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FOREWORD

This report is presented as one of a set describing the Project
"Hazel" study performed by the Convair San Diego Division of the
General Dynemics Corporation. The entire set of reports, listed be-
lovw, represents Convair's fulfillment of the publications obligation
specified in Contract NOas-58-812 (SS-100) and Amendment #1, issued
14 August 1958 by the Bureau of Aeronautics.

ZP 252 Summary (Brochure of Charts with Text)
zp 253 Aircraft Design
ZA 282 Aerodynamica

ZJ 026  Propulsion, Structure Heating, and
Preasurization
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SUMMARY

L e

This report summarizes the preliminary design work condncted under
comtract NO(as) 58-812 (8S-100) and Amendment #1, issusd 1% August 1958
by BuAer for the time period June through September 20, 1958.

The folloving requirements were given for this study:
Qotel reange + + « «+ + ¢ o o o 3,200 n.mi.
RECON, TANGZE o s o ¢ » o o o 1,500 n.md.
ALLA8ud8 . « o o o « » o o 125,000 f%.
Veloci’cy..........ll-3
CroW o« o« o« « o ¢« o o o o o ¢ 1
Payload ¢ ¢ « see o o o 0o o o 800 1b.

The specific high altitude econnaisgsance system under consideration
i based on an airplane with an extremsly lov wing loading. This low wing
loading was accomplished by an unconventional wing construction and extreme

1ight weight engine designs.

The wing is an inflatable type, pressure atabilized design vwith a
gilicone impregnated fabric skin. Drop threads or ribbon trusses between
upper and lower skin will keep the shape of the wing and provide, together
with the pressure, the required structural stiffness.

Marquardt and Pratt & Whitney high altitude ramjet engines were
considered for this vehicle.,

The dimensions of the Merquerdt ramjets were ratioed aceording to
the required thrust. There was no specific upper limit defined for this
method. The dimensions of the Pratt & Whitney engines wvere also ratioed
for the required thrust; however, an upper limit was set for these engines
due to the limitations of menufacturers' eungine test facilities.

SECRET
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The Marquardt engine is basically fabricated of a fiberglass laminated
sandwich outer shell with a high temperature metal sandwich honeycombd inner
shell. The P & W engine is all metal. (See Report ZJ-026 for detail engine
data. )

Two basic configurations, a single engine and a twin engine configuration
were considered which would best meet all requirements. These are shown in
Figure 1, MC-10 and 2, PC-22. Both are delta wing airplanes with the follow-
ing characteristics: '

MC-10 PC-22
Wing Area . + ¢ + « s+ o s « « & « 1985 Fta 1985
Wing Leading Edge Sweep « . « .« . 60° 60°
SPBN ¢ ¢ ¢ o o s e e o 0 s e o o OFT.TL ft. 67.71 ft.
Overall Iength . . . ., . . . . . 6.0 ft. 76.0 ft.
Weight at start of cruise . . . . 13,800 Lb.a 9700 1bs.
Wing loading @ Mid Cruise . . . . 5.35 Lb/Pt°  4.89 1b/£t
Crulsing Speed + « « ¢ ¢ ¢ v ¢+ o M= 3 M= 3
Cruising Altitude (average) . . . 131,400 Ft. 139,000 Ft.
Engine Type « ¢ = ¢« ¢« « « « + « » Marquardt P & W Ram Jet

’ Ram Jet

Fuel Weight « « « v o « &« ¢« « « « 6330 Lb. 2970 Lb.

Fu.el @ ® 8- e e 8 & e e ¢ ® v e » Pentabomne SF-].

Typical mission profiles of these configurations are shown in Figure 3.
The vehicle 1s lifted to a launch altitude of 45,000 ft. by either a con-
ventional airplane (B-36 or B-52) or by a special air breathing booster to
some higher altitude (80,000 ft.). After release from the carrier, the
vehicle is boosted up to start of cruise altitude where it starts to cruise
under ite own power. It cruise climbs to the end of a 3000 N.Mi. cruise and
then descends to sea level where it lands with a landing speed of 37 knots.
The total range is 3200 N. Mi.

The higher cruise altitude of configuration PC-22 is due to the fact that
by keeping the same wing area the wing loading is lower and, therefore, a
higher altitude at start of cruise can be obtained.

The airplene is equipped with a pair of small penetration-type hydro skis
mounted in tandem along the center line of the airplane. One is mounted near
the nose and forward of the internal equipment while the other is positioned
et the extreme stern. These two main skis in connection with small stabilizing
skis near the wing tips will provide the required impact absorption and stability
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Several methods of launching the vehicle to the start of cruise were
studied. These were:

. Rocket Boost from ground.

Balloon lift and rocket-boost.

. Airplane lift and rocket-boost.

. Special air breathing booster and rocket-boost.

Fw -

All these methods are feasible but more study will be required to properly
evaluete the optimum system. At present, method 3 is favored.

Table II shows a summery of the basic structural data and Table III gives
information on structural materials which are proposed for this vehicle.

The Hazel systems are shown schematically in Figure 30 (page S57) and
- consist of a liquid monopropellant auxiliary power system which supplies
energy for the structural pressurization system, the aerodynamic control
system, the electrical power system, air conditioning system and a fuel system.
A separate booster control system is provided.

The crew capsule design is dependent on the configuration selected and
the method of launching the vehicle to the required start of cruise altitude
and speed.

A normel seated pilot has been chosen for the final configuration based
on using airplane 1ift and rocket boost to start of cruise altitude. However,
a prone position pilot was seriously considered because of the advantages of
the prone position for this specific high altitude reconnaissance mission
where the pilot's main vision has to be downward. For landing e special
mirror device was considered in order to provide the pilot with forward vision.
Also & combination of prone and seated position was investigated. This
combination would provide & separate supine type seat for flight during launch
at high accelerations. The normal flight position is prone and would provide
meximum downward vision for the reconnaissance part of the mission.

Escape from the airplane in case of emergency is provided by a trap
door on the bottom side of the airplane. The seat is mounted on this door.
Deployment of & 30" stebilizing pearachute snatches the pilot from the seat
and provides a stabilized descent &t a terminal velocity of about 100 MPH
indicated airspeed. Automatic parachuting, actuated by an aneroid at 15,000 ft.
altitude, would let the pilot safely to the ground. A "Global Survival Kit"
is provided.
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REVISED BY DATE Qctober 1958

SECRET

INTRODUCTION

This report has been prepared in compliance with the requirémenta of
- BuAer contract NOas 58-812 (3S-100) and Amendment #1, issued 14 August 1958.

In May 1958 Convair was asked by Buller to perform a study of a high
altitude Manned reconnaissance vehicle according to the following require-
ments:

Reconnaissance Altitude « . « ¢« ¢ ¢« » ¢« » +» 150,000 to 200,000 f£t.
(100,000 £t minimum)

Cruise Speed (Boost Cruise Pype) + « « + « M= 2 to 3
Glide Speed (Boost Glide Type) . . . » « « As low a8 possible.

RanNge . « o ¢« ¢« o « ¢ ¢ « s ¢ o s ¢ 8 s ¢ o 3200 n.mi. desired
(2500 n.mi. min,)

Reconnaissance Range at Optimum Altitude. . 1500 n.mi. desired
(1000 n.mi. min.)

Pa.yload..'...............BOOlb.desired
(%00 1b. min.)

CreWe o ¢« o« o ¢ o o ¢« o ¢ o ¢ 9o o 06 06 06 ¢ ¢ 1

Seabased ® 5 8 o 8 P & o & @ & e 4« & 9 o @

wing I.Oading [ 2 [ ] L) L J L] * * * L J *
Engines for Cruige:

.+« . <10 1b/£t°

-e

Ha!‘q\lﬂ-rdt oocooonoo-nocolﬂ"“q_"met

Hugh€8 . . ¢ o+ ¢« ¢ ¢ ¢ ¢ o s o ¢ o o « Slow burning liquid rocket
(Low I.R. source type)

In order to achieve the desired low ving loadings of less than 10 1b/ft2
a radically new design approach was taken. The wing of the vehicle was based
on flexible materials such as impregnated fibreglass fabrics for the skin and
a presgsure stabilized construction using drop threads or ribbon trusses for
holding the shape of the wing. For body and engines the skin was assumed flexi-
ble impregnated fibergless fabric with protective insulation vhere required,
the nose section and inlet lips were considered as rigid fiberglass laminates ’
the construction being also preasure stabilized.

SECRET
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It was apparent early in the first phase of the studies, that, in order
to achieve the required range, the speed of the boost-glide vehicles at the
start of glide was much toco high for & reconnaissance mission and that aero-
dynamic heating was too severe for the materials considered. Therefore, for
further studies, only the boost-cruise type vehicles were considered.

A study of the rocket cruise vehicle showed that, in order to achieve
an economical configuratiom, the cruise speed has to be increased to M = 8.
The wing area consequently could be smaller. For the higher wing locading
(at mid-cruise, 15 1lb/ft<) a rigid construction of the wing and body was
chosen, material being metal or rigid plastic. Figure 4 shows this configura-
tion. This configuration was later abandoned because of the high cruise speed
of the vehicle which is not compatible with the reconnaissance requirements.

Figure 5 shows the firast approach for a ramjet vehicle. It is a single
engins, high ving, aserodynamically clean configuration with an average L/D of
5, & ving area of 1985 £t2 and a mid-cruise wing loading of 3 1b/ft2. Thie
configuration fulfilled all the requirements except a requirement neceassitat-
ing overwing engine locations. This resulted in a configuration as shown in
Figure 6 which, in the process of refinements, was modified to the final
basic configuration shown in Figure 1 (page lb’. The cruise speed of these
ramjet cruise vehicles was M = 3 and the cruisge altitude 150,000 ft.

No information was available on the reconnsissance equipment. It was
agsumed, therefore, that an optical camera would be used with direct downward
vision through a window in the lower skin of the vehicle. This assumed
camera determined the approximate space requirement for the paylaod.

Consideration was given to the most favorable position of the pilot for
this specific mission. Both the seated and prone position vere cdonsidered.
The prone position would be the ideal position for this mission because of
the great value of visuel search from high altitudes. The prone position
would place the pilot's eyes and head in the most favorable positiomn for this
purpoge. For landing, the pilot's forward vision is somevhat impaired. The
seated position would assure better forward vision but downward vision would
be greatly limited. A combination of prone position for the cruise and re-
connaissance part of the missions and the seated position for launch and
landing has certain advantages.

An early requiremant for the vehicle was launching from and retrieving

by a submarine. The inflatable type of construction is an advantage for this
purpose, The vehicle can be deflated, packed in s container, launched by a

SECRET
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- MC-2
SPANM JET CRU/ISE VEA/ICLE
HICH WING CONF/IGURATIOA
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MC-4

RAM JET CRUISE VEH/CLE

LOW WING CONFICURATION
! /G 6
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separate rocket booster and inflsted at the start of cruise. Figures 7 and 8
ghow two methods of a submarine launch. Figure 7 shows the folded ramjet
cruise vehicle carried in a container and launched from a submarine and
Figure 8 showvs the same for the rocket cruise vehicle. Other methods of
launching vere emphasized later in the study.

The launch problem was not completely resolved. Several methods were
under consideration such as airplane launch (B-36, B-52) dalloon launch or
air breathing booster launch.

The vehicle will be equipped with a ski system vhich will enable the
pilot to land the vehicle on water or snow fields as well as on land. The
pilot and vehicle them can be retrieved by surface vessels or submarines
from the water or by airplane or helicopter from a remote spot on land.

Because of the extreme performsnce requirements for this airplane and
the studies made of the influence of weight increases especially on the
altitude performance, all vehicles in the first phase were designed with
practically no margins for structure and power; the performance quoted for
these configurations, therefore, had to be considered as optimum designs.

The second phase of the study was then devoted to the redesign of the
configurations according to reworked structural requirements and revised
engineering data including margins for airspeed and structural design
temperatures.

In order to stay within reasonable dimemsions of the airplane and powver-
plants, the altitude requirement of 150,000 ft. was reduced to 125,000 ft. at
start of cruise. The resulting configurstions of this sscond phase of the
Hazel study is the subject of this report. The new requirements for this
study are as follows: ,

Total TANg® o+ o o ¢ s o o 3200 n.mi.
Recon. range « « o « o + o o 1500 n.mi.
Altitude o o o ¢ o ¢ ¢ o ¢ o 125’000 5.
Velocity o ¢ o ¢ o o ¢ o o o o M= 3,0
CreW o o« o o o « o ¢ o o s o ¢ 1
Payload . ¢« « « o+ ¢« o« ¢ « o o 800 1bs,

Engines: Marquerdt & Pratt & Whitney
low "q" ramjet engines
Fuels: Pentaborane (BsHg) Hydrogen (sr-1)
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SECTION I
CONFIGURATION STUDY
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A. General

1. Configurations

A variety of different aircraft configurations were studied which
included Marquardt and Pratt & Whitney engines, single and twin, and
Pentaborane and SF-1 fuel.

The following Table III shows these configurstions arranged according
to number of engines and type of fuel.

The configurations have the following characteristics in common:

Wing area 1985 £t°, 60° gelta;

(except config. MC-4, wing area 3000 ft

Lover wing surface smooth without any
protruberances;

one msn crew in normal seated position;

single engine versions have a twin tail
arrangement ;

engine inlet designed for average cruise angle
of aettack;

all movable wing tip control surfaces.

2y

2. Mission Profile

Figure ¢ shows a typlcal mission profile of the configuration MC-10.
The launch altitude is assumed at 45,000 feet which could be a launch from an
airplane such as & B~36 or B-52. The launch point is taken as time O. The
vehicle is boosted to cruise altitude by & rocket type droppable booster.
Start of cruise is at 125,000 feet, the distance travelled 20 N.M. and the
elapsed time 2 min. The vehicle cruise-climbs out to the end of powered
flight which is reached at 137,800 feet altitude after 97 .6 min. A glide of
180 N. M. will complete the 3200 N. M. mission at an elapsed time of 108.2 min.
The glide speed is 91 knots and the landing epeed is 37 knots.

The 4000 N. M. mission can be e.cgieved only with a larger vehicle.
The wing area for this vehicle is 3000 £t°. The altitude at end of cruise
will be 141,200 feet and the time 123.2 min. The total elapsed time for this
migsion will be 133.8 min, g

The following table gives the weight and wing areas for the two
vehicles:
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ENO OF POWERED FL/GHT
/37 8O0 F7. ALT.

TIME 9DT7.6 MIN.

&3 FUEL LEFT ‘\\ END OF POWERED FLIGHT

129 600 F7 ALT \ /97 200 FT ALT:

TS 33.9 MK, \ TIME 123.2 MIN.

\
STRET OF CRUISE "
/885000 FrALT. B /80
TIME 2 ATIN. | \
0/ ‘

00
v | / 159 0° / !
MM, 0 '1'

CRUISE TEML, I/OF7 FROM /. £
So5°CF

%Y
‘q{ﬁﬁ"z‘( 5200 N. ML 7/
LOOO M My,

LALDG. 7T1A7E 1O8. 2 M4

L /4 \
YN CH (B &8 000 FT7 ALT. . a D
TIANE O LANDG. 7//75 /33, 5/47/4,

CRU/ISE SPEED M=3
LANDING SPEEL 37 mN.

MISSION PROFILE
3200 MM AND $OOO N M/ 17C-10 VEHICLE

/G, 9
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WE/%”?
CONFIGURATION |ENGINE | FUEL |77 | kerarks
S/NGCGLE ENG/NE
LY - o
MC- /0 MAR@LMRMTB:,— Mo | /3 E0O .« STABLE
Al 79 7200 | STan
rMC =1/ v | v | 2400 Wi
MC - /4 ” v | 27000 At
L T T WY
77/1///'&/ E/VG//\/E | o
MC-20 MARGUARDT ) Bstg | /3 /45
’ I T TTSAME ASMC20)
MC “24‘ MARQUARDTY  * /G 500 |sworr emoines
- o e . e e et - 25;6_5”‘@-———
PC-20 Rew 55 4o L4350 rawce
MC-22 rareuArDT || SF-/ 85 600 |
PC-22 + Pew | 9700 | R
PC- 24 o ” /3 990 | %90 MM"
L AR Nl
PC-25 Pew |lsF/ 774
CONF/GURAT/ONS
TABLE ]
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MC-10 MC-1k

Renge M 3200 4000

Launch-wt LB 30525 59700

Wt. at start LB 13800 27000
of cruise :

Fuel Wt. LB 6330 14700

Wing Area FTo 1985 3000

In order to simplify the dgsign of the different configurations, a
basic wing with an area of 1985 £t has been applied to all configurations
(with the exception of configurstion MC-1k). Due to the different weights,
the wing loadings will be different for &ll configurations and therefore, &
different start of cruise altitude could be obtained. However, 125,000 ft
altitude was kept as & minimum.

For each configuration the cruise altitudes will be quoted.
3. ines

The engines considered for this study are Marquardt and Pratt & Whitney
ram jet engines. The engines are in the design stage and therefore could be
scaled up or down, according to the thrust required. The scale factors used
and the method of deriving of same is described in Report ZJ-026.

The Marquerdt engines can be used for either Pentaborane or SPF-1 fuel,
the P & W engines are considered to use only SF-1 fuel.

The two engines are basically different in construction and outeide
dimensions. The Marquardt engine sized to 1200# thrust es shown in Figure 10
is constructed of plastic honeycomb throughout, except for injector grigd,
fuel system and combustion chamber liner, while the P & W engine sized to
1830# thrust as shown in Figure 11, is designed as an all metal engine of high
temperature steel.

Based on a thrust of 1800 lbs. and & velocity of M = 3.0 at 150,000 ft.,
using Pentaborans fuel, the two engines compere as follows:
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Marquardt Pratt & Whitney
Thrust installed , . . . 1800 lbs. 1800 1bs.

SBPC . v v o o s o o s+ 1,50 1b/thrust  2.10 1b/thrust

wei@t L 3 . L * * L] L] L] . 9“ 1b3- 1150 1b80
Exterpal drag . . . « +» 270 1bs. 180 1lbs.
Fuel/eir ratio . « . « . 018 .0k0

4. Wing

Aerodynamic studies have shown that the induced drag of a wing ean be
reduced and 1ift to drag ratio improved by a proper choice of camber and
twist. Por this study, the camber and twist were optimized on the IBM 704
using the program described in Couveir Report ZA-259, "Calculation of Opti-
mum Supersonic Delta Wings". Further discussions are included in the aero-
dynamics report of this study, Report ZA-282.

Figure 13 shows the bagic wing based on the above machine resulte.
The basic dimensions are:

Area'.occoooo 1985ft.2

Span ¢ o + ¢ o s e s o e 67.T1 ft.

' Root Chord « « o o « o & 58.65 £t.
leading Edge Sweep 60°
Wing Thickness - + « +» « U

-
L]
L]

Aspect Ratio - « » 2.3
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5. C. G. Location and Stability

The L/D in superscnic flight cen be improved appreciably by proper
positioning of the c.g. It is desirable to keep the same location of the
c.g. during the entire supersonic flight in order tc obtain waximum L/D for
the mission. The subsonic stable airplane, however, requires a further for-
ward c.g. position. C.G. shift is accomplished in this case by fuel position-
ing. The fuel tank therefore has been 50 located and programmed that over a
distance of 1/3 of the miesion the c.g. remains most favorable for super-
sonic stable flight and gradually shifts forward towards the subsonic c.g.
location as the fuel is burned. This results in a relatively high average
L/D value for the total range which Figure 14 illustrates.

6. Hylrodynamic Considerations

The slov landing speed of the airceraft will facilitate landing on
wvater. .

Several aspects of the aircraft design and landing technique, how-
ever, rule out conventional alighting gear arrangements.

4 The design and operational aspects affecting the alighting gear
! arrangement sre as follows:

1. Extreme landing trim sttitude.

2. Light weight construction requiring protection for trailing
edge control surfaces at touch down and for the entire wing
during run-out.

3. Restrictions on alighting gear location due to structural

considerations.
k. Critical weight restrictions and limitations on ehoice of
material.
? 5. Open ocean surface conditions.

Figurs 15 shows one promising alighting gear configuration. It consists of
tvo small penetration type hydro skis of non-metellic construction mounted
in tandem along the cemter line of the airplene. One ski 13 mounted near
the nose and forward of the internal equipment, while the other ski is
positioned at the extreme stern. These two main skis, in conjunction with
small stabilizing ekis near the wing tips, provide the required impact

_ absorption and stability during landing. The rear ski contacts the vater

¥ first, thereby dscelerating the aircraft and protecting the control surfaces
' from impact forces. This, in turn, will cause the airplane to rotate until
the nose ski assumes its position of the load. In this msnner, the tandem

SECRET
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gkis should maintain & level attitude and maximum protection for the body to
a very low forward speed. The forward ski is slso expected to sense oncoming
weves and raige the attitude of the airplane to minimize bow impact. By this
procedure it is expected that the buoyancy of the wings can be maintained
without damage to provide sustentation while the vehicle is being located.
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!
i
c.c. (44«‘2‘4%9 C.6. (44%HAC) C.6. (32 % MmF() C.6.(32% MAC)
STABLE STABLE STABLE STABLE
Wi - 6.95 W = 5.90 Wi = 375 Wg = 395
Lt = 4.7 | “o = 4.17 L/p - 3.66 Yfp » 430
/ - h ] \

VB FUEL EXPENOED

ENO OF CRU/SE - -
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AND STABILITY
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B. (Configuretions

1. S ] Conti, ti

a. Marquardt Engines
The following single engins configurations have been studied:

Wt. at start Wing Area

Configuretion _ of Cruise M2 Fuel  Construction  Remarks

M-10 13,800 1985 | BgHy | inflatsble | stable subd-
sonic & super-
sonie.

e-11 12,400 1985 BsHg inflatable stable supexr-
sonic, un-
stable sub-
sonie.

M-k 27,000 3000 BsHy | inflatable 4000 n.mi.

' range
M-19 18,310 1985 BsHg rigid fider- 3200 n.md,
glass range
Configuration MC-10

Figure 16 shovs a general arrangement draving of the vehicle. Configura~
tion MC-10 hss the basic 1985 £t2 wing as described in Section I - k4.

The Marquardt remjet engine is mounted in the center on top of the wing.
From the front to the rear the fuselage houses the ski and parts of the
electronics equipment, the pilot's capsule, guidance, navigation and electronics
compartment, recomnaissance (payload) compartment, the fuel tank and the aft ski.

The twvo vertical surfeces are located near the wing tip. They separate
the wing main surface from the wing tip control surfaces. ‘

SECRET
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The maln characteristics are:

Wingareaontoo.ooooo l985ft-2
SPAN « « « 4« « o 0 s s s o o o OT.TL £L.
Leading edge sweep. . « . . » « 60°

Overall length. « « « o o « o » 65.7 ft.
Overall height. . . « . . + « » 13.5 ft.
Weight at start of cruise . . . 13800 lbs.

Wing loading @ start of cruise. 6.95 1lb/sq.ft.
Cruise sttitudes: start . . . » 125000 ft
end . . . . . 137800 ft

Configuration MC-10 is designed as a steble airplane with c.g.
locations mccording to Section I - 6 and Figure 1k,

The treatment of the engine inlet in combination with the wing
leading edge is explained in detail in Report 2J-026, Propulsion, Structure
Heating and Pressurization.

Configuration MC-11

Figure 17 shows a8 general arrangement drawing of this configuration.

The main difference between MC-10 and 11 is that MC~ll is designed
as an airplane which is stable supersonically but unstable subsonically.
For the subsonic condition artificial means of stabilization have to be
provided.

The weight saving of MC-11 over MC-10 is 1LOO lbs.

This weight difference is due to the lower trim drag of the unstable
airplane vhich improves the lift to drag ratio, therefore requiring a smaller
engine. The lower engine weight and decrease in fuel weight results in a
lower total weight.

Weight at start of cruise . . . » . 12L0O lbs

Wing loading at start of cruise . . 6.25 1b./ft.

Cruige altitudes: start , , . . . . 128000 ft.
end , , . . . . . 143400 ft.

2

Configuration MC-1k

This configuration has not been drawn. It is basically a larger
version of the MC-10 configuration.
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The larger amount of fuel for the 4OOO N. M. range and, therefore,
higher gross weight of the vehicle required a larger engine and, consequently,
& larger airplane.

The main characteristics are:

Wingarea............ 3000ft.2
smooococnn.ouoov:83tlfto
ROO‘t chord ® 8 s o 0 e 6 s o o 7202 ft-
leading edge sweep . . « . o+ .« . 60°
Weight at start of cruise . o » 27000 lbs.
Wing loading at start of cruise . 8.65 1b/sq.ft.
Cruige altitude: start . . . . . 125000 ft.
end . . . . . o 141200 ft.

Configuration MC-19

In order to determine the weight difference between the proposed in-
flatable type construction of MC~-10 and & rigid version MC-19, using the same
wing planform, has been studied.

Wing, tail and fuselage pylon are fabricated of fiberglsss laminate
substructure (spars, ribs, frames) and covered with fiberglass laminate
sandwich skins with honeycomb or corrugated core.

This configuration is also a stable airplane. The interior arrange-
ment is the same as MC-10.

The main characteristics are:

Wj.nsmav.on.nooooo- 198‘5“02
Smncot-ouocn0000067o7fto
I.ﬁading edse Bveep. e« o o o o o @& 60°
Overall length. « « « ¢« « o « « « 65.7 £t.
Weight at stert of cruise . . . . 18310 1bs.
Wing loading at start of cruise . 9.22 1b/sq.ft.
Cruise altitude: start . « « . . 125000 £t.
End e 8 & s ¥ o l37m ft-‘

Configuration MC-19 is shown in Figure 18.

;
i

4
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2. ZTvin Engine Configurations

The followving twin engine configurations have been studied.

- Wt. at start Engine
Configuration of cruise Fuel Mamufacturer Remarks
Mc-20 13,145 BsHy Marquardt €0° Delta
MCc-22 8,600 sr-1 Marguardt 60° Delta
Mc-24 16,500 BsHg Marquardt 60° Delta
PC-20 14,350 BsHo P&W 60° Delta
Pc-22 9,700 gr-1 P&wW 60° Delte
Pc-2k 13,990 8F-1 P&W 60° Delts, 4000 n.mi.
PC-25 SP-1 Paw 70° Delta

Note: Wing area constant = 19835 .rea
a. Marquardt Engines

Configuration MC-20

The twin engine canfiguration MI-20 is shown in Figure 19.

The engines are mounted approximately 13 feet outboard of the
centerline of the airplane. Pilot, electronics, guidance equipment, payload
and fuel is housed in a center fuselage in about the same menner as in
configuration MC~10,

For lowest specific fuel consumption the Marquardt engine requires
& burner length of approximately 16 ft. and the size of the engines for this
configuration is based on this length. -
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The main characteristics are:

Wing ares « « « « ¢ « o o o o o » o 1985 £t.2
Sp&n................ 67071fto
leading edge sweep . . . . . . « « 60°

Overall length . . « « ¢ ¢« o o o & 67.7 f£t.
Overall height . . . . .. . . . . 18.7 £t.
Wing loading at start of cruise . . 6.67 1b/eq.ft.

Cruise altitude: start . . . . 125,000 re.
end . . ... 137,200 £t

Configuration MC-22

Configuration MC-22 is configuration MC-20 using SF-1 fuel and
is shown in Pigure 20.

Better specifics for the SF-1 fuel reduce the fuel weight; hovever,
the extreme low density of this fuel requires & large tank volume. The aft
fuselage section is therefore 'determined by the size of the fuel tank.

Due to the low fuel weight of this configuration, the weight at
start of cruise and, therefore, the wing loading is low. The table ghows
the effect in cruise eltitude.

Weight at start of cruise . . . . . 8600 1b.
Wing loading at start of cruise . . 4.34% 1v/8q.ft.
Cruise altitude: start . . . . 139,000 ft.

end L] L L] L] . l%'wo ﬁ.

Configuration MC-2L

A study was made to determine the effect of shorter engines on the
welght of the vshicle.

Pigure 21 shows the configuration. Due to the decreased engine
performance, as a result of the shorter burner length and the increase of
propellant weight due to the higher specifics, the engine diameter had to
grow accordingly. This, in turn, increased the total vehicle weight.

The penalty in weight over Configuration MC-20 is 3355 1lbs. The
main dimensions are the same as for Configuration MC-20.

Welight at start of cruise , , , ., 16,500 1b.
Wing loading at start of cruise . 8.3 1b/sq.ft.
Cruise altitude: start .. . . . 125,000 ft.

L] . L 4 L] L] L] lho,wo rt.
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b. Pratt & Whitney Engines

Configuration PC-20

A genersl arrangement drawving of Configuration PC+20 is
shown in Pigure 22. The configuration is similar to the tvwin engine
Marquerdt configurations with the basic wing of 1985 £t2 area.

The center fuselage carries the same interior arrangement
as all the other vehicles, the front ski, pilot's capsule, guidance,
electronics and navigation equipment, payload, the fuel tank and the
aft ski.

The two angines are mounted on top of the wing approximately
11.5 ft. from the center line of the airplane.

The main characteristics are:

WiNG BT€8 . + v o 4 o o o o o . . 1985 f££.2
swoooooonopou-oo-67.7no
Leading edge sweep . « .« « « . . « 60°
o“mllmoooo.ouoao 67-5“-
Overall height . . . « « « + ¢« « « 18.5 ft.
Weight at start of cruise . . . . 14350 1bs.
Wing loading at start of cruise. « T2 1b/eq.Lt.
Cruige altitude: start . . . . . 125000 ft.
. 136400 ft.

Qnd . » L] . *
Configuration PC-22

Figure 23 shows the general arrangesment drawing of t.his con-~
figuration. The basic 1985 f£t. 2v1ng has been used,

Qenerally it is similar to Configuration PC-20,
The main characteristics are:

WinG 8re8 .« v . « 4o o « o s o . . 1985 ££.2
sm..’..“..".'.' 67‘71“.
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ILeading edge sweep « « « « o o o 600°
Overall length * o o o o 0 o s e 76 £t.
Overall height « « « o « « « « «» 18 ft.
Weight at start of cruise . . . 10167 lbs.
Wing loading @ start of cruise . 4.89 lb.sq. ft.
Crulse altitude: start . . . . 136200 ft.

end .« . . o « 141800 ft.

Configuration FC-2u

. Configuretion PC-24k 1s & 4000 N. M. version of the PC-22. A general
arrangement drawing is shown in Figure 2h.

The large volume required for the SF-1 fuel necessitated a special
treatment of the aft end of the fuselage and part of the vertical tail as a
fuel tenk. The fuselage had to be extended about 12 ft. in order to provide
for the necessary fuel tank space. The wing fairing is extended aft as & '
flat lower wing surface.

Due to the limitations of their test facilities Pratt & Whitney
established & maximum engine size with the following data:

In]-et di&meter e o o & o %.6 inches
Exit diemeter . . . . . 104.0 inches

Thies configuration required this maximum engine.

The main characteristics are:

Wing ma * L] . - * [ ] L[] L] L] L [ ] * 1985 ft.z
Sp&n e & @® o & ¢ 4 ° & 0 e+ e 0 67-71ftc l\\
Leading edge sweep . . « « « o« o 60°
, Overall length. « « « « « « » « o« 81 ft.
/ Overall height .« « . « « « « . o 18.5 ft.
, . Weight at start of cruise . . . . 13990 lbs.
/ Wing loading @ start of cruise . 7.0k 1b./sq.ft.
: Cruise altitude: start . . . . . 125000 ft.
, end . + . . o o 135000 £t.

Configuration PC-25

The long fuselage extension of configuration FC-25 which was required
by the necwssary fuel volume and the location of the fuel tank, lead to the
design of Configuration PC-25.
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» The leading edge sweep was increased to 70° to provide a longer root
chord of 72 ft. which shortened the overhang of the fuselage.

ThisICOnfiguration was not explored fully and no performence data was
generated because of lack of time.

C. Weights

, For the weight estimation it haes been assumed that fixed equipment,
crew and payload will be constent for all configurations. The fixed equip-
wment includes the AFPU system, instruments, electrical equipment guidance and

- control, furnishings and environmental control. The fuel system, and in-
flation system, however, will vary with the type of fuel and the size of the
ving. The basic engine welghts were supplied by the engine manufacturer and
has been ratioed according to size and thrust for each confipuration. The
wing welghts vwere based on the wing weight curve Figure 45, page 11h.

A typical weight breakdown for Configuration MC-10 is shown below
and & veights comparison of all configurations on Table VII.

Item Weirht
WiDZ « v v ¢« o o o « o o o » o L7500 LE
Fins v v v v ¢ ¢« ¢« « ¢ o o o« lhs ™
FLuSELAIE o o 4 o o o o o « o o 207"
SKiS o o o o o o ¢ o o o « o o 150"

" Engine . . . e o e eee o o o kOO "

Miscellaneous A T €S
Fuel System . « « + ¢« + + o » 033"
APU System + + « v + ¢ ¢ 4 . . 4317

Imstruments .« . + « ¢« 4 o o & 50 "
Flectrical . . . T 5 2
Guidance Equipment N 1
: Furnishings . + « + « + + + . 200"
- : Environmental Control . . . . 190"
] Inflation Systém . . . . . . . 173"
) _ Contingency .« « « « . « . « ._383 "
‘Weight Brupty .« « « o « o . G470 LB
Crev o « v v ¢ v ¢« ¢ v v« o« 2007
Pavlioad .+ .« .« . . e e .. 800"

Wt. at End of Crulse v e e . Th7O LY
Propellent . . . . . . . . « . 0330 "
Wt., at Start of Cruise . . . . 13800

SECRET
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WEIGHT COMPARISON
CONFIGURATION | MC-10 | MC-1/ | MC-14 |MC-19 | MC-20 | MC-22 | MC-24 | PC-20 | PC-22 | PC-2%
STRUCTURE 2635 2397 5o62| 43/6| 2508| /623 2978 2393| /796 2320
MSCELLANEOUS 8. 65 /03 68 /00 /o0  J006 /00 100 /00
ENGINE "/ 460| /200 2960| /B00| s 340 920 /338) / 470 1 7/0; 2/98
FIxED EQuiPmT. | 2 307| 2225| 3/75| 2376 22721 2/07| 2534f 2379 2 124] 2552
CREW 200 200 200| 200 NQDN-! 200 200 gool 2001 200
PAYLOAL Boo oo E00 8oo 8oo| 8oo ooy Soo, 8oo! Boo
GL/IOE WE/GHT 7 470| 6887/2300| 9560| 72201 5750| 79504 73%2| 6730 m\;,ﬁj
FUEL | 6330| 5573 |/#700| 8 750| 5925 2850| 8550 7008| 2970 5820
W7 @STAR7or CRUISEL /3 Eo0 | /2 400127 0001 /8 3/0(/3 \F,ﬁ 8600 |/6 500]l/¢ 350 9 700|/3 990
BOOSTER /6725 | /5 030\ 32 700122 /90(/5 920 /0 400 /3995077 380} // 700| /6 960
LAUNCH \\,\m\@f\ 30525|27 430| 59 7oo| 40 sve| 29 065] /9 89 36 450| 3/ 730| 2/ 400| 30957
ALL WE/IGHTS \A\ 4238
NUMBER o ENG. / /. / / 2 2 2 2 1 2 2
FUEL Bs My | Bs ko | Bsto | BsHo | BsHo | SF-/ | BsHs | Bs He | SF-/ | SF-/
RANGE momr | 3200 | 3200 | 4000 | 3200 | 3200 | 3200 | 3200 | 3200 | 3200 | 4000
SESRET
) TABLE IV ~
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DP. launching Methods

The ram jet engine, designed for M = 3 at extreme high altitudes, as the
main power plant requires & supplementary power system to launch the vehicle and
boost it to M = 3 at cruise altitude. Methods possible to accomplish this are as
follows:

1. Rocket launch, from sea level to cruise altitude;

2. Launch from balloon &t approximately 80,000 ft. and

: boost to cruise speed and altitude.

3. Launch from conventional airplane (B-36, B-52) at approximately

54,000 feet altitude and boost to cruise speed and altitude.

L. Launch from air breathing booster (special vehicle) at approxi-

mately 80,000 ft. altitude and boost to cruise speed and altitude.

8. using rockets
b. using vehicle ram jet

Method 1, the straight rocket boost from sea level, was studied but due
to severe difficulties foreseen in inflating the folded vehicle at 125,000 ft.
altitude at a velocity of M = 3, the method was not further considered.

Methods 2, 3, and 4 are schematically shown in Figures 26, 27, and 28.

These methods seem feasible, however, a detailed study of each oncof
them 18 necessary in order to solve all problems involved.

The main difficulty with methods 3 and 4 is that the vehicle should not
exceed the design g limits during the boost phase. Therefore the boost acceler-
ation at lower altitudes must be controlled and speeds gradually increased to
M = 3 at cruise altitude.

The size and power of the final boost system will be established by
the selected launching system.

For the MC-10 vehicle with & weight of 13800 lbs. lifted by the B-36 to
45,000 ft. altitude the boost to M = 3 and 125,000 ft. altitude can be accomplished
by the system shown in Figure 23. The boost system consists of three existing
liquid propellant rockets, Bell Aircraft Corp. Model LR-81-BA-l., This rocket uses
JP-l ag a fuel and Inhibited Red Fuming Nitric Acid as an oxidizer. The .three (3)
rockets would be mounted in a horizontal plane across the aft of the vehicle with
the center rocket in line with the vehicle center of gravity. All three (3)
rockets would be fired for the first stage with only the outer two (2) rockets
being used for the second stage. At completion of the second stage, all three
rockets would be jettisoned in a cluster from the vehicle.

The clustered mounting scheme for the boost rocket appears to be a
straight forward method of securing the thrust component in the desired
direction at & minimum of weight. Also, there are no vehicle structural
penalties &5 & result of the booster rockets after these have been fired.
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BOOST SYSTENM
/6. 29

SECRET

FORM 1812-A-1

Declassified and Approved For Release 2012/05/31 : CIA-RDP89B00709R000400830001-3



Declassified and Approved For Release 2012/05/31 : CIA-RDP89B00709R000400830001-3
PAGY 5l

ANALYSIS CONVA'R
PREPARED BY A DIVISION OF GENERAL DYNAMICS CORFORATION REPORT NO. ZP‘253
CHECKED BY (SAN DIEGO) MODEL

DATE October 1958

REVISED BY

SECRET

SECTION II
SYSTEMS

SECRET

"™ " Beclassified and Approved For Release 2012/05/31 : CIA-RDP89B00709R000400830001-3



Declassified and Approved For Release 2012/05/31 : CIA-RDP89B00709R000400830001-3

PAG..

ANALYSIS CONVAIR 55

PREPARED BY A DIVISION OF GENERAL DYNAMICS CORPORATION REPORT NO. ZP"253
CHECKED BY (SAN Dieco) MODEL.

REVISED BY DATE QOctober 1958

SECRET

The Hazel Systems are shown schemstically in Figure 30. The following
subsystems are summarized in this section:

1. Auxiliary Power

2. Thrust Vector Control

3. Control Actuation

L. Boost Rocket Separation

5. Structure Pressurization

6. Air Conditioning

7. Electrical Power Generation
8. Fuel System

1.  Auxiliary Pover

Estimated auxiliary power requirements can be satisfied with the follow-
ing two (2) auxiliary power systems:

a) Vehicle Liquid Monopropellant Auxiliary Power System
b) Boost Rocket Pneumatic Servo System

a) Vehicle Liquid Monopropellant Auxiliary Power System

This system consists of & liguid monopropellant, such as
hydrozipne, decomposed in & catalyst gas generator. The propellant is
supplied to the gas generator by pressure secured from the pressurized
structure helium supply. Flow 1s varied on demand by sensing gas generator
pressure., Systems receliving energy are:

1) Structural Pressurization
2; Aerodynamic Surface Control
3) Electrical Power

b) Boost Rocket Pneumatic Servo System

This system consists of a gas source vhich supplies energy to an
actuator through & pneumatic servo. A more detailed analysis relative to
gtate-of-8rt at time of detail design will select either & hot gas, bottled
gaés or other energy source. The system receiving energy is the Boost Rocket
Vector Control.

2. Thrust Vector Control

Thrust vector control is required on the Boost Rocket to correct devia-
tions from the proposed flight path. The choice of method to obtain jet
deflection cannot be made without further study. Present indications are
that the final choice will be between swivel (gimbsled) nozzles and jetevators.
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Hovever, ell feasible means should be evaluated. The accepted wethod will be
the one that gives the lightest weight, is most reliable, and is capable of
production for the time period of the Hazel Program.

3. Control Actuation Systems

Progress in the development of hot gas servo systems justifies their use
at lov povwer levels and for short durations. Extending their application to
long durations and high power levels is desirable. However, this will
require significant development advances before there is an advantage relative
to the combination of gas turbine and hydraulic system.

Hot gas servos are used for the boost rocket vector controls. They offer
minivum weight for the low power and short duration requirements of the Boost
Rocket Vector Controls.

Aerodynamic control surfaces are actuated by hydrsulic servos driven by
the Vehicle Liquid Monopropellant Auxiliary Power System. A small water
boiler is used for hydraulic fluid cooling. The system is sized for the
average load, with an accumulator supplying energy at the peak loads. A
, paraellel development of & hot gas servo system is recommended with the ob-

{ Jective of decreasing weight and increasing reliability.

; L. Boost Rocket Separation System

The Boost Rocket System will be jettisoned at the end of the boost.
The selection of &n optimum separation scheme can only be made after a more
detailed final configuration analysis.

5 Structure Pressurization System

Initial pressurization of wing and tail surfaces is supplied on the
ground prior to take-off. Means must be provided for the controlled escape
of & portion of this gas with 1) decreasing ambient pressure as the vehicle
is projected from a static condition at sea level to M = 3 at 125,000 feet
and 2) increased internal tempersture due to merodynamic heating during
cruise. Following this loss and stabilization at cruise conditions, gas
must be added to off-set leakage and waintain the given 15 PSIG pressure
differential as increasing ambient pressures are encountered during let-down
from altitude. The inlet gas must be injected at such temperatures as to
preclude thermal damage to the structure and to minimize total system weight.
The pressurization medium chosen must remain a gas over the temperature and
pressure range encountered within the structure.

Minimum system weight for structural pressurization is afforded by &
system using helium gas stored in liquid form and heated to the desired
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temperature by direct mixing with hot exhaust gases from the Vehicle Mono-
propellant Auxiliary Power Gas Generator. Total weight of the Proposed
system is 142 pounds. Report ZJ-026, "Propulsion, Structural Heating and
Pressurization” evaluates various systems for supplying the pressurization
and outlines those found most promising.

6. Air Conditioning

Minimum total system weight is achieved by & completely sealed cabin
(zero leakage) utilizing circulating air at sea level pressure with water
boiling at reduced pressure (and temperature) as the ultimate heat sink.
Carbon dioxide, odors and water vapor are removed by & multi-purpose filter
vhile make-up oxygen is supplied from a high pressure gaseous storage
bottle. Cooling, during flight altitudes at which the water boiler is no
longer effective, is supplied by the helium gas used for pressurization
during this phase.

Te Electrical Power Generation

: The output from the vehicle liquid monopropellant auxiliary power system
gas generator, through & turbine and gear box, powers an electric alternator.
The alternsator provides alternating current directly and direct current
through a direct current generator to systems requiring electric current.

8. Fuel System
Figure 31 shows a Pentaborane, vapor feed fuel system schemstic.

It is essumed that the heat exchanger is to be integral with the engine.
For a 4000 pound fuel system, approximately 75 square feet of heat exchanger
area is required if it is part of the engine, vhile approxiwately 1500 square
feet vould be required if it were part of the airfreme wing area. The heat
exchanger welghs approximately one (1) pound per square foot. The weight
saving aspect is obvious.

The pumping rate through the heat exchanger provides simple control of
vapor boil off.

Decomposition within the heat exchanger will be within operational limits
to avoid heavy deposits for single flights. The system should be cleaned
after each flight. It is estimated that five hours operation should be the
maximum without cleaning.

Fuel pressure must be &t design maximum pressure at engine ignition, and

fuel temperature must be within 3°F of the boiling point at ignition to promote
vepor for starting. '
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Both the seated and the prone position for the pilot were considered.
The prone position would be the ideal position for the mission because of the
prime requirement of this vehicle, nemely reconnaissance from high altitudes.
The prone position, however, is debatable for approach and landing.

Both types are shown.

Figure 32 represents a normal seated cockpit with standard type controls
and console arrangement. Access would be through side door. Escape from the
aircraft would be by hinging the seat downward. Deployment of a 30" diesmeter
stabilizing parachute snatches the pilot from the seat and provides a
stebilized descent at & terminal velocity of approximately 100 M.P.H. indicated
air speed. Automatic parachuting, actusted by an sneroid, would occur at
15,000 ft. altitude. A back type parachute and a seat type "Global Survival
Kit" are provided.

Figure 33 shows & prone installation with the pilot close to the lover
surface of the aireraft. The prone support is integral with a hinged door.
Extension of this door provides an escape chute. A chest type survival pack
and a back type parachute is provided. This system also incorporates a 30"
diameter stabilizing parachute for stabilized descent from high altitude.
The prone position is not considered satisfactory for high longitudinal
accelerations, such a&s lsunching, unless further support is provided.

FPigures 35 and 36 show means for supporting the pilot when subjected to
high and prolonged accelerations.

The two position cockpit (Figure 34) provides a separate supine type
seat for flight during leunch. The seat also provides emergency escape during
lsunch. Normal flight position is prone and provides waximum downward or
reconnaissance vision. An escape chute provides for escape when the pilot is
in the prone position. A chest type survival pack forms part of the prone
support and is secured to the pilots harness. The prone support is an integral
part of & lower surface door (hinged on the forward edge). Extension of this
door provides &n escape chute. Three seconds after leaving the aircraft a
30" diameter stabilizing parachute is deployed and provides the pilot a terminal
(falling) velocity of approximately 100 M.P.H. indicated air speed. An aneroid
set for 15,000 ft. releases the wain parachute automatically.

Figure 35 shows & prone installation with the pilot suspended in water.
A close fitting rigid container froms the pilots compartment and is completely
filled with water around the pilot. Water is circulated through a conditioner
and is pressurized back to the compartment. The system is designed to with-
stand 80 G's. and is an integral part of a section of the alrcraft capable of
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- ey

remaining intact up to 30 or 40 G's. The object is to insure & low density
of the inhabibted vehicle even in the event of aircraft failure and subsequent
break-up. Terminal velocity of this low density section would be less than
4O f£t. per sec. indicated.

This permits an entirely nev concept in pilot survival. A wan suspended
in water in & rigid container can withstand extremely high accelerations.
Accelerations are manifested as pressures if similar densities preveail. Since
the human body is not of constant density (the lung cavity is a veritable
bubble in the system), some human acceleration limitation exists even vhen
suspended in water. The liamit appears to be in excess of 50 G's. Escape
from the aircraft is not necessary if impact with the ground or water can be
held below about 60 G's. The low density structure described above cen
absorb the impact energy of the falling body by crumpling and/or imbedding
at ground contact. An energy absorbing stroke of 5 ft. will permit survival.

The water suspended pilot is clothed in & "frog-mans” suit and breathes
as diagrammed by Figure 36. All controls are accessable from inside the
rigid pilot's compartment. Entrence to the compartment is via a full length
lover surface door.

The cockpit environment will be controlled to temperatures, pressures,
and humidity as in present day fighters. Use of a partial pressure suit
and helmet and & standard ventilating suit is recommended.

Vision from the various cockpits shown has been studied and is presented
as direct vision and/or reflected vision. It is considered that periscope
vision and television type vision are unaatisfactory for use in the subject
aircraft. The normal seated cockpit version (Figure 32) is limited in down
vision and is somevwhat inferior to present fighter type vision due to the
nose high flight attitude. Vision is ideal from the prone position (Figure 33)
with the exception of upward side vision. The proximity of the pilots head
to the window permits a very large vievwing angle.

Instruments would be installed normally for the seated type cockpit and
would be special for the prone type cockpit. This special instrument install-
ation is composed of reverse type instruments mounted such that reflection
from the window permits normal viewing to the pilot. The section of the
window appearing as the instrument panel would be partisally silvered for
improved reflection of the high intensity line lit instruments. Intensity of
instrument lighting is controllable. ’

Figure 37 is presented to shovw the escape capebilities as compared to

1"t

the aircraft performance limits. Normal cruise for the aircraft is at a "q
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of about 35 P.S.F. and is considerably below the aircraft capabilitlies. At
flight conditiong approaching the heat limit, escape is also feasible. High
temperatures encountered (600°F stagnation) during such an escape would
prevail initially and would quickly decrease as the man is slowed by the
stabilizing chute. The pilot's flight clothing is standard and will with-
stand the short time heating. .

For all configurations in this report the normal seated position of the

pilot according to Figure 32 is recommended. The pilot has escape provisions
through the bottom by means of & trap door and parachute.
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A, Structural Design Criteris

The vehicles discussed in this report are all prediceted on certain
ground rules. These have channeled the structural design concepts into a
small erea which demands somewhat radical methods. A summary of the rules
wvhich affect structural design are as follows:

l. Miegsion : - Reconnaissance with minimum maneuvering
requirements.

2. High Altitude Cruise - Light wing loading.

3. Staged Launch - The vehicle should not be penalized
appreciably by the launch conditions.

4, Weter Landing

5. Reasonable vehicle
Life

Minimum landing requirements.

Item 1, demanding small maneuvering load factors combined with item 3
vhich would restrict launching methods, allows first the consideration of a
minimum load factor at start of cruise. This load factor was chosen as 1.5
limit. As the weight of the wvehicle decreases due to fuel burn-off, reason-
able turns can be made during cruise. As the second design point, considera-
tion was given to gust loads during the glide after the end of cruise. Rudi-
mentary checks indicated that & 3G limit gust or maneuver factor at glide
weight would be adequate for glide path variation or landing area control.
These two conditions were them chosen as the primary design condition, with
the assumption that all other requirements would be restricted within this
capability.

Item 2 demanded very efficient, relatively lightly loaded structures
with aerodynamically efficient shape. These combined requirements then make
the non-rigid inflated airframe look quite attractive, anmi, therefore, has
been given primery consideration.

In order to utilize the potential of the non-rigid construction more
efficiently the use of a lower factor of safety than that used for rigid metal
manned aircreft is proposed. The proposal is outlined on pages 81 and 82
and has been incorporated in the strength and weight estimations.

Item 3 has proven to be a more difficult problem than originally
anticipated. From the structural design standpoint, the only practical

SECRET
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methods of accomplishing this requtrement are:

&. Balloon launch from ground to above TO to 80,000 feet, then
rocket boost to start of cruise.

b. Launch by modified existing aircraft with airload protection for
the vehicle, to 45 to 50,000 feet, then a zero G trajectory
launch to start of crulse. Aircraft vehicle separation should
occur at relatively low airspeeds. (q = 50 psf)

¢. Launch by an air breathing booster, possidbly by towing at low
speeds or with airload protection at high speed to above
. 70,000 ft. and M = 2,0, then minimm rocket boost or ramjet
climb to start of cruiase.

Method a. perhaps practical for testing, has been assumed imprectical
for tactical application and has therefore not been thoroughly investigated.

Method b. has been evaluated for & modified B~-36. The vehicle is
assumsd to be supported with a structural platform to which the vehicle is
attached by vacuum. This would transfer all vehicle airloads directly from
the top skin through the substructure to the platform. This allows the vehicle
to be carried at speeds up to the g allowable for the mother vshicle.

Method c. has been investigated; however, indications are that the air
breathing booster aircraft will be a radical and complex vehicle in itself
and should be the subject for a separate study.

Due to low wing loading and therefore, relativelydiow landing speed,
a water ski system controls landing loads within the previously determined
capability. ’

Iten 5, the design life of the vehiele is important from two standpoints,
namely, fatigue of the structure and thermal degradation of the airframe
materials. An estimated life has besn chosen on & thermal degradation besis,
vith fatigue assumed to dbe of secondary importance. In detail design, hovever,
it has to be considered,

Thermally, two tempersture time limits are involved, The first, based

on the cruise design point, assumes a vehicle life of 1,000 hours (667 flights
at 1-1/2 hours per flight) at the cruise speed and altitude. Secondly, to
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allow for launch considerations and momentary overshoots or operation off the
cruise design point, & short time exposure is considered at a higher
temperature, based on 100 hours total or .15 hours (9 min.) per flight.

The temperature increase is assumed as that occuring with a 40% increase
in the structural design temperature (10 feet aft of leading edge.).

Elevated temperature structural data on impregnated fabrics is very
inadequate at this time and the cumulative effect of many exposures on
strength after exposure on both impregnated fabric and rigid plastic
lamination are scarce:- for the newer developed materiasls. It is felt, there-
fore, that in the highest temperature regions i.e., nose and leading edge,
soume components will have to be made replacable and shorter lives at these
highest temperatures be accepted for these components.

For the basic airframe the assumption is mede, however, that the 1000
hours at design cruise point plus the 100 hours over design cruise point
constitute the thermal life criteria for the vehicles.

Teble . :V. summarizes the structural design criteria for the vehicle.
Figure 38 illustrates a typical launch, Figure 39 shows & typical glide
envelope based on gust velocities and formula as shown on page 76.

Figure 40 illustrates typical temperature distribution and thermal design
envelopes.
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STRUCTURAL DESIGN PROPOSAL

PRESENT CRITERIA RIGID METAL AIRCRAFT:

Pactors of Safety - Vehicle shall be capable of sustaining limit load (meximum
expected load) multiplied by a yield factor of safety of 1.15 without excessive
perwanent deformation, and ultimate load which 1s limit load multiplied by an

ultimate factor of safety of 1.50 without failure.
Ref: MIL-A-8629 "Airplane Strength & Rigidity"

Note: ‘The primary basis for this dual criteria is the fact that most common
aircraft metals have a yield stress which is considerably below the failure
or ultimate strength, which allows large permanent deformation below ultimate

load, as shown below:
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STRUCTURAL DESIGN PROPOSAL

PROPOSED CRITERIA NON RIGID PRESSURIZED PLASTIC A/C:

Factor of Safety - Vehicle shall be capable of sustaining limit load without
excessive permanant deformation and ultimate load, which is limit load
miltiplied by & factor of safety of 1.15, without failure, provided the
following conditions are met: '

1. The structure is relief valve pressurized to limit load and will deflect
freely with loads greater than limit load, without adversely affecting the
aerodynamic characteristies, mechanical operation of any part or strength
at or below limit load, by virtue of the non-rigid pressure stabilized
construction.

2. Material properties are such that a yield stress, as ordinarily defined,
does not exist, as shown below, and that the material and fabrication
specification are adequate to insure less than 15% deviation.
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B. Structural Configurations

The primary configuration studied is the non-rigid pressure stabilized
wing with minimum body structure, configuration MC-10, Figure 16. The
secondary configuration is the rigid vehicle, which is identical geometrically
to MC-10, namely MC-19 Figure 18. Englne construction is not discussed.

For MC~10, the wing is assumed to be & full cantilever, pressure
stabilized, truss rigged fabric gtructure. The wing center section, body-pylon
combination is assumed to be of rigid fiberglass laminate construction. The
bending loads are carried directly by the pre-tensioned skins, the shears by
the pretensioned trusses formed by the angled tension ties to give in effect
& multi web full effective skin wing structure. Some diagonal trussing would
be required in & chordwise direction for redistribution of airload, with
wing torsional stiffness provided by both the differential bending of the
"multi-spars"” and the total wing enclosed area as a torque box, utilizing the
rigidity in shear of the diagonally doubled fabric in biaxial tension.

As discussed in th criteria section proposal for factor of safety,
the non-rigid structure, if properly designed, can have the abllity to limit
developed airloads by ving bending deflections due to exceeding of wing
pressurization with & resultant upper skin folding, without loass of design
load capability. t

The rigid vehicle (Configuration MC-19, Figure 18) is envisioned as also
8 full contilever, multi spar wing with minimum body structure. The wing
covering was &ssumed 8s honeycoub or corrugated core sandwich panels of
sufficient thickness to yield reasonable buckling allowables, Corrugated
webs will provide stabilized shear paths with good extensional deflection
charagteristics to reduce thermal stresses from rapid heat applications.

The fins would be similar to the wing structure, with proper detail
arrangements &t the fin to wing junction for either configuration.

Static aercelastic problems have been assumed as controllable due to
the all tension design, delta wing planform and low wing loading. However,
cognizance should be given to the fact that most fabrics are very flexible
until pre-stressed, and can be quite flexible in comparison to conventional
aluminum structures even vhen pressurized. As discussed in the materials
gection, this is an ares which needs further investigation for proper
evaluation The rigid design would be conventionally analyzed for its aero~
elastic stiffuess requirements.

Thermoelastic problems are reduced by the non-rigid pressure stabilized
construction which utilizes thin skins, minimum substructure and excellent
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extensional differential capability for unequal surface heat inputs. The \
rigid comstruction utilizes corrogated webs in the substructure to reduce :
thermal stress.

Dynl.mié aeroelastic problems or flutter difficulties are reduced vith
the pre-stressed fabric design. The large hysteresis of fabrics coupled

4;(7 Vi

2

with the ability of the pressurized structure to deflect freely with greater
than pressurization loads will not allov stored energy for divergance to
destruction as in a rigid metal structure. Panel flutter or "Flag waving"
phenomena should be precluded by the tensioning of the skins due to pressurk
zation.
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C. Materials and PFabrication

Material and fabrication considerations are important parameters of an
airframe structural design. These qualities are even more important because
of the requirements for a high efficiency non metallic structure which has
to operate at elevated temperatures for relatively long periods of time.
Adequate data on the mechanical properties of rigid plastic laminates at
normal temperatures are available. At elevated temperatures, some questions
are ansvered inadequately for detail design, but sdequate for preliminary
design purposes. Fabrication techniques likewise are well developed for
normal temperatures, but less than sdequate for the temperature limits of
the rigid lsminates themselves.

Structural fabric and fabrication data on suitable structural fabrics
-are lacking for normal temperature and particularly for elevated temperatures.
This is due to the relatively small use made of fabric structures rather than
any inherent wechanical difficulty in obtaining the necessary data.

For the rigid portions of the vehicles or all-rigid vehicles, epoxy,
‘ phenolic or expoy-phenolic resin and fibergless laminates are assumed to be
\ the most efficient materials. Various and complex shapes, corrugations and
' sandwich panels can be fabricated from these waterials to give good strength
. and weight properties. Table IX summarizes material properties assumed.
These data vere taken from the typical data presented in pages 88 to 96.

The non-rigid structures present many development problems which have
not been adequately solved to date. A survey of 8vailable materials indicates
than an impregnated fiberglass offers the best strength and weight character-
istics for the Hazel criteria. Pages 88 to 96 substantiate an approximation
of typical fiberglass strength and weight as shown in Table VI.

It is assumed that 1) the impregnate contributes nothing structurally,
2) the design uses only tension and shear strength (thru biaxially stressing
diagonally doubled fabrics), and 3) the tension properties of the fabric
vary similiarly to tbhat of the rigid resin impregnated fabrics at elevated
temperatures,

Fabrication of the fabrics has been assumed to be either by sewing or
glueing or both at splices with efficiencies as assumed on page 93. The
shape holder ties which are angled to serve as trusses, are considered
voven through the fabrics, by hand or mechine, such that adequate tie
strength i8 realized and proper sealing maintained. The impregnate was
considered as either applied prior to, after or both before and after fabri-
‘ cation.
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Coatings or impregnates for adequate sealing to minimize the structural
pressurization gas leakage may also require some development or modification.
Typical data indicate that Silicope, Acrylic or Flouro rubber compounds
have adequate life at the design temperatures for all except perhaps the
leading edge stagnation point where insulation or other protection should be
applied. :

The deflection characteristics of fabric structures, particularly of
the delta vwing configuration with airloads, is virtually unknown. Before
suitable approximation can be attempted, basic deflection data must be
- ~ obtained on fabrics as discussed above, with model testing to substantiate
Y the data., Since lack of material study funds has precluded tests by Convair,
Y ) it has been sassumed that the fabrics will offer sufficient rigidity when
properly used. .

N
v
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SECRET

D. Structural Feasibility

On the following pages approximate formulae have been developed for the
determination of atructurel pressure and minimum gages or areas of material
for the non-rigid wing. Assumptions made and detailed in the calculations
are:

l. Uniform airload distribution.
2. No wing inertia relief.
3. Root at £ 1is typlcal critical section.
4, 2/3 of chord is uniformly loaded by the
design bending moment of the wing outboard of section.
5« Section requirements are constant from root to tip.

The rigid structure would be analyzed by well established methods and
are not detalled here.
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SECRET

E. Weight Estimates

A method of determining an inflated wing structure welght is developed
on page 106 to 111 based on the data of Section IV D. It assumes uniform skin
thicknees on wing plus & 10% factor for local problems. The actual wing
veight calculation for the MC-10 configuration are shown on page 108. Pages
110 to 112 develop an approximate formula for evaluating the various wing
veight parameters. Figure 45 is a8 curve of wing structure weight versus
parametere for configuration evaluation.

In the weight breakdown, Table IV, page 49, the fin weight has been
chosen as being around 50% of the wing unit weight, with fin area approxi -~
mately 14% of the wing area. Body-Pylon structure weights have been &pproxi-
mated by extrapclation of existing weights data.
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