •.inuUlrd. 

• ENOtNK iNSTKl'MKSrS iTAH 4^*111, 4h.n0. 
4b7n. IhTU TUMOrr.H 4h7»fi) 

Thr rn^-ir»«' in-tnmwnl* «ill l*1 il« nv-n- tmlril tn t-ry-r 
ihi-ir tnti-nilr«! fumtion^ llir'.oplvtut tV flitl.t rn\r4«»pr 
■ nd un<lrr O'ndilum« '>f iKivli^ht nnd iiclit i.[*fnlH>n ln- 
»truirtrnl   If a atnirv« nv*\  mmfking«  * ill  lir in a* »t.rii*rv^ 

»ilh Part 4b. 
• ENCINEOILSVSTEM irAH4h.4»THROUGH 

4b4Ä2) 
Th«- pnmaf) n-Njui'isibiliU (ur Ihr ritgint oil sysUm 1»«8 
»lib UH* rue"»»* rTmnut«i1urw 

It will U dt-nnHulmttyl iluit Bonnf'i m-ullattun » 
tx»ni[».iliU«" »ith lltr rrigiiM- oil hssU-rn. and ll»*t i*«\>nd- 
ar^1 i>>'>lMms M* h a» oil pr*w»ui», irtiiiwmlurr. and 
quantity indu «tini »> stem», M-tvr thnr intrndvd 
functkjtt 

• ENOINE ANTI ICING  (CAR 4b.%6l) 
liv pmU« Utrfi h>^U■ln deNgn l(»f UM- baue t-ngine i» an 
rng.n* nuinafartun-r rr^jM^niabüily 

i !ij:lii li^t* »ill \m ii.tnlu'ii-d to demonftrit« that 
adnju-iU1 h »ii| pniliitmn i» availaUr lor Uith llir fngin» 
and mlrl dunni ►ulr^.nu i»[a*rntk»ri T*»«"< Uwli will IT»O- 

ki>-i pri;,btrJ\ uf ilr> : :r ITSIJI whrfv MiHaiv u ; .,«1 i;.turt» 
arr n»« un-^l during PIKI.I cunditiiNv] appro>(>rkatr to th* 
»Lagr of flieht 

. 1 NOISE Ol'l KATINÜ < HARACTERISTICS 
H \]{ 4h4tO rr.d <T P.») 

PM n-j« n-* A nil ir.r .-< • to rlr^t Irvrt rnov»Tj»ml ».11 
Ik ilir in [fiiM tl.n.ucUtut l-^ Pi«ht t-nwrloj» T>w^a 
t.-s will IN rtuxludrd wnh IKJ aiiUcrd of po«Tt n 
Irm li..n and «ilh in-niiouin atrMc^d nru\ puwrf ntrw- 
lion 

S..lr'ft* lorv rnpmr ()[>» rTt»«»n ■• ■" \w dmi»>n»>tnil*d 
wuh tlw Mrj/i.mr in Miii-Jijw., in rlalla, dunni nuikimum- 
ratr lorn* nt htch alliludr, ^i'»in^ p anmnd (rrluMd 
Inn'ii f i i iMnlttionv H unng ».irjiUnr mm 1« raUon fn«i 
itiiTiitTium »i«"»^. «I nvmmim nprratmg apwda, and at 
rrvmnuim duf *iw*Mfc 

Kn^inr nj* rutc-n on thr gnmnd »ill \* Artnon- 
»Initial t" lr »^.ilf fn. t. .r\ dunng »niK»-* ii>d and taü- 
wmd i'>niliti>>n* i» .nd» n- >t »J» i utt-d nv»» imum x-rlt» itira 
tu 1» itrtit.«^ f.r lAVt»f1 nrid Urnhng '*• m»^ wind. 30 
kn  U minimum) 
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• FIRE PROTECTION   (CAR 4b.4M. «b.4«^ and 
4k4M) 
Fir* WiUdwn *ill fa> clrmun-TniU<d on a model in tha 
wifMi  tunnal. 

PrufM-r irttin^H ? »* firr «amiii^ »>»U-m »ill br vm 
fi«<i dunni(  ifw tntfirvt   BJMJ AntvAury   rouJin|   u-r» 

• HHK TKST PLAN  iRFP 3 29 lr) 
PnM>f u( thf | f ■;■■..!■. ■!■ i»v^irri firr mt^fnty i» arrom- 
(i|i->)n-l hv xi'(Niratr f« t of tSr apjVjihlr r »r'f <!(■;■>■ 
nmta. Fira tr^tmi of ^ njni-»U t.- proful^vin [*»i »-* not pro- 
p«. ^ J • KT ihp [--1 tfrplukM 'he dr^i^n knowU^tr fttin#<l 
fr-.m -iilr^.r ;. {IHJ IrMinl «nd •«. i<r riprtlrnor It « ■■.Ivl 
til-» ^ir impractical tit i;ii»und (r>i . [MMI at Mipmunir 
-(■•»■^f- 71,*' ^nnutrv f.rr mUfnl) prunripln u^**! ihr(>u|h- 
out  thr d^iKn ara 

• Co»lm| *n<\ firr««!!« ^rrMnl fldmr inipuifrmml 
on <ri(i»«i portion« of tKr »irfrj(i»r N*»in '. ■.. .r:' - fljimt 
path^ arc pro\m hv »in<J lunr*! nvm\r] tr*>u. 

• Limitin| mvjfrn avajj^ Iitv t-v ri.otmll^J vmt.'»- 
tMm «o* h thrtt firr^ »ilj W irlf rKim(uirhin| i»r of km 
mtmsity. 

• Burn nut jaiftrl« «rr in*tAll< • m *!riiU-<M '•» itif»tM 
to a'Uiw "»turn out'  of hifh if :<     it >   fir»*, if ll»« . ui   ur 
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PrrforrwH'*  Ir^ti   »ill   \v  «a^ompli-hrd   lo  iW-nvm-tnit* 
that  Üw rnfina  in«taItatHin rrwrt«  »11  rnjirn^l  prrforin 
arT  rhara» trri'lmi  a*  wl   f^rth   m   t)»r  ■irpUrv  drUil 
•t-> Ji. »tj^n   (VoJuma All). 

• 3    tnglnm inlmt 
Inlet drvr!(»;>rni til tr«(inf. flarlmx »ith mudrU »nd 
pirn rttlmc through dill •««lr wind lunnrl l»^t«. It«» 
•,hlv »ith nprrating mprx-i, ami *■ t t'l »irplana UM». 
i« plannrH to drfina lha rlr^ign drtjiil* i»f (he inlrt «nd 
'U r*-ntnJ  fyaUm, 

131  Moon mn 
M*wM   trst«   of   (hr   inlrt   a vf   thr   mUt prtinj^wtn   pnd 

»tnf romUnaUun «ill be cundurtad a« luAowft. 

• 3 1 I    Smoll S<ola MUM 

Small-Male inlrt  Ir^-U ».II  hr .--,,';, u.l m ßjrtf^ mod 
lunn«*lft lo ohlAin .!■-,. diiLa tu drfinc ihr inlci mb 
and rtu-mal (.-■»■ :^ '■\, u> .!■:.:►»■ UM- J U-t cuntrul pan 
rt.'•> and  M-a^>r  I - .!    ■      to dittnrttir optimum mov- 
■ Nr faumi*try aiht-dulf«, and tu aaUbliiJi ihr auilahJily 
of ttit- mitt location ;■ ' ' to '.-• ..■,■* »inf and 
(.- »■ i [,. inlet IIWKIIU Mill t» t- s-i ovrr a Marb 
j       '--   i     ,.   of 0 2 to 3 0 at  vanom an^lt« o4 attack 
■ rtd >»w lite mitt mu mal fnanrlry, hlrvd wtjiunrnimt^ 
and < or • • j n^ju rt r'H nt* »J] i. » :. I^ ^«1 ( rimardy 
thn<urh d* M !i'i>nN-td U-l» of tlic mlH alt>nr IVrmdir 
U-^i* of \\w MmjE trj«-t rumhmMUitn to vt-nfv latui^rtory 
inlrt o|a-rat<>4i ovrf ■'- rt.tirr f.^ht rnvrlopt «ill alaa 
\w rtrnduflfd Inltt dr^i \' :■ Uo«l. •,'■■■(■•■ and by- 
I»---i »kll I«- ii>ndu(U*J in \itr \*tfi »ind turtnWi to «a- 
(ahli h '*:■■' , ■,■- and ; ■ ;- dour .....'fJ af hrdob«. 
S viral ■:•:*■.'. Male rnmlr-l* «ill u t.., i for tha dr\i4ap- 
IT»   t   »'jrk 

< 'ff'M Mil! rtlind from profram fo ahead 
iKnn.. ', ihr flight k«M pluuw until full (i( vrl.ipmml twfl 
(■^ n ,'«11 

• 3 I 3    Ona^iflK &<ola MMM 

^ ..rw-fifth «-.ilr miMlrJ of thr c'. i «iD hr built and 
l(^U<d o*»f th« mluT flifhl mvrinpr to pnnitir add» 
ti-.nrtl d< v( I .] Mrfnit data, »ith |v»rtt< ular rtri|iK*«ta am 
«ill tf!,»ts »..un.I r\ la\rr tJ«*-.l dita.k and inlrl ron- 
tr*A dr-\H'>|>nM nl 7Tt« (Vwinf ImnwinH1 and au|rtT^i>nir 
»i ml twi fir! i «id »»nr of t»«r NA^A tonnrl« »-iD hr 
u*"! f<if (tu« «Kirk I"-' puqawr of Ihi« '*-•■.j m ,11 (^ 
t/i pn»idr inlrt 1» ff«irTTjin<T nr.4 »tatnlit> and mlH rrw»- 
Ir..! )f-ifn d'ta to lr* uvd f^ r infin««nn| Hra»inf w- 
l< .- 'O^r n>Nl(l «>tl lr fulK Mtntn.Ünhlr - 11, movafai» 

* < I ci^»i(»rt r>. karialilr lakr«.'T l)\|iav* *iah.lif\ avtlrm, 
and tn aol<»m IM   i'l't ctntntl   Tin"*   t(-i«  «J]  )w   ruft 
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in ci>iijunili<>n wilh ihr inlet control lubranlrmcUir to 
evaluate control conropla and w-nxir re^uinnimta, 

B 3 1.3 Smoll-ScoU Static and Uw-SpMd 
letting 

SniMl-H*-ale (a(>prt>xirivili"ly one-eighth) sUitic inlet mod- 
els will lie U^H! to develop the takttjfl d**or configuration. 
The LnKisjfl doont provide aujulmry air to the engine dur- 
ing t.ik»t.fT ami during low-j-jiM'd Kigh-power upertition. 
'Flit-?* model» will Ite U'sU'd in the li^-ing mechanical engi- 
ncrring laboratory low sixi-d (up to Mtich .2) wind tunnel 
and w ill provide the data necciwiry for dctjiil design of that 
portion of the inlet system. Men-nnmenU will be ttuidi of 
airflow, pre-^ure revoverv-, and distortion at the engine fa''« 
over a Mach range of 0 to 0.2. Auxiliary door area »hape 
anc1 location will l«- sonv of the variahlen l/-?-ted. An engi- 
pisring laliora'nry water table will ako be used for evalua- 
tion of the arj-üiary air Hystetn. 

8.3.2   Full-Scola Tettt 

8-3.2.1    NASA Lewliloboralory and AmoW 
fn^ineTiry Development  Ct.iter 

A Tull-sialc inlet will he tested at the NASA I>PWüI 

Laboratoiy or equivalent facility to delermine the eflec' 
ol model scale on tlio inlet perfonrame and stahility. 
The inlet houndary layer bleed configuration will he 
tailored durinK this h-st pliasr. 'Hw inlet control wnxjr 
type and local on will be established. A prototype inlet 
contml will be ase<l to demonstrate the operation of the 
inlet control sy-lem. Pressure recovery, ftahilily mar- 
gin, compressor face distortion, blts-d flow rate's and pres- 
sure«. lime constanta, and rew|K»n:*e rnU-s of the control 
KysU-Ti will l»e fMime of (he characteri'-lics nrv-asured. 
Mach range will he from 1.6 to 10 or as limited by the 
trst facility. The full-Male inlet fabricated for the U-wis 
Uiboratory test« will lie first bench-tested nt the Boeing 
mechanical engines-ring lah.iatory to confirm It»- vari- 

able geometry actuation and conln;l operatwft. 
II incompatibility lietwis-n tl>e in'.et .nd the engine 

becomes aiij»ari-it, furiLer full-scale U*U are planned at 
the Arnold Rngineering Development Center. 

8 3 2 2 Ouoliricorlien Tetltng 
Qualificntioii U>U of Oie engine inlet »ill prove struc- 
tural and riMxhaniral inl4-^Tity of tlte inlet di*ign. The 
inlet tlructun- will be laUgue U-sU-rt in tlie utrwtunl 
dynamicB laboratory, In-flight tonperifuret, prtseuie 
loads, and vibmtiona will lie aimuluted. 

Muhanical (/-st* ol the taki- fl d'xjm, bypasa doon, 
Ijalantx* panel», internal variabU ßinnviry eleinttiU and 
actuators will IA* IH-H imw-d in t.lie rrasluinical en^finoer- 
ing blximtury. For tla--e U^la the coni[ionenu i.iU be 
BubjtiCtod to emulated in-fiight tempt-raturt* and loada. 

«3.3   GROÜK0 UST RIG AMD AHPIANI 
GROUND TtSTS 

Further inlet gruui.d te^t« will continue aft part of the 
engine rig and airplane prvflight test program. 

8.3.4   AIRPLANE DEVEIOPMCNTAI RJGHT 
TESTS 

Engino inlet pcrlonnam-e w,ll 1* evaluated throughout 
the airplane ojicmting envelope. Tot-il pn-s-.tre distri- 
hution across the eng.ne inlet plane will lie del^-rmjned, 
and the inlet t .-ntrol sv1; l^m will IK

1
 evaluattd for pmper 

st^ixluting, ndeqmite resixonM», and odc-quale flow kta- 
bility. Ojvemtion during an adjacent encine shutdown and 
»luring reverse *.lini-t coociilions will he demonstrated. 
The cfhrts of critical, single lailurw in Die inlet con- 
trol system will he dcmonslrated. 

8.3 S   CERTIFICATION TESTS ICAR 4b.^40l 
The engine inlet» will I«- demonstrated to supply the re- 
guircd qatntitirs of air,  within  the limiU of prrssure, 
teni|Ktiilure,  ami  velocity distribution ^^«s■lfleH  by  the 
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rngino nrunufacturer for pniprr t-n]{ine opfratiun during 
all ii'Timl ilij.'lii conditionr 

The effecU of (ailun-s of Ow inlet at'ualing and con- 
trol nyntcma will !»• dpmonatrttad. 

For HUpersonic fliKi1*. >i wiU k* dt-mun^trat*^ that 
inlet airflow U mainUimtl to a decree satisfactory for 
Knfe flight. It will be further demonstrated that »or ab- 
normal conditioru where flow disruption occur», normal 
inlet airflow can be re-e^tablUhed. 

»3.6   ACCEPTANCf TESH 
Performance and cperation&l test* will demon-strate that 
the   inlet   tnstailAtion   meeta  all   rectuiremenU  aa  set 
forth in the airplane detail apecification (Volume A-II), 

8.4 Exhaust System 

Developrnt-nt testing will be performed to establish and 
■ubatantinte the de-i^-n details of the exhaust «ysLem. Be- 
C8U.se the noz/.le with iln integrnt'! thrust revcrser must 
aatisfv the requirements of tl. oirframe manufacturer 
as v.,-11 as the engine tnflnufacturer, tht- dewjm and de- 
velopment pru^iam mu-t he closely coordinated. T.ii3 test 
profrram includes the lifting of the rt^i^n^ibilitit-s of the 
airfrarne manufacturer and the enpine tnanufacturcf, the 
InbornLory and component development tests, the static 
ground tests of complete «saembli«», the acoustic tests 
to evaluaU- encine noise, the exhnust flow field mensure- 
menU, the test*» on the airplane, and tlw flipht testa, in- 
clu-hng th? airplane certification and customer acceptance 
testa. 

8.4.1    AIRFRAME MANUFACTURrt'S 
RESPONSIBIUTIES 

The airfrnme manufacturer ^ill csUbJish the requins 
menta for. and evaUut* the efTcrtH of, reverser o^ration 
in all operating regimes of the airplane. Tlie maior \U-nw 
for ron-idemtion an1: (1) effect on airplane Performance 
charm tenslics;   (2)   exhaust  inRestionjand   (3)   exhaust 

gan Ktructura] tinpmgefnent flow patterns as to tempera- 
ture, pressore, and induced vibration frequToe*. 

The IVHmg Con i»any will be re^ponaible for: 
• Defining tl.»- exhauM system and rcM-r^-r require- 

ments ^ tnin indudea ei>ntrol of external rontout 
and all perforrrmnee and operational n-ijuin-menta. 

• Monitoring üw* exhaust lystcw d^'elapment pfo- 
gram to ensure tluit the sytiUm is cofnprlible witii 
the airplane 

• InU-rratmK the exhai«; system into the airpUna. 
• Approving tl»e engine nvinuft.jctureT'h exhaust and 

reverser control syvt'-m d(--ijm to ;*n:->urt its coov- 
patihility w-ith the airiilane i-onlrol systenx, 

• Demonstrating the performance of the exhauat ty»- 
Utn hv flight test 

• Coordinating with applicable govemmwital agen* 
ciea. 

8.4.2   ENGINE MANUFACTUREt'S 
RESPONStwimfS 

The engine manufacturer will dc:-i^n the exhaust system 
and deUrminc and evaluate the t HivU- of exhaust nouk 
and reverx-r ojK-ralion or1 the en^ii.c jicrlormance, in ac< 
conl.imv with the flight profile performance requirements 
rstahtt li'-il by the nirlia:r.e manufacturer, Additiunal &• 
hnu^t system coii..Heral:onLS include structural inU-grity, 
reh.ihillty, mnintair dnhty, and economy. 

The engine manufaclurvr will be responsible for: 
• Delivering nn exh-m^t system of maximum propul- 

• ive efficiency i-oasistent wjtl) reliability, maintain* 
nbilify, and enpne perforrrvinee guarantet's. 

• E'-tahli.'hing tin* exhaust system perfonnnnce in all 
modes. Oijvibility wil' lie denvm*-trnted in small- 
ar*,!e lo-ts in the e.i^ii,*- manufa* tun-i's nozxle lest 
fnulities. Full- ale static rig U-*ts will tie COW- 
dutted to dem m^trate revere- thruvt capability, 
exhaust gas flow «iiarmter-ncs , and acceptaHk 
noi^ level. 
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• rV\«*lu[)»nK full-wale lurdwart*. Thin *ill ctmsi^t of 
(uU'Hale UwU U» evaluate the Rtructurai and me- 
chanical inU-ßnlv uf Ow exhaust hyslitn. 

• Ut-'i^niru; und falmradng ihr Pi^ht hardwan*. Thm 
imludt-t preparation of dt'Uil dcfttKn», drawinfA, 
etc.,and manufat'ture uf Ihe fliKht uiuu, 

t Conducting tyi* certification lesla of '.he pro- 
duction exhjiusl «yxUTn. 

• Ohtflinmg Boring approval of the nozzle and re- 
venger ctmtrol nyt, em. 

• Cuordinuling *ilh the ui.pUne manufacturer. 
• Cuurdinaling witS applicable gavernznenlal a^-n- 

ciea. 

• 4 3   LABORATORY TESTS 

Modrls of the enpne exhaust no//.le wili he tehtod ot Boeing 
to obtain nozzle thrust coeflscicnt data with and without 
exUmal flow. These data will he xiwd to .erify the per- 
formance of the engine manufacturer" p^powd nozzle. 

The Ust modt-U will duplunte the air[ Ume pod con- 
fiKurnlion. and n-f.^uremenls will lie made of t!/- thrust 
minus draff of the noz/los including the effeeta of boatlaü 
and lio*< drng, internal thrust and wcondary air momen- 
tum, and revenier hardware. 

ModeN of the engine exhmst nozzle will be tested in 
the I^oein? nmustic enRin'^ring laboratory to obtain jet 
njise data. Th*-^ data w ill l^- use»l to monitur the stru* tuml 
*»nd comrr inity noise s.hnr;u terislicM of ihe enpine. 

8.4.4 FUU 5C HE OUALIMCATION TESTS (RFf 
2.25.8, 2.25.9, 2.25.10, 3 2.16. 339» 

F ^ t'-wale no'./le and rever^r develupnunt tests w ill I» run 
by the engine rontrartor u^ing suitable ground test enginea 
for dex'eloping the Mructural hardware,artuators, rnnha- 
nism.and control ny-tem. 

A 75 hour, flight UM j^Utu**, piototype qualification 
t.*st of tU n.»/zle and revrrvr will he run using a ground 
test engine. The nozzle and reverser will Iw itubject^d to re* 

peit<*<l sirnu! >t»-d flight cycle« to dttnonstnte atmciund 
and medmnii'al inlecnty. TIK* hpecific teat ocle to he 
üs<-d will be «-itablihhed el a later dale The t«t will 
lie rondui U-«l by the engine manufac turer at hts facility. 

A lyjie reritluation t<">t of the reverwr and rwi/ile w3l 
Ije coiidui Uti in eonjun» tion with tt«- 150 hour endurance 
type eci lifieution U-stxjf theengin* which will lie ct>ndijcjwl 
by tlte < n^ine contractor in accordance with CAR IT ur ap- 
plitable n-vi^ioas for the SST ergine. An altitude teal {or 
simulation) to hubstantUte tN- structural capacity and 
Performance characUriKtic* of tlie exhaust «yhUiri will he 
a portion of the rertification. 

Full scale ti-Ls using a ground test engine wjl he con- 
du« titl to dcU'rrnine the airplane noise environment nud 
airport noise environmont for ground operationii of the RST. 
Simulation of nuise-critjcal aifptan^ ■ njetuial areas wiB 
be required to obtai/i home of tV-se noi^c data. The testa 
will l»e run at engine 7perating (voditions fntm '/) peroen* 
of m'otimuin dry power to maxiimuTI aurmenU<J pow«r, 

Full si ale tesU in addition to thoK1 li-U-d in Par. K2X 
U'-irif,' Ihe (;n>un<l ti-st eiv'ine, will be conduct«] hv IVxing 
Ui measun- the exhaust environment on the airplane fuse- 
Inge, wmg, and tail aectiom. 

8 4 5   AIRPUNE TESTS 

TesU Kpecified in Par. 8.2..1, 6.2.4, and R.15 ii.clude the 
exliaust Kystem. 

8.3   Starting System (RFP 3.3.9.31 
Starter system tCKtinR will i,? »»nrforrTM-d to e^LahllKh and 
aubhtantiate the design detaiN. Th** U-t program im lüde«: 
(1) laboratory testing to develop component*, (2) full- 
male Ktatic ng testing to qualify tomponent« and system, 
(.'i) Mniie Noting to evaluate component», and (4) air- 
p'ane flight ti-stmg to verify system design. 

The (.tarter nm^t satisfy the requiretnenta of the air- 
plane manufacturer as well as the engine manufaiturer, 
Trating and development  will  Un'rcfore I»  tlu^Iy co- 
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mmm* 

nrtlituiUil UrtHiMti Ikiciti^, the t-n^iiw tnanuItKlunr .unil 
Ih** KUrlcr kupplicT, 

'Hw hupplicr Hill rundutt tJn KUirting iiyi»U*ni rum- 
[Mim-nt (IcV'i-lopnu'nl IChU and tt^- qujililn .itmn ie*iä. 

A slitrting KVstrtn will U' in-.Uli*-»! and lotcd by IkÄ'ini 
oti two rn^'irc ^nmrul l.-t n^v AiHiw in ^rviic ti^tinji of 
ihr "Urlrr \nlvr will !»*■ rondtMtf-d. T^tifiR of the com- 
[ilrli* airpluru' ^VKieni will I*- nmdui UnJ in conjuru'tion with 
the  airplane  drvclnpin'-nl,  tvrlih. ation,   and  aotpUme 

6 $.1 STARTER COMPONENT OEVClOPMtNT 
TISTS 

C omjKincnt trst« will in» lüde: (1) vcnfu ation of Klarier 
mil« llrr ointaitmifnt. (2) Mflrt<T and tonlrol valve per« 
funainct. and ('J) o.loul h*iuh [»erformanoe. Reliability 
development l* -imp \.ill 1«.' with engine qualified oil. The 
temiK'nture ivlrtmes will IM.» -rL*, f to  • 4r>0'F. 

Starter valvedm'opmenl ti-^U will U' primarily tlKwe 
t/i dtArlop its nli ihility undrr the xtn-nx-s of vihralion 
and trmjHTatuif envinmrncnt. EmphaHi will be on cyrl*' 
endurance testing. 

8.5 2 QUALinCATlCN TESTS 
SUtrl»*r «ml valves will he subjevtcd to qailifiration t^U. 
7*he (pi.ilifii .ilinn lest n^juirenv ntn will lie per Boeing 
Kpet'iticAtion and v.ill imludc (li ivtlc UMing with the 
starter n.'H valve eold-xwked to -WF and hol-soaUed >*J 

• tVi'F, {'2) cycle rndurtince UMing for a minimum of 
2000 cvrle-s, (3) environmental UM« at lh<' io-n^ht torn- 
peraturrcondititmH, (41 strtrtcroinU»inm*'nt («"-ts, and (-*>) 
vihmtion. The starter will U- coupli-d *') a flywheel repre- 
Kcntinc the inertia of the rnpine m' '1 arces.soric«. Ap- 
pticahte siHUon« of MILS-'Wit'.A .«• included in the 
I^Hini; pftwuremenl (-(»ecification. 

The «tarter valve will he mhj** led to a total of 10,000 
cydr** of o;ieration tlirou^hnut a rtnp' of amhu-nt U*mpera- 
tures frtim -(.VF to ■ IWF a- a part of the qualificntion 
testing. 

8 53    STARTER  OROUMD  RIG TESTS 
."lie hin (mg f-N-tern induding sUrtcr, r!,i-ik vulvm, and 
r«*pulating and Khulufl vidve, will !*• u^d for Htarting 
it) iuKh'>ut 0M* Ii.K'inc i;r.uirid rig U*»t .»rw/thm to further 
5 ! in deMlopioji a higlUy i Imhle fLarUng HyiUnv 

8 5 4 VALVE IN-SERVICE TESTS 

The pneumatic ivgulating and khuU/fl valve wiU 1* air* 
line hemu t*-ti-<i in order to iinprove it>. teliabUtty. Four 
valves will lie U^U-d on ofjer&liunal )i-U fur «t leant one 
year pnor to firM flo;hl of the S.ST, Although not rom- 
plelely tvprvsentalive of tin installation in the ^uI*erw>nic 
transpf>rt, (he rigors of daih in-hervut ux will uiktwHr 
any areaa of weaknchH in the valve for which corructive 
aition rrwy b* rTquif^d. 

8 5.5 AIRPIANE START SYSTEM TESTS 

Fngine '■tartmc U-sU \sUl Ix* condorU-d r«n tlie prolotypi 
and on the ctrtifttation airijlane. 1 trurbi-ntation »ill be 
in-Ialli-«! to ohl.'tin data on OK' a« Ivi-tl ^tarier air temper*- 
lun-s and pr«- un-s and tin' in-flight ' rivimnnvntal tem- 
[xralure of (lie --tatter Lo verify the qualification t*rt 
piraineU-n* sei« i«i. 

8.6    rut" Sy&lcm  IRTP 3.2.9.4 ond 3.1.1t) 
Fuel ^\ Im rleM lopmenta] U-M* will he run lo provide 
i ritena for (i' i^n ol the fuel systi-m. lo (^Ulilish the po- 
l/ntial in •-nil «■ pruhlirn areas and pnivide *)luti"n» to 
tfu^' |inil>]" ms. and lo eonfirm the ►uitabilitv of the ^yittem 
prior lo in-flight operation. Flight Xi-A* will Iw ronductAl 
to verify and certify the fuel sysU-m design. 

8 61 MODEL TESTS 
Vent exit tiMmg will Iw eondmUo m llrf* Roeing nuper- 
wmic and Iran^.me wind lunrnK to determine the loci- 
ln-n and configuration of \\u- lank and covily vent opm- 
in»'s. The nutjor (»ortton ««f {h:\ U^tmß will U- conducted 
wi'Ii an Berod>r\atnit' prev-uie nxxlcl in eonjunclion wilK 
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ollnr HfrtKlyfiamir U*HtinK HuvuAer, ■(Idilional tr»«iing o( 
lar^i r htatc w-nt upt'nuiKi ^ill al <u tu- tvndurlrd, UK lu'li/kg 
H in^r ihar.u ten .IIOL 

Tlitrnial iMvirnnrnt n( vvnl tt-linjj »ill U- roi ducted 
with KII vll state fiul l.inkt v^ith hlru lurr and vci t »ir 
hciUiti lo until i[uti-<J (liMvnt rumlitiurv». 

8 6 2    COMPONENT TISTS 

Kvitluatton tf-titu; of vurioiiM fuel s^t*in romiKirnentJ »ill 
he rundut'UKl on venilur di^i^nixl «juiprmiit n'>t pn*vioiuJy 
fvilait'"<l by BtK'inf;, Thi* U^linj; ^\\\ irulude the wing 
pivot fuel line. UNII puttif>s, i'OUplinRi«, and oilier compo* 
nt-nts at the hi^luT Ufni»« ruture envirminvnt mjuirud for 
tlw« SST. 'HUH »ill include detmninÄlion and evaluation 
of any eKploKion-pruofing t*^ Kniques lh.it may \>c rvquirMl. 

8 6 3    DEVELOPMENTAL T£5T$ 

Thoniial ti-^ting wi'l U- rondurtpd with a fijl^ale twt rig 
of representative sections of UHIV and wing t/inkft. They 
will have provt^ionH f'»r himulntion of the (ttructurBl deflec- 
tion of the winR < ind the pn'ssure nnd temperature 
environrm nt exjM-* t« .n flight and will include all luel syn- 
Urn corniwtnents within the Unit. The ter-U will simultn- 
neou'-Iy Hi terrnine di [»«»• itam rhar.u lerMics, walinp, mflin- 
tenance tti hn;.|u<**, fuel nianajirinei.t. flnii the tluiracter- 
i tics of fuel (low out of (he tank. Rapid dewnt U«l« will 
\in cnndurtitl to confinn the n^-ult.s of the 'jnall-vnle vent 
U-st-H 'Die Mmrtund deflc tinn of wing cpll« and prrsffuim 
and teni|»erature envininment will be varied through rep- 
n^-enl.-itiw rydrs frjr I'pn^ period« of toting. 

Initial thermal envipinnirnt.il tilting will he ronductpd 
in a small tank Ut esUiUish lest coating and material 
rharactoriatk*. 

8 6.4   COMPONENT QUALlflCATlON TCS% 

Vendor-de^iunc»! eomjunent* will lie qualified by the ven- 
dor to B<M-inK «pcvificatiofM, 

SUt*h, vibration, and stru* turnl deflection testing will 

}* londiK ted '■!! fuel Unlu. 

86 S SYSTEM OEVflOPMCNT TIST* 

Tt-tuiR of the fu« I fwd i.>-UTn will be conducted »**illi com- 
fyntmU h pn-j-nt-.tHe of rr^ in tanks and fuel linffi in ron- 
junctiun with llw tnptnr »'ni^/id r U^l Addittorial i\M 
fetxl systi-m (/"-t woi'n ,A i'levaU'd tcmperaturea and alti- 
tud*-s will lie condiiiied in ton urution with tl>e full~«cale 
tank Usi-d fur the thimud environment UMirg 

A lest w-tup of the presfurc fueling cystem »Ul be 
u^tl to (•stahli-h orifice h-iif> «nd to investigate furge pw». 
fturtM due UJ start and sli»p of fud flow. 

8.66   PREFUGHT TtSTS 

Fud Byatim lc*t* conducted on the airpUne Iw-fore find 
fiipht area ore: 

• Fuel tank quantit) gage cabbratiun. Kump volume. 
and  trapfied  fuel. 

• Kntfine l<-<i s\>t#*m nM-rformance and uprnitJon. 
• H» (o<-l, defuel, and dump Hysl'tn nperatkA. 
• Vent i-ystiTn overflow and tank prvHKurc testa. 

8 6.7   CERTIFICATION HSTS 

8 67 1    Fuel Feed Syitam <CA| 4b 410 
and 4b 413) 

Fuel feed »■\--iem te^U »ill primarily ron^Ut of a wne« of 
gntund UMs to demomtrate that thtu system, when oper- 
ate-1 in (onjunetion uith the rorrtpletr flM^ cvslmn will 
suppK (he n^pnred quantities of fuel nt live de^irrd pre*- 
sure for all nimlunalion»- of airpkitie operating rr)nditiorwk 

'Pte effo« [* of imUuni lions fuel types, and ronUmi- 
nanLH Will also lie determined »liere [»<> *'Ue hs fmaKsm or 
Kn)und trat. 

Flight UM* »ill 1» conducted as ne^t-^sary to \'erif\' 
the resiJU of ground N-U and analyia. 
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I 677    Fv.l Tonli and C.i.iry VcnMnf 
if%t»m% (CAI 4b 4761 

Cn>un<f  ti^tinit of Ow vpntmi ii>'iti-ma wiU  he «00001- 
pli^hfd in ranjunctiun «ith Ute groujid U-stji of (Ike fucj 
feed »vKU-tn outJim'd iihove. 

Flinlil U»liiii{ of IIK' v—titinj «> ~i< in» mil be condurted 
Ui lupplnnwil lln1 grovrnd tMit rwulu 

S.67.3   F«.l Dumping [CM iS 43n 
It will h* demonstrated tlut il>e n>in>muiii flow require- 
.mnitd «re n«-t,  iluit nutmuum  rwKTve fu«l cannot b» 
dm: :- >i, and iluit fuH doe* nut impüiife upon or filter th» 
fcirvrult during operation in the dt^^Kn oprrcting «nvUop* 

1.6 74   Fuel Cogm^ (CAR 4b 6)3) 
and 4b 7361 

The fui-I (tn^inj; (quantity) hs-tom will I«- calibrated dur- 
ing ground ti-^U in the level attitude. Trapped fu«-! quanti- 
ticn and fuel tank expansion t>(i«eo will lie determinod. 

Flight rheikd will !«• nwde durinR HK' flight t«<t pro- 
gram on an inNtrurnenti-d aircraft Uy determine tlie eflecti 
of flight altitude» and accelerntiona on tlio quiintity indi- 
cating iyaton. 

167 5    Fuel Monogarn.nl (CAR 
4b740 end 4b 7411 

Aircraft hHlance will be nuintained in flight by the »ched- 
ul«l u* of fuel from «uh Unit, 

The ailrnju^cy of the pnni-dure-* to be proposed in th» 
Airplane Flight Manual for fuel management wrll be 
evaluated tluring the fliKht U-st prcgram. 

8 6».   ACCOTANCI TtSTS 
Performance feM-* will lie ftcenrnplehed to deinonntrate that 
the fuel »v-lem meet* nil rrquinxl op<rnlicmnl rharacterit- 
tic« a» »et forth in the airplane detail »pecification. 

►J»-.    ,   ►>>- 
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90    RCUABHITY,   MAIN!AtNABIUlY, 
SCftVICIAftlUTT 

In ünlif tu «fihafUf tU v irninj! |I«J»I r i*( ün- SST. Boeing 
iv fiUltminj; IU -i.in'l inl |*rm itlur* «»I • iin-uli-nnj pji>- 
l»ul-.<»n h> shin r« h.ilt.ltt \. tiuintftinaMil), and « r \ K*- 

Ht>Jit\  ilunnic ttw* il-.-i(-!i ph.t)*. 

9.1    Rciicbilivy   (fcfP 7.\7, 4.101 
[Vl.nU 4>f |irii^r.i[nnK->l rflLihilil>  mtiMlt«-» run \tt found 
in SK'tkin 5.0 <•( Vülunv V II. 

9.1.1    ENGINE IRR» 77*7. 379.11 
The i*ul>Uintialh»n (by oilentlMJ invJuran*^ U'Hting) o( 
an initial in-M-rvK* engine time U-t»tifi uvtrhaul« of ÖJ0 
hours, a'* -t"*1 »'""^ '" ,'1*' KKP, i1» cm'i'lirt-d a rt-ahvti- 
cally attainaUe (>li>tt iiw. Thi' rM-m-f1' KUH'tite CorTijKiny 
K;IH, huwcvt-r. indu tdt) in ii-^ prvliminary daia that it 
plan» to a(hi»-\r a tinw Uiwcin overhaul uf GOO to 1UÜ0 
huur» at the t^rt of airline wn'kT, wiih an t-vrntual 4UU0 
IMIUP^ hi'twecn uvcrhnul^ with no mid-^nnt inKpnrtioB 

Furllwr tJi-- us- (»ti of i nj^inc r luiliilily and ruiin 
tamalnlity ubjcctivcs ia conUincd ;n I'ar». 11.^.4.2 of thta 
volume. 

Ktli.ihili(v. safety, nnd maintainihJity will l* rarf- 
ful!y «m^Hlcn-d dunnf! BocinR'a valuation f>! 'I*" enjiine 
manuJarturer*' pnf|M^iN. After FAA election of the «-n- 
Rine asMM'i.'ite, RtM'ini; will t.Tk<' llni inilialhe,  n ctKipcni- 
tion with the FAA, to rn^urr devH (in>-nt (if mutuall 
viti-fncton- ri'liahi'.'ly, wifety, ami ma M.nnahilitv ohjei- 
five«* and n*<juimivnts. with i^trtiniVr nnphnsi* on the 
ultimate customenT rt-quiremmta. 

9.1.3    ENGINE  STARTING  SYSTEM 
(RFf 3 2.9.3) 

The pmhflbility of «suet■»-*-fully Martin»; all four (■ngi™-« 
is (»itimalfd to h? f*9>I prrtt-nt. takmc into atrount all 
r(#m(Minrnta in llw ^v-i<-m dinvtly rt-l.itcd to hLaitmn - 
«tart« .-^.   n-^ulating   vaUe«,  i h*1» k   vnlv**.  and  clectncal 

».witihe» (V, -,| t*n I'S h-mr- (n-r fl *ht. ihr c-urn-iwind 
iriK rualfaiu linn rale t^ p.fda t«) to I« '>im {Vt l-CXJ fiir^l 
bf.un- An analv^i* of ih»1 »>tarttn|E -wti-m n-luiHitv * 
Khowr. on Fig '* 1 Tin« Inj-h di-^r.i ..f MuiMils dt-rivt» 
frofn ekten-ue HtN-tnn e»(*f»^He in  tt»«- de\(4(^jmenl  oi 

FAILURE PROBABILITY 

QUAN     tNGINt ,<0R«AL / S-STtD 
1 WRPLAN'   STADT MART "TART 

CMiO WAlVt S           L0000I CJWJ» Louri 
UMTIK t            C.0ÜUI ta:.;« ■..a..,' 

RFCULAIOfi 
VW.« 

«           OJDUI CX1K tL'WX 

SWITCH •       o.or«a 

•01*L 

L'JJCH ima 1 

0.0037) 0.JCIM 

NORMAL START 

S^UMFAILUR! PlPfLIGHT (LX3U | 

t-kLfcAtlLIIY W sjcctSMuisiwiTor «t«:'»» C.WUI 1 

»«INTtNANCE ASSISTED START? 
IIWI l*L QPliATlO« 01 HOULATO« VAIVI 

rv'.KM fAiLUkf K»lt PI« fllCMT C.0C1« 

i triHtp'LilY Of SUCCt^'UL START V 4t> CiltS (L»«ll  1 
pfscihtcr sue Ctssrui '.TARTS nti\ 

ca itariirxj Syi'»-  '?»'■<*.'<tf 'Inrlvd+t 

oil (otipty^mi u/ ik»  t'v' %yt**ml 
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pneunutir "t .rtini ^>^t»-^L■^ T)* tvfutalof ^fUvp KM two 
manual o\*.nt\v (t:ilurf> The tjaU »•wiulM-r (pilot VfJvc), 
»huh I» noniLilU uprratf^d l'v «r t-li-^truiil wjlraoid, («n 
be ojKTittcil din-, ilv by puhin« a button, TJ»*- olhtt over- 
ride f t-u t are it Üw* mil i n bu 11 #rfl y \ «1 \ r. » h« h is rwr- 
milU oprnili*d pfWumalMttllv but can 1«* '»[«-rut»^ mnnu- 
«tlv bv ap[il>in){ a t-Unilarü »n*TK*h at litt* <itd uf thr 
butt« ifly valve aliaft. 

9 1.3   FUR. SYSTEM  (tf? 3 2 9 4« 

The foUuwing («stum of the fud system c,ontrib,Jtr to 
iU inhet-nt rfliabjity: 

• Th*Tf arr two puivipa m wich Lank, rilher of which 
•-nil furnish the enuine'a fud rvquiretnenta. 

• Elwtrioü power is at)pi.Iied lc, the irdtvidual 
pumpn of each tank fn».n wparal« A.C. power 
busen. 

• The engine i ump w II suck the fuel from ll>e main 
Links in c*** of total electrical failure. 

• The ».vst**m i-H d^iRtwd to prevent inadvertent re- 
verbal, mrinatin*. or ifnproper connectkma >i linns 
and electrical cunnertiona. 

• Thermal pressure relief w provided where trapped 
vclumf« niay eiwl. 

• Surge pre^im-s resulting from valve .'.(r-urpw are 
held bf*luw proof pressuf of the pyhtem by con- 
tra of vnlve operalinf rate«. 

• Conip^tnent« rt^juirinK orienU'tkin to provide ^or- 
rect flow direction are designfd so tKat the*- can- 
not he in-^tallfd improperly. 

• Wherever possilile, fuel lines are routed throufb 
fuel Links Ui mimrr.i/e external fuel leakace. 

• Gnmnd defuehnu i- ifintrolled by a RhuU>f! valve, 
mamnllv nctuntMl f-n the pnmnd only The RrtJjnd 
refueling access d'*",r annut Iw closed unlfMH tlv 
vnlve w in the clcwxj ix>sition. 

• BfM>st pump*, valves, and gage« have ch<ik-out 
rapabilitM«. 

• Knicirte hliuUjft artd mjoa U*d niamfold valvfs am 
puMCied bv iU- e^isnttial electrtcal b>fttem and a 
W* ud l^tUrv  tiort. 

• The fuel manifoid allow. fud it-.-tu any Lank to be 
u^-d by any engine. 

A i-^prewntative analyMB of i\* efl«i of it» failui« 
r'f apecifK' tomjiorM-nL*. on tniaMun capability u ^IOWTI in 
Fi^ '«-2. 

9.1 4   INLH CONTROt (Wf 3 2.941 

A iiumerHnl rt-Iutblily anjihsis luin l*-«-!! made kr, Hamil- 
ton Standard iJiviion uf I'mled Airi rafi Corponitkin to 
cstirnale the n-Iialiility of it-- projyjaMd ir.let automatic con- 
tn;l system. DJU wire UiV*-n frorn 11,000.000 hwr* ol 
KamdUin Standard enperM'ncie wiih ^-t engine fuelcontrola 
»huh contain similar type» of c<impcjwnt>> Th« eipen- 
ence \in* Uiown the following average pn-nvilure Tmoval 
piri'id, R^tO houm; a\erage infliphl hhuldo»7i penod, 
^"vl.fKifj hrmrs (»-( ); mean time liei*e<-n jnrtml failurea 
(Ijcrlomvince degradation), r.'Vj huurx rtilumg ll»e furi 
rtmlrol ( .'«Tii-THe as a guide, 11K' mean tinx- IK t»e<-n faD- 
un-s (M'ii'H f<-T (otalf.iilun-sm.it |«i- iU> t» a» mucti 
H* -'I tinM-s at high as for partial lailures, oi olmut ^M.OOO 

houts MTÜF. 
Due 'o difTii ultiew experieneed in wpa^tinl actual 

failure rMturrencfs fnim re^wirted orrurn-nce», lV»e rstt- 
m.it(^ JIM Ubrved to lx' ouite conservat've, m ihat the 
Iruf MTPK mav U* mu< h hirher than f-la'.id In addi- 
tion, the relmbilits pntgrnm pn^xist-d by Hamilton Stan- 
dnrd is exjHf-teH to n"-ult in significant rfduttiun* in fail- 
ure rat'*« fruin th<»s«* expenen -d on y \ enpirv- fuel rnn- 
tniU Il'iemc »ill establish a di-s.L-n ccial fof the inlH 
ct.ntml of ^,""0 hour« MTHF (iwrformanre d'tnada- 
tifini. Te*-t rifiuiremml« wjU U ^laUi-hcd in the pro- 
cunrnent spi-cification to provide a rro^inable ansurarKt 
of achieving this ohjective. 
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9.3    Molntolnuhtlity  (RFP a.ll» 

9.2.1   ENGINE (RFF 3.1.9.1» 

Thf propulsion \*xi is M i>.uiiii-<l into tlirre major rompo- 
nrnU; the ii.U't, the enginP, nnd the exhnuM wntions. The 
inlet and exhaust «vtimiH niay I* removed fmm tl <• «ir- 
craft individunltv for shoi> overhaul or other heavy main- 
tenance and replnred with serviivuhle units. Fig. 9-3 de- 
picüi typical (jmund handling techniques (or propulsion 
pod component«. 

Structural provisions for attachiT.j» the [KM! hand- 
ling fittings are provided in the wing lower surface. The 
entire propulsion pod may he removed or installed, or 
the exhaust and inlet sections may be removed and in- 
Htalled individually, by use of the proper fittingi1. 

Depending on customer need, spare engine buildup 
mny consist of either or both inlet and exhaust sectior.« 
in addition to the basic enRine. DifTerenccs in buildup 
installation are held to a minimum to enable neutral 
engine buildup conversion to any position with a mini- 
mum of maintenance effort. 

9.2.1.1 Engin* lteplac*m«nt 
The power plant Rascmbly is attached to the engine strut 
with thrt-e cone bolts vvbich provide self alignment dur- 
ing installation. All engine plumbing to the aircraft, ex- 
cept fuel, rons throuch a disconnect panel. Hydraulic line« 
use sclf-senling, quick-disconnect couplinqs. F.leclrical div 
connect is accomplished at a common bulkhead by self- 
locking plocs and receptacles which require no safety wire. 
F.ngine controls are connected with the aircraft by a quick- 
disconnect, self-tensioning coupler eliminating the need 
for cable rigeing during engine change. 

Power pl-nt assembly replacement in accomplished 
in   the follcwipg sequeme: 

• Remove engine side cowling. 
• Attach hoist lugs to lower surface of wing. 
• Disconnect plumbing. 

• Disconnect epxioe mechanical controli. 
• Disconnect Mcctruul connector» at RrewalL 

Attach hoist and lift engine using lower wing «ur- 
laif htlings to unload cone fittmgv 

• Position transporlatioii trailer, remove con« bait 
nuts, and lower engine. 

Inslallalion, in addition to revi ■ ing the above pfO 
cedure, recaires Uirquing of cone bolt nut». 

9.2 2   INl£T SECTION 
OjK-ning of eiigme hi<le cowl panels provides access to the 
inlet assembly attach bolts, hydraulic disconnect point», 
door position swiUh wiring <\mii'\tor, and various prwM- 
ma'ic «nsing lines requiring diMonnwt prior to inlet re- 
in« a' The position of all inlet doors can be visually 
veni'-'d. The actuatora for the power •d bypass door« are 
com ;-niently €'X[H»s4-d by opening the «ngine section cowl- 
ing. The actuator for expanding the centerbody is in tha 
nose out-ide the cowl front lip and accooiUe through 
the femovable noM.1 c<me, Flements of the automatic 
powered sutv-yslem «introl are also easy to reach by 
opening the jmd cowling. If preflight operational check» 
of the inlet control system are desirable, a simple onboard 
test unit will he develujK'd. Giound equipment must be 
u--<-d when complete maintenance checkout and calibra- 
tion of the inlet system i» required. 

9.2.3   EXHAUST SECTION 
Boeing will mo lilor maintainability during design and 
development The folio vmg objective» have been eslah- 
lished: 

• Tirm1 between overhaul of all componenta on the 
exliaasl ws-lion, incl'jding conlnils, will be the 
same as the engine. Tarf-t is 4000 hour». 

• All components {e.g. busnings bearings, seal«) 
will have replaceable wear surfaces where thi» 
provides a signiruan* advantage over vomplete 
conijsinent replacement 

Dfr2400-12 
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ProfHiltion Pod CrovnJ Nondlinf 

• Mcims will be providrd tor poworpd (jround opt-rt- 
tion of ttic nitmilur» without runninR nn enpne. 

• Control valve» and devicca will bo replncrnble 
without disrupting rnblp systonut. Rcfcwnrc points 
or riR pins will I* provided for ri^RinK- All rig- 
ding nvasun-mrntj* will he linrar «nd lie tnkm 
hrtwwn (InU or index mnrkH on llw npproprint» 
romponrnU. 

Mnintcnnncp prorpdurw of th* «•»haa«l nrrtion wiD 
1)P siniilnr to those (or prc^-nt commorrml jet tran»port«. 
Tho mlir« ruhnust scrtion U n-nKnahl» from th» n»- 
gine enso nil fnee for ovcrhnul or hravy mninlfiunoe. 
Aa'i'sjt to Ihp nttjuh bolt» is through ihr riicinp side rowl 
nnd Rugmmtor ensr i-owlinf All hydraulic «nd rliTtrioil 
disfonnei'Ls are nlso aecetsiblp thn>U(:h the engine wde 
«nd nugmentor rase cowling. Pro-rigging of the ethauat 
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RsM'tnhly romponenta prior to engine inst/illnlion pro- 
vides minimum HVHtem adjustment at m-tallatlun. TTie 
■rcondaiy »ir inlet door actuatnn and nozzle orm eon- 
ln)l and reverwr actuntum are accessible by removal of 
the augmenlur eaw cowling. 

Ground operation of the exhaust aystetn secondary 
«ir inlet», noirle area control com («rents, and reverner 
rover panel is accomplished by a low capncity, eitomal 
hvdraulic supply cart attached to suitable ground serv- 
ice connections at Ihj engine. Such ground operation 
permits routine line maintenance, tecurity, and rigging 
rherfca. 

9.2.4   FUa SYSTEM 
SST fuel system maintenance requiremetita «re similar 
to those of current commercial jet transports. The equip- 
ment now in use for fuel lank purging and inspection a 
directly applicable. 

Body fuel link maintenance techniques are similar 
to those used on the Model 707 center wing tank. Fuel 
cells are replnmililp individually through access plates in 
each tank hay, and the interconnect concept is the same 
as the Model 707 installation. 

Wing tank maintenance and inspection is «ccom- 
nlished Ihrouch conventional access plates in the wing 
lower surface. Ample fuel dams are installed in wing tank 
insulating space to permit isolation of any fuel lenk to 
an are« between rih». 

Fuel tank Insist pomps, drip Micks, and fuel tcm- 
prralure pnit»»« can 1«' replaced without entering or de- 
fueling any lank. The wiring from the fuel <iuanlity tank 
M-nsing unit n-qutres only one connector and cable to 
carry th< total signal from cub tank. This inrmits use 
of a splue-lire wiring system, eliminating a source of 
sxstem malfunction. 

Fuel system pbimbing is replaced in a conventional 
manner. The use of mechnnical cunnectioiu eliminate» 
the need for welding, swaging, or cutting on th» aircraft. 
All motor-operated valve« in the fi.ei system are eilhw 
totally exixwd •v semi-nubmergod, requiring no tank 
penetration or plumbing disconnKt to replace motor and 
gate valve assembly Manual override handles are pro- 
vided on all valvt-i for ground o;- rntion without electrical 
power. 

Routine line maintenance n-quintnents for fuel pra- 
sure chirks may be accomptisli'-d with the fuel booat 
pumps. All plumbing not inside fuel tank« is accemibie 
through access plates to accomplish required leak checks. 

Grou"d fuel transfer lor mainlemmce purposes ran 
be «ccomplish-d by ase of the fuel system electric boast 
pumps, by proper «election of dump and refuel valve«, or 
by use of a manual valve in the crwks-feed system. Dfr- 
fueling is accomplished by connts ting to the refuel mani- 
fold; no special isjuipimnl is required. 

9.1.S ENGINE ANALYZER-MAINTENANCI 
ANALYSIS AND «ECORDINO 

As a means of reducing maintenance costs and improving 
schedule adherence, the u* of a fURht maintenance analy- 
sis and rmirililiR sytim is umlir consideration for the 
engines and engine accesNories us<«d on tlie S-ST. By moni- 
toring and anal wing engine (K-rfomuince, this system 
assists in pin|s>inling pn'vilile failures lor preventive ac- 
tion. The potential Iteneli',« fnim tlie system mav be con- 
siiliralile. However, present installations in military and 
comnnTcial t.inraft are e\|icrinvntal, and further evalua- 
tion of eftfvtivenes« and reliability is itquired. 

The s\st(.fn provides infi-tm .tion in two ways. First, 
the cinlmanl display nflords a quick look nl tlie dat« be- 
ing ftccumulated and indicates any siemfuant out-of-lnl- 
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frnm-p rnndilion* to thp flifiht crew. Swrmd, the data «re 
Prcordcnj on mnKnt'lir tn\*' for lati-r ()ctail«-d analyM« at 
Kruund fncilitiff by gwifrat-purpühe romput'TH, «uch a^ 
thow Kmcrnlly nvnilaUe at aiiliot* insUlUtioru. 

9.3    Lin* Malnlanonc« ami Intpocflon 
The power plant imiUllatinn LH desiünrd for ea« uf line 
mainUnana-, in^xilinn, and scrviiinR. The «id* cowl 
panels art* t^uipiHil with quK'k-o|M-ning lali ln-s and tubu- 
lar support'.. Thi» ninils can be removed or «-cured in 
the ojxn p«r-ition without »pecial tools, thiw expasinß the 
complete engine, including all accessories, for inspection 
and maintenance. 

With the airplane in the normal parked position, 
all engine cumponenLs arc lesa than 10 feet above the 
ground, and all engine driven accessorie» ore lea« than 
seven fe<'t above the ground. Any accewory can he re- 
ptneed «ilhoot ttmoval or loosemng of another acccsaory. 
Filter» and sump plugs nxjuiring p«'rindic wrvicinu are 
rradil. accrw-ible. Particular atUntion wa« given to elimi- 
nating cnwl wear |>oinls. Where this is not ponsible, "a.sily 
■vplncenble rub strii« are provided on cowl wear «urface», 
and all COM ling hinge points arc bashed for repair «we. 

Positive nx'.-ins of indicating iw>sition« of the cowl 
latchi-i. of the Inlet and exhaust system doors, and of the 
rrmovnlile portion of the inlet centerbody will he provided 
for ease of conducting walk-around inspection. 

9.4   Serviceability 
Rapid, i-asv aciws is provided all along the engine, from 
inlet aetunlor. to exhaust fiange, by opriiing the engine 
ciml panels. 0|»ning the panels exposes all engine oom- 
ponenls and nccesMiries which require servicing. Acer« 
to engine mounts wire linnillfs, plumbing, ducting and 
engine instrumentation is also provided. All item» within 

the enirine compartment, su* h as the oil filler, hydraulic 
fluid filter, and the fuel control filler, which require 
periixlic removal and inspection, are nmovable without 
disturbing any other svslern or eigine riccessorica. 

Ttie fire eitini;ui-ht r pressure gag€« and discharge 
indicators can Ix* inspecU'd fn>m the ground through a 
sight glass without otiening a panel. 

Aiti-^s for oil filling tbrouch a Keparate door elimin- 
ates th«- necessity for opening the main cowl panela. 

The dc-sign objectives for engine component« U a 
minimum of riOOO houm between overhaul. The d-ta3 
spisifications for purchn^'d efjuipment on the engine 
reouire qiuilification testinc «hieb will ensure satia- 
factory opi-ration to meet thi» design objective. 

-<e     ^4    -^< 
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10.0 NOISE SUPPRISSION (RFP 3.6.1, 3.6.3, 
3.6.3. 3.3.9. and 3.3.161 

10.1    C*n«ral 
Sixiinl noise nupptwion will not lie requin-d to hold the 
com^iurity nob« generated by the eiiRine to leveln com- 
parahle to ji l encirira in international operation today. A« 
noted in Volume A-V, Airixiynnmics, and Volume A-V1I, 
System», the takwfl, landinfl, and (jfound nuLve require- 
menta o( the KFP are hati.-fipd. Noi-* characteristic« will 
b« closely wrutini/cil by the engine and airframe manu- 
facturers throughout the ('.-sign of the engine, the inlet, 
and the exhaust «ystem. 

To dctoi-mine whether noise may be further reduced, 
the capability of BoeiiiR's acoustic rmearch group and the 
acoustics mmlcl jet Indlily are emplovcd in a continuinf 
effort in siipi»rt of the SST program. Potential approachea 
for nowe Kupprcssior. are presented in thia aoction. 

10.3   Polamlol Approach«» (or Not»« 
Supproilon 

10.3.1 INLET NOISC 
Inlet noise consist» primarily of discrete frequencic» gene- 
rated in the rompressir blailing. There are three main ap- 
proachea to reducing this noise: (1) source reduction by 
iailnring comprt-ssor design; (2) transmission blockage by 
choking inlet flow, and (3) transmission attenuation by 
wall ahiorption along the inlet duct. The first approach ia 
the suhjfvt of intensive invr-stiRntion at IVieing, at the en- 
gine mnnufncturtrs, and at research Inboratorics. It has been 
demonstrated that varying the nuinl sparing between the 
compn-^sor lilaile row» and ranting the slators can markedly 
improve pem-ivert noise in the sjxxsh inU-rN'rence range, 
although overall juind levels may remain mi' hanged. Vary- 
ing the numher of blades in one ci)nipn«.M)r stage in rela- 
tion to the nureber in adjacent stages h.is prndured favor- 
able result«. The eilest of other compressor aerodynamic 

design variable» will r».pei't tu noise generation U faeinf 
studied. Although i.nder continuuig ntudy the wumd »p- 
proach, trunsimsston hNxkage, ha» nut btt-n accepted aa 
practical Usause of distortions induced at the comprwuof 
inlet fare. T)ie th.rd approm-h, transriiisMun niutioation, 
ha» Ixsm successfully appli<-d in a relatively short inlet duri, 
as shown in Fig. 10-1, and should produce even better »•: 
suit» in a duct of longer length. The absorptive lining may 
be of two types: bruadtnnd absorptive material, auch aa 
fiber gins»; or tuntxlrt-sjnanl lining, which b eflwtive over 
■ relatively narrow frequency ranpe but is immune to dam- 
age from waUrvjükinj and timilar operating conditions. 

I 
F. 

\:L. 

■ mi *.        tM 

it'54 Sound Abiorpfi» Inll 
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* 0.2.3   JCT NOISI 
There »re Jew practical vupprewion Uxhnique» which can 
be applied to a given high exhaust velocity engine. They 
are vanatiorui o( the concept o( accelerating induced 
»econdary air and mixii.g with the primiiry Ktnam, with 
the comequefll n'duction of the relative velocitie» hi-tween 
the jet and ambient air. Fig», 10-2 and 10-3 illastrale name 
ot thtte findingH. The two snppressurs nioat surccMful to 
date ore: (1) the divided-flow nowle, *hich conUln» wh.'it 
may be thought ol as internal ejectnr«, UlustraUxl by Fit. 
10-4; and (2) the divided-flow (or comisated-boundary) 
noule plu-i citemal ejecUir shell. Variable area, convergent- 
divergent ejector noziles such as iwd by two of the engine 
t anulactun rs pm1wiiiiig for the supersonic transport can 
U.- adapted to 'he vond approach. Large volume« of sec- 
ondary air can be puin.jcd into the noule by the proper 

tailoring of the ejector. This air is acceU-rattd and miiad 
with the primary fluw at the noule throat by special flow- 
dividing air pav^iges moved into po-^ltun when »upprea- 
»ion is desired (Fig 10-5), Another »ppruarh is to displace 
allemate M-^TniTt. comprising the ejector e»it \»hable area 
contitjl raduilly in order to provide » ctirruga'wd exit shape 
for mixing the exhaust gov-e» with tlie fiv-streem flow 
(Fig. 10-6). Th<-* opproaiht-s are under study to deter- 
mine the polenliid perfr.tnance in ncjise reduction and 
noxxle effuienry. No credit has lix-n taken lor any potential 
noise suppression in tlie calculations included in this pro- 
posal. It other I'.iuil';-" . are Icuiid to show promise, they 
will lie thon jplily invesligaU-d. Any application must be 
consistent with airplane rMtuiremenl», such as small thrust 
IONS, small aerodynamic drag, light weight, and compati- 
bility with thruit reverser and augmentor operation. 
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11.0   tNCINI  SCUCTION  AND  OIVIIOPMINT 
(RfPrSJ, 3.3.9.1» 

11.1    Introduction IRFP 1.31 

Fur iH-vffal ytün». TTw Bct-uiir Cmnp-iny h&M studu-d the 
engine »cltvtiim for Ihe SST, invrstigtting wide \»na- 
tions in engine cycles. Tlie engine cutnpanic* and NASA 
have aUo contributed BtgnilicanÜy to the cycle wlt-clitjn 
eßurt. In the early Boeing atudiet, terhnology »imiliir 
U> that offered by the JM and J!'3 engine« wa« used, 
^"hen designing either fixed **cig or variable sweep air- 
ptinea for crui.se •.[.■<.is btlwcin Mach 2.5 and 3.0. and 
ignoring the trun^mic boom consideration», the engine 
choic» conhisUntly WM ■ low byjuso tvirbofan. Change» 
in turbine technology and < re evaluation of »onic boom 
problems alter this mult 

The «ulwequent NASA SCAT program (Contract 
NAS I-25SO), in which The Boeing Company partici- 
pated, resulted in two brand conclusions; (1) high turbine 
intemperntures and low engine specific »eight are re- 
quired, and (2) the turbotan mnt the optimum cycle 
for the SST. However, the engines used for the SCAT 
program were NASA study engines in which the fan» 
had snmewhat U'tter cniise performance characteristics 
•nd lighter weight than the presently offered encines. Also, 
the SCAT minion requirements were dificrent from the 
present Request lor Proposal (RFP) requircmeiit*. 

In determining the engine which The Boeing Com- 
pany feels best meets the RFP mission, consideration 
was given to the engine-airplane technology and it» 
technical substantiation, the advanced design feature» 
offered in Uie engine, «nd an evaluation of each engine 
manufacturer's capability to carry through ■ successful 
commercial   engine  program. 

Based on the preliminary engine performance dat* 
supplied by the engine manufacUirers on November 15, 
1'Vvt, and suth^nenl nvxlidrations. the General Klectric 
GE« J4C  turbojet designed  for 2200' F.  cruise turbine 

temperature and the Curtis» Wnght TJ70 resulted in 
tlie ligljlest grt».» «rright airplane« by about a 10 to 
15 percent margin. However, Die Curtia» Wright nouU 
perfciniLinte. engine *vi ight technology, and turtiine cooi- 
ing technique» liave n^'t been ^ulrtUintinted to the »am» 
di-gn* as tho^- oflt red in e(l)n r the Ci-neral Mectric or 
I'lult i Whilney engine». Hence t>ie TJ70 up;««« to be • 
greater rvV ihan the General Electric engine. The CE4'J4C 
engine (Kef. 19) »as »el«ted as ÜH- basic engine for the 
Boeing proposal 

Altliough the GE4 J<C engine »ppear» to be tit» 
correct choice for the propoaal airplane bised on th» 
current HVP miaaion and engine d^ta, tlie Boeirtg ooö- 
figuration lends it's If to use of any of tlie oflered engine» 
in tlie event that a different engine U desired by th» 
FAA or the airline« in the final evalaalion. TTie per- 
fonnance of the Boeing SST airplane with tlie ollwr pro- 
poM-d engine» is covered in Volume A V, Aerodynamic». 

Tlie following nection» »ill dismiss the sjiecific char- 
»cteristic« of the engines odi r»^, Uie general matchinf 
charectrrlstics of the errine cycle», and the design »ir- 
pbne gross weight which rt-ults with each of the en- 
ginr-s. A technical revir-w and disruvöon of corr.[ionent 
technolngy is prfscnled. An initial appniisal i« made cl 
the relative development «L-itus of each of the engine» 
and of the dimonstrated capib.lities of the engine manu- 
fartunrs. Comparative installation features are discumed. 
A nnite detailed review »ill 1* submitu-d in Mar-h, 1964, 
as requivted in tlie RFP. 

\\.7    OUcutslon of Offered fngln*« 

ll.J.l    BASIC FEATUXEJ 
The bnsic rKirarleristirs of Ihe engines proposed for tSe 
SST are summan/ed in Fig, HI. Each engine manu 
farturer's specifiaition liasir thrust and airfltjw sire «r» 
shown. All the engines are scalable eicrpl the JT11F-4. 
The distinctive   features  and   important   design  puraro- 
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etera arc discu»«)«! below: 
TJ70 CurliuWriKhl 

• Sincle Six»)!, two bearing rotor. 
• Single slice highly loadrd, Iranftpiratidn railed 

turbine opt'raliiig at 2100 F nvixiinuin rontinu- 
ou«. 

• Variable geometry turbine diaphragm and nit 
noir'e. 

• Cu!-,, 'us notzle. (Suhs«]upnt to November 15, 
IPfkl, this noizle was changed to » convergent- 
tlivirRi'iit plug nozzle with variable flap«.) 

• Reverw.r included with engine. 

Tlii» engine ha» eitremely high aspect ratio com- 
pressor bl.-ides which are a high risk item beu>ase of 
structural djTOimic problcma which may «rise. In (art, 
the whol" compressor design may hr.ve tu be changed 
because the short chords may lead to poor low speed 
matching characteristic*. 

The engine has a high thrust weight ratio, but it 
incorporates a variable turbine nozzle, a variable pri- 
mary nozzle and a variable divergent nozzle. These are 
features which usually cost extra weight in engine de- 
■ign. Tile engine nozzle originally proposed was a simple 
cusp plug which had poor measured pciformance in 
the Boeing test facilities. The nozzle was changed to 
the present design with no weight increase. 

Variable geometry turbine nozzles have 
not achieved a high degree of development and are not 
UMJ on any present engines. This feature is mandatory for 
■ dry turbojet on an SST to obtain good low-speed per- 
formance. 

CE4 J4C Cleneral Electric Augmented Turhojel 

• Single spooi, three bearing rotor. 
• Variable slator compressor (9.5:1 pressure ratio 

in 7 stages). 
• Two stage turbine, convection plus film-cooled. 

operating at 2HI0 F manimum cunlinuoua. 
• Full aufrmentation afterlmmer. 
• Convergent-divergent ejector nozzle with variafai* 

throat and variable exit 
• Reverw-r included with engine. 

TT.e engine is a conventional lutlxijet pattemed after 
the 179 nnil ,193. The main advancement i» the high 
t irbme in-tempereture of 2200 F. This temperature ia 
achieved through combined convection and film cooling 
techniques. 'Die exit nozzle design Is similat to that of 
the J93. 

Turbine cooling is a continuous flow proceaa during 
■11 engine operation. 
OE4 F6A General Electric Augmented Twfco/a» 

• Single spool, three bearing rotor. 
• Single stage 2.2:1 pressure ratio front fan. 
• Seven singe primary compressor giving overeO 

primary pressure ratio of 11:1. 
• 1 1:1 bypass rat«. 
• Variable stator* and inlet guide vane«. 
• Two singe turbine with convection plus film coal- 

ing operating at 2200 F miximum continuou«. 
• Mixed flow augmentor. (Fuel inji'ction and flame 

sl,iliiliz.ilion occur' in the primary stream. Mixing 
is acrompli-hed with the aid of a fixed gi«metry 
daisy chute mixer.) 

• Nozzle is similar to that employed in the J«C 
as described above. 

• Hi verser included with engine. 
A salient feature of this engine is the mixed flow 

augmentor which provides high augmentation during 
transonic nccelerotion and takeoff. The flame holdem 
and fuel injection nozzles are located in the hot stream 
so that combustion can be initiated easily and efficient 
bumii.g will result 

There are problem» associated With a fully mixed 
afterburning fan engine designed to operate over a wide 
Mach number  range.  The f.m pressure ratio and effi- 
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CMtuy Icfid to be raducMl «I low comcted engine Bpenli 
due to low (kn ducharg« prewum. Miiing IOSM1« can aim 
be hi(h. 

Another diitinguuiKing feature is the first comprea- 
•ion-tan stage which produces low prt-Mure ratio near 
the hub «nd very high pressure ratio near the tip, with 
■ shroud in the middle. Whether this combination on 
a single rotor (an will have development problems re- 
mains to be determined. 
STF I88B (JTFI5A-I) Prall & Whitney DuclBuming 

Turbojan 
• Two spool, (our bearing rotor (t-vo bearing sup- 

ports). 
• Two stage (an (front spool) with 2.5:1 pressure 

ratio. 
• Five stage compressor (rear spool) with overall 

primary pressure ratio of 11:1. 
• 1.3 bypass ratio. 
• Two singe turbine operating at 1900'F maximum 

continuous. (First stage turbine is convection 
loolrd. Second stage drives fan rotor.) 

• Fan burning «ugmentor employing aerodynamic 
(lameholder. 

• Convergent-divergent blow-in door ejector noi- 
ile with variable throat area control in the (an 
stream. 

• Reverser included with engine. 
TVis is an advanced duct-burning turbolan engine 

which employ» the Ulcst Pratt & Whitney engine tech- 
nology. The duct burner is c»temnl to the primary en- 
gine case, which could present some engine case and 
turbine cooling problems. The burner employs an aert>- 
dyn.imic flnmeholder »ilh low pressure drop, which con- 
tribute« to high perform.!nee. TTie (nn exit nozzle is 
variable and provides a hi^h level of (nn ediciency at 
ail flight speeds. TTie ejector noizle is the same type 
ttiat P .it & Whitney has o' 'cr development (cr the 
TF30 engine (TKX) and has Iwen evnlunled extensively 

through wind funnel model tests during the past (ew yean. 
A 1000 F continuous turbine dime Utnperstutc de- 

tract« (rom the performance o( this engine. In part, it 
is com[Hn«>ted (or by the ciU-n»ive use o( lightweight 
technology which is consistent with the 1970 time period. 
JTIIF-4 Prall & Whiliry DuclBuming Turbo/on 

• Single tpool, fixed airflow fan version of the JT11 
(J.Vt) engine. 

• Two stnge fan, 2.5 pressure ratio. 
• Five stage compressor behind fan with ovendl 

primary pressure ratio of &2. 
• 1.08 bypass ratio. 
• Three stage turbine, first stage convection iLOCiled, 

operating at 1900'F. 
• Duct heater and nozzle same as STF I88B. 
• Rcverscr included with engine. 

Ulis engine is a modification of the J58 Mad) 3J0 
turbojet engine which is currently under development 
by Pratt & Whitney. It is designed to use the exist- 
ing compressor, burner, and turbine stages of the J58 
with an additional turbine stage added to drive the 
compressor-fan rotor. 'Hie duct burner and nozzle »f- 
rangement is the same a« that used on the STF 1A8B. 
This encine has the advantage of being available lor 
early delivery (two and one-half yean a(ter go-ahead) 
(or a prolotvpc airplane. The engine weight will be high 
since it will not incorporate the latest state-o(-the-ait 
development and weight technology. TTiis engine i* not 
offered as a scalable engine. 
JT1IFI2 Prall & Whitney DuclBuming Turbefm 

• Advanced  lightweight  scalable   vcrion   of   the 
JT11F-4. 

• Primary pressure ratio increased to 9.8. 
This engine could exist n« a follow-on to the JT11F-4 

or could tw developed a« a new engine deigned initially 
for the SST missior It is slightly heavier than the STF 
188B but has comparable performance. The engine haa 
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the ume diudvanUice in that the lower turbine dame 
tempenturea offered by P1W detract from the per- 
(unnanc*. 

11.1.3   TECHNOlOCr OF OFFERED 
ENGINES (RFF 3.3.91 

Important advances in technology are .Vin| offered in 
each of these engines. The probability of achieving theac 
technology levelj has been considered in The Boeinf 
Company evaluation of the engine*. 

The advancrmonta having the greatest significance 
«re specific weight, turbine temperature, and nozzle per- 
fonnanc*. 

11.3.3.1 Walghl Technology 
Fig. U-2 shows the level of thrust weight ratio of the 
proposed engine« and compares them with past and 
current supersonic engines in dcvi-lopment or operation. 
The thrust weight levels of the proposed SST engines 
(except for the C-W TJ70) appear to be a logical pro- 
gression in weight technology. The weight technology, 
represented by the cross-hatched area, considering the 
higher turbine inlet Umpcraturea proposed, «pfjcar» to 
be ■ reasonable goal for t 1970 operational date. TTie 
weight technology indicated for the TJ70 engine appears 
to be optimistic for a commercial engine. 

TTiis general improvement in weight technology is 
he'mi achieved through higher compressor stage load- 
ing (which results in fewer stages of compression for a 
given pressure ratio), higher heat release burners (which 
shorten the combustion section), and improved turbine 
coolinf. 

11.3.3.3   Tuiblns Temperatur« Technology 
The   results  of   Boeing  and   government-funded   SST 
studies have shown that turhine Unme Umperaturoa well 
in excess of e»isling commercial practice will have to 
be used in order to make the program a success. 

One of the funiUriM-ntal differences between the 
offered engines is that General Eletiric and Curtuo- 
Wtight are quotii.T 2200 F and 2100 F cruise turbin« 
in-tempt-niture (I».") respectively, while the Pratt > 
Whitncv quoted TIT level is 1000 F. The higher TIT 
provides greater transonic thrust and lower cruise spe- 
cific fuel consumptions, and has s significant effect OB 
airplane gross weight to perform the »niision. It is thei^ 
fore of prime importunce to evaluate U* level of TTT 
which is reasonnhlc for the 1W>8-I970 tine period. 

The Boeing Company discussed this problem no* 
only with the three er.ijinc companies uivolvtJ in this 
propofjU but also with fperiallsts at Allison, IvJIs-Royce, 
and Bristol to gain inlurmalion on svail-ble turbine 
temperatures and turbine cooling techniques. TTie gen- 
eral conclusions of this survey are listed below: 

• Commercial parts life of up to 10,000 hour* is 
required in order to ensure that random (ailures 
will permit time between overhauls (TBO) 
values in excess of 3000 hoars. 

• When cast blades are employed, together with 
cast cooling passages, a maximum cruise flame 
U-mpernture of 1S00' to IKTiO F can be toler 
aled today «i the SST mission. These convoc- 
tive cooled blades would withstand 3000 hours 
TliO hased on creep life expectancy- Higher tern- 
per-.'Mre would require either new materials of 
other coo'.ing methods than pure convertian. 
Metallurgical improvement« by 106S-1970 should 
raise this limit to the IMO F to 2000 F rang«. 

• Using forged material» with cooling passages, 
the alloAahle blade temperature for the same 
creep life will 1«> lower by approximately "V to 
90 F. Hence, at a given gas temperature mS«n 
using forced material«, the mnnijiacturer must 
improve his cooling effectiveness to allow for the 
method of (fibricatian. 

• Employment of film cooling or transpiration cool- 
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inn could raue the cm-p lite Umperature limit 
ol forgt-d ; 'iidcH to above 2100 F, through the 
improved coolinn effectivencM. TTii» «mcluaioB 
waa HI|)(X.T|I-I| by RollsRuyre and Alliaon. 

Ki:;. 11-3 khoH» the trend of turbine in-lem- 
fxmtuiv «nd binde lemprrnlure »ith yean, and 
also the ellrrt of various types of cooling an the 
allowable  temperature based  on creep life 

• In most current conunerrial engine« turbina 
blade teptacemenU are caused by ►urface cracks 
due to thermal Khock or by high Utnix-ratun bend- 
ing InliKur and not by creep life limitationa. liiert 
in no analytical Way to predict shock life. Only by 
running MXJO to 10,000 houi* of cyclic testing can 
the thermal shotk and bitiding 'atifue character- 
islK s of a particular turbine and itwling configuia- 
tion be determined. 

• When fotfscd materials are used, the resistance to 
thermal shock is improved by about 75' to UO F at 
the same tooling ellectivene«». 

Bas"d on the findings of this survey, it appean 
that a rm hour TUO can lie achieved in ll»e 1968-1970 
time period using advanced blade nisteruls, film coal- 
ing, and forged s :ding, when operating with cruise tur- 
bine flame temprrnturcs of up to 2200 F on the SST 
mission. A TBO of 3(X)0 hours is a reasonable target after 
some service eipericnce. Provisiona tor sual inspec- 
tion of the engine turbine between overhauls will prob- 
ably 1« necessary. 

General Electric turbine blade cooling testa have 
been run on a JM up to 2400 F TIT using the film cool- 
ing technique. At 2200 F the turbine blade metal tetn- 
pemturea arc at or below the mein' temperatures in 
the current commercial sul>s<inir jet engine». General 
Electric has developed » turbine blade stem drilling 
pmcess and quality control technique which is unique 
and has been successfully demonstrated on the J93. 
Pratt L Whitney has also conducted turliLne cooling testa 
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uinf convertiv« rooiing IcrhniquM on ■ roodifled Jit 
(Mt «if ine. Curtuw-Wright hu run turbine cooling tettM 
using a trannpinittan roulmg Uthniquc at '2X70 f. Al- 
though traiupiruliün cooling apprar» to oflrr the gml- 
eat potential, crrtain fundamental structural probinnt 
appear to make it a riskier approach than either con- 
veclive or film cooling technique!. 

11.3.2.3   Neula Technetogy 
Each engine manufacturer ha« propn>ed ■ different net- 
tle design for his engines. General Electric ha» propoaed 
■ fully variaMe convergent-divergent (C-D) ejector IMS- 
lie; Pratt & Whitney, i fmd shroud blow-in door ejee- 
tor; and Curtiss-Wright, an annular C-D nozzle. Sketches 
of theve noz/le types are slioun in Fig. 11-4. 

The estimated nozzle grosa thrust miniu drag co- 
efficienti for the three types of nozzles are shown in 
Fig. 11-5. Values are shown for conditions of maximum 
thrust at all Mach numlier. and cruise thrust for super- 
sonic cruise and suhnonii rruüe. Selected *xst data have 
been plotted on these curves to indicate the level oi 
development that has already been achieved for the 
different nozzle types. RTONH thrust minus drag ((%,) 
is defined as nozzle thru it minus nozzle drag (includ- 
ing mm drag of secondary air and nozzle bnatlafl drag) 
divided by the iH?al thrust of the nozzle primary and 
secondary airflow«. The Curtiss-Wright annular C-D 
nozzle performance is lower at subsonic cruise than the 
other nozz!», due primarily to higher boaltail drags. 

The test point.« »hown (Fig. Il-'i) were derived from 
three sources: NASA, Boeing, and the engine manu- 
facturer». In all cases the models tested were not exact 
duplicates of the proposed nuzzles. However, the throat 
to exit area ratios were closely approximated. It should be 
noted that the mensured perfomvince levels of these 
models do not neoe^virily indicate the full potential of 
the various noz'Je concepts. Very little test data al« 
availalile for the Curtivt-Wright nozzle herau'* of limited 
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Irvrtopnwtit work. 

11.3   Alrplan* PaHoirnam« Comporltont 

n.3.1 INCINf-AIRPUNE MATCHING 
Hie rtlal.ve porfumvini'e nirnt» of the pr<>p(M'd rn|tine* 
Tin hnt be juilgcrl in tcmu u( th« n-ailtirig airplan« 
capabililir«. B<(i)re comparing th« tpecilic c-ngin«, th« 
lunner in which a pm^uUiun ayntnn in nuutntl to th« 
■irfrumc will be dLscum«t 

In the trutching proceM, the installcH pmpulaian 
■yhlem is sral^l to rcprwcnt different rise« ol the engine 
uniliT study. The airplane tnkeofl gro i weight und op- 
erating weight empty ore also scaled to rvprevnt differ- 
ent Kite» of the airplnne under »tudy. The wing are« 
M varied tu include the effett of wing loading on th« 
terodvnamic prrformanc«. Tlie body aize and payluad 
are held conatajit 

Tlie pcrfonnanc« of the engine-airplane combin«- 
tiona are then computed for the design minion. The 
fliijlit profile-« are determined by the sonic boom over- 
prrsure limita. The m.ilch(d enginc-nirpUine ia that 
combination which achieves the denign range at the 
minimum grona weight. 

In addition to the sonic boom overpresure limit, 
other rest riet inn« are applied which soinelime» make the 
airplane heavier und (he engine larger than would other- 
wise be the case. Among the«« «re: 

• Wing area has a lower limit, dictated by take- 
off speed limitations or by other practical con- 
sideration«. 

• The engii.o must be large enough (o provide 
adequate airplane hccflention under all flight con- 
dition«. For example, « minimum thrust margin, 
F  — D 

" OJ on a »tandard day i» required dur- 

ing climb and accelrrnti'm at the altitude deter- 
mined by sonic boom limitntion«. TTii« margin 

ensures thst adequate thnui is available to «c- 
11 li rule to cruise »pe<-d on a hot day, and that 
the time required to «coeteralc will not be «• 
ctwivrty long. 

Tht engini--uirpliine matching n^ulu lor the nan- 
au^mnUd lurliojet, uu^nvntid turbojet, and augmented 
turbofan engines are generally as follows fur s varubi« 
swerp airplane: 

• Th« Non-Auqmtfltcd Turbo)«« 
Tht «-ngine siie ia estublisoed a» that nccwiasry to pro- 
vide the thrust marum to accelerate the airplane at 
the altitude iliclaled by the sonic boom ovirpn-ssure 
limit. Betamw of it« low thrust pc-r pojnd of airflow, 
the site ia large compared to augmented engine«. At 
• ipersonic cruise conditions, the engine i< operated near 
li.- manimum power available. This setting provides 
sul'icient thrust to fly the airplane st maximum lift 
over drag (I. Di -iltitude and at minimum specific fuel 
con' imption (SFC). Some excess thrust is available 
at this condition (or maneuver or control. 

Because of the sirj» required for transonic thrust, 
the engine is consideruMy overeiied (or suhsonic cruise 
and holding operation». The power requind i« • very 
sm..ll percent of that available, and the resulting SFC it 
consiili rihly higher than tlie minimum value. V vari- 
alile ana turhine and exit nonle geometry «re pro- 
vided, the penalty (or this oversiring can be rrducenl 
At fjkeoff, the maximum available thrust far exceed« 
the miinnium neejled to meet the field length snd sec- 
ond «egnwnt elimh re'iuiremerti. If takeoff is made «t 
part power, the takeoff noise can lie lower than either 
the augmented turbojet or turhofan, and still meet th« 
field length and climb requiri-mcnt«. 

• Th« Augmented TurHoj»» 
Thi» engine airflow is usually siied at tlie supcrwmie 
cruise condition to achieve maximum range by attain- 
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inf lh« l)«*t mmprtjinis« tielwwn rnfiinr w<*i((ht, F.FC, 
and uirpl.inc L D. The cnghe mji> cruis* with or vilh- 
out nuKTm-nttitton, (tt'pc^dinjt on the engine wn^tit t«'h* 
nulugy and the level of SFC. 

If the enRine i« alted to provide Hufficient nunafter- 
Imrninn IhruM to tlv nl iiuiiinmm I. I) ultiluile, the 8FC 
will he near minimum, hot the instiillcd engine wiiüht 
wil] he high. If a Krrvilli-r i-ngine is UM d, the Mime thrunt 
can be achieved with K'tme minimum nftefhuminK; how- 
ever, the SFC in high. If this tmallcr engine i« oper- 
ated with the afterburner not lit, the SFC i» neiir mini- 
mum, but the thrust i» too low to fly at mnximum I' D 
altitude. The «eltrled engine «ize ia the beot compro- 
mise of these ctjnsidcration«. 

With the engine ni/cd for cruise, the thrust mar- 
jin for nrcelrralicm and climb within prescrilx'«! boom 
requirrments cm lie adequately provided by nddilional 
au^Tnentatian from the afU-rhumer. Because this engine 
has more thrust p»'r pound of airflow at cruise and at 
transonic acceleration than the non-nugmrnted turbo- 
jet, it i« not as greatly ovmtzed lor sulisonic flight 
as the non-af*crhuming version. Consequently, the sub- 
sonic cnii.se and holding SFC« are nearer the minimum 
values. If »omo variable gmmotry is provided the sub- 
»onic SFC versus thmst relationship can be i.djustisl 
aomewhat to reduce the SFC at the trquired thrust as 
in the case of the non-augmented turbojet 

At takeoff, the non-aflcrhuming thrust i« usually 
more than adequate to meet the field length and climb- 
rut requirement«. There Is not as much «imai thrust 
for reducing noise as there is with the non-augmented 
turbojet and therefore the takeoff noise levels lend to 
be »omewhat higher. Community noise levels may not 
nceewirily be higher, "niis ia discus-sod in more detail 
in Par. lUAl 

• Th« Augmented Turfoofon 
Tue tiiivvl fiw «uginente<l turliofnn is usoally siied at 

the su(M-r-j»nK (-niise comlitiiai to achieve maximum 
range. Partial augrnentntion is use«) during »upenxinic 
crui-e. llie thrust wlting it M-lirted to provide ll» 
he-t lompromi-« l>«lwi-<-n in-lallc»! weight, I- I), and SFC. 
Tliis (vndilion iKiurs at a thru-1 level whuh |» rmil» rruu 
ing at MI . near maximum I. I) altitude. At lower thrust 
levels, the niluilion in SFC is not suffment to (umprnMlc 
for the I. I) reduction at the nsluit-d altitude, Al Mach 
2.7 tin- turbofan rniK« SFC i« higher tlarn either of the 
turbo je ta- 

'Fhe engine is not as greatly airflow over>-i«-d at »ub- 
»onic conditions as cither of the two vmiona of th» 
turl)uj<.t. Consequently, the sutisonir oprratioa occurs 
closer to he minimum SFC. In addition the turbofan 
hat a fundamental propulsive efficiency advantage over 
the turliM> Is at suhsonic s|Äi^]s? wlmh n^ults in a krwer 
SFC. At takeoff, a low augmentation power setting ii 
itquinsi to nvet thr- engine-out, vs^md segment climb 
graihi nl. Nivi rtheless, the lia-irallv lower nor/le pie»sui» 
ratio makes the takeoff noise lest than with Üie tug- 
mentefi turbojet, using dry takeoff thrust. 

Tlie durt-buming (or unmixedl turbofan nay I« 
sized by transonic thrust rrs(uiiem<nl» The airport noise 
tends to be higher than the mixed fan because of th« 
high velocity of the primary jet 

11.3.2   PERFORMANCE OF PROPOSED 
ENGINES 

In order  to compare the  inflight performance of the 
engines   the  airflow   sires   have  U-en  adjusted  to  that 
required to match the Boeing SST configuration. 

The matched sea level static airflow sizes of t)ie 
several propose-d engines are show-n in Fig. Il-fi. "H» 
airplane gross weight required for the HFP mission ia 
also shown. 

Performance comparisons of the matched engine« 
at cruise, transonic, suhsonic, and t.ike<'ff conditions fol- 
low. Tlie performance of the JT11F-4 is not show-n be- 

Dfr-J«00-ij    11/11 

m^md 



 ,—.- 

ivmmmmmmm ■•» 

CONPIOKNTIAL 

MRPL/LMI ■ AilC MATCHtD MATOUD 
cw. AIRFLOW AIRFLO» ENUNE     i 
L»V LBS/SEC. LtS/SEC. «rr. - LBS 1 

TJH «IJ.OOO US US SS2D 
CIVJ4C 4J0,0IO «n (it wi 
CU FM 4^,000 5bO 4S4 MM        i 
JT11F-K <M.00O HO SS5 7750       i 
JTF15A-1 «70,000 uo SSI TM 

CO C'f-i"— 

cause it is a heavy Tigm» of a ftxei «lie which doca not 
maU'h the airpUn« requirementa. 

11.3.3.1    Crvis« Perfcrmom» Rawht 
Thf iiuptrsonic cmwe inslnll«: SKC and thrust ot the 
varioim engines an? shown  in   Fi;.  11-7. The matched 
thrust rrqulrt'd on the Boeing cnnliguration during cruise 
is marked on the curve (or each engine. 

The lowest SKC at Mnrh i.7 U achieved with the 
TJ70 non-augmented turbojet which opemte« at slightly 
less thnn n>.uiir.uni cruise thnirt, Tlii« engine has the 
lowest SFC bec.iusc it does not have the augmentor 
pressure losses. The GE4 'J4C «ugmentnl turbojet oper- 
ttn at about si'vcn percent higher SFC at the cruise 
power setting. TTii» rot.dition WYMII somewhere between 
maiimum dry thrust and minii. urn auinnentej thn- t In 
practice this will re<)uire a mixtuic ol augmented and dry 
power settings on the (our engines ur a chsngc in cruise 
altitude with some slight mrge pcvalty. 

The oflered engines with th. nex', higher RFC'i art 
the PtW JT11F 12 and RTF WB turlMfana, which 
operate at well above mlnimnn. auirmenUition and have 
SFC'a atiout five percent higher llwn the J4C. IT» 
GE4 F6A operate» at a »lightly higher SFC. The SFC 

change with thnist i» »oinrwhat flatter with the (um than 
will: ll>e turbojet. The gerera! Ir\el o( SFC » higher 
bccau.se of the lower thermal effictrncy of the (an cyda 
at Mach 2.7. 

The dashed curve shim« the performance improv»- 
ment of the .ITllF 12 with fJM f TIT. However, sin« 
Pmtt It Whitney ha» not nfTered thi» level of TIT (or 
the SST, this iKTfiirmanue has not b<«n uwd 'or airplane 
evaluat* m. 

11 3 2 2 Tromonlc P»rformoBca 
Fig». US and 11-9 »how the tranwmic thrust and SPC 
for the proposed engine«. AU the engine« offered hav« 
adequate thrust to meet the »onic boom Umitatiara 
with a minimum of 0.3 thrust margin on • atandard 
day. Tile TJ70 hat the lowest SFC because it is noo- 
augmented, while the V.VA F6A ha» the highert SPC 
beoiuse it is a fully augmented turbofan. The engine 
SFC during accelemlion is a nignificant factor in tht 
overall fuel onisunH-d during the musion. 

11.3.2.3 Subtenlc Pwformanc« 

Pig. 11-10 Indicates performance of the various engines 
(or the irui-*' to ailerr.nte and holding cord.lion». In all 
case» the thrust ifjuirod is much h-M than that «vaä- 
ahle at minimum SKC. The turbofan» provide the low- 
est SFC» lor two rensom: (1) they Und to match nearer 
the minimum SKC. and (2) they have a basically lower 
SFC IxH-nuse of their belter propulsion efficiency. TH» 
turliojels, both sfterhummg and norj-afterbummg, h»v» 
»l)out the s-ime nvitrhe<l SKC«. It should he noted that 
even with the variable turbine noule feature, the TJ70 
has the highest SKC at these conditiona. 

11.3.3.4 ToKeoH feiformooc» 

Fig. 11-11 shows the takeoff thrust for the engine«, boUl 
«ugmenlcd and dry, on a hUmdard day. The minimum 
thrust requin-d to meet the takeoff field lengih i nd second 
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w-Rim-nt rlimb |;n.dimt, (or the airplann il«ki(ned to ■ 
the UFP mkMOi», is hhown by the arrow. 

All enginn except tl» GE4 F6A turhofan meet tfat 
UVeofl thrust roiuirements at maximum dry power or 
below. The GK4 K6A lurh<j(un will require partial aug- 
mrnUtion. On a hot day, all the turbotana will raquil« 
partial augmentation. 

The airport noise at 1W0 feet (rom the airplant, 
parallel to the runway, aa a (unction o( thrust of tha 
engine« is shown in Fig. 11-12. The comparuun of com- 
munity no'se o( the oflired engines ia diocuMed in Par. 
UJ.12. 

11.3.3.3   hHlollad Pod Dreg 
The installrd pod drag of the proposed engine«, «iied to 
meet the RFP miv-ion, is showTi in Fig. 11-13 for th« 
complete range of Mach numberm. At supersonic cruiat 
the GK4 F6A engine has the lowest drag. The C-W TJ70 
ha» the highest cruLie drag. 

The transonic dmgi of the various pods arc alao 
Khown in the same figure. 

11.3.3 COMPARATIVE AIRPtANC 
PERFORMANCf 

The optimum airplane performance which rcsulta from 
tho offered engine« matched tc the Boeing SST coo- 
figuration is diwussed below. The- airpLine configura- 
tion which »a« used in thc^e performance studies ■ 
show-n in FiR 11-14, This configuration was used to obtain 
relative perlormnnce compari«in» with all of the offered 
engines. The chances in pod weight, drag, and installed 
Performance with the various engines »re accounted for. 
For this study the wing area »os limited to a minimum 
of 4r>84 square feet by configurolicin comuleralionv The 
manimum wing loading was limit«! to 100 pounds nee 
square toot (pst) to meet the IfvVknnt laVrofl rtxjuire- 
ment in the RFP. 
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11.3.3.1    Cn»t W*i9ht CompofiMm 
Th» nvMt hlKinfnant comparison u 'he «irplnne from 
wricht n-quiriHl to prrfonn the 3500 nautical mil« rang«, 
30.0(10 p-mnil paylnnd mUsiim at the wlrcted cruise Mach 
number o( 2.7, with the «onic houm overpret-nure limit 
of 2.0 p-l lliia rtimpjrisan is nhown in Fig 11-15. At 
the overpressure limit the lowest gros« weight i« pro- 
vidoH hv the TJ70 non-auRmentrd engine at a (roas 
weight c>f 412,0110 |»iunils. The r.F.4 J4C engine resulU 
in nn n-rplnne gn»vs weight of 4*10.000 jiounds. The JTllF-4 
match Ls not shown, but the gross weight i» well over 
.100.000 pnund«. 

Fig. ll-'ß summarize« some of the pertinent data 
from each engine-airplme match for the RFP miasion. 
All mrtched engine size« are within the scnling range 
of the offered engine«. 

11.3.3.2   NOIM ConUdeiattom 

• TokeoH NOIM 

TW extra thrust »viiil.ible at takeoff with these engine« 
allow« a trade Ix'lwcvn the takeuff ground roll noise and 
the noi«1 over the community. Fig. 11-17 ühow» thi« 
tratte hns<-d on Boeing-cilculaled noise characteristic« 
for the (iflcnil engines. Higher takenfl thrust« result in 
higher airport nois«' hut lower rommunity noise bin-ause 
the nirpbine arrive« over the oimmunity at a higher 
altitude. In all cises (he rommunity noise is shown for 
a position thrif miles fmm th»' brake release point with 
Ihnisl reduced to that required for MO feel per minute 
rale of climb. The airport noise is shown for a di»tance 
of I.'iOO fi^'l parallel to the runway. 11 the allowable air- 
port noise is s:>t at I20-I22 PNdh, all the engirie« will 
yield Community noi^ levels less than 112 PNdh, the 
limit set in the RFP. 

, » «M rt.' 
l\ \ T      

Jk'W - PSF. 

II Bl i    A.'p/ort« Dti'jn C'on W».9ht »t. 

MeaimwM Son.c Boom Ov*fpr*ltur« 
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n.4.i COMPARATIVE INSTALLATION 
FEATURES 

« 100 11» I» 

COMMUNITY NOISE - PNdb 

Aiffwf vi. ComMHMiflf No«« 

• Landing Nth« 
Ijindinx now i« a function o( the power rrquirrd to 
nwinlnin lh» Inmling uppronrh RliHe ^ope. Fig. 11-18 
HHOWH the nois<» IcvrU for the offerrd rnpiho*. asviiming 
■ three rtrprre gliile "ilope «ilh wing« lolly fklenilH, 
at viiriou« flinlanren fnim the runway I'irr-holrf. A» 
»h<mn, the Inndirig noi^e level for the SST will not he 
higher than for existing inlervonlinentHl jet aircraft 

11.4   Othar C«ntld*ratlen( 

11.4.1.1    Engin* Starting 
Stjoling rc^uimnenlÄ \ar>- conwderaWy among the en- 
gine- considered for 'he SST (Fig. 11-191. 

Tlii' STK 1»<B und the TITO may lie rtarted with 
the tvpe of st.irlem und enrt» thit «re currently in enm- 
merri.il transpoii us.ige. /Ithough the TJ70 engine m 
a »inple rotor, high inertLi eagine, the eireplioniilly high 
firH lornue cKiriirteri-tirs (|uoted hy Curt is»-Wright 
(Fig. 11-20) allow »tnrtmg with a rtlatively »null »unter 
and cart. 

'Ilie General F.lotrir J-tC and F^'A engine« require 
a larger »Inrler than the alnve engine.. The larger starter 
require« two of the pn-^ntK uv<l fiTl^P-^S cart» or ore 
CTTP-lOO Mrie« caH. Tlie Pr.ill i Whitney JT11F-12 
engine iKiuire* a Intgr starter mid two of the presently 
U'od CiT>"IM00 serie« ground cart». 
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GE4 J4C CE« F6A 
|   JTFliA-l 
{   (STtlWB) jnif-i7 ■       TJTO     1 

NUVBEROFSfOOU 1 1 } i i     ! 
fOUR WMCNT OF lURTIA 

1  yf THtdOIORlSIUO-SQ.   T.) 1« IU » m 1« 

loiefmi MM MOO a» ya 11« 

STARItR 10 ROTOR GEAR RAtW 1.71:1 t\ mi um 11 

n»(iTt«npf ATS MB mm ATSIOB ATS NO «n a 

STARTER PIUS VALVE HKHT 
(POUNDS) n n a n a      | 

aniTXPf CICP-« CTCP^i CTCP-B C1CP-U0 CTCP-B 

NO. CARTS REQUWCO j I 1 I 1           1 
START TIME, S.LSTANDAIUI 
DA* (SECONDS) 
•AIHESEARCMUfC.CO.,$T*NTtN 
AND CART MCDEL TYPt               i 
DE5ICNATI0W 

v u » 11 " 

i 1.4.1.1 N<K«IU C«<-nn» 
Ci-nfrally the lun cnpinm have a low»r rniiine C«M 
UTnpnrnlure «ivl Ihu« prt-n'nt ■ Inw w^ctf nacelle molinf 
prolilnn than do the turlxijct i'nisinr«. Thi» rwulU (rom 
the excrllcnt insulation provided liy the rrUtively cool 
(on «ir which ührouH» the primary rnRine. Fan engine 
cano lemperntiire in the ili(Tii-*r cane nrra wil! he kp- 
pmninrulcly 400'F cooler than the equivalent are« in 
the jet enprn. 

The accrwory arm »ill I» cnmiwrtmonti'd for 
all of the engim« to rrcluce the iMvikinu tempirnture of 
the Mmaorir*. The romp itmont will he nhirKlnl from 

J 
1 

.! 

(he pnRine ™v. Tlie jet enjinet will ixjmre more con»- 
p)ir(m<-nt   insulation  tK-in the fana. 

All enjtinr« require cooling air for the noule and 
reverser  act ua ton. 

11.4.1   ENGINE AVAnABIUrr 

11.4.3.1    Dcvtlopmtnt StahM 
None of the encines heinü ofTered by (he variou« enfilW 
nvinufiicturer» for the SST i» currently under dn-elop. 
menL 

Tile  Pnitt & Whitney JTllF-4 enpne in c1<»«e«t to 

O6-2400-I2 
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an actual ingit.o uniler drMlupmcn'. Kinrr it ■■ ImsionUy 
A fitn vp*«ion of It«" JTlI ••njiini', «hirh i« rurT«»Üy h 
th<- mix inet-.! dn-rhipmrnl »licr. TV PAW STF 1R8B, 
Umfvir, Hnd tS» JTllK 1.' «re m-w mitiii«' drvrlopenmt». 
Corniionint n-^anh 'or thrw «•ndin» »» pn([r«*inf in 
bumpr (U-vrloprm-nt. ij*t-t<ir noouelet, and hith Utnprm- 
turp lurlimc tei hnoUify. 

HIP Criwnil Elwtric turl>oji-t (GE4 J4C) and lurbo- 
tnn rngin«-» (CiF.l FfiA) «re n«"» pncin« designed ape- 
cifmilly U>r the SST. \i*ing !«•» hndliiRy ([..im'H (rum th» 
J!(3 pnißram. The cumpresNor wction i« a hralrd vfTMOfi 
of nn «•>i-lin(! .lieh ftaRp Iciarlinit unit «hirh hna brat 
sucn-ssfully run f.tnpral Elnlnc ha» also hern artivdy 
WlRHR^'d in hiph tcmiMTature turbine work, noui* and 
revmer dniRn, nmi in nftrrliumcr l^hnolofy. 

T\M- C-W TJTO is a new enRinr di^ifin«) »pn-ificaDy 
for thr SST. Curlias-Wriuhl ha» hwn cncucfd in con- 
hidfrohlp component dr\ilnpmrnt work in tran<pir«tion 
cooling of turliine ltUdr-> and hiffh tlnpf kjadinf oon- 
pn-sMirii to provide i-up|»irt to it* conofpt 

KIR I1-2I »tio»s Hie nionlh-s from |;o-ahp!«' •* P»*- 
fliKht rnling U-^t iPKRT) and rprtifiratinn for th» offcm) 

«■nnim-^. Tlic GK4 JiC and I'iW JT11F-4 mgin« meet 
the airplane development schedule. 

11.4 7.2    Production Schedule« 
With n~|«Tt to enpne cirlificalion and d<'livfT>' of en- 
Cini-^ (or Ihr fii>t production airplanes the GfA J4C and 
PfcW JT11F-4 come clow.1 to mecting the airpUne r»- 
quirprnpnta. 

11.4.3.3   Engine Monwfachirea' 
CefMbllMM 

Pratl A Whitney 

• Previoui Reccnl 
Pmtt &  Whitney ha» an pxorllent rerord of pmdurinf 
high quality rnRrnps on M-hedule. Rx'ing'n p«p<'npnce on 
the BS2,   KC-l.TS, and "07 comme.-vml programa with 

CONPIOENTIAL 
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MONTHS FROM GO AHEAD (HAY 1 1X4) 
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STf-IMB 
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a 
a 
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n 
n 

CURTlSS-lüIGMT 
M IS 

EEBl En^.m Otvtlopmt* icUdJf 

Pr»tl t Whitney's J57, mi. JTID, «nd J75 tnpm* la* 
(renprat«! R hich level of cnnfidcncc in the capability ai 
Pratt i Whitney to produce encincs that are efficient 
«nd reliable and to meet their commitment» with re- 
•pcrt to achedules, ; erformance, »nd weight«. 

• Engineering and MonogemeM 
The enifinpering and man^RenKnt pemonnrl at Pratt L 
Whitney ro<ip<>nsihlc for the development and pmdur- 
lion of the SST engine are the Wime personnel that 
were re^xinMble for Prnlt & Whitney'« other mict-ei'-ful 
program». This continuity of experienced pervonnel 
which exist» at Pratt 4 Whitney produce« ■ ilrplh of 
technical talent for which there is no (.uhtitule. Tb" Pnilt 
L Whitney enpinerring department also hn« the capabil- 
ity of mjlving problem» quickly and efficiently that mav 
•rise in the field. 

• T»il FOCIIMM 

Pratt L Whitney hai the world'» largeft privately ownad 
iniUlUtiun for the drvelopmeni testing of «ir-brcathinf 
power pUnU. At these facilitie« compre».x-»«, burner», 
turbines and full Mftle engines are run »I ';<t«<l» up to 
Much 3 i and »lliluc:.-» up to lÜÜ/IÜO feel. Thirteen iMt 
cell» at the facility are provided with air «t the required 
piv« ure» and temperature« for tirnulating ram air inlet 
condition». Evacuated eiluusl ondilidn» «re »Uo pny 
vided. Three of the test cell» »re altitude chamliet» 
capable of testing full.scale engines at high altitude«. 
Total air flow ciipacily i» over 7Ü0 pound» per terond. 
Exhauster capacity van« from 50 pound» per »emod 
at two psia to .r)VJ pound» per »ecund at IS pi>i». Sup- 
plementing the main lilorutoiy in the Käme »re« are 
a compressor laboratory, » fuel «sslem liiboratory, and 
two «a level test eelk The East Hartford plant teat 
complex contain» 28 full Male engine »em level teat 
«tnnds lor engine development and qualification testing. 
Tlie Florida facility also lias altitude and Mach number 
simulation capability for evaluating compom-nt« of larft 

Crnrral rtfclrie 

• Pievloul Ixerd 
R'ning his had extensive experience with fleneral Elec- 
tric engines on the B-47 (J47) -ngine. Thi« wa» one 
of the firM j<'l engine» developed in thi« country and 
n"-\ilt«l in the development of a Ixmilier-type airrraft 
with sjx^fl i-npfihility in excesa of the fighter aircraft ol 
that period, a bomla'r which is still in firs-tline «T^ice. 

B<"ing hi» Kid no experience with more rwent 
General Electric engine« The Gem ml EUTtric nTord 
on the .17!» engine and (MMVI from all report» i» very good 
and probably is what can lie exjxvted lor the OEt .MC. 
The .IT',! is installisl in the aircr..!t which holds mo»l 
of the wurlil'» altitude and Mach numl^r irrord» «nd 
wa« the first  Mach 2.0 engine developed in thi« coun- 

J 
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try. RnM-ral Elrrtric tut» brrn devrlopini the Mm h 3.0, 
J9.1 (ur l>^ B-70 pr.iKr.im. CcrwrHl KUrlric hui foo- 
»ultTubly mor« «upi'niiinic opirntiuful rnKiiic eip<ri«-nre 
than anv oliVr rompany. R'IMIU on Ihr fii-M arrviot 
mxjrd of C«MT«1 El« trie with th« CJCOM «i|[in« h»vt 
btvn (ivorabl» loth with i*».t»vl to the mginr und Ihr 
«rrvic» prooonrl 

• EngirtMring and Manag«m«nl 

Crneral ElfCtric «•nKinerrinu «nd mimiiermenl «t« rapnble 
of dning «n orvllrnt job of dcvi'lopinf Ihr mnin« for 
the »uprnxTTiic Irnn-port. It is li It üiat Ihr ovrroll rip*- 
rirncr nnd Irchnirnl cupubility of ttw General Elwtric 
mginwrinit «Uiff u very hi(;h «nd more than adi'quate 
to prrforai ihr drvrtopmrnt job n<quintl for thr GEA' 
JiC. TW technology involved ia an extension of the 
J79 and J?1 rxpiriiTiiT, which will be applied dirrctjy to 
the developmrnl "( Ihr rnKine, Adopintr trrhnical per- 
aonnrl arr a^ailaWr to concintrate on thi« program. 

• Tetl Fotiiitie» 

Cmrral FVvtric ha» »r\rral large lr«t cella used for 
devrlopn» nt und qu.ihfinilion of Ihr J79 and J0.1 enftine«. 
Thw r»jrr;\inv ha^ a larKr air aupply and rxhauJ-trr rnf.a- 
bibty and numrmua cumiJom-nt devekipinent rif« Thr 
(iiticrnl Khvlric ritm tr>t farilily, turrt'ntly brin|i uw»d 
to te*t thr J'M, a\n li-.t encincs at condition« from ura 
Irvtl »tnlic to Mmh 3.0 at TO.CKiO feet Thr test fncilily 
drivr unit cnnM-lx of a 2'iO.(X)0 mbic fcrt per minulr 
rom|.r>^-<>r. a n.'.ono hp »ynchronoua motor, and a 3200 
hp »Irnm tuiliinr. This unit is combined with ■ 100 million 
Btu per hour healer to rrvnle airflow« of the rrquirrd 
temprratuic 

Curtwi-Wntkl 
• Prrviou« Racetl 

DocinK h.\s no nrlunl uperience with Purli.v«-\Vright jet 
rngin«"-. Vrry linntiil rxiierirnrr was gaini^l with thr Cur- 
fiss-Wnilil turhopmp rn^'inr on ihr XB-47D nirjilanr. 
This itirpl.inc was built as a flving test heil and was not 

flown eilrnsurly. Ti* only jrt rnginr produced in quui- 
tily by Curtisa-Wrigbl wa« Ihr Jt.'i which was a develop- 
nx-nt from the Brittnh Sapphire enfina. 

•  Engln*«ring end Monogrm»«! 

TTre Curtias-Wrifht rn(;irii<ring and nuinntrmrnt aUff 
ha» not Ixtn involved in a }Ct engine develupiornl pny 
grain in Ihr pavt five \ears However, rurti^ Wright hu 
an outManding liut hnuted nurnlirr of di-Mfn per^crnnel 
who do undentand thr lechnkal prublrrm of the SST. 

• T»»l focilitl« 

Curt iss Wright hai several wa level U-st cell» capable 
of U-Ming engine« up to .rO,000 pound« of thrust. Com- 
ponent le*t rigs include five airUiming teat «tanda for 
combustion ch^imlwr «nd related component ter'.inf. 
Curti^s-Wright ha« propuard that a Urge share '<f the 
full-scale cnmi>onent and engine testing be conducted 
at outside  private or govemment-ownrd fucilitira. 

11.4.3    ItnjABIUTY AND MAINTAINARIUTY 

Tlir  requin-ment  tor advanced  technology to makr the 
sui»'. «nie tranvport a MICO-SS  is well established. The 
riM^I tor high reliability and maintainability is also un- 
qurvtionra. 

It is very difficuU. Ibis early in the design stagra 
of n new engine pn'gram, to rilr Ihr vsnou« n^i*)« 
di-ign appmnclie«, but in the area of rrliatiiity and 
nviinlainaliilily. simplnily is certainly of major impor- 
tame. Since high lurtiine tem|>eriiliirf« «re required, ad- 
vanced cisiling lohnicjiies must lie employed, «nd the 
hot parts must lie readily i'co .vible Tliesc two rvquii»- 
m<nls, simplicity «nd nccevsit lily, pciint in the dim- 
ti..n of the turbojet engine. 1. «tlrmpling to rvaliwt* 
the pntcnlial nliabiliU and nwi'lainahility of thr offered 
engine«, rerlnin fundamental d sign features in each m- 
ginr stand out. 

Tlir   C-\V   TITO  rnginr   .-   a   simplr,  singlr   spool. 
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ry lurtmirt »hirh iiHorrnratn Ih» v»ruiht» turbine 
oii\e in unirt lo ohUir cnr.iprlitivc kulKonic cruise 
■FC'». TTw IriKi-piriiluin nyvlini Uvhnique involve« ■ 
ihrimUxl turliinr hucket amMmction «hiih ha« very 
imiled lest tin»1. However, the ►Imple lurl»>jet lend* 
IMM to «"sy nccwi (or n^Ilintenlln^1• »nd irtepcciion of 
he hot Motion. Tlie hifih Rupert ratio cornprt**>sor til.de* 
ire proKtl.lv Kus4-eptil)le to fotci^n nhjixt daninge. 

The Cuneral Klivtric turlmjet in a «'mple. ■inft* 
•pool engine »ilh a ronvrntinnnl ndcrhumer. TTie tur- 
bine film loi.ling technique is new, hut him h»fn under 
dovelopiiM'nt (or norne time, and promix'» In reduce 
the metjil temperaturea to lielow prtv4'nt cnmmerciÄl jet 
level» The enpericnce Rained on the J79 nnd JOT pro- 
(tninw will he applirahle. Thin lurbojet Irnds itM'lf to 
e.i«y •rceaa for impection und maintenance of critical 
purtii, paHicubrly in the comliustiun nnd turbine areaa. 

The turhntnn encme», becnuae of their annular fan 
ducta, tend lo decrease the nitTsslhilily of the turbine 
area for inspection and mi.inlennnce. 

Thr GfA K'iA fan hna a cool duct over the turbine 
area and the huming ia done in Hie mixed slrram 
dow-nstream '„i the turbine. Tbe turbine cixiling technique 
ia similar Ui t'tat in the GE4 J*C. 

The Pratt & Whitney turtxifnn ennlne« all involve 
annular fan enmbustion chamhere which cremte a hot 
duct over the primary combustion and turbine sectiona. 
Otherwise, the cnRine« are baaed on J5R 'nd JT3D de- 
sign experience. TTie quoted cruise lunine tempernture« 
are ;100 F lower than the General Electric lempcraturea, 
but the cooling t«hnique is not a» advanced (convec- 
live rather iKan film cooling). Tbc ullimale turbine and 
hot parta life ia a function of cooling design (metal 
temperature«) aa well as flame tctnperaturea. 

The luist record of the engine manufacturer cer- 
tainly shoald be considered in evaluating the pmbnble 
mainlninability end reliability of an oflered engine in 
prixluction. In thia respect, it ia tell that Pratt L Whit- 

ney and General Klectric hpve denvmalnited their abil- 
ity to attain reliability in their current cununercial en- 
gine programs, while Curl iss-Wnght ha« had no exp^ 
rience in the rommercinl ti 'iiine engine MA. 

It is expi-cted tlvit r jre detailed information re- 
garding the reliability and mamtainnhility of the oflev'sd 
engine» will be contained in the engine prupoaala to b» 
«ubmilutl on January IS, 1964. 

11.4.4 ENGINE COSTS 
The following estimated produclioo price» and dev«l- 
opment cost« have Ix^n received from tbe engine manu- 
facturer» on Dc<emher 23, l?*i3, lor production quan- 
tities of 1200 engines (200 ae plus «pares). TTje unit 
price doc» not include any amortiration of development 
«Mtl. 

GK4 J4C 
GKt FfiA 
TJ70 
JT11F4 
JTUF-ia* 
JTHSA-l 
(STF 1WB) 

•Tlie prii-e shown is for a versior o' the JT11F-12 
enRine IrailKl to a continuou< cruise Mach num- 
ber of 2.7 PtW refrm to this rngme a« the Boeinf 
version r.l |he JTIlF-11 engine. 

Mus, f.«™ t;«ii f.** r.i !**■ Ctu 
General Electric 5 »M.OOO $-125,000,000 
General Electric l,02\(XO 37r),000,üUO 
Curtisa-Wright P2t).ü00 
Pratt * Whitmy liiM.OOO 
Prnll«, Whitney 1^4,000 
Pratt fcWViiney   l^.M.OOO 

^^3,f|no,ooo 
3W,000,000 
V)0,0u0,000 
fiO(l,000,000 

11.S   Ovarall EvoluoHon 
A simplified scoring system was used to evaluate the 
oBered engine«. The factor» considered in selivting Ih» 
optimum engine and the weighted «.tiring system »r» 
«ho»!» below. 
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few Uff V'äh*' 
^ 0 C       D *■ 

JS 20 IS   10 & 
■JO JiJ 10    5 0 
■» IS 10    5 0 
15 10 S     0 0 
10 5 0    0 0 
10 5 0    0 0 

Fart«* 

Airplane Pirtnrmance 
Knuini'  Croiiitiilily 
EnRini' Ciinlraclor ("ap.iliilily 
Fti'Uabilitv i. Muintuinability 
F.nfine Pfmlurlion Cost« 
Knginc Availatiilily I Schedule 

The «nRinc evaluation is shown Wow. The total 
«mrf shows the OK4 .MC encine to lie the primnry choice 
with a «tire o( !I0 out of a (xissihle 100. The n'maininf 
enuines have the Nime lo.al st-ore, indicating that their 
suitability as nltemate engine» is about equal 

Fmrlm 
Airplane Perlornvince 
Ensinc rt«iibility 
Engine Contrartot Capahility 
Reliability und Maintainability 
Engine PnHliirlion Cost« 
Engine Availability 

V : * 
■« c Ml 

p ^ ^ u -» UJ C ts 
l- c u •» "» 
25 20 15 15 15 
10 20 20 20 20 
10 15 15 20 20 
15 15 10 10 10 
10 10 1Ü 5 5 
5 10 5 5 5 

ToUl Score 75   90   75   75   75 

11.6   Development of Selected Engine 
IRFP 3.1.9.1) 

The Ccioral Electric OE4 JlC engine will lie developed 
by the engine manufacturer to miit the guarnnleed per- 
formance under nil flight cnmlilions and to meet the 
specified reliability and mainlainaliility goals e-lablMied 
for the SST. The test plan leading to engine certifica- 
tion, the engine pruduclion schedule, the growlh poten- 

tial of the engine, and the reliability and miintairuibility 
aspects of the engine are discujwd jn thi* section. 

11.6.)    ENGINE DEVELOPMENT PUN 
Significant milestom-« of the development pUn u pro- 
posed by the engine manufacturer ere: 

MoMffc« Altrr 
Co Ah—4 

• First dry engine mn 17 
• First complete engine mn 23 
• Flight test sUtus qualificaticjn complete 36 
• Type certification test complete 60 

)).6.).)    Ground Tes» 
Sufficient ground testing i» n'quiri'd to obtain engine 
performance equal to or exceeding guaranteed periortn- 
nnce. The engine me<liani(^al design and structural in- 
U'grily will I*1 proven. Endurance as well as cyclic testing 
w-ill be performed uraler controlled inlet pressure and 
temperature conditions (altitude chamber and heated 
air te-.U) to sirtiuLitc 3' much of the flight envelope a* 
possible. Testing with various inlet distortion patterns 
will lie pei'ormcd to r.itrfy periormance guarantee's with 
resiK-ct to allowable inlet distortion. The dctaile-d infor- 
mal i..n on the number of te-st e-ngine-e. manpower and 
facility n-quire-menta, and the test schedule is not «vail- 
uble prior to the submission of Oeneral Elet-tric's firm 
proposal. 

It is planned th.it the engine contractor and the 
nirfranic e-ontractor will conduct integrated propulsion pexi 
test« nt the Arnold F.npinerring Development Center to 
confirm compatibility of the «haust noule-engine inlet 
combination. 

)).».),3   Right Teit 
TTie General Electric Com|viny doe^» not plan to flight 
test the Ci^.t J4C engine prior to its installation on the 
prototype   .ST.   Boeing concurs in this, because no suit- 
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able lirmft U available on which the en(ine could be 
test«! through the full IliKht ►|«,ctmm in a manner which 
would be tompatible with the SST. Sutikonic flight teat- 
inf does not appear to warrant the eipense involved. 
Suprreonk flicht tc^tinK of the engine on an airplane 
other than the SST ia of questionable value. Flight accel- 
eration and cmisf can be «imulatod on test atanda under 
conditions which may be more renlLilic than on an air- 
plane where the propuUion pod doet not have eiactly 
the aame relationship to the airframe as it will on the SST. 

The engine used for prototype airplane flight testing 
ia planned as a pre-flight rating tested (PFH'H engine. 
Flight testing of the prototype airplane and the engine 
will occur simultaneously. The plan for this testing is 
covervd in Section 8. 

11.6.1.3 Certification frogrom 
(RFP 3.J.9.1d 

The cumulative engine development test hours leading 
to type certification are nhown in Fig. 11-22. Scheduled 
dates tor preliminary flight rating and typo certification 
are noted. A total of appnnimutily 10,000 test hnun 
will be run to obtain type certification of the engine, in- 
cluding 4250 hours of heated inlet testing and 2tC houn 
of altitude perfbrrcance testing. 

Further deiails of the General Electric certification 
teat program are not available prior to the submission 
of General Electric's firm proposal. 

11.6.2 ENGINE PRODUCTION SCHEDUU 
IRF? 3.2.9.1d) 

Engine delivery schedules during the development and 
early production period are shown in Fig. 11-23. General 
Electric has given firm dates for PFRT, engine certifica- 
tion, and delivery of the first four prototype engines and 
the first four production engines. The remainder of the 
engine delivery schedule is as ifquirrd by Boeing to match 
the airplane production schedule. This schedule is Ixised 
on four engines per airframe plus SO percent spares during 
the prototype flight test phase and 25 percent span» 

» H> >■ ^ £nj.i» C«1i'.totion T«II PfOg(l>»i-(i£4/J«C 

during the certification prop \m. Also included are thic* 
ergines re<|uired to support tl Boeing propulsion system 
ground test program aa del.   d in Section 8. 

11.6.3   GROWTH POTtNTIAL 
Engine growth is required to allow the payload-rang» 
eapahility of this aircraft to be exU-nded following tht 
initial »irfmme-engine devel"i>ment program. Genet«! 
Electric Ins identified a two pliase growih plan for the 
GtA J4C engine. 

Phase I yields a four and one-half percent decrease 
in SFC at minimum augtiK-nU^I power at cruise by meana 
of a 10 percent larcrr autmentnr and norjtlc diameter and 
a 50" F. increase in turhine inlet temperature. The aug- 
mentor efficiency is incrtMsH «Unit four percent, due to a 
lower inlet velocity obUinahle with '.he larger augmentor. 
Takeod and transonic Performance are essentially un- 
changed. 
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Phase II gives « sii prn-ent inrreaw in UkeolT net 
(hruiit, ■ 10 perrent increase in transonic net thrust and 
a 12 perrent increiise in cruiM.1 net thrukt, «II at appioi- 
imaU'ly the «»me SFf, by mean» of comiwrn-nt perform- 
ance improvement». The chnnRi-i required for Ph«. M are 
in addition to the Pha^e I change« di-scrilied above. TTie 
engine airflow will be imre.ised appruiimately five to 
•even percent by readjusting the rumpressor blade angle* 
and turbine nozzle flow area. Also, another SO F. increaae 
in turbine inlet temperature will be used. 

If a  difTerent growth   sequence becomes desira'.Je 
because  of  test experience,  the engine design  can be 
modified to achieve other performance characteristic!. 

11.6.4   ENGINE REUABIUTY AND 
MAINTAINABILITY IRFP 3.3S.6; 2.1 II 

The improved technology on rcluhility and the records 
of engine eiperience  will   «ignificanlly  reduce  reliabil- 
ity problems on the SST engine program. 

Reliability is a product attribute that can be quan- 
titatively specified, analyzed, predicted, and r. yisured. 
For the SST engine, a hieb level of reliability, achieved 
early in the development phn-*, is a major objectiv». 
This recognizes economic «nd safety consequences, efTecta 
of n|vraling environments, required engine time between 
overhauls, and reduced development lime, due to the lack 
uf military "xporience on ■ comparable engine operating 
in the «nnw flight regime. 

Maintainability is closely relntnl to reliability since 
both influence inportiint cost indice« like maintenance 
hours per nirplai, ■ flight hour as well as inspection and 
overhaul. The «ignifiranre of reliability und maintain- 
ability requires that Uuy lioth be emphasized. 

11.6.4.1 Botk Approach 
Reliability and maintainability programs at Oenersl Elec- 
tric involve the Fstnhlishment of goal«, the predicting of 
engine and component ra|ubilities, design of N'sls, meas- 
urement of test ami operational results, und introdurlion 
of improvement.«. Reliability design goals for each of the 

subsystem« and components are i-taltle /ied by the use ol 
■ reliability apitortionnM-nt system. M lintainability goals 
■re similarly estalihstied fur the desigi and development 
work. 

Detailed design reviews on reliability and mainUin- 
ability will continue for all components and systems ol 
the engine during various phases of the program. Hw 
key objective is to uncover and eliminate potential prob- 
lem areaa. 

11.6.4.3   Proposed Objetti«. I«» 2 24.7) 
A n-liability and maintainability program require» mean- 
ingful goals. A study has been performed by Genenl 
Eli-ctric to obtain clear and concise product requimnenU 
with respect to reliability and maintainability. The criti- 
cal factors chosen are believed to be optimum for an 
augmented engine which must operate in the flight envi- 
ronmenl of a supersonic transport The analysis reveaW 
that no single asseNsment factor would provide ■ tn» 
evaluation, so two reliability and three mainlainability 
factor» were »elected, as shown below. 

(MUEcnvn 
.S'f irf Ol 
AtHm4 

• Mi an Time Between InFlight 
Slmldo« n« 3.ri00 hours 

• Mean Time Between Pre- 
maturr Engine Removals 750 hours 

• Overhaul Manhoura   
• Mean Time Between Inability 

to Obtain or Sustain 
Augnvnting Power 700 hours 

• Mnintainsbility Index 
(Applied Manhours per 
Flight Hours) 1.1 

In nddilion to the above, a time between overhaul oj 
fiOO to UK») tiovir. i« planned at the start of airline •«■nice. 
'Hie eventual goal is JUIO hours, «ith no mulfxint in- 
•jiection required. 

10,000 hours 

5,000 houra 
2^00 hours 

3.000 hours 

0J» 

c«-2«o>i,   11/29 

■ mm 



■ .    . 

FISCAL YEAR    IM4 
CALtNOAR YEAR 

WONTH 

IUS l«M 

t 1964 

KAJOR MILESTONES 

iKCiNliaiac 
CO *nlAD 

L 

UAIT 

I      I    * 

»AlELIHl 

♦'ill 

iVfci 

I * I 

rr 
I IH7 
i«a 

'Ntlvl^l'-I"!1 
I    |    I    |    I     PtCOUCtiO« 

cc««-Lm PHI moo. ►•OTOTTH . c
l
0 *."•.*• 

]  !   i  I   »«'-it iNi.iiiuim.c    | 4-^ |  ; 

SST ENGINE 
SCHEDULE 

SST AIRFRAME 
SCHEDULE 

(REFERENCE ONLY) 

fNCMf 
COAHCAD 

IMCINtltlHC 
CaAHIAD 

■ Air LINI 
CC*« iCURATIi 

f NCIMC onivf *Y ICYOND TMf PiaiT POL« TJ AND 
rttsi rout PIOCUCTIOM ui iNoiNft 
tl  il» ItCT   TO 'UlTMIt  HICOTIATIOM 
■ ITwrtH Alir*A«t  AND fMCIN« 
MAXUf ACTUVf*. 

■■      I     i      I      I      I     I     I      I       I     I     I      1     I     I      I      I 
I Enfim D»)iv«.r SckWult 

1/30   OO-240O-I2 

L 



" '       ■ m ' ' —— 1———,  
 '■■ ■ -•■■  , 

INI U4» 

t«47 m l«6l 
j  *   S  MN  Ü   )   MM  A   M   j i   I    i   V   I 

l»70 1»7I 

1970 

Jh    MU1WI) ]   I    M   A   tf] J    J |Al<Jl    Ik   D vm 
MO. i ratnoo pROToiirt 

f i*.*.T  PLtCHf 

I I I  I I 1 t 1  1 I t I  I I  I I I I 1 
NO    I  PKODUC tlOM 

» i • ', T  f LICH T 

1111*11 
Cl •T.f.c.ii 

1*10 TltT 
MOIIJONDOCI 

|     I     I    I    I 
»I  praT co»fLf I« IHCWI CltTiriCATIOM 

PMI1T PSOOUCTtON (JICHCIMII 
AVAILAftL^ - TO Bl mir KOIANGIO 
■ IIH iMCiNf s On * p    -)   migd 
TO fm-.-t PLI&MT \t PIOUiaiD. 

1111 > i > i 
PtOTOTTPI PLICHT III? f HCINII 
(Til ON DO» (TOTAL OP tl) 

DUCTIOM 
IHfAD 

P«l P«OOUCT10« 
PPOTOTTPf 

PMtT 
PLicm 

COMPlfTI ISJIM. 
PLtOHT DCHOMiTIATIOM 

ft 
P»f PPODJCTIOM 

PPOTofvpf 
«.tC«»f T 

in 

PPODUCTIOH FLICHT TC1T InOmft . JO MO. 
TObLAlTliBHIQIOG.t. FOR OvtRNAUL. 
I HIN TOCIATOMt« At IPAPII 

HO. I PRCPUCTION 
piaiT 
FLICHT 

ITAPT 
F«« 
Hit 

PA« 
ClaTIPICATI 

■■ >• I I I I t t 

■ H' iiLivtam 

r*-,«oo.i;   11/31 

m^mmmmammm 



"■"— m    < " ■  i  » m '     •  '  

■^>—• 

VCHUMI A-VI 

raoraisioN 

I JO   «OMASION SYSTCM PHtFORMANO It/I 
12 I Inlrt ToUl PrraBure Rfcovny      IJ/l 
122 E«hHuf.l Noak Perfomanc» I» 1 
12.3 Power Eitra tioo and Air Bleed - IM 
12.4 Installed Pro;)u.»kin Pod Dr»t      I** 
12J Engine Perf<<TrJUHe Data   -«/• 

Ob-vaoo-t» 

L 



mm   

CONPIOKMTIM. 

13.0    mOFULMON SYSTIM PfirOCMANa 
(IfP 3.3»; 3.3.f I 

Ito insUlIrd prrfumuncc o( the GE4 J4C eng in« u pre- 
■cntcd in Ihu nrrtion. The mjin» daU inrludr the eflecia 
of inlet pn'Murc nvovcry, hor>epoKrT extraction, and six 
blwd. The total pod dnt, ncrpt (or »km (ru tton, corrected 
to ire* »tntiin conditions 1.1 «bo includctl in thi* ■ect'.ja. 

13.1    InlM Total Preuur« RMOvary 
The ml. t nuiiib d »ilh the GFA J4C enf in« i* an axi- 
•>-mfnetrk inlrt. "h? inlet total ptw*ure recovery venui 
In« stream Macli nutntier ux'd in computinf engine per- 
lormance i» khown in fif. 12-1. Inlet total pres*uie racov- 
ery ia an average of the inboard and outboard engine 
lonitkHw. Five percent of the inlet airflc-w is bled trvm 
the centerbody and inr.er cowl surfaces (or boundary 
layer control to achieve the level ol inlet total pressui« 
recovery shown. Sutwtantiation and description of these 
performance fiaiirca ia covered in Section 3. 
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13.3   Imhoos» KJUU P«rform«iK« 
The «^lurvilcd n'iule internal thrust coefficient supplied by 
the engine manufacturer is i>h<i»-n in Fif. 12-2 lor various 
fliglit condilionn. The nou'e coefficient showTi include* the 
ri'in drag of the hecundnry air but does not include the ei- 
temal buattail drag. The noule boattail drag is discussed 
in Par. 114. 

13.3   Power Ixtroctlon on4 Air tlood 

Power eilractiun is required for aircraft hydiaulic and coo- 
slant speed drive systems. A itm-Uinl 100 horsepower hat 
bivn estrai Ud per engine to account for the-« requir»- 
nm nts. It is rvcognin-d lli.it dumv rruw conditions this it 
high: during other phnv> ol flight this figure is, in general, 
adequate. Thero are short, luch power eitraction pehoda 
during which the figure is low. In terms of an overall flight, 
the 100horsepower is a conservative value. 
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Hi(h prranu« lompn^Mir Uwd air u rt-.,uiri-<1 '-w 
■bin air cunditiuninf. fig. 12-3 lisU thr «-ngine ctHnprmur 
.lecd ntnrtiun prr m(inc fur vanuiu flight rundiuona. 

AIRPLANE OPERATING 
CONDITION 

AIR BLEED EXTRACTION 
LB SEC ENGINE 

TAKtorr IJ 

CMNSr M 

NOLDtNCII. •   1« 
IVODO FEET 

U 

CXUISE TO ALTERNATE 
K^« oj. «onntT 

U 

CLIMB AND ACCatRAIlO» IJ 

UJJJI   Aufc/xW R*«uir«m«nn 

13.4    Inttollad Propulsion Pod Drag 

Cowl wave drag, inlet »pilURe drag, cowl lip «irtion (orre 
due to spillin;c, inlet hypav« dni^, inlet Ummiary la\er 
Meed dniK, no/zle bontlail dr.ig, and strut drag were com- 
puted. Pod and utrut frit tion ilrng arc mrluded in airplane 
friction drag and thus are not im luded in prnpuU^jn pod 
drag. TTie total installed pod drag nxflicicnt i» «bown in 
Fif. 12-4 tor the GK4 J4C cnRine »s a function of free 
atreatn Mach numher. All drag coeffirienL- are ho-«! on the 
inlet lip frontal are«. The various conlriKiling drags are 
also nhown. 

13.4.1    COWl WAVE DRAG 

Cowl wave drag «a» computed by lining «    hieing pro- 

gram whkh i* an improvement of a Lighthill method 
for pirtiictutg hurfate presMirea of axially aymmetric 
bodies (H'K 't'ji Inlet siie wa< filed for each rngtnt. 
allow mg fur mil I btjundnrN la>er bln-d and fur local dcnaily 
in the w mg prr^ure (»Id The cowl drag »a« computed for 
the umlerlhe wing cowl in« I ri* stream amliirnl preaaui« 
field. Ttus drag »«JI tlien mrrw ted fur under-tii wing pioo 
surr held as part of the airplane drag. 

13.4.3   INLET SPILLAGE DRAG AND COWl 
UP SUCTION FORCI 

Inlet spillage drag »as computed lor all engine» foe a 
12 5 degree non iranslnling centerbod) with an indo- 
pendenlly variable llwoat, basi'd on in* ^t^eam »pillag« 
areas. Conical flow theory was used to coi.ipute spillage 
drag (Reis. 10 and 11). The cowl lip auction force awo- 
• i.-iti-d with inlet spillage is included in the spillage drag. 
A breakdown of the spillage drag and the suciion force m 
sliown in Fig. I2-S. 

134 3 INLH BYPASS SYSTEM MOMENTU»» 
AND EXTERNAL BYPASS DOOR 
WAVE DRAG 

The inlet suppK air nf(en ein«)« the engine demand air. 
The c-x»i-.s air i- < xixllid through low-angle bypaaa door» 
ahead of (he compressor face. During transonic »peed«, 
whin the bvpass d'ion« are open, the disduirge angle ia 
7 degrees teUtise to (lie cowl ei(emal surface. Wave 
drag for (he r\U mal bypass doon was im luded in theby- 
pav. drag for an a-i>ect ratio of one (Ref. 141. The drags 
are iiin'-i-(rn( with exlcmnl byims» door drags in Refs. IS 
and Ifi The air n>imen(um dr; g was computed for a c»o- 
veigent nnztle at 10 degni"- (7 degre«^ plus .1 degrwa 
cowl angle) rrlattse to the atial dinxtion. The masimum 
norrl«- thrust coeflicient is O.ViS, which oi\-uni at transonic 
SJIK^S The total ptesMire ol (he bypana air is ftfi percent 
(j inlet recrnery total pressure (Fig. 12 1) at all Mach 
numlien. 
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  MACH NUMBt«, M „ 
Hf d i   ln/<f £<c«>s A» D'og CMKICKH« 

12.4.4 INIFT BOUNDARY LAYER BLEED OKAO 
To proviHc ([IKKI inlet (K'rformarKT nfu-r Ihr inU't w stnrtod, 
boundary Iftycr nir b* hK-d from IxMh the cwUrbndy and 
the cowl. At Mart) 2.7 the »mount hlixl «nd di-chargcd 
ox-i*rU»ard in five (M-rtfnt »f the t<)titl inlet »-upply. TT>* 
renterlxxly hliitl i» rliK'd "(I below Math 1.5. It i» av 
»unH'd that the cowl bleed i« neiodvnamirnlly shut off 
lu'low Mach 1 3 because u( the low Moil pressure re«>v- 
ery. All hli«! air i» dwharced oviitioard thntugh eon- 
verKent-divergent noz/Ie?« at 7 degrees fpim the n, .al 
dinvtion. Tlie noz/le exit-to-thmat enpaitsion rntK> in 1.25. 
The bleed total pre?v<ure movery is 0.1. Tlie no/zle thrust 
roeflUient at  Marh  2.7 ia 0,965. 

12.4 5   EXHAUST NOZZLE BOATTAIL DRAG 

Su|>er«)nic nn«le Inallail drags were rompuled using the 

method of li.l  6   For the (;F,< J4C enKine. the nouk 
boatlaii «nüle Mlwtlule *«- the optimum whH'h yielded 'St 
irLixmiurn insLalled elinib thrust and minimum installed 
aubtamk speeific fuel ixinsumption tSI-C). Sulwonir noult 
Isuill.iil drags, at maximum dry power Netting, »ere baaed 
on test d.'ila pn^-nU-d IM l<ef 12. SuliMHiii' and transonic 
noz/le Isstllail dmi'- for other puw-er wllmps were baaed 
on data in Itef 13. 'Ilie nuzzle IssilUul an^le M'hedult used 
in cumpuling installMl perluniutnce in shown in Fig. 124. 

POWER SETTING WACH NO. BOATTAIL ANGLE 

IUXMUUIUCIIIDIUD OT01J 

1.0 TO U 

IJ TO V 

nj 
li 

t 

DRY P0»tll OTon.» IU 

• 

Ilg I   r-.t Noitf« Svffinfi 

13 4 6 WAVE INURFfPi-va DRAG 

Tbr ndii.il cowl WIIVP Hrajr is hi^ r unHr-r Ihr »in| be- 
rnuvnl the !(»< nl WHIR prchKure firld un the cowl Andbcmu« 
of »avr n fltTtion» U*tw« n the nml nnd ihf undrr f-urlni» 
of Ihr wmc The prr^Mirc fii-ld under tho winp inrrrAs« the 
inlet •spillij.'e drnc nnd derre.iv-s the tnl» t mm drajt. TTIH 

intirfennre druß Ir'wi-^n the jvid und t^H- w inn, *nd the 
nv'X'UitH wtnR lift, nrr mi luded in the nirplnn«' perfarm- 
•nif «nd arr morr fully rowrrd »n Vtilumr A-V, Arro- 
dvn»nU"«. 
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1147   NON-STANDARD DAY OtAC 
For tlicM ilurintt llut or itild fay* tin- bypftMH h^^tfrnhjin- 
tlU^ llw difli*n>nrr in cnnirw IIU^-> ft'»* n^ium-nM-nt. The 
n-Millinji iru'fraH' or dw rt-.i '■ in h\ |w** tl; rtg »as rtimpulf-d 
UMD» the iiMlhixJ ilrxnlaii in Per !- ! 1 FIR. 12-7 sh.rn» 
lh<' bv|ia.vt ilrng (IM ff» n til inrrvrmtll for n plus nnd nunuH 
iO di'Kitr» Rankinc (R) day. 
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1241 ENGINE SHUTDOWN DRAG 
DunnK puprrvmic cruisr. if (he rnginr i* shut down, ihr 
wimlmiHinR hrnkf »ill lie spplird, rttlui'inR (he meine 
mnv< flnw to 10 piTcrnl of rwirmnl. The ninlrolled nnd »or- 
ondarv hypns» (ItKir** »itl di^ hnrne the excevs nir (mm the 
inlil (or «table n|«T/ilion At Mmh 2 7. the inrrrnM' in pod 
driig rm ffiiirnt for the bypft*.« s\-.tom nnd the ;)o?;.le Ui«l- 
tml i« 0.W4. The «--linvitnl inli rn.nl drnR roefficieni in- 
rrmse is OOTI« (Ims^l on lirr-.Ve»l J!I1 data). 

DunnK snl^inu- i»perfltton<< also, if the encine ii vhut 
down, tne »indmillinn tirnkr «ill lie njiplml. The inctwi'» 
in im*! dran (XM'ffk'W'nt for th*- bypaw, eitemal »ptllaRe, 

and Uutltail la U'i782 Thr inlrmal drn( eu-fRoml is 
UXUKJ   |lus<-d on hrakrd J'O data). 

13.S    Ingin« Parfsrmanc« Dart« 
TIM' eri^ioe pet forma ni c data wttf denved fnmi Rrla. 17 
and 1» Adili ndu to tlii-<' ri fm-mi- lune multrd tnim 
eumlinalKin U'lwefn Oemral Klivtm and Bnnn(. 

TVie pfrfurmamv data are ki^-d on thr I!*62, UÄ 
Slamlird AtmmplM-r*. Fi|. 12-* slum» llie lU-r-ign rharac- 
teri-tiis of OH- engin». 

1] 5 I    ENCINE OPERATION 
The (iK4 J IC engine is eapnliU1 i.f continuous < rui-y op- 
erutinn at Mmh 2.7 at fnakimum dry iiowj'r. It » alao 
cupahte of cuntmuoua UUIM- »ith Bui;mentatian. 

12 5 2    STANDARD CAY INSTALUO ENCINf 
PERFORMAN^ 

• Tiik<-<ilf: Makimum auRtnenU-d thrust and maxi- 
mum dry thnist are kfumn in Fif, 12 9 at sea level fof 
true nir>|«rsls up to 4UJ knots. 'Hie SFC (ur the ahov« 
rondittons ore shown in Kif. *2-I0, 

• t'lnnli nnd Af-li ration1 Maximum aujjira-nU^ nrt 
thru-t dnnlfd 1)\ innnnpn-^ ihledynamir prt^^ure. (F, q) 
and SfC, ver-us Mai h numla-r 'or a rarpe of fliRht sjxx-da 
up to Mai h 2.7 and rlimh allitudi? aUive LS.OUO fwt, ar* 
pn-'-nlitl in ^'l^■-. 12-11 nnd 12-12. Mniimum dry F. q 
nnd Sr(" versus Marh numUr up to M* 0,9 are alao 
inrlodi-d for allitudi's from sea li^el up lu Vi.OW ferL 

Partial iuii;nxntation F. q versus SFC (or a ranff* 
of Mmh numlurs nl alliludt^ of l'.,(MI. 2.'i,000, .'t<.,0»<9 and 
4,'i.(«l<) fist nn- shown in Fir»   12 13 thmuph 1218, 

• Svi|« rsonir Crui^*; Thf n(trrt»uminc F. q ventua 
SF(" (or a ranee o( ilrv nnd nupnenl <l i»i»er «ettmR» 
nrr sh.mn in Fir. 1217 (or MT 2..S, 2 7. and 2 9 •( 
r/i/»" (*i't The altitude edit 1 on F. q and SFt", fn«i> 
Vi.UiiO to T'i.WJd (cit, at M x      2 7. i» shown in Fi»   12-1M, 
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SFC «rr KIK»« in Fig.. 17 I» nml I2O0 tor M« 0 8 
«nd 09 «I W,(V-'l frei «nd for M « 0 4 und OS nt 15,000 
(rrt, which «"■ typicnl rrui-< lo RltrnuU «ml hnldm| 
o|irr«tin| mnditHin«, mpnrtivtly. 

1151    NON-STANDARO  DAY  INSTAUtO 
INGINt PERFOKMANCI 

thni"t 

. T,v„,(I   M«.imum .u«r™-nU^ -nd ir-iimum dry 
:,I«W    5«,  Ta..nd  I.U K .. - 1-n up U. 

rN-IOM us 

yygv'l s»t.io".c «.«."t 

400 knn.s nn- ^„«n in Fi(tK 12 21 »nd 12 22. f.FC'i lor 
Ot*  iiliovr ctmditionii arr shuwn in Fig^. 12-23 and 12-24. 

• rlimh und A(-itl<r»tii>n Maximum au|niwnt«d 
»nd mnxm.um drv F. q »nd SFC (»r lü.Onn. 2VI"0, anj 
«llituili- civ. r V..IW) (et lur «(/inilnrd dny plu« 20 R and 
f ^m. 20 n up to M K 2.7 »IT Kli<i»-n in Fig» 12-2S 

«nd 12-2«. 

• Sutw-r^Tm Crui-*- Tlir «uRnxfit«! und dry f. q 
vri-Mi» SKC I'tr ^t.indard d»y plu« 20 Tt »nd *>tHnd»rti 
d«y nunvi« ?U R »1 M » 2 t> »nd 2 7, rr^pi^ivrly, ar» 

»h<i«n in Fi|   12-27. 
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is.o KiruiNcn 
C'oput ul Iht IvtliMung rrlt.tnctd data may b* ublamti 
by makinf a rrquftt to mhtt 

Tht Bofing Company 
Suit* I.ii CummunurailA Buiidinf 
1625 K Strrtt 
Waahmilun 6, D.C. 

TKr Boejif Company, Auplan* Da' 
P.O Box 707 
Rmlon, Wathuigto* 
Alln   M. L.Prnnttt 

Organualum 6 3000 
MaU Slop 7i40 

The nunibrr«! refrranca biluw «re tpKiAcnlly rrlirred 
to al appn'pnate pUi'«« lhrv>u^Suut tivr U it ut VuIuliM 
A VI. 

The ■(MitiMiiat unnumbered Kfcrenc«« liave pnjvulfd 
ddta and concfpU »huh IUIM- been evaluaU-d and appli'd 
to üic development of llie propuUion »>iiiiin propoaed in 
Volume AVL 

1. G'-m-nil Electric Prelimiiury In»tull«lH>n Mamwl, 
GKt JiC. (IKlßTN.'l, November 15, 1ÄJ 

2. r#eiirrBl KUttnc SST K.ncine I'miovil, Volume K VI. 
Component D««friplion« and Pirdirmance 

3. A. Stofan and J Mihaloe»: Performance o( • Varabl« 
Divergmt — Shnmd K)«-u>r No«le r)<t->k-iwd (or 
Khüht Math Numberi up to 10, NASA 'I'M X2.'A. 
January, 1%! 

4. J. t)<ii\iwy: An Inve»tit«tion ut Cok« lormatiDn in 
Fuel T.ink^ in M.>. h 2 5 to .15 Environment; IXx-u- 
nutit DK-WMH, Jnnuarv. KM; The It.» mj Company 

5. M. J. I.iühthill r.iniral 'l>M1r,' c.f Hi(:h S)«"l Arro- 
dyn.imic». Section   K.7;   Pnnrrton  University   Prcw, 
\'m> 

6. 0.  Snlvang    Prr»«urr« on  rWie«  of  Rr\-olutioo at 

12 

n 

•17 

Supr.wnic Sp^d, Dwutn-nl IH.7M1' (TXSS), IMt; 
Hie Baein| tVimpuny 
1. (ihn. II   n.i A(.|.la-oiiiih uf a lii'litiull Formula lor 
Nuim-fital Cbli-uUituin uf  Proksure Duthbutiona oa 
B<>dir* nl Itcvolution at Supenumc Speed and Zaro 
Angle ut Attack; SAAB TN45. 1M0 
I)   CoUard   S ij« rt*»nic Wave Drii| of Axuynunetric 
Inlrt-Nnci lit- (umbinatiorui at Zero An^le of Attack. 
Document IMiKiK), l')62; Tl* B<Ä-m| Company 
A. Sigalla   Site on the!   ilfululton uf Sup«-nioiitc InWt 
Drn(!. l)iM-unii:it IXi f>51:i. li«W.The Buemn Company 
An«»n    Tahlra of Soju-twinif Flow Around Cxnoa, VoL 
I, Department of Electrical Enpneemif. Maaaachu- 
K-tLs Institute ul Tachnolofy, 1947 
M. Sihullon   'niMinlit itl and Fijieriniental Investif«' 
tiun o» Additive Drnp. NACA K 11N7, 19&4 
J  Swihart. C Mirwr, H Norton   Klhvl of AfU-rtmdy- 
E)ector CtmfiKUfnttona on IIH- Performance uf a P>,lon- 
Suppurted Nntrlle Model llavini a Hot-Je' Eihauat; 
NASA TN 1199, 1062 
J  Cultlwc   Jet Kflecta on it«- Draf of Conical After- 
budit« lor Mach Nun-.Ur» ul 0.6 to 1.:«, NACA RML 
57821, li*57 
A   K  lionmv   Enftineerinjt SujienforiK A« o^'s OHinu-*, 
M.Cni* Hill Book Co. 1950 
A  K Vi'V   An Invesliftntion of Diacharj^ and THruvl 
fhar   lintin, of Flapped Outlet» tor Strenm Mach 
Numl. ii. Imm 0 4 to 1.3; NACA TN 4(107, 1967 
A   H   \KV   An Inve^tigalion Xn Determine U.e Dia- 
( hur^c and TliruM ('hftracteri^tira uf Auxiluirv-Air Out- 
Kla tor a Sltt-nm Mach Numl. r of 3.25. NASA TN 
1) 147«, infi2 
Genrral Flrrtnc Preliminarv PcrfomwniT Bulletin for 
the i,}A ,11(' Aiinn^'1'«^! Tviilmjii r.ngin«', Sjiorifica- 
tior, Nnn.Ur GEI i'h:n, January IS, 1964 
CH-n.-nd I l.ilnr Prrformanre Card I>^ k nf.lKPDST: 
General Kli^lric   Engine MudH Specification K2031, 
November 15, 1963 

'Obtain from Genrral Electric. 
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• Inlft Ethauit-Thmit Kr>i:r<-t Pru([nim (or the 
ComifMfri*ukl SujÄTMjnR' Tr*n^purt — Qu*rtnly 
PnigrTM RrfjurU 
rU-p.,rt Nuv LR 16261 Scri« 
Contnrl Nu. AF 1316^7) W33 
U.M.^I Aircraft Corpuralwo 

• CoriuTw-riu-l SuperMmic Triin»porl  Pr\j(ruD E"*- 
|LI» Cycle Sluily Prugnun—KUMI lirpurt 
(i'ti'A Kngin* Study) 
Rrport No. UH,(KPD222 
Cjntract No. AF33(6570-9232) Project No. «056 
Flif ht PnipuLiiun DIVUKD 
Onir»! Klcctnc Oxnpuiy 
July 9, 19KJ 

• Sü^n■r^J)na■ Tri'ii^^jft Engine Data CtVA 3i Study 
A AJwinn-d Ttthnology TUTIMJ)«'! Supenonac 
Tran [»irt PrupuUion ()[j«-ratuin, Aii^am-wl Engine 
• nd Tivhuolofy Drimrtment 
General ECUrtric Company 
July 18, VJKi 

• Kupcrsuni ^mn imrt Engine Study Data — CifA 
¥b Study A -AiK.in. iil Tiihnology Turtnfnn 
Suju-r^'fiH- Tran (Mirl I'mpul-i-m 0|«'iation, Ad- 
vimtij Engine and T" hwdofy Departnwnt 
t'ir-ni rnl Eln'tric Compuny 
AupiHt t, l'ifi.1 

• r tjwrvimr Tr,in-i"tr1 Prn(ni! n SysU-in Study — 
Fmnl Tntimml Hipn.t -Ap|irndi« D — K»U- 
m.ilix) Pirlornuimf nml In-lAllnti m Dnu (or * 
Duct M.nUr Turbu(«n Engine M «li-l STF IMC 
Bv W, F Z-ivntkny 
Report No. TOM 17M 
(App.t«ln D to Report PWAÄXM) 
r.mlrn. I AF S.1(fi00).<3496 
Prat I & Whitney Airrralt I)ivi«ion 
Jammrv ?\ •|'>62 
Includes Supplement 1, by T IMILIIUKS date«! Marrh 
15, 1962 

• Suprrsunir Tran-purl PropuUum Syntero St'Mly— 
Final Technir»! Report—Append» C—Eatunatad 
Prrlonrvnue and In>LaUaliuii Data (or a Turbojet 
Engine STJ-m 
Rei„rt No TDM 1737 
(Append« C to Ftrjiort 1WA atl) 

C mtnxt AF 33(CUU)43496 
Pratt & WK.ij.t > Airrraft Dtviaioa 
January 25. 1962 

i Supemmic Transport rnpulMon System Study— 
Tinal T»i hnuiil Report- AppeiKiii E   F->iimat*d 
PrKormaniv  and   Iiv l.i.l iium   Data   lor •  Dud 
Healer Turbofan Engine Model STF-IMD 
Report Na TDM-1141 
(Append« E I« Report PWA-2ta4) 
Contru.t AF IKfiüÜ) ^"MSe 
Pr.ilt *. Wlolney Ain-rad Diviakm 
January 25, 1962 
Includes Supplement 1, l>> T  TtiUUpa, dated 
Manh 15. ir>fi2 
Sti|MTMinu Trjui'-jMirt Prnpulkion S>hU*m Study — 
Final   Tiihmxil   Report      Apix'iidi»   F — Eati- 
nuiiol I'I if.iiTiumT nnd  In-tnlütion Data for * 
Turl..I.in K-.m).t EriRine M-le) bTFRJlIM 
Fii|..rt No   I DM-1752 
IAH»II.1I» F to Rrport P\VA.2034) 
l'i.iii k Whitney Aircraft Diviaion 
January 25, 1962 

SupeTviiiü Tran imrl PnipuKion Sxslem Study — 
Fmnl Trtlmical Report -  Appendi« A t B (Tur- 
N.f m. TiiiUi|it and TurUifan Rnmjet F.nginea) 
H. |«irl No  I'WA 20.14. Apixndu A & B 
('i.iilra<t No AF 33(600) 43496 
Pratt ( VVhilniA Aircraft ,'.vision 
Jamnrv 25. 1962 
Api-nriii   A      "Compulation of  Parametric  Eft* 
pine IVKnrm-nre" 
Append«   B    "'■inr.ifl   Weifht   and   Drag  E»U- 
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miiti<«r 
• KirM Qunrti'rly ProgieH« Ri'iwrt on Engine Cycto 

Studii^ fwr Ihr Curimrrcwil SuiMT^jnic Transport 
(STF I'M Turlx.r^.i Configuration); by G. W. 
Srmth, R. I,. SUuUch and T. G. SUiby 
ri< («irt No. PWA-2095 
('."ilract AF11(f.r)7)-92a3 
Pr.itti Wliitmy Aircraft Division 
lunp 1 Aiiguvt 31, \'.*a 

• Second Qiwrtctly Pnigrem I{< jiort on EnRine Cycle 
Studies for the Commcrciftl SiijM-rwinic Transjiort 
(STF-IWA); by G. W. Smith and R. L SUubuh 
Report No PWA-2n2 
Pratt & Whitney Division 
Dwrmlx-r 1. 1962 

• S<Tiir,il Quarterly Progrfss Report on Component 
Deselopment Program for the Commercial Super- 
sonic Tmnsport tor Uie Period 4 September 
through 4 December 1962 
Report No. PWA-2127 
Contract AFJ3(657)-9059 Task No. 905« 
Pratt & VVUtney Division 
January 4.1963 
V jluntie I — Compreshons Turbines, Combuslor», 
BearinTs, ScaU, Duct Heaters and Noise 
Volume II — Fuel and Lubricants 

• Third Quarterly Pi igresa Report on Engine Cycle 
Studies for the Cejmmcrcial Supe'rsonic Tmnsswrt 
— for (he Period December 1, 1ÜG2-February 2«, 
1963 ;PTF-lftHA, -B and STF-191A); by G. W. 
Srr.ilhandR. L. SUubach 
Reixirt No. P\VA-2169 
Pratt & Whitney Division 
Marvh i, 1963 

• Third Quarterly Progress Re|)ort on Comi>onent 
Development IVrvgram for the Commercial Super- 
h.nie Transport for the Period 5 December 19G2 
Ihreu-h 4 March 1963 

Report No PWA-2198 - Ve^um« \ 
Contnict No. AF 33 (Gi?)-9009; Task No. 90» 
Piuit & Whitney Divibie« 
April 4, 1963 
Ineludev    Ce^mprvwhurt,   Turbine»,   Combustor», 
Bearing», S<-al", Noiv Control end I^o^t He«tef» 

i .'uirnwry Progre» Re-port or Enjine Cycle Studie* 
tor the Coiiunercial Su|>pr»ui.ic Trankport (Turbo- 
jet and TurUifan Eng.nes); by G- W. Smith and 
R. L. SUubodi 
Report No. PWA-2200 
Contract No. AF XHa7)-'/M, Prtjert 9056 
Pratt & Whitney Aircraft Division 
April 1, 19C3 

i Su.iim.iry   Re r>"r(   un   Component   Deviopment 
Program for the C mroereial Supcreoiiic rranhport 
(Includes  Compfesooni,  Turlime«,   NouJe*,   Re- 

ve'r>rf-r>i. Noise- Suppre-s.^jrs. Fue-ls and LubncanU, 
Be-uriiiK^ and oeul». Duet Iltalets) 
Repeirt PWA-2204 
Pratt i Whitney Division 
April 1, 1963 

> Final Technical Report on Engine Cycle Studies 
for (he rmumiTiial Sujx-rwjnk Transport; by G. 
W. Smi(h and R. L. SUutiadi 
Import No. PWA-2aOS 
Contract No. AF 33(657)-92Ä3 
Pratt t Whitney Aireralt Division 
June 1, 1963 

i Final Ti-chnicnl Report on Compone-nt Develop- 
ment   Pni(;ram   tor   the   Commercial   Supernonic 
Tram|»irt (U)   (lnrluili-s Compre^or», Turbine*, 
Nozzles,  Tlmist   Revervm,   Noi-*   Suppressors, 
Fuels and Lutiricanta, Rnnngs, Seals and Duct 
Heater») 
Re-port No. P\VA-2222 
Contract No. AF 33(657)-950&; Task No. 9056 
Pratt L Whitney Division 
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Jun.-4. lOfG—Junc 4.19S3 
i FAA Compimcnt I^^-^rih Prt>gram for Commer* 

rial   SufMrsorm-   T^Hn^^^ort   (Iiuludcs   Nu/zlw, 
IlLiil(~>. Uulnr^. Fuel nrui Kkhnujtt Syhlfm», Noii* 
Cnd-fui, Hiui l'ren>piration Air ("4»u!nJ Auiiluiry 
Power F.ilrBction) 
Contract No AFt)(lOT)-Oft'* 
Wti^lit Af-ronautscal DivmUm 
Curti^sAVriKlit Corporation 
Apnl 1, V.ifxl 

• SuixTsonic Transport PropuUion Syst<*rn Cf>mp> 
m-nt RcM'anh mul S('i(ly Pmiiram — F'innl Rrport 
(ur the IVnud 23 May 1962 to 23 May VMA; by 
S. Moskowitx 
WAD ^tial Riiwrt No.SST:00-277 
Pn)l!rnm Area —920K 
r-mirart Mo, AF 33(657)-9058 
Wright AiTcjnauiical Division 
August, 10f>3 
v'c)lumi' I — HIKII T<-miKTalureTurbiiiea 
Volume II —E%tmu'.t Sysli'in Noise Criteria 
Volume III - Auxiliary Power Extraction 

SuiHT-ooii- Tinn^i»)rt PropviK.on System Contin- 
ued  Hi-^anh an<l Study of Hii;h Temperatur« 
Turbine and Exhaust Nor./le Noise — First Quar- 
terly  I'n.cn-vi lU'port (ur the  Period  Apnl   15 
thrujuh July 1.1, r.H)3 (Transpiration Air Cooled 
Blades RcHrarch PmKnun) 
Conlrect No. AF 33(657)-9058 
Wright Aeronautical Division 
August 15, mi 
Volume 1 — Hii;h Tempfruture Turbine Prcp-am 
Volume II — Exhaust Nozzle Noise Proßram 
Res-'flreh on HiKh-Temperature and t'luid-R'-sist- 
ant S*-/d and Sealant MateriatH for the Supersonic 
Tran-t*)rl (Hepublie Aviation Corporation Study; 
Inludes Polymer» aiv' Silieom-s), bv Jolui Lee 
/SD Technical Documentary Uepon 6,1-573 

Aemnautica] Syntenu Division 
Air Force System» Command 
July, 1063 

»  ln\i*tig«lion of Fin- Kfclu.'Kmshinfl A^enU for So- 
peraonic Transl<ort; by  Herbert Landeirruui and 
John E. Basinski 
ASU Twhnical IXK-urr»iiU.ry IUv-rt No. TDR63- 
HA 
Air Fon* Aero Propulsion laboratory 
Aeronautical SysUtna Divuiioo 
Air Force S> stems Command 
September, rj63 

i An Inw^lirution of the Perforrriam« of Jet Engine 
Fuel« for Suts-rsonic Trans(*jrt Aircraft (Include* 
Properties, Storage, Combustion and Tt*t FUfa) 
Quarterly Ptogrow fU-porta 
Contract No. AF saiG.^)-«^ 
Coordinating lb-«mh Council, Inc. 

Inlet Kihiiust'Dmit  Reverscr  Program  lor  the 
Commercial Sujx'rsomc Transjiort — Sumn*ary Re- 
port 
Rr-iwrt No I.R 1S261-2 I.AC 5M499 
Contract No. AF 33 (657)-9433 
DXI.IHISI Ainrafl Corporation 
M/irih2H, 1963 

i Inlet I'.xhaust-Thrust  Reverser  Pn>KTam  (or  the 
ComrrsTi ial Supersonic Transport — Final Riport 
Report No. LR 16261-3 
Contract No. AF 33(657)-9433 
Ijockheed AinTafl Corporation 
July 26, 1963 

i Kewiin h on Hiph Ti-miM-rnture Hesislant S<«1 and 
Sealant Material^ for tlie Supersonic Tmnsport — 
Quarterly T« hnicdl Reixirta 
Report No«, 543-Serini (ARD-Scfiea) 
Contract AF 3,1(6.'7).;i609 
Republic Aviation Corporation 
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■ Inlt't-KkhAuM 'Ilirust   Krvrrwr   Pr^KrHrn   for  t)< 
ConwiHn uil .Su|«-rv>nii- Trampc/ft ~ FmaJ  Q11*'' 
tcilv I{l|/r)rt 
l,A(H,,.,rlNo LR 17283 
for.n.Mt No. AP3.1(657)-JUl« 
i>K k)i...| Airrriift (\ r[H)ration 
0<t. I«r 10, IflfJ 

1 Thcmvtl Strt^w Di-tiiinination Tci'hniquoi in Su- 
pcrsonu* Trnii'-iKjrl Airrrufl Struitun-s ~ Qucrtcr- 
ly SiuiwiiTiiti u( Tivhniuil Literature — Hiljliour»- 
phu* cidlitrnul .Sinsii Analyau It<;f:jivnce« 
Report. No. 2ll4Serici 
f'or.lre,! AK :i.T(6,,)7>-.''936 
Bell Aircraft Corj^'ration 
Contm) Data RequirementH InvtHtigation for Op- 
limi/jilion of Fuil on SujX'rsonic Trawiport V»- 
hiilr* — Qunrti Hy Tetlmiial Report No. 2 for the 
Pcrio,! July 30-ChtMft 23. 1962 
R»P<jrt No. r.2H 6fi22 !»299 
Contract AFX)(f>.r)7)efl22 
Kuuhe« Ainnift Co.'np«ny_ 
Ortolw 2f), Iür.2 

■ Cimlnil Data ItititiiirrncnU InvextiKRtii^n for Op- 
limi/.iiiun of Furl on Sj()orwini; Transport Ve- 
hicle« - (Junrtcrly Technical |{e|K)rt No. .1 for the 
PcrioH 29 Octohcr thru 27 January 1963 
Rei»)rt No. 63H-I24I 9299 
Contract AF ,1.1 (657)-«122 
HUKIH-S Aircraft Company 
January 2fl, 1963 

Inlel-Enhauat-llirust Rtveraer  Prottram for the 
Commercial  .Super«onic Transport — Quarterly 
Technical Report«  {Turbofan and TurtKjjct En- 
pne«) 
("onlrnrt AF 3.1 (657)-9371 
Flif;l.t PnipuKion Divi«ioo 
General Electric Compeny 

-  Inlel F.iSflu-t Tlini».!   Hi-\'f-fwr  Pmgram   for   the 
("<*infrw-nuil Su[jerar/nT Trinsport — Final Report 
n*-|«.rt No. Rf>.)FPD29S 
Contract AF JUG'-T) 9)71, Proi«t No. 905« 
Flight Prupulition Divixk« 
f;<iieriil FUwtfic Comfjany 
SepNinl« r .tO, 1963 

. ("mnMM-n ml Sui»*'rsonic Trim-[»>rt  Prrj^ram Pro- 
|mUion Citmimtvitl Pn^ram  (Compnswore, Tur- 
hiru», Exluiu-t Syi-t-Tnc. Noril«, "niruat Reveraer» 
and FuiK) C/uarKrly K,i.,rL<: Project No. 905« 
Conlrui I AF ai(057)-9017 
Flight PmpuKion Division 
General F-l<-, trie Company 
Commercial Superw»nic Transport  Pn-gr*m Pro- 
pulsion  ComjKinent  Ppieram   Final  Report 
Re|)Ort No. Rfi3(657)-90J7 
Fliclit Pnipulsinn Divixion 
Oenera! Electric Company 
July 24, 1963 
Cormnen inl Superwmic Transport Program Engine 
Cyde Stuily Pro^r.im  (CilCt Fngine Study) 
Qu.irterly Tcchninii Report« 
Conlinct No. AF:i.lfn57)-!»232,Proj«1 No. 905« 
Flight Propulsion Division 
General Electric Company 
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INDEX OK PROTOSAL DCCUMENTS TO EVAl.UATKJN ff kCTORS (Continue«» 

TECHNICAL Sonic Boom i Noli« • AIKHlAMK DESIGN 
A-U   3.7.  14.2 A-l   2.2. 2.3. 3.2. S.I 

• AtRCHAFT SYSTEM CONCEPT A-V   113.3.7. B3.6.5. C8.J A-II   3.0 
A-l   1.0. t.l, S.l A-VI   1Ü.0,  IS. A-IV   8.0 

A-VII   8,0 M-I   4.2.4.1 
Configuration A-IX   3.1.1.3.  J.3.3. 4.1.1.11. 

V-I  2.1 4.2.l.n. 5.1.1.4. Sliucturei and MaUrUla 
A-l   2.1.1.» 5.1.1,1» V-I   2.5 
A-n   2.0 M-VI   5.2 A-U   4.0. I.» 
A-Ul   All A-IV   All 
A-V  5.0, 1.1. 2.0 • AERODYNAMIC! A-IX   3.1.2, *.S.l 
A-VU  9.0 A-V  All A-Xl   3.» 
A-1X   3.1.1.1 M-IV   r..0, Aj-p. A,  B. C. D. r. 
A-Xl S.t DI-HK Analyal» 

A-V   6.1.2. C6.1.1 
f tfi G 

Ground Synlfm Compatibility 
A-IX   1.2.3 
M-UI 4.0. 8.0 

A-IX   3.1.1.1 

Stability and Control 

WrlKht» 
V-I   2.6 
A   IJ   3.3, 3.4 

Rellatilllty 
A-I   2.1.2.3, 3.1.2.4 

A-V   0.2.4, 7.0.  DT.0. 1.6 
A-IX   3.1.1.1 

A-III   2.S 
A-IV   4.1.1,  18.0 

A-Vl   6.4. 9.0, 11.4. J Airload Analyala A-V   8.1 
A-IX   4.2.U, 5.1.11 
M-n 5.« 

A-IV   4.1. 5.0 
A-V   6.2 

FII^M Conlroli 
V-I   2.1 

Safety A-IX   3.1.1.1 A-I   2.6. 3.6 
A-IV  9.1 A-Il   8.0 
A-VIl  7.0 Perform anc« A-III   9.0 
A-IX   3.1.1.2. 3.3.6. 4.1.1.10. V-I  2.2 A-Vn   3.0. 4.S 

4.2.1.12, 4.2.4.9, A-n   14.0 A-l.\   3.I.G.  3.3.5. 4.1.6. 
5.1.1.13, 5.1.4.9 A-II1   1.0. 2.0 4,2.6. 5.1.6 

A-Xl   1.1 A-V   C.O.  3.0,  nj.0, 1.2. 4.0. A-XI   3.9.  3.10 
2.0. A2.0, C6.1. S.O. 8.0 M-I   4.2.4.$ 

Malnlalnablllty A-Vl   12.0 
A-I   2.1.2.8, 3.1.2.« A-IX   3.1.1.1. 4.1.1, 4.2.1. 
A-Vl  9.^.  11.4.S 4.2.2, 5.1.1, 5.1.1 
A-IX   1.2.2. 3.2 A-XI   2.0 
M-n  i.i 
M-QI  2.0 

'--        -   — 
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INUKX OK PHOPOSAL DOCUMENTS If) KVAI.UATION FACTOHfl (Contlnuw^ 

• PHOI'ULSION 
V-I   2.4 
A-l  2-*. »•« 
A-II  «.0 

10 
AM 
J.1.4. 
4.2.4, ! 

A-Xl   3.4 
MI   4.2.4.J 

A-ra 
A-VI 
A-IX .3.3, 4.1.4, 

.1.4 

Englna 
A-II 
A-III 
A-VI 

1.1.1, 2.« 
7.2 
1.1. 2.0, », 
11.0 

1.1, 9.2.1, 

IrM 
A-n   8.2.1 
A-IH   7.1 
A V   I>7.i 
A-VI   1.3,  3.0, 9.1.4, 9.2.2 
A-IX   3.1.M, 3.1.4.5. 

4.1.4.1, 4.2.4.1, &.1.4.1 

ln«laU«tloo 
A-II   6.1.5 
A-m   7.2, 7.S 
A-VI   2.0.  1.1 
A-DC   3.1.10 

CortroUi 
A-n   B.3. 6.4. 8.0 
A-IU   7.4, 7.S 
A-V   7.1 
A-VI   5.0 
A vn t.o 
A-L\   3.1.4.6 

fuc-l S>»lem 
A-n 6.ii 
A-IU 
A-VI 

A-K 

A-XI 

2.4 
1.4.1.. 
2.4.10 
J 

H.3, 7.0, 9.1.3, 

.1.4.«. 4.1.4.S, 
S.1.4.)0 

Slarllr.iJ .cyBt«m 
A-U   6.7 
A-1II 
A-VI 
A-IX 

6.( ,  9.1 
.2.4. 

,2, 11.4.1 
2, b.1.4.2 

Thruhl novem»! 
A-II   6.3. 2.8 
A-ni 
A-VI 
A-IX 

4.3 
3.1. 
3.1, 

D. 4.2.4.8, 5.1.4.8, 

BYSTL'MS 
V-l   2.7 

romtit.m^nUj Control 
V-I   2.7 
A->   2.9.  3.» 
\-ü   11.0 
A-UI   II.0 
A-VI1   6.0 
A-iX   3.1.9 

4  2.9 
A-XI   3.5. 3.« 
Ml   4  2.4.1 

3,3.7.  4.1.», 
5.1.« 

V-l   2.7 
>-I   2.5.  3.5 
A-n   7,0 
A-III   8.0 
A-VIl   2.0 
A-IX   3.1.5,  3 

4.2.5,  5 
A-XI   3  2 
M-I   4.2.4.3 

3.4. 4.1.5. 
1.5 

NavlC,,-iU<.,-. t Communl.-itloot 
V-l   2.7 
A-I   2.7,  3.7 
A-n   9.0 
A-III   10.0 
A-V!l   5.0 
A-IX   3.1.7,  i.n.'.. 4.I.T. 

4,2.7, 5.1.7.1 
A-XI   3.:i.  3.13, 3.14 
V-l   4.2.4  S 

_^^^u^^mmmm 
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OiDtXOr PKOJIJSAL UK-H'MI MS T(J f.VALWAllO 
FACTORS iCunlltiued) 

Ciinipuirr t I)aU Pruceouri 
A-U   9.2.2, S.3.2 
A-m 
A-\'ll   5.0 
A-IX   3.1.7.2, <.1,  A(J!- B 
M-BI   5,0 

Hydraulic L rn<-un,aiic 
A-Il   7.S, 7.4 
A-Ul 
A-VU   2.2, 2,S 
A-1X   3.1.1.2, 4.2.5.2, 

5.1.5.4 
A-Xl   S.7 

IiistniniinUllon 6 Display! 
A-1I   5.5, 5.13, 6.10 
A-UI   5.0 
A-Vl   7.8 
A Ail   -t. 3, 5.0, 5.1.20 
A-,\ 4.1. 1.1, 4.1.3.1, 

4.1.3.2, 4.2.3.1. 
4. 2.:«. 2, 5.1,1.1, 
5.1.3, 3.1.4,5 

A-Xl   3.12 

OPfcRMlCM AND ECOHOMICI 

Dlrf<;l <>j>fr«tlrg 
V-I   2  3 
A-l   2. 1.2.1, 3.1.2.1 
M-Vl   All 

SaliH Prlo« 
V-I   3.0 
M-V   7.0 

Cruwüi roti'titwl 
A-V   1.3, 4.0 
A-Vl   11.6.J 
M-VI   3.3 

I'iiKBCr.^rr '. farj-o Aci.iimni«!aUon« 
/-I   2.S, 3.» 
A-II   10,0 
A-III   B.O 
A-VU   '.1.0 
M-VI   3.0 

*HI(;ill DI'LHATIONSl SAfFTY 
V-I   2.2.1 

• TEST t C ItTIKICATION Pl^N A-Xt   All 
A-I   2.1.4, 2.1.11, 3.1.4, 3.1.» 
A-1V   10.2.3.2, 10.2.5.  14.0       Saf,.^ 

V-I A-VI   6.0 
A-Vn   4.4, 10.0 
A-K   All 

A-l   2.1.2.4, 3.1.2.« 
A-VU   7.0 
A-XI   3.15 

Hwulllng C/utlltl«« 
A-V   7.J 
A-XI   2.0 

Opi-rtlloii i U-xllilllty 
V-I   2.2  5 
A-Xl   2.0, 2.0 
M-V]   5.0 

Ci^ kplt lacllltl".» 
V-I   2.7 
A  '   2.3, S.3 
A-U   5.0,   10.0 
A-HI   5.0 
.*.-vn 4.0 
A-1X   :(.1.3, 4.2.J 
A-XI   3.0 

• Gild! MJUll .■'A-IIONS 
A-l   2.10,  3.10 
A-II   12.0 
M-lll   All 

Su|ij«,rl S)Bli'mi Coticej* 
A-VI11   1.0 
M-ni i.o 

.Wri-rt Cr,n-i.atlbnity 
A-IV   15.5 
M-ni   4.0 

■      ■■ 



Sarvtrlng 
A- i ;.io. 
A- VÜ1   4. 
A IX   5.1 

5,1 
M -ui iu. 

2.11, 3.10, 3.11 
0 
.10. 4.1.10, 4.2.10. 
.10 
0,  11.0, J2.0, 13.0 

M  «1     1.   MM.C« 

A-I   Z.»0 
AWIII   5.0 
A-IX   1.1.10, 4.1.10, 5.1.10 
M-UI   3.0 

A-l   2.1J,  2   '3- 3-1Z- ,•,* 
A-n   4.0 
M-IH   B.O, ».0 

1.4.J 

1.4.3 

1.5.1 

1.5.2 

1.54 

IKDLX OF PflüIOSAL UX-H Ml NTS TO KtgLl Si  101, HKOIltSAL PARAGRAPH« 

Phaae U «Z-1 

VI   4.1 
A-I   1.2.2. 2.0 
A-U   Supi', S-l 
M-!   4.2 
M-V   I  I 

Phase a 
vM   4.1 
A-I   1.2.3. 3,0 
A-IX   2.3, 4.0 
M-I   4.2 
M-V   1.2 

Financial Participation 
V-l   3.0 
M-V   1.1, 1.2 

Research Credit as • 
Part 'jl Manofaclurer»' 
Participation 

M-V   1.1 

C< nlracl Provlilon.1 
M-I   12.0 

.2.2 

?.2.1 

2.2.2 

2.2.3 

.2.3 

CKNKRAL 
V-l   1.0 

HANOI   ANU PAVlJOAD 
A-II   3.2.2,   14  1 
A-HI   2.2 
A-V   3.0.  113.1.1 

EmerK'-'icy nange 
A-V   3.1 
A-XI   111.1.1 

F'iil Rescrvei 
A-V   1.1 
A-VI   7.0 

AiWlllonal Fuel Capacity 
A-V   3.1 
A-VI   7.0 

SI FED 
V-I   2.2 
A-U   3.2.8 
A-I1I   2.4 
A-V   8.5 

.2.4 

. 2.5 

PAVIvOAL) PHOV1S1CK» 
A-Ul   i.'i 
A-V   3.1 

HfJNIC liKOM 
I HI SSUKKS 

A-Ü   14.3 
A_V   4.2,  1.3.4.6, 

pr-.i.*, B1,6.5, 
06. 3 

A-IX   4.1.1.11 

NOI5E 
A-n   3.7.  14.1 
A-VI   10.0 
A-Vn   8.0 
A-IX   4.2.1.1», 

5.1,1.14 

mm   -- ■■ 
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INDEX OF PHOPOSAL DOCUMENTS TO 

».«.1 T«lu!«f! Nul»e 2,8.» 
A-U   ii.l 
A-V   B3.3.7,  BJ.3.« 
A-VI   10.0 
A-LX   4.1.1.11 
A-Xl   2.1,3 

RtQUEST 1X;R PHOltJSAL PARAGRAPHS (Coollnu«» 

2.6.» 

l.CJ 

1.7.1 

2.7.1 

2.8.1 

t»D<3lßg NOLJ« 
A-n   14.2 
A-V   3.'  I 
A.VI   10.0 
A-IX 4.1.1.11 

Gruund Hol»« 
A-V 3.3.1 
A-Vl 10.0 
A.VU   8.2-* 

A-V   3.2. 7.2'  B3-Z 

A-IX   4.2.1 
A-XI  2.0 

Cornpstlblllty wlvh Alr 

TraHlc Ccr.lrol Sye'^m 
A-Xl   1.0.  2.3.«. 

2.5.1 

Normal Approach u.d 
Unding CharaclrrUtlc« 

A-n :..» 
A-m 2.4 
A-V  3.0 
A-Xl  2.1. I» 

Inulru.i.n.t Aivioath 
CapaMUtjr 

A-VU   3.3.3.3, 
i.1.2.0 

Autürna'.lc LanillBj 
Capablllly 

A-Vl  1,0 
A-VII   .1.3.3 
A-XI   -.10.2.3 

m. -el leading 
A-IV   15.S 

TaV.<-";t and Uuidlng 

A-U   3.2.7 
A-n 2 < 

Cr s5v.ii;J Ct| ability 
A-V   7.8 
A-Xl   2.' .2.« 

Lanrtlr.g Dtslancet 
A-U   14.1 
A-II1   2.5 
A-V   3.0, C«.2 
A-XI   2.5 

2.8.9        Takcotf nistancc» 
A-U   14.1 
A-U"   2.5 
A-V   3.3. 1^3.3,  B3.8, 

C8.7 
A-Xl   2 1 

2.8.3 

2.8.4 

2.8.6 

2.8.T 

2.8.8 

2.b.\0       Üo-Arwjnd Cjyabllltjr 
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paragraphs which relate to any of the Evaluation 
Factors or any one of the paragraphs ID the RFP. 

The code use» the proposal document number! 
listed below: 

Vol. No- Subjeq 

V-I Summary 
A-I Alrframc Work Statement 
A-n Model Specification 
A-m Al-craft Description 
A-IV Structural Report 
A-V Aerod>namlc Report 
A-Vl Propulsion Report 
A-Vn Systems Report 
A-VIll Ground Support Equipment Report 
A-K Test & Certification Plan 
A-X Aircraft Mockup and DEI Plan 
A-XI FllRhl Operation and Safety 
M-I Manauement 
M-n Management Control« 
M-tn Product Support Plan 
M-rV Preliminary Production Plan 
M-V Development 1 Production Coat 
M-VI Direct Operating Co»U 

For example, If a reader Is Interested la 
Uoelng'a Di velopment Plan as a part of the Master 
Plan as one of the Evaluation factors, he will find 
this subject discussed In: 

Dcvelupm« nt Plan 

V-I     - paragraph 4.1 
A-I     - paragraph 2.1.6, 3.1.6 
M-1V - paragraph 1.0, 1.3, 2.0, 6.0 and 7,u 

IX the reader wlshis to know »here paragraph 
3.2.11.3 of the HEP, AUTOMATIC FLIGHT 
CONTROL SYSTEM, Is described he will find UM 
subject discussed In: 

3.2.11.3  AUTOMATIC FLIGHT CONTROL 
SYSTEM 

A-D - paragraph 8.4, 9.6 
A-in - paragraph 9. / 
A-VI1 - paragraph 3.3.3 
A-IX - paragraph 4.2.6.3, 5.1.6.S 
A-XI - paragraph 3,10 
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ONCIASSIFIEI) 

1NDKX OF PROPOSAL DOCL'MtNTS TO EVALUATION 
KACTORB 

MANAGEMENT 

• MANAGEMENT t OHGANIZATION 
OrganlziUaa 

V-I  4.2 
M-I   1.2, 1.3. 2.0. 3.0, App. A 

Manpower 
V-I S.» 
M-r   4.2.3 

• COMPANY COMPETENCE 
V-I  6.0 
M-I   1.6, 6.0 

Financial Competence 
M-I 6.« 

Commercial Pi -xluct Development 
V-I  5.0 
M-I  6.2, 6.3 

Reliability ii Quality of Product» 
M-I  6.4 

Meeting CommltmenU 
M-I  6.5 

• Sl'hCONTRACTlNC 
V-I   4.3 
M-I   1.4. S.6   App.  B 

Selection 
M-I   3.6 
M-IV 

Control 
M-I   3.6, 3.T 
M-n  6.3 

• MASTER PLAN 
V-I  4.0 
M-I   1.5. 4.0 

Developmt;« Plan 
V-I   4.1 
A-l  2.1.6. 3.1.6 
A-IX 
A-X 
M-I   4.0 
M-IV   1.0. 1.3. 2.0. 6.0, 7.0 

Production Plan 
V-I   4,1 
A-X 
M-I  4.0 
M-IV   3.0, 6.0 

Value Enflneerlng 
A-l   2,1,2.8. 3.1.2.6 
M-U  5.4 

PERT 
A-IX   1.1, 2.« 
M-n   2.2. 2.T 

Safety 
A-l   2.1.2.4, 3.1  2.4 
A-VI  6.4 
A-IX   3.1.1.1 
M-D   5.3 

Reliability 
A-I   2.1.2.3, 3.1.2.4 
A-VI  6.4, 9.0, 11.4.3 
A-K   1.2.2, S.I 
M-D  5.2 

Malnt'.nablllty 
A-I   2.1.2.8, 3.1.2.6 
A-VI   9.2, 11.4.3 
A-IX   1.2.2. 3.2 
M-U  5.5 
M-m  2.0 

Standardiratloo 
A-n   13.0 
M-n 7.0 

FACILtTIFS (DEVELOPMENT It 
PRODUCTION) 

V-I  5.1 
A-I   2.1.9, 3.1.» 
A-DC   App. A, App. B 
M-I   4.2.3.3 
M-IV 1.2, 4.0, 8.0 

i MANAGEMENT CONTROLS 
A-l   2.1.7, 3.1.7 
M-n   All 

ConflKuratloo 
A-I   3.1.2.2 
M-I  3.3 
M-n   4.0, 6.4.2 

Quality Control 
A-I   2.1.6.5, 3.1.6.6 
A-LX   1.2.4, 3.4 
M-U  6.0 

Prourarn Rrportlnf Ii 
DocutnenUlloe 

M-I   5.0 
M-V   12.0 
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