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1.0 INFRODUCTION
The Contractor has completed a study on a piloted special reconnaissance
wveapon system for use in tactical and strategic reconnaissance oper-
stions. The basic intent of tnf:f report is to summarize the performance
requirenents affecting the airplane design, the design assumptions
used, and the dssign features of the selected airplane. Purthar, tts
envelope of maximum cruise altituds vs, airplane weight achievable by
conventional and special means is presented. Finally, th% sSummAry
gives a discussion of the design festures including propulsion systems,
aireraft configurations, equipment configur‘utiou, and structural
design features. i\\ror a pummarized result of the complete study refer
to Report No. M-56-520,

2.0 APPROACH

2,1 Problem, - The problem is to find the best design that meets
the given requirements and falls within the given assumptions,
The best design is defined as being the lightest weight design.
2.2 B8olution, - The approach used in solving the problem is outlined
by the following:

2.2,1 Btudy i1s initiated within each of the equipment groupings
(engines, fusls, comtrol surfaces etc.) to eliminate the .
alternates vhich either:

a) do not meet any one of the requirements, or
b) have inferior weight and performance character-
istics on all counts when compared tc any other

alternative,
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2.2,2 The remaining alternatives are systematically studied by
a) incorporating them into airplane designs, and
b) optimizing each of these designs to obtaim th=
smallest g@ross weight that will satisfy the per-
formance requiremsnts.
2.2.3 The deaign vhose combination of design features results in
the lightest gross weight of all is the best design to meet

the requirements.

3.0 Ar REQUIREMENTS

3,1 Phase II 1/2. - The general requirements for this design are as
follows:
a) Minimum cruise altitude - 75,000 feet
b) Range - 3000 nautical milees with
2400 at the cruise altitude
¢) Operational - daylight photography, high order ferret
and radar reconnaissance
4) Operational date - 1958
3.2 Phase 111, - The general requirements for this design are as
follows:
a) Minimum cruise altitude - 100,000 feet
b) Range - same as Phase II 1/2
¢) Operational - same as Phase II 1/2
d) Operational date - 1960

k.0 ASEUMPTIONS

k,1 To achieve lowest the possible gross weight without sacrificing

mission capabilities the following criteris is used for each design:
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a) Communication and guidence electronics are reduced to
the minimum,

b) Reconnaissance equipment is packeged for different
type missions, with only one type mission being
sccomplished in each flight., This is not done by
sacrificing reconnaissazce coverage or resolution, but
is done by increasing the‘ number of flights or airplanes
needed for complete coverage by all types of reconnaissance.

c¢) Highly skilled maintenance and flight personnel and best
available shop techniques are to be utilized.

d) Low gust conditions for high altitude cruise conditions
allov the limit maneuver iced faétor to be reduced to
1.6,

e) Maintenance access doors are of the structural type and
the number reduced to & minimm.

f) Operation of engines is at point of highest efficiency.
This may result in higher temperatures and RPM at the
expense of engine life,

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

5.0 CONFIGURATION

5. Phase II 1/2, - The mission profile chart, general arrangement
and inboard profile drawings for Phase II 1/2 design appear on pages

25, 26 and 27.

SECRET
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5.1,1 Pover Plant. - Four (4) General Electric J79-X278 turbojet
engines equipped vith afiarburners using LB88S (land Based
Supersonic) fuel are located in the aft fuselage,

5.1,2 Inlet Design. ~ A two dimensional fixed ramp type, side duct
inlet and & variable geometry duct is used for esch pair of
engines. For maximua efficiency, a bLy-pass system and
boundary layer bleed are employed.

5.1.3 Gecmetry, -

8) Wingarea - ~ = =~ v« =« « o = = = « « 2757 £¢.2
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b) Aspect ratio -
¢) Thickness ratio
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d) Angle of SWeep « = = = = = = « = = 52,41°
e) Ving span = - = « « = c c o = = - - 64,9 P,
f) Overall lenmgth « = ~ = = = = « = « 121.3 ft.

5.1.,4 8tability and Control, -

S.1.4.1 Directional 8tability and Control, - Directional stability
is achieved through the use of two upper mounted vertical
stabilizers. A rudder on each stabilizer is used for
directional comtrol,

5.1.4.2 Longitudinal Stability and Control. - The haorigontal
stabilizer (canard) is mounted forward of the wing on
the forward part of the fuselage. The surface is all
movable and auto-stabilized to obtain longitudinsl control.

5.1.4,3 Lateral Stability and Oontrol, - The excessive lateral
stability inherent in a highiy swept ving is offset by
ving cathedral sc as to reduce the dutch roll tendencies

SECRET
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of the dasign to an acceptable level, Lateral control
1s achieved by the use of ailerons,
5.1.5 Egquipment, -
5.1.5.1 The equipment is divided into two primary groups:
5.1.5.1.1 Basic Electronics, - This equipment is defined as that

vhich is alvays present in‘'the airplane for normal com-
munications, flight control, identification, etc. This
group vill consist of the following items totaling
approximately 1002 lbs. in weight and occupyving 20.1
cubic feet of spece:

ARC-52 Command Radio

APX-19 with SIF Ground-to-Air IFF Transponder

APX-27 Air-to-Air IFY Transponder

ARA-37 UHF Direction Finder

NC Auto-mavigator

Standby Platform

ART-27 Crash Beacon

Automatic Mlight Control System

Night Programmer and Time Position Correlator

5¢1le5.1.2 Reconnaissance Equipment. - This equipment is defined
as that required to carry out the mission. The mission
requirements have been divided into 5 types. The
equipment equired for each mission is listed below,
5.1.5.1.2.1 8Search Photo. -

a) 18 inch split vertical camera - 2 req.

SECRET
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b) 30 inch oblique camers - 2 req.

c) Btabilized mount

d) System control
5.1.5.1.2,2 Detail Photo. -

8) 48 inch camers - i req.

b) Stabliized mount

c) Bystem control
5¢1e5:1e2.3 Radar Mapping. -

APQ-56 High Resolution Radar Bystem

5¢1.501.2.4 Perret System, -

a) .D-1 D/F equipment (1 - W MC)

b) DLD-2 D/PF equipment (30 - 1000 MC)
5¢le5.1.2.5 Radar Mapping System, -

a) Asimuth redar, indicator and camera.

5.2 Phase III, - The mission [rofile chart, general arrangement and

inboard profile drawvings for the Phase III design a;z;:ar on pages
28, 29 amd 30,

5.2,1 Power Plant, - Four (h) Aerojet air-turbo-rocket engimes (AR
2010) 103.1% sise, using hydrogen fusel are located in the aft
end of the fuselage.

5.2.2 Inlet Dasign, - A two dimensional fixed rsmp type, bottom duct
inlet and a variable geomstry duct 4is used. For maxisum
efficiency a bypass syster and boundary layer contral systes
are employed., A cowl is installed over the lower section of
the inlet during take-off and lov speed flight to reduce duct
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airflov for maximuc duct efficiency at these speeds. This

covl is jettisoned at approximately Mach 1.5, and subsequeutly

deetroyed by a meries of small explosiw: charges installed in

the covl,

Geometry, -
0) Wing ares « = = = = = = = « = - = = 6600 £t.2
b) Aspect ratio - - - - « - « = «=1,0
c) Thickness ratio = = « « = = « = = =« ,03
d) Angle of sve€p = = = ~ = = = = = = TL,61°
e) Wing span - = = « = = -« = - - - - T9.898 ft,
f) Overall length = = = = = « = = - = 181 ft,

Btability and Control,

5.2.4,1 Directional Stability and Control, -

5.20h.2

5.2.443

Tvo upper mounted vertical stabilizers are located at
the af't end of the fuselage, and in addition the wing tips
fold down after take-off to increase directiomal stability
at high speeds, Control is obtained through the use of
rudders mounted on the vertical stabilizers.

Longitudinal 8tability and Control. -

The horisontal stabilizer (canard) is mounted forward
of the wing on the forward section of the fuselage. The
surface is all movable, and auto-stabilized for longitudinal
control.,

Lateral Btability end Control, -
The excessive lateral stability inherent in highly swept

wings is offset by wing cathedral to reduce dutech roll

SECRET
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tendencies to an acceptable level., Hpoilers are employed

for lateral control, lateral trim is achieved from a tad
installed on the left band wing panel.

Equipment, -

5.2.5.. The equipment for the Phase III dssign is divided into the same

categories as on Phase II 1/2. The bdasic electronics are the
same, and although the reconnmajssance equipmsnt specifications
for the Phase IIl design are more exacting, it is belisved
that for the time period considered the two systems will
canpare closely in sise and weight, For the Phase III Redar
Mapping System, however, a side-looking Coherent Doppler system

is used in lieu of the APQ-56 syste=.

5«3 Operational Date. -

5.3.1

5.3.2

Phase I1 1/2, - To meet the Air Force operational dave requirement
of 1958 would require that the Contractor have a design in the
Prototype stage of davelopment® at the present time, 8Since there

is no such airplane that could be modified to meet the Phase II 1/2
requirements, the earliest operational date is deterwined mainly by
the Contractor's, ability to design and manufactures the airplane
from the baginning, 1961 is the earliest possible operational

date under these circumstances. This estimate is based upon approx-
imately 2 months dslay in order to have the engines and oq_uip-

ment available to support this prograx vhen required, ‘

Phase III, - The FPhase IIl program is primarily dependent

upon engine danlepsﬁt t0 ashieve the required performance.:

B8ince the engines for this program can not be made available

until 1963, this is the earliest operatiomal date for the |

Phase 1II program.

SECRET




NORTH AMERICAN AVIATION, INC.

INTERNATIONAL AIRPORT
LOS ANGELES 48, CALIFORNIA

SECRET Report No. MA-56-521
Page 9

0.0 Performance Envelope - The submittal requirement as outlined in

section 1.3 of the Statement of Work asks for the maximm altitude
capability ve. flight Mach number. This ias altered so as to
plot the maximm altitude capability ve. airplane groea veight such
that for each grogs weight the flight Mach number used is that which
glves the highest cruise altitude. This envelope is shown as Figure 7
on page 31 of this report. The lower boundary is defined by designs
similar to the Phase II 1/2 submittal airplane which is of con-
ventional design. The uwper boundary consists of three designs.
Below 83600 feet the maximm altitude capabilities are achieved
by designs using scaled versions of the X278 engine burning Zip fuel
in the afterburner. Betwveen 83600 and S5k00 feet designs using
scaled versions of the X278 burning hydrogen fuel achieve the highest
crulse altitude. Above 85400 feet designs sikilar to the Phase III
sutmittal design have the highest cruise altitude capability.
7.0 Discussion
7.1 Propulsion
T.1.1 General - In determining the engine-fuel combination to be
used for the submittal designs the first step is to check all
the possible engine-fuel combinations for the following
requirements:
a) A 50 hour test engine-fuel combination must be
available approximately 20 months before the

opcrational date.
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b) The engine-fuel combination must have an altitude
limit above the required minimum cruise altitude.
¢) Performance data sufficient to eveluaie a design
which uses the engine-fuel combination must be
available at this time.
Figure 8 on page 32 of this re’port liste all the engine-
fugl corbinations considered in this study end notes whether
each satisfies the above requirements. Those which 40 not meet
any one requirement can be eliminated.

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

a) S8pecific fuel consumption (S.P.C.) at 1imit Mach number
and minimmm cruise altitude.
b) Engine thrust to engine veight ratio (T/W) at limit
Mach number and minimum cruise altitude.
c) Limit Mach number (i 1ymit)
The affect of these performance parameters on the airplane design
is the following: 1lower S.F.C. means greater endurance, higher
T/W means less engine weight, and higher limit Mach number means
greater range.

Study indicates that meximum range and altitude are

achieved when cruise is performed at the highest possible speed.

This is due to the increase in engine thrust-per-pound-of-weight

SECRET
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and miles-per-pound-of-fuel (speed divided by fuel flow)
vhich accompany an increase in speed. The above effects
more than off-set the added structural penalty for increased
skin temperatures.

Therefore, the above performance parameters are given
at limit Mach number and minimum cruise altitude in
order to present a fair comparison between engine-fuel comb-
inetions. Figure 9 on page 34 of this report lists the
engine-fuel cambinations that survived the first elimination
and compares the above parameters for each of theam. Those
that show all three parsmeters to be inferior to some other
combination may be dropped from further studies.

Engine-fuel combinations which cannot be eliminated from
consideration by the above comparison must then be incorporated
into an airplane design for final elimination. A comparison
of these designs is presented in Pigures 10, 11, 12 and 13.

All designs listed ere compared on the basis of range
for equal gross weight with all design features being
comparable. This finel chart indicates the reason for the
engine choice on both Phase II 1/2 and Phase III submittal
designs.

7.1.2 Engine Types
7.1.2.1 Ramjet - The relatively high thrust-weight ratio and
average specific fuel consumption mske this type of

engine an item of consideration. However, since & ramjet

SECRET
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requires a booster stage to obtain altitude and cruise
speeds and an APU unit to operete the equipment, the
increased wveight associated with this design eliminates

it from consideration for the final design.

Turbofan - In general, turbofan engine altitude cap-
abilitics and supersonic cruise specific fuel consumption
are not fevorable for either Phase 1I 1/2 or Phase III
requirements. The performance characteristics coupled
wvith questionable availablility are sufficienl to eliminmate
it from con:ideration.

Turbojet

T.1.2.3.1 General - Turbojet engines ucing LBSS fuel are considered

superior for Phase II 1/2 designs, since these engines
accomplish the mission at less gross weight than the

other available types of engines.

/.1.2.3.2 Subsonic - The General Electric J-85 was investigated for

possible use in a subsonic reconnaissance vehigle for
Phase II 1/2 requirements. Fuel was limited to liquid
hydrogen since couventional fuels limited the cruise
altitude to below 65000 fect. However, since this design
does not meet the required range and lacks the passive
defense capabilities of supersonic flight, it was not

considered for final presentation.

7.1.2.3.3 Supersonic - The General Electric J79-X278 is chosen

for instellation in the final design. PFigure 7
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presents & plot of take-off gross weight versus altitude
for this engine, using verious types of fuels. Zip
and liquid hydrogen are superior to JP-5 fusl from a groes
weight consideration, hovever, availability of Zip fuel
and operational problams of hydrogen fuel 4o not wvarrent
their considsration for the time period of the Phase II 1/2
design. Altitude limitatious of the J79-X2T8 engine
40 not permit its use in Phase III designs.
Alr-Turbo-Rocket - The altitude requi rements of the Phase
111 design require the use of unconventional fuels and an
sdvanced engine design of high supersonic capabilities. The
eir-turbo-rocket engine has these characteristics and {s
selected for installation in this design. The Asrojet ATR-2010
using hydrogen fusl is considered to be the best engine-fusl
combination. The use of hydrogen fuels will require con-
siderable development, howvever, this engine vill Le available
by 1963,
Rocket Engine - The high specific-fuel-consumption even
vith the more exotic fuel-oxidizer cambinations more than
offsets their high engine thrust-weight ratio for long
range vehicles.
Rex Engine - The latest information that the Contractor
has received is camtained in Garret Report RD-LR dated
15 February 1956. This report does not include sufficient
data to completes & design study besed on this engine. It
is felt that the ATR-2010 engine cycle reflects somewvhat
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the potentialities of the Rex III cycle and that further
study is warranted. lowever, no quantitative caomparison
is available at this time.

Engine Installation - The primmry factors determining
location of engine installations are as follows:

a) Low drag

b) Low duct lossee

c¢) Minimum exhaust impingement on other parts of

" the airplane

d) Minimum structural weight
The engine installation for both Phase II 1/2 and Phase IIX
ie located in the aft fuselage for minimum frontal area and
therefois less drag. Duct losses are higher for this instal-
lation than for ving-mounted engine pod, but friction drag,
wvave dreg and interference drag will be considerably less.
It is 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 Placement

7.1.4.1 Phase II 1/2 - In this design the cross-sectional area

of the forward fuselage is primarily determined by the
equipment installation. The most efficient and practical
configurstion is rectanguwlar in nature. With this design,
side ducts are utilized since they can be faired directly
into the sides of the envelope containing the engines and
thus present the most efficient configurstion wvith the ain-
imm frontal area and thercfore dreg.
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Phase III - In this design the cross-sectional area of

the fuselage is primarily determined by the large volums of
low density hydrogen fuel. The most efficient and prectical
design 1s determined to be elliptical in nature vith a
horizontal major axis. Engines can be installed in this
configuretion without unnecessarily videning the basic
fuselage. A bottam inlet results in smaller duct losses

and lover drag for this design by using a more direct

route for air flow. Top aucte vere not used since for

g00od pressure recovery 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.

Inlet Design - The duct imlets for both systems are
designed to operate as efficiently as possible through

the range of air speeds. This presents a cansidarable
problem in controlling the amount of air entering the
engine, and also in maintaining smooth air flow through

the numerous shock configuretions praesent in the duct.
Studies show the best soluticn to these problems 1s a

double angle fixed remp in front of the inlet lip, with a
movable section aft of the lip to control the shock waves.
Since the inlets on both airplanes are designed to supply the
amount of air needed for top speed operation there is a bypass
eﬁt-umomurMWbymcmmo
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at lowver operating speceds. In order to remove the

turbulent boundary layer air from the ramps and duct,

three sepaxate Dleed systems are used. This separetion

of the bleed system as to lov, medium or high pressure

area being bled rrevents a high vressure bleed from

reversing the flov and dumping into & lowv pressure area.

On the Phase III design, a separate cowl is designed to

limit the amount of air entering the duct in 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. This characteristic is due to the poor off-

design performance of an inlet designed for high Mach

pumbers (Mach 4.0). Two effects are responsible for this

low performance:

a)

large Raxp Drag - For efficient high speed operation,
the initial remps have high turning angles, high remp
pressures and high ramp drags at transomic speeds.

large bypass and/or spillage drag - When the inlet
capture area 1s sized for efficlent high speed operstion,
the resultant capture area at transonic speeds provides
far more air than the engine can use. This excess air
mst be either dypassed or spilled. REither of these
croates high drags.

These drag items are subtreacted from gross thrust to

obtain net thrust and reach a maximm in the region of Mach 1.0

to 105.

Pour methods were studied to achieve more efficient

operation in thies region on the Phase III design:
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alternatives. The Jjettisonable covl received the smmllest
penalty and wvas chosen as the best solution. This cowl

18 jJettisoned at approximately Mach 1.8 and sub-

sequently destroyed by & series of smnll explosive charges
placed in the covl.

7.2 Wing Configuration

7.2.1

T.2.2

T.2.3

SECRET Report No. NA-56-521
Page 17
a) Jettisonable rocket units to augnent the thrust in
the region of Mach 1.0 te 1.5
b) Additional air-turbo-rocket engines
c) Programming of flight to dive the airplane through
this regiom
d) Addition of Jettisonable cowl to restrict airflow
at lov speeds
A veight penalty vas calculated for each of the above

General - The IR 70l Configuretion Analysis Progrem system-
atically varics the wing design parameters to obtain an
airplane of lightest grues weight for each parameter com-
sidered. The wing configurations of both Phase II 1/2 and
Phase III designs are obtained in this manner.

Aspect Ratio - Aspect ratio is necessarily amall for high
speed airplanes. High aspect ratio for these conruunttgns
would result in higher dreg with an attendent increase in
ssructural weight plus an added structural penalty for
vibration and flutter.

Angle of Sweep” - Drag can be effectively reduced for super-
sonic flight by mcmunc angle of sveer. However,since stdl
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stability is also decreased for low speed applications, sweep

angle can only te increased within certain bounds. The sweep

angle for Phase III can be larger than for Phase II 1/2

since the decrcase in wing loading allows take-off and landing

operations to take place 21t lower lift coefficients. Obtaining
this large sveep angle and low aspect ratio results in the
delta wing design.

7.2.4 Thickness Ratio - Thin wings are desirable from a standpoint
of reducing drag ev:n though wing structure is heavier. How-
ever, the minimm value is restricted by detail design, avail-
able mterials and manufacturing techniques to obtain the
required strength. For the time period considered, it 1s
believed that & wing with a 3% ratio between thickness and
chord is that limit for these desiagns.

-3 Stability
7.3.1 Longitudinal - For balance reasons, the wing is placed at
the aft en’ of the fuselage. This limits the location of
the horizontal stabilizer to two possibilites.
a) On booms cxtended &ft of the engines
b) On the fuselage forvard of the wing
locating the horizontal aft of the wing requires additional
structure plus the probleme of buffeting and over-
heating due to the passage of exhaust gases. The horizeatal
stabilizer 18, therefore, located on the forwvard fuselage.

19 Gt REY 2-47
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To achieve the required degree of static and dynamie
stability throughout the airplanes speed range, the canard
must be either ssrodynamically or artifically free-floating,
Studies made on other of the Contractor's projects show that
the artificial method results in the lightest weight, This
is due mainly to the excessive flutter tendancies even at
moderate indicated air speeds of the asrocdymamic free-
floating system,

Directional Btability, - Study indicates that for the same
total area one or tvo vertical stabilisers are equally
effective, however, the &ual configuratio chosen because
it wveighs less. The stabilizers are moun... .n the upper
aft section of the fuselage., The Phase III design has
folding wing tips for added stability at high Mach mumbers

and high ar:;les of attack,

7.4 Control. -

T.hd

7.8,2

Lateral, - A study of the effectiveness of spoilers and
ailerons vas conducted to determine the dest design for
each airplans. Both systems give the same responic and rate
of roll. Ailerons are selected,for the Phase II 1/2 design
since they require less structural and installation weight,
Spoilors are selected for the Phase III design since for
this wing configuration ground clearance is a probvlem with
the long chord aileron required.

Directional. - Rudders are selected for directional eontrol
in lieu of all-movadle tails for weight reasons.
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Longitudinmal. - Investigation reveals that the all-movable,

auto-stabilized canard is lighter and more effective over the

entire speed rangs than elevators. This is selected for

both designs.

7.5 Equipment, -

T7.5.1

T.5.2

Te5.3

General. - Although the 118P WHeapons System airplanes are
designed for minimm veight with a single reconnaissance
capability per mission, alternate equipment configurations
for more complete coverags were investigated ss noted below,
The effect on gross weight of incressing equipment for add-
itional coverage at the sane altitude, ranges amd welocity
is shown in figure lk on page 39 of this report, This study
was conducted for Phase II 1/2 designs only. The results
shown can be applied, qualitatively at least, to Fhase IIl
designs.

Alteruate I. - This configuration differs from the design
configuration by the addition of certain eleetronics equip-
ment to be added to the Yasic fixsd electronice equipment,
This consists of long range cemmunications, guidance redar
and other items t0 meke a complete fixed electronic instal-
lation. The increase in equipment weight totals 869 pounds
over the design loed. This cenfiguration requires no
additionsl crew,

Altermate I1. - This configuration consists of the fixed
electronics of Alternate I plus either of the following
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reconnsissance installations:
a) Redar reconnaissance, search photo and complete
pulse ferret,
b) Radar reconnaissance, detail photo and complete C.W,
ferret.

Either of the above reconnaissance installations gives
the airplane mediun reconnaissance capability per mission
with an added equipment veighf. of 4209 pounds, over the
dssign load, This installation requires a crev of two,
Alternate III, - This configuration consists of the complete
fixed electronics equipment vlus equipment for complete recon-
naissance capability psr mission. This installation adds
approximately 6650 pounds of equirment over the design load

and requires a crev of two,

7.6 Structural Design Criteria, -

7.6.1

7.6.2

General, - Early in the study it wvas determined that by estab-
lishing the nev design criteris set forth below, a con-
siderable weight saving could be effected vithout sacrificing
the basic reconnaissance mission, The effect of these criteria
on gross wveight of designs which meet the Phase II 1/2 require-
ments is shown in figures 15, 16 and 17 on pages kO, 41l and 42

of this report.

load Factor. - The limit load factor is reduced to 1.6 since
the mission is performed at high altitudes vhere gust loeds
are at a minimm, Ultimate loed factor is estadblished at 2.0
or 1,25 times the limit load factor.

SECRET
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7.6.3 Design Dynamic Pressure. - Design dynamic pressure is estab-

lished at 1500 psf supersonically and SOO psf subsoniecally,

7.6.4 Accessibility, - With the sassumption that maintenance personnel

would be highly skilled and bases of operation well equipped
for maintenance, access doors are reduced to a minimm, The
remaining doors are of the structural type for maximum
structural efficiency., It 1; not anticipated that this will
greatly curtail maintenance time since the results of a recent
survey by the contractor indicate that approximately only

4 1/24 of maintenance time is consumed in opening and closing

access doors,

7.6.5 Design Flight Houre, - Pigure 18 presents a plot of Design

Flight Hours versus take-off gruss veight. The term Design
Plight Hours 1s defined as the flight time in vhich the airplane
will have a 50-50 possibility of exceeding limit load factor

due to gusts.

7.7 Performance Envelope, - The curves presented on figure 7 were

generated by the Configuration Analysis Program vhich uses the
IBM 701 digital computer., Using designs vhich employved various
engine-fusl cambinations as base-point-airplanes, the prograa
determines the engine size, fuel load and airframe geometry
that results in the minimus wveight design for each of & range of
ninimum cruise altitudes vhile holding total range constant.

The series of designs vhich are chosen to represent the
conventional msans are those similar to the Phase II 1/2 sub-
nittal design. It 1z noted that the Phase II 1/2 submittal

SECRET
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design can only use full size wversions of the X278 for engine
availability reesons, wvhile the optimum engine size from a
veight standpoint is somevhat smalier. This fact is responsidble
for the above difference since the curve plots oanly optimum
designs.

The curve representing the maximum altitude attainable by
special means is composed of three series of designs as showm,
This illustrates the fact that the type of design vhich vill
result in minimum weight depends upon the design altitude., The
portion of this curve which uses dssigns sinmilar to the Phase
II1 submittal design does include the submittal design., It is
assuned in this case that a scaled version of the ATR-2010 can
be made availadble in the required tims,

8.0 MWODIFICATION OF 8M-64A MISSILE

8.1 As a part of this study, the comtractor was requested to cal-
culate weight and performance charscteristics of a SM-6M (KAVANO)
missile modified to contain a pilot, A summary of these cuil-
culations is shown in figure 19, page bk,

This modification is made in the following manner:

s) The BM-6kA m0ld lines remain intact except for
the addition of a pilot's canopy.

b) The SM-GA pover plant amd air industion system
remain the same,

c) BSpace is allotted vithin the fuselage for the
Pilots compartment, eléctronic and reconnaissance
equipment bays and landing gsar wells. The
remaining space 1s filled with fuel.

SECRET
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d4) AdAitional engines for powered landings are
ot added as vas the case in all other ramjet
designs considered,

e¢) The same structural and design criteris as all
other designs presented herein are used, (i.e.
load factor, design dynamic pressure, Design
Flight Hours, etc.) so that the structure is not
the same as the BM-6LA but does reflect the
Contractor's practice for a piloted aircraft of
this type.

The existing lst stage booster is used to reach the maximm
initial cruise altitude (53350 ft.) and velocity (Mach 3.25).
The second stage vehicle then cruises for approximately 3630
nautical miles in 1,74 hours,

All the fuel, including the normal allowance for reserve,
is consumed during this cruise period since auxiliary emgines
for subsonic cruise and landing are not added. landing is neces-

sarily vith power off for this comfiguration.

~ SECRET




G pe e et AU BT N O CREEGRE . . - N N . .
e - . . . PRI e N i ] v - - -

UE Mung 491 WEita8
LNINIINYPRY  YWERNDD
,!,,W.w TR S n

PO s s (G WYL o s e

. -} — G
s _— A
%
« 3
¥ —_—
e — e BT T YRR e - T
¥
G i
¥ P — T o
- e e e - e i R AL e men i e - e e E—
; TEHT W WiRh
i 2% 19 wn0i
| NOTLVNOISIG INION]
i Tvrd K 34l 9D H
MVIO ONILHOITY ANVIYIXAY
008 TI30M N0 TR 3dAL 1159%
#¥35 DNIIHOIW Nivw
Vive IvEINIC
M NETE T T T TRIBNTY OVR
i TCOWN YN SO0 VWN NOT 1518 Tibsmiv
LR UNPWTITECY) WVEa TIME I ST VR
end " Give wiavl
_ T T T TGTIVE ..r&mmh

i TAWERO T T Vigy

RV O3 T T VNV R BT TTRG TR wwT i T VW RSTTTY

; N EHT T TTTTRIBRTTTIVR WO -~ T HISRITTIVR

i oM YVN SR TN NOI R TioIgiv oW PN OO YIVWN T ROTIIYS YioIEV

LTH LNWWTTL T HNEATING oI TTTIUNIRTIR I RTINS

1o © GV ARV Ik X T OTivVE ¥93dvL

THT T T TTELVE TITIRV PCT T~ T 511 IYIaEV

i HWY 14D 0% TRV Y- WiTed vIigw
i v owhigTx WTAR

. VIVT WRORBNIWIQ

&
»
C e e e e b e

- e W Ao e e s e - - - e s & R






A it v 2t o e e s el S o b ey e A o - s i 4 - R

T2C Clwd) A0y 1304 i

,}

3%

o
R

&
ot

[

s

:MJ.-I-‘..‘-IJI

TNV A = VAt HIDN T Jﬂqau.nuﬁﬂa._.g
EVATWYD IVWEd &6 v OuI + v

TVABLYT

INNasiE e Hy

B

S ly

QN. TONY

¢
. L

AN oW

Sl
o
uw
-
u




ey . L — A = - - - -

'
LG TR DO A—— - -

rFORM 19-G-t ALY. 2.47

NORTH AMERICAN AVIATION, INC.
INPERNATIONAL AIRPORY
LC:S ANGELES 48. CALIFORNIA

9.

10.

- 3000 Miles -

Puel allovance to start enpines, taxi, and take-off is five minutes
of normal power,

Climb out to 27,000 feet using military pover at 385 knots BAS
(q = 500 psf) limit speed,

At 27,000 feet hold climb speed to 560 knots TAS and continue climb on
military power to 36,080 feet,

Level off at 36,000 feet and accelerate to Mach 1.5 with maximum power,

Climb with maximm power from 36,089 feet and Mach 1,5 to 61,500 feet and
Mach 3.2 without exceeding 665 knots BAS ( q 2z 1500 pef) limit speed at
anv ti&.

At 61,500 feet 1imit speed to constant Mach 3.2 and continue climb to
T5,000 feet.

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

At point vhere best cruise altitude equals 75,000 feet, initiate cruise-
climb at constant Mach 3.2 and continue cruise along best eruise altitude

profile,

At descent point, retard throttle to idle and initiate optimum distance
mlide with rradual deceleration as allowed bv altitude,

Puel allovance at see level landing point for reserve and landing 1s
10 percent of oricinal fuel.
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Allovance to start engines, take-off, and scoelerats to best sudeoniec
ellyb mod is five minutes of mnn. luuc ses level thrust,

2. Climbd on course st best subsonic climd speed to 36,009 feet,
3. "Accelerate on sourse te Mach 2.1 at 3,000 feet with

b, Climb end accelerate on course to Mach 4.0 and 88,500 feet with maximum

power,

5. Climd on course with saximus thrust to 100,000 feet at Mach 4.0 within
300 nautical miles of take-off point,

6. Cruise on course with up to maximum thrust at Mach 4,0 et altitudes for
best ¢ruise, not lees than 100,000 M, to & point 2700 nautieal miles
from the taks-off point,

7. Begin speed mnum decrease st 2T00-mils point, Mh ‘engines
back to idle setting, and continmue on course to Y00-mile landing point,

8. Mel allovance ne is 10 pervent of initial fuel.
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INTERNATIONAL AIRPORT

LOS ANGELES 45. CALIFORNIA

Baport M. BhaShaSkl

I

SECREY
DESIGN BRIRP

MODIFIED USM-6LA

Take-off Oross Weisht - Lbs,

Booster St-. -« Weipht - Lbs,

Second Stare Weicht - Lbs,

Booster Stare Fuel Weight - lbe, (LOX + JPS)

S8econd Stave Puel Weight - Lbs, (JPS)

Initial Cruise Altitude - ™,

Cruise Veloecity - Mach No,

Range - Nautical Miles

Pinal Cruise Altitude - P,

Second Stase Propulsion

Wins Area - Sq.Ft,
Ving Bpen - M,

Puselare Lensth - ™,

* Includen:

(1) 30 N. M{, for initial launch,
(2) 90 N, Mi, glide after cruise,

(3) Range at 100% fuel used

Page M

300,152
169,200
130, 52
156,700
84,370
53,350
3.25
3,950
7,800
(2) XRJ47-W-7 Ramjet Engines
761
2,75
87.3
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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS 88TH AIR BASE WING (AFMC)
WRIGHT-PATTERSON AIR FORCE BASE OHIO

5 Feb 2008

88 CG/SCCMF
3810 Communications Blvd
Wright-Patterson AFB OH 45433-7802

Defense Technical Information Center

Attn: Ms. Kelly Akers (DTIC-R)

8725 John J. Kingman Rd, Suite 0944 -
Ft Belvoir VA 22060-6218

Dear Ms. Akers

This concerns Technical Report AD159176, Aircraft Configuration Survey for Weapons
System 118P, 1 Jun 1956.

Subsequent to WPAFB Freedom of Information Act (FOIA) Control Number 06-649LK, the
distribution statement: “Distribution authorized to DoD only; Administrative/Operational Use; JUN
1956. Other requests shall be referred to Department of the Air Force, Attn: Public Affairs Office,
Washington, DC 20330.” is no longer applicable.

The document has been reviewed by the Aeronautical Systems Center STINFO Officer
within the Reconnaissance Systems Wing, 303 AESW/EN, Wright-Patterson AFB and it has been
determined that the distribution statement should be changed to statement A (publicly releasable).
The record is fully releasable to the public.

Point of contact is Lynn Kane at (937) 522-3091.

Si?cerely

fééwb/éi/é;ﬂ«

SHEREE COON

Freedom of Information Act Manager
Management Services Branch

Base Information Management Division
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FOIA Request

Cover sheet

Full Citation
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