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FOREWORD

This appendix to "Environmental Control Syotems
Selection for Manned Bpace Yehicles” has been separated
from the main volune and clasasified principally because
of the possidility of suggestion or revealing portions
of Alr Porce planning programs or undsriying concepts,
This report, as well as the main report to which it 1»
appended, 1s one of a series on space vehicle thermsl
and atmospheric contrel systems,

1:i8s report {0 ¢lossified NIRRT Lecouse 1t descrides on
Crirnsive weapon ey stex,

ASD TR 61-280 Pt II, Va1l 11

us Qusoe2350




. ——
Jpp—— L

ABITRACT
This ~datruet $8 Unelagaified

Pour versions of manned ordital reentry basespcint
vehicles are developed for the purpose of previding

reference points for detemination of the thermal and atmos-
pheric eontro)‘ requirements of realistic vehicles, Two of
the vehicles (f.e., Vehicles 1»\ aAnd 1B) were developed in
Mase I of this study eeries {ASD Technical Report 61-240,rt 1)
and will only be siemarized here, The remaining two vehioles

(Dallistic Meentry and lenticular Reentry) are presented in
greater detail in this report, -

In addition to the davelopment of specific vehicles,
gemeral data have been ¢ompiled on the more important aspects
of manned space vehicle design, (1.e., flight vehicle powsr,
structures, effects of meteoroids, mission equipnent, and

on:imuon of these general data for envirormental require-
ments. .

PUBLICATION REVIZY

This repoert has beean reviewed and is approved,

POR THE COMMANTFER:
m&uc&/&/

ILLIAM C. SAV
Chief, Environmental Branch
Flight Accessories laboratory

ASD TR 61-240, Pt II, w1 11 = 111 -
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Appendix I
KISSIONS, VEHICLES, AND EQUIPMENT

As stated {n Section II of Volume I, the purpose of
developing apecific hypothetical vehicles is to provide
tangible reference points for detemination of the thermal
and atmospherio control system requirements of realistic
manned space vehicles. These vehicles serve as a means for:

1) tdentification of envirormental factors such &3 eabin
heat rejection, solar and aerodynamic heating, cabin pressurs
losses, and exbin atmospherlic contamination; 3

2) establish-
ment of envirormental requirements of orew an

equipment;
{2) tntegration of thermal and atmospherie control systens

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

useful in selecting and sizing therwal and atmospherio
conttrol systems,

The scope of this portion eof the study 1s limited to
the tine period 1965 to 1975. Thus, projests Mervury and
Dyna 3car are considered to be pre-1965, while planetary

entrty and landing missions mre considered to be post-1975
(References 1 and 2).

Primary enphasis to date has deen placed on the manned
orbttal reentry vehicle whose mission would be global sur-
velllance and/or bombardment. This has besn done Iinastruch
&8 such a vehicle 1s probadly of the greatest immediate
military interest and inasmuch as such a vehicle also ssrves
as an excellent model for thermal and atmospheris control
system design studies, Pour variations of this orbital re-
entry vehicle were developed to establish the influence of
crew size, mission duration, mission equipment, and flight
vehicle powc. m themasl and stmospheric ¢ontrol systems,
These thres isea of the manned resntry vehicles were
developed Jn detall sufficlent to acecmplish the purposes
stated at the beginning of this appendix,

For conveniencte, the thres subclasses of the mamned
orbital reentry vehicles have been desl-mnated as follows:

Vehicle 1iA -- Pive-man, G-wesk, full-survelllance version
Vehiicle 1B -- Two-man, l-week, full-surveillance varsion
Vahicle 2A -

- Five-man, 6-wesek, full-surveillanse version
Vehlcle 3A -~ Pour-wan, G-week, dombardaent version

fanusceript relsased by suthors 13 July 1962 for publisation
as an ASD Technisal Report,

-1-
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Al four versions Are boosted,
with pilot controlled reentry trajec
are winged, Vehicle 24, bpallistic,
shaped, Yehiclea

2A and 3A are discussed in morTe deta
the appeniix,

o

orbital eonfigurations

tory. Vehicles 1A and 1b
and Vehicle 3A, lenticular
1A and 1B are briefly ocutlined here,
detalled description will be found 1n Raference 3. Ve

A
nioles
11 in this section of
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LENTICULAR RFENTRY VEMICLE

The overall weapon system concept results in a require-
went for three basic orbiting components, Pirst, there 1s a
requircment for a manned bombardment vehicle which houses the
basle control function in space. Secondly, a weapon cluster
1s required. This i3 an urmamed weapon carrier which
comdines and integratea several weapons into a ¢ommon orbiting
package to facilitate handling and servieing, The third
reguirenent is the weapon itself (Reference 6).

HMarned Bombardment Vehicle

The bombardwent and control vehicle is the primary
element of the system, since it actually contains weapons
within itself as well as exercises econtrol of the remaindsr
of the weapons clustered near it. This vehicle, housing the
human element and the basic operational equipment, 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 ce¢ritaria imposed on the other vehicles, The
lanticular control vehicls, then, becomes the system of primary

goncern in describing conceptual designa for thermal and atmos-
pheric contrel subsystem atudles,

The structural criteria preaented here are primarily
based upon the temperature and loading reqiirements assoclated
with the reentry phaszse of the mission and upon the injection
boost loading. Secondary requirements include adeguate
insulation characteristics to sspist in the control of the
internal enviromments, and special situations, such a2 meteoroid
encounter and orew escape provisions,

Ceneral Arrangement

The rmanned bomber 1s a lenticular shaged reentry vehicle
a3 shown in Pigure 13. The dinc-shaped configuration was
chosen for its greater usable volume avallable for weapon
storage and crew accommodations and for other advantages.
The volumetric efficiency of the disc with respect to a
eylindrical body is shown graphically in Figure 14. It has
s basic diameter of L0 feet and a gross launch weight of
about 45,000 pounds. The wehlcle functions as a sanned
orbital bombing system with an internal arwament load of four
winged reentry weapons and also acts as an orbital control
and malntenance center for additional urmanned weepon ¢lusters,

- 38 -
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Ths operational mission duifn 18 6 weeks duration at & nominal
orbital altitude of 300 nautical miles, with A orew of four
men. The vehisle incorporates & Jettisonable orew compartment
capsule for emergency ¢rev eacape and a space shuttle service
vehicle for inspeotion and maintenance of the weapon elusters,

External Configuration

The external omﬁ{untion of the manned bomber 19 showm
in FPigure 15, The total projected planform area is 1548 gquare
fest which results in a normal resntry and landing wing losding
of approximately 23 pounds per square foot. The projected
planform ares noted includes the horizontal ares between the
disc ard the straight truiling edge, which providas the flap
ares and also includes the movable horizontal stadiliser sur-
face located outboard of the vertical stabilizer surfaces,

The hinged tralling edge surfaces inbomrd of the verticals
function as elevators a&uring subsonic flight and landing.

The all movable boritontal surfaces located outboard of the
verticals can be actuated differentially to provide roll control
as well as simultanecusly to provide pitch control, and are
effeotive th t the entire flight regime. The landing

gear oonaists of retmctadle skids mountesd on tha lower
fuselage surface,

With the gggu launch weight of the manned bombardment
vehicle at &5 pounds, the useful load 1s 27,958 pounds,
ineluding BOSG pounds for four winged weapons. A weight
summary of the manned vehicle including & weight breakdown of
the major componants is presented in Table 9,

Internal Arrangement

The internal arrungement of the vehicle is shown 1in
Figure 16, The vehicle 1a denigned with four primary intermal
compartments; the living quarters, work area, ammasent bay,
snd crevw escape capsule, ERach compartment can be individually
1solated from the other three, should a puncturs or leak make
one temporarily wnusadle. Repairs c¢ould then be made to the
dapaged compartment while the crew used the remaining compart-
ments for living end working quarters,

Crew Eacape Capmile

The crew capsule funstions as the vehicle sontrol center
during normal operution and as the c¢rew escape capsule for an
ewergmoy sdort of the sisaion. The escape capsule 1s sctually
a breskaway nose section of the vehicle, approximately 17 fest
long and 6 feet wide. The genersl arrangement of the escape
capsule is shown in Pigure 17, and a weight sumnary 1s presented

-5 -
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A EE S P TR TABIX 9,

NED BOMBARIMENT VIHICIR WBICHT SU-MAKY

Hem - Waight (pounde)
Structure 8,740
Propulsion 2,602
Fined equipment 3,700
Welght empty 17,042
Crew [4) 1,060
Propsllant (usable)
Retro and manegver Y. 12%
Attitude control %0
Trapped propeliant 190
Abort vehicle {lese crew) 5,000
Service vehicle 3,736
Pressurising hetlum 51
Water I
Weapons {4) 8,050
Tools and spare parts 200
Useful 10ad 27,938
GROSS LAUNCH WEIGHT 45,000
Propellant 2.371%
Service vehicle propellant 1,900
Water 330
Expendables 11,608
LANDING WEIGHT 33,095
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in Table 10. The capsule separates the crew living Quarters
from the work area and provides access to either compartment
throuzh & door in each side of the capsule, A sealant
materlal around the doors prevents leakage of the cabin air
durlng narmal operation and is broken only when the capsule
is sepirated from the primary vehicle. 7The abort capsule
contains the crow stations for boost and reentry, the vehicle
control econsoles, and the emergency power supply and 1ife
support equipment needed for an abort misaion, Exit from the
capsule after an adort 13 provided by the doors on each side
which serve as the passagewsy doors between the compartments
in normal operation., SepatTition of the capsule {rom the main
bonber vehicle 13 accomplished with a 50,000-pound thrust,
spherical, solid propellant rocket engine located on the aft
section of the escape capsule, The engine provides a bumning
duration of about 10 seconds, The abort engine inmparts an
initial acceleration of approximately 8,5 g to the capsule
which 1s sufficient to escape the S-psi cverpressure wmve
resultings from an explosion in the first stage booster during
launch from the pad. The 10-sccond burning duration ensures
sufficient altitude above the pad at bumeout to pemit re-
covery of the capsulas with a parschute located in the forwamrd
nose section of the capsule, which 1s enclosed with a jJettlison-
able nose fairing. The recovery chute is 3ized to limit the

i.np::: velocity of the capsule to approximatsly 25 feet per
second,

Stabilization of the capsile is accomplished with four
foldout fina located on the aft seaction. Over-nose vision
for a normal vehicle landing is provided by translating the
noss section downward and exposing a flat plate windshield
in the forward pressure dulkhead of the cspsule., Utilization
of this window for observation from the c¢raw conpartment during
the orbital mission 15 also permisaidle, The enviromment of
the crew eapsule, living quarterv ares, and working ares sompart-
ments s maintained for "shirt-slesve™ operation during the
orbital mission; however, all compartments contain sufficient
voltune for crew operation in space suits.

Off-Duty Area

The off-duty area is the 1living quarters for the e¢rew and
13 located on the starboard side of the vehicle. This area is
desigzned with sufficient volume and flow ares to provide
coafortable living quarters and recreational srea for the crew
guring the extended mission duration of 6 weeks. The ecmpart-
ment contains sleeping and sanitation provisicens, food storage
and separation facilitles, storsble table, chairs, and exer-
cise aquipment. Sleeping nets with storage space delow for

- ‘6-

. ’



o e —

. N o

2ud Tr 630200, 30 114 Yol II '

TARLE 10 :
EACATE CAPSULE WEIGHT SIDIMARY




oy ————

s A ———

LD K 61-200, B4 1T, Yol It .ll'l

personal gear, books, etc., Are located alonz the wall, Pood
storage and preparation facilities, plus miscellanaous storage
provisions, are located along the other wall. An alr lock
conpartment provides sccess from the pressurized off-duty
&r¢a to the unpressurized weapons dbay, or to the ocutside of

the vehicle, Access to the on-duty work area 1is through the
vehicle control eompartment. y

On-Duty Ares

The on-duty work arsa is located on the opposite side of
the vehicle, 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
permita sasy access to all the equipnment for maintenance and
repair, The primary envirormental control, power supply and
miscellanecus wehicle support equipment is located arovund
the forward periphery of the off-duty and on-duty compartments,
The ocentral floor area of the work area is kept open to pemit
freedom of movenent for the crew for maximum efficiency and
convenience, Access to the cutside and to the weapon storgs

Aarea 1s provided with an inter-connecting air look compertment,

Weapon 3torege Area

The weapon storage compartment is located in the aft
ssction of the vehicle on sach side of the weapon launch bay
and provides storage space for four winged weapons - two On
each side of the displacing mechanism which is located on the
117t coefficlent of the vehicle, The weapon storage area is
an unpressurized compartment and 1s sccsssible {rom both the

on-4uty and off-duty orew oompartments through air lock compart -
ments.

Sufficient space is provided for access to the weapons in
the storage area for maintenance, repsir, chackout, and lsunch
procedures, The weapons are supported on rails in the storuge
area which permit mamual transfer of the weapons from the
stored position to the displacing machanisa for launch., During
the orbital phase of the mission, &ll weapons will be trans-
ferred, via the displacing mechanism, after the shuttile vehicle
is renoved, and attaoched to the external surface of the vehicle
in ready position, The shuttle is then returned to the dis-
Placing mechanism and the vehiscle is ready to initiate s
strike using the attachad -nYom or using remotely located
clustered weapons, The vehicle 1s also in position to effect
an imediate reentry, in case of emergency, by simply detaching

‘- 48 =
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the four weapons and leaving them in #pace to be recovered at
A Iater time,

An alternste use of the Wedpon storage ares will be as
logistic cargo compartment for tranaporting fuel and replace-
ment parts as needed for service and Tepair of the umanned
weapon ¢lusters,

FPlicht Performance

Aerodynamics

Primarily because of 1%s excellent surface aresa-volume-
weight relationship, the lenticular shape has been chosen as
its satellite-reentry configuration for the manned bomber,
The basic disc shape is inherently unstable assuming &4 repre-
sentative center of gravity location, Mowever, control
surfaces, flaps, and speed brakes suitadly located and con-
figurations tatloring can make the lsnticular shaje stadle
and, with other desirable charecteriotics, a vory satisfactory
sanned reentry and landing configuration will evolve, A
dlobal Surveillance System using this same basic lenticular
concept 1s described in Reference 7.

Bubsonis L/D . 1s approximately 9, which will result in
excellent landing characteristics, The I,/‘an at suparsonic

speed 13 adbout 2.0, and st hypersonic apeeds this valus would
decrease to about 1.5 which 1s anple for reentry mansuvering.

Entry Performance

For all the entry trajectortes, it was assured that the
maximum 11ft coefficient ecapabilities of the vehicle was 0.70
occurring at an angle of attack of 51 degrees. 7The maximum
L/D of 1.5 occurs at & = 14 degrees which corresponded to a
1ift coefficient of 0.28. Four basic entry trajectories are
presented in Figures 18 through 21, In Pigure 18 a manned
entry 1s shown initiated by & retrograde impulse of 200 feot
per second delow circular orbdit speed at 400,000 feet. The
entry 1s flown at a constant maximuow 1ift-goeffioient and

results tn the ¢oolest leading-edge tenperatures of those
trs jectories studied. Two alternate entries are shown in

Figures 19 and 20, These trejectories wers initi ted with
siaflar conditions, but 1lift is Arditrarily varied to repre-
sent a mmnrl:i.mtrv. Laading-edge temperatures encountered
during these entries are eonsiderwbly higher and have been
aAccounted for in the structurl design. Pigure 21 presenta

an entry initiated & 500-foot-per-second retrograde impulse
in order that entry time may bde reduced, This may be desiredle
dus to aysten malfunciions or solar flare and rediation warnings,

-89 -
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Thermodymnaniecs

The lenticular-shaped reentry vehicle is favorable from
a hesting standpoint, when compared to other reentry vehicle
oonfigurations. The leading edge of the diso may be treated
as & cylinder normal to the flow, which results in two-
dimensional flow 1s a reduction of the serodynamic heating
rate to the leading edge of 1/V/Z  or 0.707 of the heating

rate that would norwally reach & hemisphere or dblunted
eylinder during s aintlar en'ry mission,

The disc-shaped configuration with control surfaces on
the aft portion of thw vehicle eliminates the problem of high
heating due to low shotk interactions batween conventional
fuselags nose and wing leading-edge surfaces, This problen
is coumon to winged dody lifting vehiclaes,

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

duction of the serodynamic heating rates that would be experienced
by thin-winged antry vehicles,

Structural Design

The manned bombardaent vehiole 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, ceontinues
through 6 weelks in orbit, through reentering the earth's
stmosphere, and concludes with maneuvering to a landing.

After each mission, the airfrome will require visual inspection
to detect any meteoroid damage or surface ercsican, These minor

damages should be the only sirfrase service required prior to
the next flight.

In orver to provids a reliable vehicle for the accomp-
l1ishnaent of the above misaion the structural design must
follow & prigoreus program involving criteris, materials, and
structural arrangement, The criterix 1s studied in four

phases that sre sonsistent with the operatlonal mission of
the vehiclse,

taunch == A maximun axial load factor of NX « 8,0 g

1init) is used. "his load factor alsoc sccomeodates engine
thrust overshoot,
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The structural temperature is unspecified, bul is assumed
to be less critical than the reentry tempersture. The sbove
load factor 2s applied to the vehicls by the interatage struc-
ture through the main fore and aft loncitudinal beams that
&re adjecent to the personnel essaps module., These beam eaps
Are reinforced locally at the Jjunction to the interstage and

the webs 2180 serve as pressure 130lation mesbers in the vehicle
cabin area,

Wind sheirs sssociated with the boost phase induce the
maximam bending moment in the interstage structure,

Orbital Plight — During this se of the mission there are
essentially no loads on the vehicle other than eontrol thrusts,
These loads are so small that the structure, other than the
{mmediate attachment, is designed by some other coriteria, The

pPrimary structursl prodlem during orbital flight is the pro-
vision of a non-lesking pressure-tight cadin,

Reentry — Prelininary reeniry trajectory studlies, inoluding

the effects of wvehicle geometry, showed that & leading-edge
radius of 6 inches was sufficient to keep the tupor:gun

within the liaits of coated grephite, Using this radius,
time-temperature-load factor profiles were established for
several differwnt reentry trajestories, ‘Tha linsits of these
trajectories were ths mansuvering range from c, ot x max

The CL nax FOERLCY gemeretes ainimum sgtructural temperatures,
but does not allow the maneuversbility of lower CL profiles,

Emergency reentry, utilizing maximum retro thrust, generatses
higher temperatures which are compatidle with L/D .~ reentry

temperatures. Maneuvering from L/D___ to Cp . provides

design points for ccabinations of high tecpsrature and high
loads. The reentry profile for this condition is showmn in
Figure 19 and the resulting fusslage lower surface and uppsr

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

The ocabin is pressurized to 10 psi liamit continucualy
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 factor is limited to 2.0 g
1imit by pnewmatic landing gear struts.
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