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26-June-2001 - As soon as the November 2000 issue of Popular Mechanics hit the stands with
the cover story of “America s Nuclear Flying Saucer,” we began the process of locating and
obtaining official copies of the documents on which the article was based. Little information
about these documents are made available in the article text, but on May 3, 2001, after alengthy
correspondence with 88CG/SCCMF (FOIA) at Wright-Patterson AFB Ohio, a document which
clearly relates to the same vehicle was provided to us. Henceforth this document will be
available from the National Technica Information Service/Defense Technical Information
Center (NTIS/DTIC).

This seems atimely release since one application of the “Lenticular Reentry Vehicle” was as an
orbital weapons system and debate is now current on the militarization of space. The LRV was
designed as a manned weapons platform which held four weapons internally and controlled an
external weapons pod containing additional weapons. The LRV would stay on station in orbit
(for up to six weeks per mission) until commanded to attack whereupon it would execute it’s
mission as a (at least partially) pilot-controlled bomber. Other missionsincluded surveillance.
“Photographic, infrared scanning. side-looking radar and ELINT equipment” are mentioned.
The plan was prepared under USAF contract by North American Aviation.

Thisfileis an extract of the document cited above which is an appendix to alarger document. |
have included the title page, security statements, tables of contents, tables and symbols and an
introduction. Pages are then skipped to the section on the LRV which isincluded in entirety.

WEe' ve presented this information because of the shape proposed for the LRV which places it
squarely in along line of similarly shaped vehicles planned or built over the decades.
Researcher Joel Carpenter notes that “NASA had originated the lenticular reentry vehicles idea
as early as 1959 and contractors such as Lockheed, Boeing, Martin and Convair had al studied
manned spacecraft with similar shapes by 1962.” This makes this information of interest to the
“UFO Community,” and others.
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the United States Government thereby {ncurs no responsibility

nor any obligation whatsoever; and the fact that the Government may have
formulated, furnished, or {n Ary way suppliedthe said drawings, specifications,
or other data, {s not to be regarded by implication or otherwise as in
manner licensing the holder or any other person or corporation,
any rights or permisesion to manufacture, use,
that may {n any way be related thereto.
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or conveying
or sell any patented invention

This document containa {nfurmation affecting the National defense of the

United States within the meaning of the Espionage Laws, Title 18, 1J.5.C.,

Sections 783 ard 794, Ite tranamission or the revelation of its contenta {n any

manner to an unauthorized ferson is prohihited by law.

Qualified requesters may obtain copies of this report from the Armed

Services Technicel Ilnformation Agency, (ASTIA), Arlington Hall Station,
Arlington 12, Virginia,

Coples of this report should not be returned o the Aeronautical Systems
Division unless rcturn is required by security considerations, contractual
obligations, or notice on » specific document,
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FOREWORD

This appendix to "Environmental Control Systems
Selection for Manned Space Vehicles” has been separated
from the main volume and classified principally because
of the possidbility of suggestion or revealing portions
of Air Porce planning programs or undarlying concepts,
This report, as well as the main report to which it is
appended, 1s one of a series on space vehicle thermal
and atmospheric control systems,

18 report £o clossified :GCRLT Lecouse {t descrides on
Clirnsive wenjnn gy stac,

ASD TR 61-240 Pt II, Yol I1
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ABSTRACT
™his ~dairsct 48 Unelugaified

Pour versions of manned ordital reentry basepoint
vehicles are developed for the purpose of providing

reference points for determination of the thermal and atmos-
pheric oontrot reQuirements of realistic vehicles., Two of
the vehicles (i1.e., Vehicles %A and 1B) were developed in
Mase I of this study series (ASD Technical Report 61-240,rt 1)
and will only be suwmmarized here. The remaining two vehioles

(Ballistic Meentry and lenticular Reentry) are presented in
greater detail in this report, :

In addition to tha development of specific vehicles,
general data have been compiled on the more important aspects
of manned space vehicle design, (i.e., flight vehicle powsr,
structures, effects of meteoroids, mission equipment, and

examination of these general data for envirormental require-
monts, .

PUBLICATION REVIEJ

This report has been reviewed and is approved,

POR THE COMMANDER:
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Appendix I

KISSIONS, VEHICLES, AND EQUIPMENT

As stated in Section II of Volume I, the purpose of
developing specific hypothetical vehicles is to provide
tangible reference points for determination of the thermal
and atmospheric control system requirements of realistis
manned space vehicles. These vehicles serve as a means for:
(1) tdentification of environmental factors such a3 cabin
heat rejection, solar and serodynamic hsating, cabin pressure
losses, and ¢abin atmospheric contamination; 52) estadlish-
ment of envirormental requirements of crew and equipment;

(2) tntegration of thermal and atmospheric control systems

into realistic vehicles; and (4) development of trade data

useful in selecting and sizing thermal and ataospheris
control systems,

The scope of this portion of the study is limited to
the time period 1965 to 1975. Thus, projests Mercury and
Dyna Soar are considered to be pre-1905, while planetary

entry and landing missions are considered to be poat-1975
(Refeirences 1 and 2).

Primary emphasis to date has been placed on the manned
orbital reent vehicle whose mission would be global sur-
veillance and/or bombardment. This has been done inasuuch
as such a vehicle is probably of the greatest immediate
military interest and inasnuch as such a vehicle also serves
as an excellent model for thermal and atmospheric control
system design studles, PFour variations of this orbital re-
entry vehicle were developed to establish the influsnce of
crew size, mission duration, mission equipment, and flight
vehicle powc. m themal and atmospheric control systems,
These threg ises of the manned reent vehicles were
developed Ja detall sufficlent to accomp ish the purposes
stated at the beginning of this appendix.

FPor convenience, the three sudclasses of the manned
orbital reentry vehicles have been desi-nated as follows:
Vehicle 1A -- Pive-man, 6-week, full-surveillsnce version
Vehicle 1B -- Two-man, l-week, full-surveillznce version
Vahicle 2A -- Five-man, 6-week, full-surveillance version
Vehicle 3A -- Pour-wan, 6-week, bombardment version

Manuscript relsased by authors 13 July 1962 for pudlication
as an ASD Technical Report,
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All four versions are boosted, orbital conlimurations
with pilot contrmlled reentry trajectory., Vehicles 1A and 1B
are winged, Venicle 24, pallistic, and Vehicle 3A, lenticular
shaped, VYehicles 1A and 1B are briefly outlined here., A

detailed description will be found in Reference 3, Vehicles
2A and 3A are discussed in more detail in this section of
the appendix,
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LENTICULAR RFENTRY VEHICLZ

The overall weapon system concept results in a require-
ment for three dbasic orbiting components, First, therc is a
requircment for a manned bombardment vehicle which houses the
basle control function in space, Secondly, a weapon cluster
is required., This 13 an ummanned weapon carrler which
combines and intecratea several weapons into a common orditing
package to facilitate handling and servicing, The third
requirenent is the weapon itself (Reference 6).

Manned Bombardment Vehicle

The bombardment and control vehicle is the primary
element of the system, since it actually contains weapons
within itself as well as exercises control of the remainder
of the weapons clustered near it. This vehicle, housing the
human element and the basic operational squipment, is the only
portion of the system which is required to effect repeated
reentries through the earth's atmosphere. Thus, the design
eriteria for this element of the system is much more severe
than those criteria imposed on the other vehicles. The
lenticular control vehicle, then, becomes the system of primary

concern in describing conceptual designs for thermal and atmos-
pheric control subsystem studies,

The structural criteria presented here are primarily
based upon the temperature and loading requirements associated
with the reentry phase of the mission and upon the injection
boost loading. Secondary requirements include adcquate
insulation characteristics to ascist in the control of the
internal enviromments, and specizl situations, such as meteorsid
encounter and crew escape provisions,

Ceneral Arrangement

The manned bomber is a lenticular shajed reentry vehlcle
23 shown in FPigure 13. The dlasc-shaped configuration waa
chosen for its greater usadle volune availahble for weapon
storage and crew accommodations and for other advantages.
The volumetric efficiency of the disc with respect to a
¢ylindrical body is shown graphically in Pigure 14, It has
a2 dbasic diameter of 40 feet 2nd a gross launch weight of
about 45,000 pounds. The wvehicle functions as a manned
orbital bombing system with an internal armament load of four
winged reentry weapons and also acts as an ordital control
and maintenance center for additional ummanned weapon clusters.,

- 38 -
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Figurell

Disc Shape Design Study
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The operational mission dui?\ 18 6 weeks duration at a nominal
orbital altitude of 300 nautical miles, with a orew of four
men. The vehicle incorporates & Jettisonadble crew compartment
capsule for emergency crevw escape and a space shuttle service
vehicle for inspection and maintenance of the weapon clusters,

External Configuration

The external oonﬂ{urltion of the marned bomber 18 showm
in Pigurs 15, The total projected planform area is 1548 square
feet which results in a normal reentry and landing wing loeding
of approximately 23 pounds per square foot. The projected
planform area noted includes the horizontal area between the
disc ard the straight trailing edge, which providas the flap
ares and also includes the movable horizontal stabilizer sur-
face located outboard of the vertical stabilizer surfaces,

The hinged tralling edge surfaces inboard of the verticals
function as elevators Aduring subsonic flight and landing.

The all movable borizontal surfaces located outdboard of the
verticals can be actuated differsntially to provide roll control
as well as simultanecusly to provide pitch control, and are
effective th t the entire flight regime. The landing

gear consists of retractadle skids mounted on the lower
fuselage surface,

With the &os launch weight of the manned bombardment
vehicle at 45 pounds, the useful load is 27,958 pounds,
including 8056 pounds for four winged weapons. A weight
stsveary of the manned vehicle including a weight breakdown of
the major components is presented in Table 9.

Internal Arrsngement

The internal arrangesment of the vehicle is shown in
Pigure 16, The vehicle 1s designed with four primary internal
compartments; the 1iving quarters, work area, amament bay,
and crew escape capsule., Each compartment can be individually
1solated from the other three, should a puncture or leak make
one temporarily unusadle. Repalrs eould then be made to the
daxaged compartment while the crew used the remaining compart-
ments for living and working quarters,

Crew Eacape Capsile

The crew capsule functions as the vehicle control center
during normal operstion and as the crew escape capsule for an
emergenoy abort of the mission. The escape capsule is actually
a brealkaway nose section of the vehlole, approximately 17 feet
long and 6 feet wide. The generul arrangement of the escape
capsule is shown in Pigure 17, and a weight susmary 3is presented

-8 -
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MANNED BOMBARDMENT VEHICIX WBICHT SUZMAKY

Item Weight (pounds)
Structure 8,740
Propulsion 2,602
Fixed equipment 5,700
Weight empty 17,042
: . Crew (4) 1,000
i Propellant (usable)
. Retro and maneuver 9.12%
! Attitude control 230
! Trapped propellant 190
t Adort vehicle (less crew) 5,000
{ Service vehicle 3,7%
i Pressurizing hellum £ 1]
! Water 3%
' Weapons (4) 8,056
' Tools and spare parts 200
Useful 10ad 27,958
| CROSS LAUNCH WEIGHT 45,000
i Propellant 9,373
i Service vehicle propellant 1,900
Water 33
Expendables 11,605
LANDING WEIGHT 33,395
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in Table 10. The capsule separates the crew living Quarters
from the work srea and provides access to either compartment
throuzh &8 door in each side of the ¢apsule, A sealant
material around the doors prevents leakage of the cabin air
during normal operation and is broken only when the capsule
is separated from the primary vehicle, The abort capsule
contains the crow stations for boost and reentry, the vehicle
control consoles, and the emergency power supply and 1ife
support equipment needed for an abort misaion, Exit from the
capsule after an abort 43 provided by the doors on each side
which serve as the passagewsy 40o0rs betwsen the compartments
in normal operation, Separation of the capsule from the main
bomber vehicle is accomplished with a 50,000-pound thrust,
spherical, solid propellant rocket engine locatsd on the aft
section of the escape capsule, The engine provides a burning
duration of about 10 seconds, The abort engine imparts an
initial acceleration of approximately 8.5 g to the cspsule
which 13 sufficient to escape the 5-psi overpressure wave
resulting from an explosion in the firat stage booster during
launch from the ped. The 10-second burning duration ensures
sufficient altitude adbove the pad at burmout to pemit re-
covery of the capsule with a parschute located in the forward
nose section of the capsule, which 13 enclosed with a Jettison-
able nose fairing. The recovery chute is sized to limit the

impact velocity of the capsule to approximately 25 feet per
second,

Stabilization of the capsule is accomplished with four
foldout fins located on the aft section. Over-nose vision
for a normal vehicle landing is provided by translating the
nose section downward and exposing a flat plate windshield
in the forward pressure bulkhead of the capsule. Utilization
of this window for ocbservation from the crsw compartment during
the orbital mission 13 also permissidle, The enviroment of
the crew capsule, living qQuarters area, and working area sompart-
pents is maintained for "shirt-sleeve” operation during the
orbital mission; however, 81l compartments contain sufficient
voltme for crew operation in space uuits,

Off-Duty Area

The off-duty area is the living quarters for the crew and
1s located on the starboard side of the vehicle. This area is
designed with sufficient volume and flow ares to provide
coafortable living Quarters and recreational area for the crew
during the extended mission duration of 6 weeks. The compart-
ment contains sleeping and sanitation provisions, food storage
and separation facilities, storadble tadle, chalrs, and exser-
cise equipment, Sleeping nets with atorage space below for

- 46 -
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TABLE 10 :
ESCAPE CAPSULE WXIGHT SUDMARY

Propellant 2085
| Deeral 20a4 3085
GROSS LAUNCE WRIGNT 6000
Propellant 2085
Expendadles 2085
LANDING WEIGHT 3915

- A7 -
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personal gear, books, etc., are located alonz the wall, Pood
storage and preparation facilities, plus miscellansous storage
provisions, are located along the other wall. An air lock
gonpartment provides access from the pressurized off-duty
area to the unpressurized weapons bay, or to the outside of

the vehicle, Access to the on-duty work area hrough the
vehicle control compartment. y 1t

On-Duty Area

The on-duty work area is located on the opposite side of
the vehisle. The work area contains all the display consoles
and control equipment for launching, monitoring, and control-
ling the weapons and controlling the unmanned weapon clusters,
the primary electronic equipment, and miscellanecus tools and
maintenance equipment. A generous allowance of volume for
the display consoles and electronic weapon control eQuipment
permits easy access to all the equipment for maintenance and
repair. The primary envirormental control, power supply and
miscellaneous vehicle support eqipment is located around
the formard periphery of the off-duty and on-duty compartments,
The central floor area of the work area is kept open to permit
freedom of movement for the crew for maximun efficiency and
convenience, Access to the cutside and to the weapon storage
arca is provided with an inter-connecting air lock compartment,

VWeapon Storage Area

The weapon storage compartment is located in the aft
section of the vehicle on e2ch side of the weapon launch bay
and provides atorage space for four winged weapons - two on
each side of the displacing mechanism which 4is located on the
11ft coefficient of the vehicle, The weapon storage area is
an unpressurized compartment and is accessidle from both the

on-duty and off-duty orew gomparitments through air lock compart -
ments,

Sufficient space is provided for accesas to the weapons in
the storage area for maintenance, repair, checkout, and lsunch
procedures., The weapons are supported on rails in the storage
area which permit manual transfer of the weapons from the
stored position to the displacing mechaniam for launch., During
the orbita)l phase of the mission, all weapons will dbe trans-
ferred, via the displacing mechanism, after the shuttle vehicle
is removed, and attached to the external surface of the vehicle
in ready position, The shuttle is then returned to the dis-
placing mechanism and the vehicle is ready to initiate a
strike using the attached -oagona or using remotely located
clustered weapons, The vehicle 1s also in position to effect
an immediate reentry, in case of emergcncy, by simply detaching

‘- B8 -
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the four weapons and leaving them in space to be recovered at
4 later time,

An alternate use of the weapon storage area will be as a
logistic cargo compartment for trans

porting fuel and replace-
ment parts as needed for service and repair of the unmanned
weapon clusters.

Plight Performance

Aerodynamics

Primarily because of its excellent surface area-volume-
weight relationship, the lenticular shape has been chosen as
its satellite-reentry configuration for the manned bomber,

The basic disc shape is inherently unstabile assuming & repre-
sentative center of gravity location, Mowever, control
surfaces, flaps, and speed brakes suitably located and ¢on-
figurations tafloring can make the lenticular shape stadle
and, with other desiradle characteristics, a very satisfactory
sanned reentry and landing configuration will evolve. A

Global Surveillance System using this same basic lenticular
concept 1s descrided in Reference 7.

Sudsonic x/bh‘x is approximately 9, which will result in
excellent landing characteristics, The x,/bu

speed 1s adbout 2.0, and at hypersonic
decrease to about 1.5 which 1s

x at supersonie

speeds this value would
ample for reentry maneuvering.

Entry Performance

For all the entry trajectortes, it was assuned that the
saximun 11ift coefficient capabilities of the vehicle was 0,70
occurring at an angle of attack of 51 degrees. The maximum
L/D of 1,5 occurs at @ = 14 degrees which corresponded to a
11ft coefficient of 0.28. Four basic entry trajectories are
presented in Pigures 18 through 21, In Pigure 18 a manned
entry 1s shown initiated by a retrograde impulse of 200 feet
per second below circular orbdit speed at 400,000 feet. The
entry 1s flown at a constant maximum lift-coeffiocient and
results in the coolest leading-edge tenperatures of those
trs jectories studied. Two alternate entries are shown in
Figures 19 and 20, These trajectories were initi ted with
sinilar conditions, but 1ift is ardbitrarily varied to repre-
sent a nnncuvorin{ entry. Leading-edge temperatures encountered
during these entries are consideradly higher and have been
accounted for in the structural design. Pigure 21 presents
an entry initiated & 500-foot-per-second retrograde impulse
in order that entry time may de reduced. This may be desiredle
Gue to system malfunctions or solar flare and rediation warnings,
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Thermodynanics

The lenticular-shaped reentry vehicle is favorable from
s heating standpoint, when compared to other reentry vehicle
oconfigurations. The leading edge of the disc may be treated
as & cylinder normal to the flow, which results in two-
dimensional flow 1s & reduction of the aerodynamic heating
rate to the leading edge of 1/V3 or 0.707 of the heating

rate that would normally reach a hemisphere or dblunted
cylinder during a similar en'ry mission,

The disc-shaped configuration with control surfaces on
the aft portion of the vehicle eliminates the problem of high
heating due to low shock interactions between conventional
fuselage nose and wing leading-edge surfaces, This problem
1s common to winged body 1ifting vehicles,

Another advantage of the disc configuration is that large
leading-edge radii may be achieved., This results in a re-

duction of the ssrodynamic heating rate that would be experienced
by thin-winged entry vehicles,

Structural Design

The manned boabardment vehicle must be capable of sup-
porting its flight and dymamic loadings throughout the mission
profile without sustaining permanent damage. The mission
profile of this vehicle starts at the launching pad, continues
through 6 weeks in orbit, through reentering the earth's
atmosphere, and concludes with maneuvering to a landing.

After each mission, the sairframe will require visual inspection
to detect any meteoroid damage oOr surface erosion. These minor

s should be the only sirfrase service required prior to
the next flight,

In order to provide a reliabdble vehicle for the accomp-
1ishent of the above mission the structural design must
follow a rigorous program involving ocriteria, materials, and
structursl arrangewent., The criteria 1is studied in four

phases that are oonsistent with the operational mission of
the vehicle.

Launch — A maximun axial load factor of NX = 8.0 g

1imit) 1s used. This load factor also accommodates engine
thrust overshoot,
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The structural temperature is unspecified, but is assumed
to be less critical than the reentry temperature, The above
load factor 1s applied to the vehicle by the interstage struc-
ture through the main fore and aft Jonzitudinal beams that
are adjacent to the personnel escape module, These beam oaps
aAre reinforced locally at the junction to the interstage and

the webs al30 serve as pressure 1s30lation members in the vehiole
cadin area,

Wind shears associated with the boost phase induce the
maximum bending moment in the interstage structure,

Ordbital Plight — During this se of the mission there are
essentially no loads on the vehicle other than control thrusts.
These loads are so small that the structurs, other than the
ixmediate attachment, 1s designed by some other criteria, The
primary structural prodlem during orbital fiight is the pro-
vision of a non-leaking pressure-tight cabin,

Reentry — Prelininary reentry trajectory studies, ineluding

the effects of vehicle geometry, showed that a luding“-;ggo
radius of 6 inches was sufficient to keep the tempera

within the limits of coated graphite. Using this radius,
tine-temperature-1oad factor profiles were established for

several different reentry trajectories. The limits of these
trajectories were the maneuvering range from Cp ... to X,/an.
The CL nex reentry generates minisum structural temperatures,

but does not allow the paneuversbility of lower CL profiles,

Emergency reentry, utilizing maximum retro thrust, generates
higher temperatures which are compatible with L/D .  reentry

temperatures. Maneuvering from If/b-u o Cp _ox Provides

design points for conbinations of high temperature and high
loads. The reentry profile for this condition is shom 1in
Figure 19 and the resulting fuselage lower surface and upper

surface temperature profiles are shown in Pigures 22 and 23,
respectively.

The cabin 1is gnuurlud to 10 psi 1imit contimicusly
from 10,000 feet altitude in the boost phase through the

G-week orditing flight and reentry back to 10,000 feet
altitude,

landing — The normal landing load fastor is limited to 2.0 ¢
1imit by pneunmatic landing geer struts.
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Proouisicn Systens

There are three basic propulsion systems contalined within
the manned bomber; the basic vehicle maneuvering system, the
shuttle vehicle maneuvering system, and the orew abort system,
Tne crew adort system is a single-purpose system while the

manned vehicle maneuvering system is integrated with the
shuttle vehicle system,

88 well as with the propulsion systems
sontained in the ummanned weapon eéarrier or cluster, and in
the weapons themselves,

All of these systems (manned vehicle, shuttle vehiole,
clusters, and weapons) utilize the same storable, hypergolic
propellant combination; nitrogen tetroxide and hydrazine,

N °n/' ¥,» The main propellant storage is in the manned

2 2
pacity for 9375 pounds of propellant,

vehicle, which has a ca
The ‘huttu(vohiclc capsacity 1is 1900 pounds, while the cluster

and weapon (each) capacitiess are 70O pounds and 200 pounds,
respectively.

Because the manned vehicle contains the majority of the
propellants the shuttle vehicle will be refueled from this
main supply, as required, The shuttle vehicle, in turn, will
top-off the supply in each cluster as it malces its periodic
servicing trips. The cluster fuel supply is continuously
connected to the propellant tanks of each weapon 4n the clusier
and thus maintains the proper fuel level, II a wetpon is fired
at a target, or otherwise disconnected from the clustsr, au’o-
matic check valvea will prevent fuel leakage.

Top-off{ propellant requirements for the cluster and for
the weapons will be small; estimated to be less than 50 pounds
per complste cluster per 6 weeks period, The ratio of absorp-
tivity to emiasivity of the external surface of either spheri-
cal or cylindriocal tankage can readily be established such
that, in the spatial enviromment, the propellants can de
saintained between limits of +40 and 4702, In the case of
spherical tankage this ratio will be between 1.0 and 1.4,

while in the case of ¢Yylindrical taniage it will dbe between
8.5 and 7.0,

The basic vehicle maneuvering system is normally used to
establish precision orbits immediately after injection, and to
provide retrogrede impulse prior to reentry., Alternate uses
of the maneuvering l;lt.l will include a limited orbdbital
maneuver capacility for the mamned vehicle which can be used
to corresct its ephemeris after long period drift, or can
provide maneuvering functions which may be required as a
result of speclal situations, such as a rendezvous reqQuirement,

- 58 -

L



PR

e —— —— e >~ ——————————n = =

ALD Th 6120, Bt 11, Yol 11 il

This engine provides a nominal 2000 pounds of thrust at
& very low chamber pressure of about 60 psi, Recent tests
indicate that throttling to 5 percent of nominal thrust will
not be adversely affected by this low pressure since stadle
burning can be attained at chamber pressures ss low as 1 ps!
under vacuus conditions. This ¢ will be radiation cooled
and will previde unlimited restart capability, Ths expansion
arsa ratio will be about A0:l whioh will give very

good
specific impulse characteristics as well as providing extensive
area for cooling.

The propulsion system reQuired for the shuttle wvehicle
develops a nominal thrust of 200 pounds., Detail charecteris-
tics of this engine are i1dentical to those of the manned
vehicle system except for thrust level.

The abort engine 1s a conventionally designed, spherical,
80114 propellant system producing 30,000-pound thrust at sea
level, 8 1s &8 “one-shot” non-reusable system with a
compromise nozzle area ratio of adout 8:1, because adbort must

be performed throughout the entire altitude reange of the earth
boost trajectory.

Secondary Power

The manned bomber requires two separate power systems;
one for the boost and reentry phases and another for the
normal 6-week orbital operation, Unfortunately, it is not

feasible to provide one syatem which can supply the energy
for both requirements.

Energy for the ordital operation can most feasidly bde
supplied from muclear or solar sources because of the oug
flight Guration and relatively high eontinmious power leve
required, roximately 7 kilowatts will de reQuired con-

tinuously. ithar of these systems are suitable for the
boost and reentry phases.

The nuclear resctor carnot de activated until the
vehicle 1s in ordbit, and on reentry, would probadly be left .,
in space to avoid the possible hezards associated with a hot
reactor should a ¢rash occur on wut;- Sinilarly, the solar
collector of a solar turboelectric sys could not be erected
until in orbit, and would have to be dismantled or discardsd
prior to reentry. Although it might de possible to devise a
heat storsge reservolir of sufficient capacity with the solar
system to provide boost and reentry power, this eould not

resacnably de placed in the contro nhicio because of weight
and volumetric penalties.



- — - wm— ot

ALD TR 31213, K 11, Yol II ‘

Orbital Power

The manned bomber will use a solar turboeleetric system
for its orbital phase because of present nuclear reactor
shielding prudlens., The total weight will not exceed 800
pounds including a 27-foot dlanmeter, hinged solar collector-

radiator. This estimate is based on = -minut
mean 35-minute dark period. 2 90 e ordbit with a

The solar collector will dbe similar in construction to
the SUNFLOWER design in that ti will eonsist of hin petals
which can be expanded after an orbit 4s achieved, ver, it
will also have a 500 P radiator on the back side to which a
circulating fluid will carry waste heat to dbe radiated into
space, Orientation of the collector toward the sun within
20.75 degree 1s accomplished by a reaction jet attitude control

system and a sun-seeking system which are integral with the
collector itself. ¢ 8y e

Light from the collector will be focused on a cavity
receiver in which a lithium hydride storuge unit 1s interposed
between the interior abaorbinf surface and mercury doiler
tubes. This storage unit will have sufficient capacity to

produce the required energy for the vehicle during the dark
perlods of the ordits.

A binary Rankine-cycle conversion system will de utilized
to change the solar heat into mechanical energy because it has
high efficiency with minimum weight and size, Mercury and
stean are two possible fluids for the heat exchangers,

The secondary fluid could ludbricate the bearings on the
hermetioally sealed paciage which contaim: the primary and
secondary turbdbines, tha saltermator and the pump, all of which
rotate on the same shaft, Although the maximum operating
terperature of this systes will dbe 1200 P, the altermator
and bearings will be subjected to & maximm temperzture of
25C P,

Included in the heat engine will be a compact mercury
vapor condenser, & secondary fluid boiler, a steam condenser
and sssorted piping, fittings, and supports,

A 7T-kilowatt, 1000-csp, three-phase, 110-volt per phase
altermator will transform the turbine power into electric
power. Voltage and speed control regulating units will auto-
matically raintain voltages and turbine speeds within
prescribed limits,

.(so .
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Boost and Reontry Auxiliary Power

A silver-oxide zinc cell battery will supply the peak
reentry load of 12 kilowatts for 10 minutes plus an aAversgs
load of 7 kilowatts for & maximum time of 2 . This
battery will weigh spproximately 200 pounds and have & volume

of 1-1/2 cubic feet. After each G-week mission, the battery
will de replaced with a new unit,

Veightwise, & cr{:gcnic hydrogen-oxygen motor &nd genert-
tor would de better t a battery, and a hydrazins turbine
would be as good as & battery. MHowever, considering oryogenic
storage for periods of as long as 6 weeks, & static battery
system i3 to be preferred over a rotating turdbine, on the
basis of reliadbility and maintainadility,

Installation

A number of Aifficult problems, including peckaging of
the array, must be solved when designing a solar turboelectric
system for space. A possible packaging scheme 1s indicated
in Pigure 23, This scheme does not require the complete dis-
mantling of the solar c¢ollector and appears feasidble. However,
external packagint will minimize the booster attach fairing
length and may de the optimum installation method. The
position and attitude of the collector will dbe independent of
the vehicle except for the electrical connection between she
collector and the vehicle. The electrical connection between
the collector-radistor snd the vehicle requires bearings or
flexible couplings, all of which pose problems in & space
environment. Temperature gradients detween the front and
back of the collector-radiator can distort the collector
structure and degrade the optical performance of the reflecting
surface. HNowever, it is believed that solutions to these
problezs are possible in the development time available,

Structural Ar ement

The inner section of the vehicle (approximately 30 feet
Jong and 30 feet wide) housing the equipment and persomnel

i{s defined as the fuselags and the remainder of ths planforws
1s defined as the wing.

¥ing Structure

The wing structure is a multirid design with the rids
oriented normal to the leading edge toward the forwvard half of
the vehicle and appearing as spars towrd the rear half of the
vehicle. The ridbs and spars are concentrated cap design and,
where needed, skin shear stiffness is achieved by adding a
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¢orrucated stiffening skin. The wing skins, ridbs and spars
are fabricated from coated columbium alloy that is allowed to

heat up and reradiate, The wing structural arrangement is
presented pilctorially in Figures 25 and 26,

The wing leading-edge radius is 6§ inches. The nose

portion of the leading edge is fabricated from coated graphite
and is segnented to minimize thermal strains.

Fuselage Structure

The fuselage structure is designed to function simul-
tanecusly as a load transmission structure and as & thermal
protection system for the pressurized crew compartment. This
structure is basically a triple wall design consisting of an
outer radiation shield, a honeycomb panel primary structural
shell, and an inner c¢abin shell, Each of these layers of the
fuselage shall are separated by a layer of insulation, A

typical structural arrangement of this shell is show in
Pigure 27.

The outer radiation shield (rersdiating surface) consists
of many small independant panels that arc attached to the
primary shell bty minimum attachment to minimize hecat shorta,
These panels distridbute the aercdynamic losds to the primary
structural shell and reach & temprerature of approximately

2000 P on the vehicle lower surface and 1600 F on the vehicle
upper surface,

The primary structural shell is made of honeycomd sandwich

1s that are fabricated of brazed nicle base alloy (Fene!
1) face sheets and core. Panel boundariss are afforded by
beams rather than tension webs to the far surface because with
the more optimum panel configurations, the tension webs would
render the fuselage spacs nearly unusadle, This shell is
used to react and redistridbute all flight and landing loads
and will, in genersl, be designed by cadbin pressure with
reinforcements and fittings as are necessitated by locallzed
or concentrated loads. The genersl design of this primary
shell is based on a fuselage pressurs of 10.0-psi limit and
an operati temperature of 1000 P, This design is shown in
parametric form in the curve of Pigure 28. This figure shows
that the smallest feasidle sQuare pansl will yield the optimunm
structural design. However, other criteria such &3 compart-
mentalization and eQuipment installation or crew movement and
accessibility for service and maintenance of equipment during

ordital flight necessitates a departure from optimum structural
design.

- 63 -

-



0 TR 61.2.0, Bt 11, Vo1 OE

uswaduelday (I NMINIS Jupm °G3 2y

- SNvid NOILV 108! Hgnwﬂ‘&f/ SNVYIU MOOTIL ¥ gd—w

N/

e
— e v . e e S— — —




-

AL TH B1-Zud, Bt 1T, Yol 1T

SKIN WITH MILLED LANDS
FOR RIB CAP

CORRUCATED
RIB WEB

SECTION A.A

COLUMBIUM SKINS WITH MILLED
LAXDS FOR SPAR CAPS

CORRUGATKD
SPAR WIBS

SECTION B-D

r1'ur¢ ﬁ. Wlng Structural Details
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Themal Shielding

Structural and envirommental problems, due to the high
temperatures induced during reentry, require the use of
thermal shielding to control the pesak temperature reached in
the personnel area. In the case of wing structure, where there
are no internal temperature limits, the use of shielded struc-
ture 1s precluded unless it proves lighter than hot radiating
structure, Because the wing of this vehicle i3 designed as a
hot rerzdiating structure this discussion is concerned with
the fuselage portion of the vehicle.

The above problem is solved, in part, by the use of
shingle-type heat shields, These shields are 24- by R-inch
rectangular sandwich panels of corrugated annealed columbiua
gp-ua) designed to peak temperatures of about 2600 P. The

ace sheets are 0.006 inch thick and the shear member is & 60
degree corrugated wedb that is 0.003 inch thick, Between these
heat shields and the primary structure is a layer of insulation
which limits the tczperature of the primary structure to about
1200 P. A mraber of heat resistant materials and alloys,
smong which s the nicle base alloy that wvas used in the desipgn
of the primary structure, have good structural efficiency in
this temperature range. A layer of linsulation between the
primary structure and the inner cabln further reduces the
tenperature to something less than 200 F; depending on the
type, thickness, and whether or not it 1s evacuated,

Because it is mandatory, due to the presence of personnel
and temperature sensitive eQuipment, to provide a controlled
temperature in the fuselage, the dependence on these parameters
4s studied in greater detail. The simplest and most reliadle
fnsulation is & dry-type system, If the insulation is operat-
ing in a vacuum, the thermal conductivity is approximately 1
of that at sea-level prossure, Studies of the reentry profile
{ndicate that if the insulation chamber 1s vented to the out-
side, the peak temperatures occur at an altitude where the
therwal conductivity 1s high approaching the sea level con-
ductivity value, This pakes 1t desirable to evacuate the
tnzulation chamders,

Evacuation of the outer insulation compariment does not
appear feasibie because of the extreme temperature gradients
of the outer radiating surface. Becaule of these high
gradients, the outer surface heat shield is seznented and the
accompanying mumerous joints makes sealing impractioal.
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The nbovo‘considcrations for cabin sreas of the vehicle
leadn to the conclusions that:

Inside wvall maximum temperature « 200 ¥
Maximum primary structure temperature = 1200 P

Marimum outside skin temperature = 2600 F
Insulation chambers should be evacuated

Outside surface should be segmented

Prom the above conclusions, 4t appears to be desirable
to split the required insulation, placing part of it outside
of the primary structure and the balance inside the primary
structure, The inboard insulation chamber can be evacuated
by producing a sealed primary structure capable of supportin%
cabin pressure and then constructing an inner pressurs vesse
that forms the cabin wall, This inner vessel can be 1dealized
for pressure loading only; the outer primary structure supports
the flight and landing loads. By producing two pressure
vessels one inside of the other, each capable of supporting
the cadbin pressure, the insulation chamber between these two
vessels can be evacuated thus taking advintage of the improved
insulation characteristics, This inner insulation chamber car
be evacuated prior to reentry by controlled venting to space
and then closing the vents for reentry,

A sketch of this type of cabin wall construction is shown
in Pigure 29. The curves of Figures 30 and 31 shov the
resulting inner wall tempersture as a function of insulation
thicikness for this type of cabin wall construction.

Meteoroid Encounter

The foregeing paragraphs of this section have delineated
the eriteria and design philoscphy based on the tempersture
and loading conditions which would normally be encountered on
the specified mission, Unusual envirormental situations which
will develop, such as mneteoroid sncounter, must slso be con-
sidered in the desipgn.

Figure 32 shows the probadility of at least one meteorold
sncounter, as & function of meteoroid dianeter, For example,
it 13 noted that an encounter with a meteoroid of 0.12 inch
diameter would be anticipated with a 0,88 probabdility.
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Figare 33 shows the required shield thickness needed to
ensure zero puncture at various probablility levels, It can
be concluded that for a cabin area wall thickness of 0,020
aluminum, which is otherwise a structural requirement, & 0,96
probability of not experiencing a punoture can bde achieved,

These two figures are representative of an average
integrated area of 1260 square feet, representative of the

selected vehicle design, exposed to meteoroidal material for
a period of 6 weeks, .



e e ———

AZD TR 61-240, It 11, Yel I

5 g

vroundIL TIONE ¥IT310wng posbeoy snesvA [vatasng jo LiNIaTacid

(e300 b SERINING M8YD BINM)

4%

$C oandig

19000 °9

®»e

-

04 “ZUALONCSE 4O AUUBYEONL

-aT5 =



v e e —

—— o — =

A2D TA 61-2.0, Ft 11, Yol II .

REPERENCES

1.

Ceneral Reference: "NASA Joint Conference on Lifting

Manned Hypervelocity and Reentry Vehicles”, Parts I and
II, April 11-14, 19%0.

"NASA Congressional nclrinsantor Piscal Year 1961",
Parts I and II, March and e 1960, respectively,

ASD TR-61-240, Part I, Volume II, “Envirommental Contrel
i;gic-- Selection for Manned Space Vehioles”, Desember

SID 61-280-1, Section 1, Technical P sal, "NASA
Project Apollo Spacecraft”, October 1961.

ASD TR-61-20, Volume ITI, SR 178, "Primary Vehicle
Global Surveiliance System", May 1961,

WADD TR-51-7, Volume I (33-929821), *Farth Satellite
¥Weapon System”, Pebruary 1901,

ASD TR-61-20, Volume III (SR 178), “Primary Vehicle
Olobal Surveillance Systea”, May 1961.

- 76 -



