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The Contractor has completad a study on & piloted special reconnaissance
veapon sywten for use ip tactical end stretegic reconnaissance oper-
ations.™ The basic intent of MLE report 1s to summarise the performance
requiryments affecting the airplane design, the desigr assumptions

used, and the design features of the selected alrplane, Furthar, the
envelope of maximum eruise altituds vs. airplane weight schisvable by
conventional and special means is presented. Finally, th.fR' LY
gives a d4scussion of the design features imcluding propulsion systems,
aireraft configurations, squipment etmngux:atiou, and gtructursl

dasign features. l&Pc:'r a momarized regult of the complete study refer

to Report ¥o, MA-56-520,

JPPROACE

2.1 Probler, - The problem is o find the bast design that meets
the given requiremsnts sand falls vithin the given assumptions,
The best design is dofined as being the lightest weight design,
2,2 BSolution, - The approach used in solving the problem 1s outlined
by the fallowingr '

2.2.1 Btudy is ipitlated within sach of the equipment groupings
(enzines, fusls, contrcl surfeces stc,) to eliminate the .
alternates vhich either:

a) do not meet mny ons of the requirements, or

b) have inferior weight and perfocrmmunce character-
istice on all counts when compared to mny other
alternative,
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2.2.2 The remaining altermatives are aystematically studied by
a) incorporating thes into airplane designs, and
b) optimiring emch of these desizns to obtaim ths
smallest gross weight that will satisfy the per-
formance requirements,

2.2, The desicn vhose coshimation of dssign features results in
the lightest gross welight of all is the Dest design to meat
the requiremsnts,

A?_REQUTROAENTS
3.1 Phase II 1/2, - The general requirements for this design are as
follows:
a) Minimm cruise altitude ~ 75,000 feet
b) Range -~ 3000 nautical miles with
2400 at tha eruise altitude
c) Operational - daylight photography, high ordar ferret
and radar reconnaissancs
4) Operational date - 1958
3.2 Phass 111, - The general requirements for this dssign are as
follows:
a) Minism cruiee altituds - 100,000 feet
b} Range - same m» Phase II 1/2
¢) Operational - same as Phage II 1/2
4} Operational dste - 1960

h,0 ASSOMPTIONS

h,1 To achieve lowest the possible zross weight without sacrificing

mission cepabili

tiss the following criteria is used for each dssign:
r;f:m». e F _1:51:,;5!:??.',_1
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a) Cormmunication and puidence electronics are reduced to
the minimum,

b} Reconnsissance equipment is packsged for different
type missions, with only one t/pe mission being
sccomplished in each flight. This is not done by
sacrificing reconnaissarnne coverage or resclution, but
is done by increasing t.he‘ muber of flights or airplanes
needed for complete coverage by all types of reconnaissance,

¢) Highly skilled maintepance and flight personnel and best
available shop techniques are to be utilized,

4} lowv gust conditions for high altitude cruise conditinns
allov the limit maneuver ioed factor to dbe reduced to
1.6,

e) Maintenance access doars are of the structural type and
the oumber reduced to a minlmum,

£} Operation of engines is at point of highest efficiency.
This may result in higher temperatures and RPM at the
sxpense of engirne life.

g) The airplane is to be operated only along its design
mission, and the structure is not cospromised for off-
deslgn capability..

5.0 CONFIRRATIOR

5.1 Phase II 1/2, - The mission profile chart, general arrangement
and indboard profile drawvings for Phase II 1/2 design appear oo pages
25, 26 and 27.
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5.,1.1 TYower Plant, - Four (k) General Rlectrie JT5-X278 turbojet

engines equipped with afterburners using LBGS (land Based

Supersonic) fusl are located in the aft fuselage.

5,1,2 Inlet Design. - A two dimensional fized ramp type, side duct

inlet and 3 variable geometry duct is used for esch pair of

engines. TFor maximu efficiency, a by-pass system and

boundary layer bleed are employed,

5.1.3 Gecmetry, -

) Wngarea = - = = c = == o = o= . 2757 £+.2
b) Aspect ratio - - - - - - - - - -1,58

e) Thicknees ratio » + =« = » =« =« = = = ,03

4d) Angle of sWoep = = = = v = = = - = 52,01°
e) Ving span = - = = - = RN LD N
f) Overall lemgth « < = v = = = =

1
L ]
w
s
-
.

5.1.4 BStability and Contral, -

5.1.4.1

5.1.8.2

5.1.4,3

Directional Btability and Comtrol, - Plrectiooal stability
1» schieved through the use of two upper sounted wvertical
stabilizers, A rudder on each stabilizer is used for
directional eomtrol.

Longitudinal Btability and Control, - The horisomtal
stabilizer (canard) is mounted forward of the wing on

the forwvard part of the fuselage, The surface is all
movable and suto-stabilized to0 cbtain loagitudinal eontrel.
Lateral Stability and Control., - The excessive lateral
stability ipharent in a highiy swept ving is offset by
ving cathedral so as to reduce the dutoh roll tendenciase
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of the design to an scceptable level, Lateral comtroi
1s achieved by the use of allercns,
5.1.5 Eguipment, -
5.1.5.1 The equipment is divided into two primary groups:
5.1,5.1.1 Basic Electronics, - This squipment is dafined as that
which is alvays present in "the airplane for norwal com-
munications, flight control, identification, ete, This
group will consist of tha following items totaling
apyroximately 1002 lbs. in weight and occcupying 20.1
cubic feet of space:
ARC-52 Command Redio
APX-19 with SIF Ground-to-Air IFP Transponder
APX-2T Air-to=-Ailr IFT Transponder
ARA-37 UHF Direction Finder
NC Auto-mavigator
Standby FPlatform
ART-27 Crash Beacon
Autcmatic Flight Control System
Night Progremmer and Time Fosition Corraslator
5.1.5.1,2 Reccnnaissance Equipment. - This equipment is definad
as that required to carry out the mission., The mission
requirements have been dividad into 5 types, m
equipeent equired for each mission is listed below,
5¢1.5¢1.2.,1 Search Photo, -

a) 18 inch split vertical cemers - 2 req.

'%CL&%@E?%?%S
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b) 30 inch cbliqus camsra - 2 req.

c) Btabflized mount

d) System control
5.1.9.1.2,2 Detail Footo. -

a) 8 inch camera ~ & req.

b) Btebliizsd mount

¢) Bystem control
5.1.9.1.2.3 Radar Mapping. -

APQ-56 Eigh Resolution Radar Systen

5.1.5.1.2.4 Perret Bystem. - |

a) P.5-1 D/F equipment {1 - 4 MC)

b) DLD-2 D/F equipment {3 - 1000 MC)
5.1.5.1.2,5 Radar Mapping Syatem, -

&) Astmrth redar, indicator a.nd camers,

.2 Foape 1III, - The mission profile chart, gensral arrengement asd
inbeard profile drawings for the Fhase IIT Zdesign agpaar on pages
28, 29 and 30,

5.2.1 Power Plant, - Pour () Aerojet sir-turvo-rocket sngimes {ATR
2010) 103.1% size, using hydrogen fusl are located in the aft
opd of the fuselagm,

5.2,2 Inlet Design. - A two dimensional fined ramp type, bottom duct
inlet and & variable geomstry duct 1is used, For maximum
ofTiciency m bypass syster and boundary layer contrel system
are employed. A cowl 1s installed over the lower ssction of
the inlet during take~off and low spesd flight to reduse duct

UNCLASSIFED
wvim T, Ha

@’ﬁ

TRIX P
-



UNCLASSIFIED

NORTH AMERICAN AVIATION, INC,

INTERNATIGHAL AIRPSRT
LOS ANGELES 45, CALIFORMNIA

" PONM 1.8 MY 247

-
” Report Ro. MA-56-521

Page T

eirflov for wmaximuc duct efficiency at these speeds. This
covl is Jettisoned at approximately Mach 1.8, and subsequeustly
dzatroyed by & meries of smll explosiwve: charges installed in
the covl,

5.2.3 Geomatry, -

a) Winz area -~ ~ - - = = ¢ v - - - - - 6600 rt.2
b) Aspect ratio - = = = - =+ = = = = 1,0

c} Thickness ratic e « = = « = = - = « .03

4) Angle of sweep = = v = = - = = = = T.61%
@) Wing span - -~ = - = = - - - - - - - 9.88 rt,

£) Overall length = - =2 181 ft,

S.2.h Btability and Control,
5.2.4.1 Directional Stability and Control., -

Tvo upper mounted vertical stabilizers are located at
the aft end of the fuselage, and in addition the wing tips
fold down after take~off to increase directiomal stability
at high epeeds, Control is cbtained through the use of
ruddsrs mounted on the vertical stabilizers.

Sed.h,2 Longitudinal Stability and Comtrol, -

The horisontal stabilizer (canard) is mounted forward
of the wving on the forwerd section of the fuselage. The
surface 1is all movable, and avto-stabiliszed for longitudinel
control.

Se2.4.3 lateral Stability and Control, -
The excessiwve lateral stability inherent in highly ewept

wvings 1s offset by wing cethedral to reduce duteh roll

UNCLASSIFIE
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tendencics to an acceptadbls level, Hpoilere are employed

for lateral control, Lateral trim is achieved from & tad
instailad on the left hand wing paml,

Bruipment, =

The equipment for the Phase III dseign is divided into the same
categories ar ou Phase IT 1/2, The basic electronice are the
sane, amd although the reconnsissance equipsmnt specifications
for the Fhase Il deeign are more exacting, it ie baliaved
that for the time period considered the two systems will
caxpare closely in size and weight, For the Fhase IIT Radar
Mapping Bystem, however, s side-looking Coherent Doppler sywtem
1s used in lisu of the APQ-56 system,

5.3 Operational Date, -

5.3.1

5+3.2

Phase YI 1/2, - To meet the Air Force operatiocoal dave requirement
of 1958 would require that the Contractor have a design in the
prototype stage of davelopment at the present time. Sinecs thare

1s o such airplane that could be modified to meet the Phase II 1/2
requirements, the earlisst operstional date is determined mainly by
the Contractor's, sbility to design and menufacture the airplane
from the beginning. 1961 ix the earlieet possibls operatiomal

date under these circumstances. This estimate 1s based upon approx~
irately 2 months dslay in order 1o have the engines and equip-

ment availsble to suppart this prograxz vhen required, I

Phase III, - The Phase 1II program is primerily dependent

upon englne unlep-n;t to sshievy ths required performancs.:

Since the enginse for this program can oot be mads avallable

until 1963, this is the earlisst operational date for the

Phase III program.
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6.0 Performmnce Envelope - The oubmittal requirement as outlined in

section 1.3 of the Statement of Work asks for the maximm altitude
capability va. flight Mach number. This is altered so as to
plot the maximum altitude capability ve. airplane grosa veight such
that for cach gross welght the flight Mach number uaed is that which
gives the highest cruise altitude, This envelope is shown as Figure 7
on pege 31 of this report. The lower boundary is defined by designs
similay to the Phase II 1/2 submittal eirplane which is of con-
ventional design. The wper boundary consists of three designe.
Below 83600 feet the maxiyum altitude cepabilities are achieved
by Qesigne using scaled versions of the X278 engine bur:ﬁng Zip fuel
in the afterburner. Betveen B3600 and 85400 feet designs using
scaled versions of the I278 buming hydrogen fuel achieve the highest
cruise altitude. Above 55L00 feet designs rixilar to the Phase 111
submittal design have the highest cruise altitude cepability.
7-0 Discussion
7.1 Preopulsion
T:1.1 Genersl - In determining the engine-fuel combination to be
used for the submittal designe the first atep iz to check all
the possible engine-fuel combinations for the following
requirements:
a) A 50 howr test engine-fuel cambination must be
available spproximately 20 months before the

opciaticoal date.

5
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b)} The engine-fuel cambination must have an altitude
limit above the required minimum cruise altitude.
¢) Performmnce data sufficient to evaluaie a design
which uses the engine-fuel combination mmst be
available st thia time.
Figure 8 on page 32 of this re;)ort liste all the englne-
fugl combinations considered in this study end notee whether
each satisfies the ebove requirements. Thoee vhich Ao pot meet
any one requirement can be eliminated.

The next step in this elimination process is to compare
the remaining engine-fuel combinations on the basis weight and
performance. The performence parameters of greatest importance
in this comparison are:

@} B8pecific fuel consumption (S.7.C.) at limit Mach muber
and minimum ciulse altitude.
b} Engine thrust to englne veight ratic (T/W) at limit
Mech number and minimum cruise altitude.
c) Limit Mach oumber (M 1ig4t)
The affect of these performance parameters on the airplane design
i the folloing: lower S.F.C. means greater endurance, higher
T/W means leas engine weight, and higher limit Mach number means
greater range.

Study indicates that maximum range and altitude are

achieved vhen cruise is performed at the highest possible gpeed.

This 1 due to the increase in engine thruet-per-.pound-of-weight
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and miles-per-pound-of-fuel (speed divided by fuel flow)
vhich accospany an increagse in specd. The above effects
more than off-set the added structural penalty for increased
skin temperatures.

Therefore, the above performance parametera are given
at limit Mach number and minimum cruise altitude in
order to present a felr comparison between englne-fuel comb-
inetions. Figure § on page 34 of this report lists the
englne-fuel camiuinations that survived the firet elimination
and compares the above parameters for each of then. Those
that shov all three parameters to be inferior to came other
combination may be dropped from further atudies.

Engine-fucl combinations which cannot be eliminated from
considerstion by the mbove comparison must then be incorporzted
into an airplane design for final elimination. A comparison
of thece designs is presented in Flgures 10, 11, 12 and 13.

All designs listed are compared an the basis of range
for equal groes veight with all design features beiny
comparable. This final chart{ indicates the reason for the
engine cholice an both Phese II 12 and Phase IIT submittsal
designs.

7.1.2 Engine Types
7.1.2.1 Ramjet - The relatively high thrust-weight ratio and
averuge epecific fuel consumption make this type of

engine an item of consideration. However, since & ramjet

750 ]
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requires a booster stage to obtain altitude and cruise

epeeds and an APU unit to operate the equipment, the

increased welght associated with this design eliminates

1t from consideration for the final design.

{.1.2.2 Turbofan - In general, turbofan engine altitude cap-

anilitics and supersonic crulse specific fuel cansumption

are not favorable for either Phase II 1/2 or Phase III

requirements. The performance characteristice coupled

with questionable availability are sufficienl to elimioate

it from con.ideration.

T.1.2.3 Turbojet

7.1.2.3.1 General - Turbojet engines ucing LBSS fuel are considered

J’.1-2-3‘2

superior for Fhase II 1/2 designs, since these engines
accomplish the misslon at less groes weight than the
other available types of engines.

Subsouic - The General Electric J-85 wes laovestigated for
possible use in a aubsonic reconnaissance wehigle fOr
Phase 11 1/2 reguirements. Fuel wvaa limited to liquid
hydrogen since conventional fuels limited the cruise
altitude to below 65000 fect. However, since this deaign
does not meet the required range and lacks the paseive
defense capabilities of supersonic flight, it was not
considered for final presentation.

Supersonic - The Genernl Electric J79-X278 is choeen
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presents & plot of take-off gromss weight versus altituds
for thir engine, using verious types of fusls. Zip

and liquid hydrogsn are swperior to JP-5 fuel from & gross
weight considerstion, bowever, svalilability ef Iip fual

and operatiomal problams of hydrogen fusl 40 ot warrent
their considsretion for the time period of the Phase II 1/2
deslgn. Altituds limitatiens of the J79-X2780 emgine

do not permit ita use in Phase III designa.

Alr-Turbo-Rocket ~ The altituds requi rements of the Phase
III deeign require the we of uwconventiomal fusls and an
sfvanced engine design of high supsrsanic capebilities. The
alr-turbo-rocket sngine has these charscteristics and s
selected for installation in this design. Ths Asrojet ATR-2Q10
using hydrogen fusl is cogaidered to be the best engine-fuel
combination. The use of hydrogen fuels will require com-
siderable development, however, this engine will Le available
by 1963, _

Rocket Engine - The high specific-Tusl-conpumption sven
with the more exotic fusl-oxidizer cawbinations more than
offsets their high engine thrust-weight ratioc for loag

rangs vehicles.

Rax Engine - The latest information that the Contrmoter

has received iz camtained in Oarret R-port RD-4R dated

15 Pebruary 1956. This report does not imclude eufficient
data to complete & design study based on this eugine. It

is felt that the ATR-2010 engine cycle reflects somewhat

UNCLASSIFIED
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the potentialities of the Rex III cycle and that further
study is warranted. lHowever, no quantitative comparison
is available at this time.
Fuglne Installation - The primmry factors determining
location of engine installations are as follows:

a) Lov drag

b) Low duct losaes

¢) Minimum exbaust impingement on other perts of

the airplane
d) Minimum structural weight

The engine inetallation for both Poase II 1/2 and Phase III

15 located in the aft fuselage for minimus frontal area anpd

therefoi2 less druag. Duot losses are higher for this instal.
lation thau for ving-mounted engine pod, but friction drag,
wve drag and interference drag will be considerably less.

It 1{e believed that this installation also contributes

moTe to the reliability of the airplane due to the vibration
and exhaust impingement problems of a ving mounted engine pod.

Inlet Duct Flacement

7.1.4.1 Poase II 1/2 - In this design the cross-sectiocmal area

of the forward fuselage is primrily determined by the
equipment iostallation. The most efficient and practical
coafiguretion is rectanguwlar in nature. With this deaign,
side ducts are utilized since they can be faired directly
into the sides of the envelops containing the enginss aad
thus present the most efficient coafiguration with the amin-
imm frontal area l.nd thercfore dreg.

FIED
UNCL_A%S!
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T.1.k.2 Poase IIT - In this design the cross-sectiomsl area of
the fuselege i{s primarily determined by the large volume of
lov danaity hydrogem fuel. The most efficient and prectical
design is determined to be elliptical in nature vith a
horizontal major axis. Engines can be installed ipn this
configuretion vithout unnecessarily videning the basic
fuselage. A buttom 1nlctlmu.1tl in smller duct losses
and lower drag for this design by using a more direct
route for air flow. Top ducts vere not used since for
£00d pressure recgovery at high angles of attack, the
inlet must be placed near the nose of the fuselage. This
results in greater duct losses and higher drag from the
added duct length required.

7.1.4.3 Inlet Deeign - The duct imlets for both systems are
dasigned to operate as efficiemtly as possible through
the runge of air speeds. This presants a considarable
problem in controlling the amount of air entering the
engine, and also in maintaining smooth air flow through
the numerouws sbock configuretions prosemt fin the duct.
Studies show the best solutian to these prodlems 1p 2
double angle fixed ramp in front of the ialet 1ip, with a
movable section aft of the lip to control the shock waves.
Since the inlets on both airplanes are designed te supply the
sacunt of alr neseded for top speed operution therw is a bypass
system L0 remove murMWbyﬁaW

UNCLASSIFIED
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at lover operating speeds. In order to remove the
turbulent boundary layer u;- from the reamps and duct,
three aspaante bleed systams are used. This separetion
of the bleed system as to lov, medium or high pressure
ares being bled prevents s high pressure bl@ fran
reversing the flov and dumping into s lov pressure ares.
On the Phase III design, a separute cowl is designed to
limit the amount of air entering the duct iu low super-
sonic region. This cowl is installed due to the low net
thrust of this engine installation in the region of Mach
1.0 to 1.5. 7Thies characteristic {s due to the poor off-
design performance of an inlet designed for high Mach
pumbers (Mach 4.0}, Two effects are responsible for this
lov performance:

a) large Famp Drag - For efficient high speed operation,
the initial renpe have high turning angles, high remp
pressures and high resp drugs at transemic speeds.

b) large bypass and/or spillage drag - When the inlet
capture area 1is sized for efficient high mpeed operstien,
the resultant capture ares at transonic speeds providsa
far more air than the engine can use. This excess alr
mst be either bypasssd or spilled. Either of these
creates high drmgs.

These drag items are subtructed from gross thrust te

obtain pet thrust and reach 2 maximm in the region af Mach 1.0

to 1.9. Pour methods wvere studied to achieve more efficient

FSS?FED operstion in thie 1'-¢¢l.an on the Phmss III design:

= trl.v X a7

UNC
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a) Jettisonable rocket unite to augment the thrust in
the region of Mach 1.0 to 1.5
b) Additional air-turbe.rocket engines
¢)  Progreamming of flight to dive the sirplane through
this rTegiom
4} Addition af Jettisomable cowl to restrict mirflow
at low apeeds
A velight penalty was calculated for each of the abeve
alternatives. The Jettisonmable covl received the ammllest
renalty and vas choesen as the best solution. This cowl
is jettisoned at approximately Mpoh 1.5 and sub.
sequently desyroyed Ly s series of smnll explosive churges
placed in the cowl.
7.2 Wing Configuration

7.2.1 General - The ITH 7Ol Configurution Analysis Progrem system-
atically varics the wing desigr paramsters to obtaln an
aimlane of lightest gross weight for each parameter com-
sidered. The wing configuratiocns of both Fhase II 1/2 and
Phase 1IT desigus are obtained in this manner.

7.2.2 Aspect Matio - Aspect ratio lu necessarily smll for high
epecd airplanes. High aspect mtie for these eonﬂmnti,u
would result in higher dreg with an attendent incremse in
structural weight plus an added structural penalty for
vivration and flutter.

T7.2.3 Amgle of Sweep™ - Drag can be effectively reduced fer super-
~UNELABSIFES ™
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stability is also decreased for lov eneed anplicatious, sveep
angle can only bte increased vithin certain bounds. The sweep
angle for Fhase III can be larger than for Phase II 1/2

since the decrease in wing loeding allows take-off and landing
oparations to take place at lower 11rt coefficients. Obtaining
thia large sweep angle and lov aspect ratio results in the
delta wving design.

Thickness Ratio - Thin vinge are desimble from a standpoint
af reducing drag ev.n though wing structure is heavier, How-
ever, the ainimum velue 15 restricted by detail desigu, avail.
able mterials and manufacturing technigues to obtain the
required strength. For the time period considered, it 1a
believed that & wing with a 3% ratio between thickness and
chord is that limit for these deeigns.

Stability

7.3.1 longitudipal - For balance ressoms, the wing 1s placed at

the aft epd of the fuselage. This limits the location of
the horizontal stabilizer to two possibilites,

a) Oo booms cxtended aft of the engines

b) On the fuselage forvard af the wing
locating the borizontal aft of the wing reguires sdditional
structure plus the problams of buffeting and over-
heating due to the passage of exhaust gmses. The horizental

stadbilizer is, thercfore, located on the forwvard fuselage.

UNCLASSIFIED
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Tc achisv the required degree of static and dvoamie
stabllity throughout the airplanes speed range, the caoard
miat be either seredvmmmioally or artifically free-floating,
Studies made on Other of the Contractor's projects show that
the artificial msthod results in the lightest weight., This
is due mainly to the excessive flutier tendsncies svern at
moderata indiceted sir speeds of the ssrodynsmic free-
Tloating system,

Directiooal Btability., - Study indicates that for tha same
total ares one or two vertical stabilizers are equally
effective, however, the fual configuratio chosen becsuse
it wveighs less. The stadbilizers are moun... .n the upper
aft section of the fuselsse, The Poase III dseign has
Tolding wing tips for added smility st high Mach ousbers

and high srjles of attsck,

T.h Contral. -

7.“.1

T.h,2

Llateral. -« A study of the effectivenses of spollers and
silerons wvas conducted to determins the best design for
each atrplama. Both systems give the sume mponic and rate
of roll, Ailerons mars selected,for the Phase II '1/2 design
since they require lese structural and installation wveight.
Spoilors are selected for the Phase III dseigr sinee Cor
this wing configurstion ground clemramnce ies a problem vwith
the long chord sileron required.

Directional, - Rudders are selectad for directiomal gsontrol
in lisu of all-mowableq tails for weight reasons.

UNCLASSIFIED
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T.4.3 Longitudiml, - Investigation reveals that the all-movablse,
auto-stabilised eanard is lighter and more effective over the
ontife speed ranms than elevators, This is ‘uloetcd for
both designs,

7.5 Equipment, -

7.5.1 Genaral, - Although the 115P Weapons System sirplanes are
doeigned for minimus welight vith a single reconoaissance
capability per mission, altarnats aquipasnt configurations
Tor more camplste coverage wre investigated ss Doted below,
The effect oD gross weight of incressing equipment for edd-
itional coversge at the samt altitude, rangs amd weloeity
is shown in figure 1k on page 39 of this report, This study
was conducted for Phase II 1/2 desizos only. The results
shown can be applied, gualitatively at least, to Fhase IIX
designe.

7.5.2 Altermate I, - This configuratiom differs from the dssigm
configuration by the addition of certain eleectronics equip-
mant to be added to the Yasic fixed electronics squirment.
This consiets < long range cammunicstions, guidance reder
and other items to malkn & complete fixed eleetronic inatal-
lation. 7The increese in equipment weight totals 669 pounts
over the éssign load, This osnfigurution requires no
edditiomsl crew,

7.5.3 Alternmsts II. - This coufiguration sonsists of the fimd
elsctronics of Altsrmate I plus eithar of the following

UNCLASSIFIED

e ii *‘

»




UNCLASSIFIED

NORTH AMERICAN AVIATION, INC

INTERNATIONAL AIRFOAT
LOS ANGELES 45 CALIFORNIA

|

i

Mt

TS5k

%r‘t b. “-56-521
21

reconnaissance installations:
#) Radar reconnaiesance, search photo and complate
pulse ferret,
b) Redar reconnaisssnce, detail photo and complete C.W,
ferret.

Either of the above reconnaissance installations glves
the airplane oedium reconnalssance cepability per mission
wvith an added eguipment weight of L209 pounds, over the
design load, This installation requires a crev of two.
Alternate 111, - This configuration consists of the complete
fixed elecironice equipment nlus squipment for complete recon-
neissance capebility psr nmission. This installation adds
approximately 6650 pounds of equipment over the design load

and requires a crev of two,

T.6 Btructural Design Criteria. -

T.6.1

7.612

Genaral. - Barly in the study it was dsterwined that by estab-
lishing the new dssign eriteris set forth below, a con-
sldersble veight saving could be effected without sacrificing
the basic reconnaissance mission, The effect of these criteria
on gross weight of designs which meet ths Phase II 1/2 require-
merts is shown ip figures 15, 16 and 17 on pages &0, 4l and 42
of this report.

load Fector. ~ The limit load factor is reduced to 1.6 since
the mission is perforwed at high altitudes vhere gust loeds

are at a minimm, Ultimate load factor is establiaded at 2.0
or 1,25 times the limit load factor,

UNCLASSIFIED
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T.6.3 Design Dynamic Pressure. - Deaiugn dynamic pressure is esstab-
lished at 1500 psf supergonically and 500 psf subsonieally,

7.6.4 Accessibility, - With the assumption that msintenance peraconnel
wvould be highly skilled and bases of operation wvell equipped
for maintemance, access doors are reduced to s minimm. The
resaining doors are of the structural type for maxtimun
structural efficiency. It ill not anticipated that this will
greatly curtail saintenance time since the results of a recent
surveyY by ths contractor indicate that approximately only
4 1/7% of msintenance time i consumed in opening and closing
access doore,

7.6.5 Design Might Houre, - Mgure 18 presents a plot of Design
Flight Bours versus takxe-off gross veight. The term Deaign
Flight Hours 1s defined as the flight time in vhish tha airplane
will have a 50-50 possibility of exceeding limit load factor
due to gusts,

7.7 PFerformance Envelope, - The curves presemted on figure T were
gsnerated by the Configuration Analysis Program which uses the
IBM 01 digital computer. Using desisne vhich emploved vuriocus
engine~-fuel combinatiorns as base-point-airplanss, the program
determings the engioe size, fusl load and airfyeme geometry
that results in the minimusc veight design for esch of s range of
piniwun cruise altitudes vhile holding total raoge constant,

The saries of dssigns vhich are chosen to represent the

conventional msens are those similar to the Phase II 1/2 eub-

'8 &)

mittal design. It is noted that the Phese IX 1/2 submittal
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design can only use full size versions of the I279 for eugims
avalladbility ressons, vhile the optimux engins sise from s
veight standpoint is somevhat smaller. This fact is responsidle
for the abcve diffsrence since the curve plots only optiwmm
dssigns.

The curve representing the saximum altituds attainable by
special moans is composed of three series of designe as showm,
This illustrates the fact that the type of design vhieh will
result in minimm weight depends upon the design altitude, The
portion of this cuwrve which uses deaigns similar to the Phase
111 submittal 4design does ineluds the submittal design. It 1s
asnmed in this case that a acalsd version of the AIM-2010 can
De mads available in the required tims.

8,0 JODIFICATION OF SM-OhA NISSILE
8.1 As a part of this study, the comutractor wvas requested to eal-
culate weight and performance charscteristice of a SH-GMA (EAVANO)
nisslle modifiad o contaln a pllot. A summary of these owl-
culations is shown in figure 19, page bh,

This modifisation 15 made in the following manmr:

s) The BN-6hA mold lines resmin dntact exvept for
the addition of a pilot's cenopy.

b) The SM-64A power plant amd air induotion eystem
Temaln the same.

©) Space is allotted within the fuselags for the
rilotes compurtment, elécironic and reconusissamnce
equipment bays and landing gear wlls, The
resaining spase is fillad with fuel,

UNCLASSIFIED
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4) Additional engines for powered landings ere
ot addad as vas the case in all other rasjet
dosigns considsred,

e) The same structural and design criteris as all
other designs Tresented heresin are used, (1.e.
losd factoo, dssign dynamic pressurs, Design
Flight Hours, etc.) so that the structure is not
the same as ths BM-6LA but 4nes reflect the
Contractor's practice for s pilloted aireraft of
this type.

The existing lst stage booster 15 used to reach the maximm
initial cruise altitude (53350 ft.) and velocity (Mmch 3.25).
The second stage vehicle then cruises for approximately 36830
nsutical miles in 1.7h hours,

All ths fuel, incliuding the normal allowance for reserve,
is consumed during this cruise period since auxiliary engines
for subsonic cruise and landing ere not eadded, lLanding is neces-
sarily with power off for this comfiguration.

UNCLASSIFIED
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MIGBI0N MROFILE
@ o O 2
®
@ ®
(ga/—/ /\@
- N0 Miles o

Fuel sllowance to start enpines, taxi, and take-off is five minutes
of normal power,

Climb out to 27,000 feet using military power st 365 knots RAS
(q = 500 paf) linit speed.

At 27,000 feet hold clisd speed to 560 knots TAS and continue clisb on
military power to 36,000 feet.

Level off at 36,000 fest and aocelerate to Mach 1.5 vith maximum power,
Climb with maximwm power from 36,080 feet and Mach 1.5 to 61,500 feet and
Mach 3,2 without exceeding 665 knots BAB ( q z 1500 pef) limit speed at
anv time,

At 61,500 feet limit speed to constant Mach 3.2 and eontinue clisb to
75,000 feet.

Level off and cruise at 75,000 feet at Mach 3.2,

At point vhare best cruise altitude equals 75,000 fest, initiate eruise-
climb at constant Mach 3.2 apd continue eruise along best eruise sltituds
yprofile,

At descent point, retard throttle to idle and initiate optimm distance
glide with rradial dsceleration as allowed by altitude.

Puel allowance st ses lewvel landing point for reserve and landing is
10 percent of oririnal fuel,
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Pl allowence to start engines, take-off, apd sceslarate %0 bPest subscmia
eliph speed 19 fiwm uinutes of poreal etatie sea lewl thrust,

Clims on courss st best subsdnie olish epesd to 36,099 feet.

' Agoalersts oo eoree te Waoh 2,1 ot x,owfmuthww.

Cliwd and acoslerate ou course to Mach 4.0 and 88,500 fest wvith maxismwm
pover,

Clisis on ecurse vith stxism thrust to 100,000 feet at Magh 4.0 within
30 nastieal miles af take-off point,

Cruise on coures with up ¢o wawimm thrust ot Mach A.0 &t sltitodes for
best ¢ruimm, aot lews them 100,000 fest, to & point 20 nautieal =iles
from the tals-off point,

Begin epeed and altitulde Ssurvese 6t 2X0Cwwile podnmt, throttle ensimes
bask to {dle setting, and eemtime o2 eturse % J00-mile landing point.

Nsl dldvwerse for yeserve oid lLuading 48 10 pereent of indtial fusl.

Note: ALl fusl flows wre ineTeased § purwent a3 & seTvice telaruase,
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1965 Btudy Ramjet o Yoo Yes Mo Yes i
1965 Mudy Ramjet JP o Yes Yes o Yes
1965 Advanced Studv Ramjet Jr o You Yes © Yes ¥
® 1965 Advarsed Btody Remjet IIP %o Yes Yor B “ﬁm
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PHAEE II 1/8 PEASE III
[ ]

ENGINE ALTIRUDE
LDOT ABOVE MIN.
CRUIAR ALTTTUEE

DATA
AVALLARILITY
Yeos
Yes
Yeos
b {
Yeos
T

m Il
Yos
Yos
b ¢
Yo
Y
Tes

.
3 B,
a CBE
B =§ 8s 223
"’ﬁﬁ
2% f

Eas.

HGINE & FURL

S g

i
i
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PR e ST W

ERI-DN, CORMIAN
s.r.c. &
EWCTRE & FURL Yoo /v “Lpar
JT9A.20 JP 2.69 1.269 3.0
Jo9g (700-B3) JP 2.87 1.M8 3.0
m—gm J"' 2-335 i» 6’*35 gg
;ESTB -lfg b, 15 1.03 3.0
*1RC17 JP 3.02 1.590 3.7
J-85 " 2.0 >
82110-83 > 2.0 1.20 2.0 0
Joh-vg I L 1.09 3.0 E
-
ATR-1010 JP + B0 5.29 b.08 k.0 s>
20,0 R, 1.066 2,147 N0 >»-
3010 Acetvisnie 3.38 2,14 4,0 Eé i
9-MA-1 P 3.5 2,15 3.5 L
T-N-7 JP .38 3.8 3.2% 4
1960 Btud Remjet Ir 2.6T5 6.7 3.2
1960 Btudv Ramjet rI® 2,16 8.9 3.2 344
1960 Btudv Remjet . 0.95 8.9 3.2 1=
1 Stud; Ramiet %: 0.97 1.635 4.0 335
1965 Studv Ramjet A 2,60 1.832 kO z =
1965 Studs Ramjet Jr 2.635 1.635 4.0 > 9
1965 Mwanced 9tudv Ranmjet JP 2.k2 1,667 kO !
1965 Advanced Btudv Ramjet A1 g 1.553 3.33 4.0 >
1955 Advanced Studv Ramjet Hy* 868 1,667 4.0 e
R-T3=AJ=1 Wr + JP 1k.05 37.6 Mo Limit
’ Ssudr Rocket 10X + JP 12,59 68.5 % Limit
** Study Rocket LOX + B4, 11,00 %.7 o Limit
" g4 04 Rockst ?, + M, 11,38 .2 fo Linit z -
g HOTE: * On the besils of the information presented here, hrdropen fuels would appear to be the best in all cases,
t Bowever, due to its larce specific wolume there are drag and weicht penalties involved in the use of & k3|
.‘ hdromen fueled encine, Therefore, no contlusion can be resched as to the rela%ive merits of hydromen '
: fusl without incorporating this tvpe of engipe ioto & completa airplane desgign.
% The characteristics of these two studv rockst motors are a0 sizilsar that only one, the LCX plus Hvdraszine
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PHARRE II 1£2 BIVILE BTAGY
Engine Desipgrmtion 27
Puel T mpe 1888
Taka-off Gross Weicht 1k, 207800 LV U]
Cruise Condtition: Initial Altitude ™. TS000 TSO00
Mach Wusber 3.2 3.0
Lify - Drag Ratio 6.h5 6.55
Specifie Puel Consumption Per Ar, 2,52 2.6
Total Ranne LR WS 020 2936
Veisht Burmary: Btructure Lbe, 38006 91
Power Plant Lbe. 13288 37655
Mlaed Equipment lbs. 1178 12029
Pug)l Swtem Lbs, 3929 3750
Ml Lbe. 120399 114886
Pia). Uped: 5 Nin, BLS Normal Power Lbe. 5840 S090
Achiewe Cruise Bpesd and Altituds 1bs. 28580 29050
Cruise Lbe. To88T 6R16
i14e at Idle Power Ibs, 1092 1140
Peverve 1bs, 1200 11489
Pistance Cained: Achisve Cruise Bpoed & Altitude N Mi, 25k 288
Cruise K.Me. 2566 2092
0l1i4e at Idle Fower K., 200 196

Jhg" TJ32C17
1888 LRSE
207900 207800
75000 TS000
3.0 3.7
6.55 5.50
2.87 1,02
2ks52 2600
39x) 37000
3375 356085
12029 12h28
8P 3860
ns8née 118807
#0010 2020
18P 31450
6T na7s
1220 1
1187 11881
2h8 00
2008 2055
196 248

‘ﬁf J85
207900 37&0
3.2 .8
k.53 18,0

» 505

2889 2940
64300 99090
50925  3ThOO
12178 12200
15667 12700
€T #5610
1 Thio
10250 380
hbdgs 2609
B 3T
6473 6l
25k 158
2395 23X
200 258
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FORm 18-6.1 AEY. 2-47

ERCINE - PURL COMPARISON
PHASE 11 1/2 TWO-BTAGK

BEngire Desirnation
Pup) T pe

Take -of f Oross Veight

Second Btace rose Welght

Boostar Cross Weight

Crutss Cordition: Initial Altituds
Mach Nmber
L1f¢t - Orao Ratio
Bpecific Fuel Consumption

Total Rangs

Velpght Bumwmrv: Btructure

[B8sccnd Stase Only) Power Plent
Miwed Bquipment
Pus) Svatenm
Fasl

Foel Uged: 5 min, B8.1L. Normel Power Achisve
(Becond Ptage Only) Cruime Bpaed and Altitude
Cruipe
Glids at Idle Power
Reverve

Achleve Cruise Bpeed & Altituds
Crulse
Glide at Tdle Power

Distances Gained:

-l
-

I1ba,
1bs,
Lbs,
|

Per Hr,

RI47 #1960 Btudy Ramjets — — o~ XIR-T3

207, A0O
116,000
91,800
75,000
1.5
5.96
2.38

2,705

R LOX Plus
207,800 207,800
116,000 116,000
91, %00 91,800
75-(;02 32-“’3 p: y.d
\.18 0 o &=
- I
2,7 83 Q2 ; p
’...
28,500 2,320 Esg‘- >
20,5% 8, 330 IEAN
10,678 10,678 20 ‘N
6,240 1,6% siz 075
5!%2 .9.8"2 y E) :m
.- .- i< "M
- - - - i?‘ {ﬁ
23,267 ki, 058 o U
2,58 b, 30k i
z
Y 0
2505 k) '
1 820

——
T N e o st e, e
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Lt

roRm 19-9-1 REY. B4t

DEIEF FUN. COPARISN PEASK IIT TVO STIGE
Btudv Buad. -
Enrine Desi-mation RS Ry

Puel Tvpe LBs8 zIP
Take-off (ross Weirht Lbe, 206800 B06A00
Second Stare Oross Weight Lbs, 12760 127600
Booster Troes Weight Lbe, 79200 TI200
Cruise Condition: Initial Altitude P, 100000 100000
Much Bumber 4,0 %.0
Lift - Dra~ Ratio 6.10 6.10
Bpeeific Puel Oonsumption Per Rr. 3.150 2.32
Total Runge . N, My, 1225 1565
Weipght Sowar: Srusture Lbe. 23020 2320
Blage Power Plant Lbs, 22705 22795
Galy) Plged Equipment Lbs. 15695 15605
Puol 8 stem Lbs, 572 560
Puel Lbs. 17228 1NkO

Puel Used: 5 Min, 5.L.6, Norml Power - - - -
(Seccad Achieve Cruise Speed &k Altitude Lbs. - - - -
Nage Cruise 1bs. 1550% 15426
Oaly) Glide at Ydle Power lbe. . - - -
Aeperwy Lbs, 17123 171k

Distance Oained: Achieve Cruise Speed & Altitude N, Mi. A5 ks
Cruiee N, M4, 9N 1310

Cl1{de at Idle Power N, M1, 210 210

&

gtud -
RJ

127600
79200

.0
5-%
1.130

2455

26950
21835
1565

2610
12120

10908

1212

45
1800
210

Btud -
Rocket
Lox & H draripe
BOEBO0D
127600
1200

100000
4.0 - 5.1
6.10

11.4G

1110

23020
5230
15685
1115
K150

3073'5@
3415 ‘
]

55
1020

o« oy

¥
¥
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E== Poe b4
DESIGN BRTEP
NODIPIED UBM-64A
gp¥e.-
Thke-off Oross Weicht - Lbs, 300,152
Booster Bt Welsht - lbe. 169,200
Becond Btare Weicht - lbs, 130, k52
Boostar Stare Fuel Weisht - Lbe, (LOX ¢ JPS) 156,700
Berond Btave Puel Weieht - Lba, (JPS) 8k, 3710
Initial Cruise Altitude - ™, 53,350
Cruise Veloeit: - Mach Mo, 3.25
% Panpe - Nautical Miles 3,950
Pinal Cruise Altitude - Ft, 7,80
Becond Stane Propulsion (2) XRJUT-W-T7 Ramjet Enginee
Wins Area - Sq.Ft, 761
— Ving fipan - M, k2,75
; Tuselare lensth - P, 87.3

)
3}

il

® Includea: (1) 3 N, Mi, for initial lmunch,

(2) 90 N, Mi. glide sfter cruise,

(3) Rance at 100§ fuel used
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