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FOREWORD 

This appendix to 'Environmental Control Systems 
Selection for Hanned Space Vthiclea" has been separated 
from the main volume and classified principally because 
of the possibility of suggestion or revealing portions 
of Air Force planning programs or underlying concepts. 
This report, aa well as the main report to which it is 
appended, is one of a scries on space vehicle thermal 
and atmospheric control systems. 
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ABSTRACT 
JM» .butrcet la UncUaalflad 

Four verelona of mnned orb i ta l reentry baaep&int 
Tehiclea ara developed for the purpoee of providing 
reference pointa for determination of tha thermal and atmoe-
pharlc control requirementa of r a a l i a t l c vahlc las . Two of 
tha vehicles ( i . « . , Vahtclaa 1A and IB) were developed in 
^ F L ? , ^ U * t u d 3 r • * r l t » t * 3 0 Taohnical Report 61-2*0,i»i I) 
/ 2 f , T : 1 l . o n I 3 r b # •»*n™*rixed here. Tha remaining two rahiolaa 
IBal l la t io Reentry and Lenticular Raantry) ara presented in 
greater data 11 In thia raport. 

In addition to tha development of apaci f ic veh ic le s , 
general data hava baan corapllad on tha «ore important aspects 
of sunned apaoa vahicla design, ( i . e . , f l i g h t vahiela power, 
atructuraa, affaota of »eteorolds , Mission aquipnant, and 
examination of thaaa general data for environmental reculre-
• e n t s . 
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Appcruilx I 

MISSIONS, VEHICLES, AND EQUIPMENT 

As ititid in Section II of Volume I, the purpose of 
developing specific hypothetical vehicles Is to provide 
tangible reference points for determination of the thermal 
arv1 atmospherio control system requirements of rtallstio 
manned space vehicles. These vehicles serve as a means for: 
(1) identification of environmental faotors such is cabin 
heat rejection, solar and aerodynamio heating, cabin pressure 
losses, and cabin atmospheric contamination; (2) establish
ment of environmental requirements of crew and equipment; 
("*) integration of thermal and atmospheric control systems 
Into realistic vehicles; and (k) development of trade data 
useful In selecting and sizing thermal and atmospheric 
control systems. 

The scope of this portion of the study is limited to 
the time period I965 to 1975. Thus, projects Mercury and 
Dyna Soap are considered to be pre-1965, while planetary 
entry and landing missions are considered to be post-1975 
(Refei-ences 1 and 2). 

Primary emphasis to date has been placed on the manned 
orbital reentry vehicle whose mission would be global sur
veillance and/or bombardment. This has been done inaaaucn 
ss such • vehicle is probably of the greatest Immediate 
military interest and inasmuch as such a vehicle alao aerves 
as an excellent model for thermal and atmospheric control 
system design studies. Four variations of this orbital re
entry vehicle were developed to establish the influence of 
crew sire, mission duration, mission equipment, and rilgnt 
vehicle powc* -m thema\ and atmospheric control systems. 
These three »»es of the manned reentry vehicles were 
developed 3A detail sufficient to accomplish the purposes 
stated at the beginning of this appendix. 

Por convenience, the three subclasses of the manned 
orbital reentry vehicles have been designated aa follows 1 

Vehicle 1A -- Five-man, 6-week, full-aurveillanoe version 

Vehicle IB -- Two-man, 1-week, full-sunreillance version 

Vehicle 2A — Five-man, 6-week, full-surveillance version 

Vehicle 3A — Four-man, 6-week, bombardment version 

Manuscript released by authors 13 *Hy 1962 for pubUcaticn 
as an ASD Technical Report. 

- 1 -
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An four versions are boosted, orbit i l ^ n f 1 ^ , ^ 0 " . ' 
with p l l i t controlled reentry trajectory. Vehicle. J* j n d j g 
.re winged, Vehicle 2k, b a l l i s t i c , and Vehicle 3A, 1-ntlcuUr 
•haped. Vehlclea 1A and ID are briefly ™ « l M < » h # r « ; h l £ l t t 
detailed description wil l be * • « * i* " t f # £ X V h f c l 2 h J J l M 

2A and 3A are dlacuaeed in more detail in thia aection or 
the appendix. 

- 2 



LEtJTTCULAR REENTRY VEHICL2 

The overall weapon system concept results in a require
ment for three basic orbiting components. First, there Is a 
requirement for a manned bombardment vehicle which houses the 
baalc control function In space. Secondly, a weapon cluster 
1* required. This la an unmanned weapon carrier which 
combines and Intecratea several weapons into a common orbiting 
package to facilitate handling *nd servicing. The third 
requlrenent la the weapon Itself (Reference 6). 

Rimed Bombardnent 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 reminder 
of the weapons clustered near it. This vehicle, housing the 
hunan element and the basic operational equipment, is the only 
portion of the system which la required to efrect repeated 
reentries through the earth's atmosphere. Thus, the design 
eriterla for this element of the ays tea is much more severe 
than those criteria imposed on the other vehicles. The 
lenticular control vehicle, then, becomes the system of priaary 
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 adequate 
insulation characteristics to assist in the control of the 
internal environments, and special situations, such as «eteoroid 
encounter and crew escape provisions. 

General Arrangement 

The Banned bomber Is a lenticular shaped reentry vehicle 
as shown In Figure 13. The disc-shaped configuration was 
chosen for its greater uaable volume available for weapon 
storage and crew accomodations and for other advantages. 
The volumetric efficiency of the dlso with respect to a 
cylindrical body Is shown graphically in Figure 14. It has 
a basic diameter of 40 feet and a gross launch weight of 
about 45,000 pounds. The vehicle functions aa a sianned 
orbital bombing system with an internal armament load of four 
winged reentry weapons and also acts as an orbital control 
and maintenance center for additional unmanned weapon clusters. 

- 38 -
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The oparational mission design la 6 weekt duration tt a nominal 
orbital altitude of 300 nautical miles, with a crew of four 
men. The vehicle incorporates a Jettleonable craw compartment 
capsule for emergency ere* cacape and a apaoa shuttle service 
vehicle for inspection and maintenance of the weapon clusters. 

External Configuration 

Tha external configuration of tha manned bomber la ahown 
In Figure 15. The total projected planforn araa la 1548 aquara 
feet which raaulta In a normal reentry and landing wing loading 
of approximately 23 pounds par aquara foot. Tha projected 
planform araa noted includes tha horizontal araa between the 
dlao and the etraight trailing edge, which provides the flap 
area and alio includes the Movable horizontal stabilizer sur
face located outboard of the vertical stabilizer surfaces. 
The hinged trailing edge aurfaces inboard of the vertlcala 
function aa elevators during subsonic flight and landing. 
The all movable horizontal aurfaces located outboard of the 
verticals can be actuated differentially to provide roll control 
as well aa simultaneously to provide pitch control, and are 
effective throughout the entire flight reglae. The landing 
gear conslata of retractable akida counted on the lower 
fuselage aurfaee. 

VIth the gross launch weight of the Banned bombardment 
vehicle at 45,000 pounds, the useful load is 27,953 pounds, 
including 8050 pounds for four winged weapons. A weight 
eumary of the manned vehicle including a weight breakdown of 
the major components is presented in Table 9. 

Internal Arrangement 

The internal arrangement of the vehicle is ahown in 
Figure 16. The vehicle la designed with four primary internal 
compartments; the living quartern, work area, amaaent bay, 
and crew escape capsule. Each compartment can be individually 
isolated from the other three, should a puncture or leak make 
one temporarily unusable. Repairs could then be made to the 
damaged compartment while the crew used the remalnlns compart
ments for living and working quarters. 

Crew Bacape Capsule 

The crew capsule functions as the vehlole control eenter 
during normal operation and as the crew esoape capsule for an 
emergenoy abort of the mission. The escape capsule is actually 
a breakaway noae section of the vehicle, approximately 17 feet 
long and 6 feet wide. The general arrangement of the eacape 
capsule is ahown in Figure 17, and a weight sumaary is presented 

- Al -
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KAKHID BOWAREMDrr VXHICZX WIIOHT SW3UW 

Hem ' Weight (pounds) 

Structure 
Propulsion 
Fixed equipment 

Weight empty 

1.740 1 
2 .W2 
5.700 

17.042 

Crew (4) 
Propellant (usable) 

Retro and maneuver 
Attitude control 

Trapped propellant 
Abort vehicle ( less crew) 
Service vehicle 
Pressurlalng helium 
Water 
Weapons (4) 
Toola and spare parta 

Useful load 

1.000 

1.125 
250 
110 

5.000 
3 .75* 

51 
330 

t . 0 5 6 
200 

27.15S 

GROSS LAUNCH WEIGHT 45.000 

Propellant 
Service vehicle propellant 
Water 

Expendables 

1.375 
1.100 

330 
11.605 

LANDING WEIGHT 33.395 
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In Table 10. The capaule separates the crew living quarters 
from the work area and provides access to either compartment 
through a door In each side of the capsule. A sealant 
material around the doors prevents leakage of the oabln air 
during normal operation and Is broken only when the capsule 
Is separated from the primary vehicle. The abort capsule 
contains the crew stations for boost and reentry, the vehicle 
control consoles, and the emergency power supply and life 
support equipment needed for an abort mission. Exit from the 
eaptule after an abort la provided by the doors on each side 

• which serve as the passageway doors between the compartments 
In normal operation. Separation of the capsule from the main 
bomber vehicle Is accomplished with a 50,000-pound thrust, 
spherical, solid propellent rocket engine located on the aft 

• section of the escape capsule. The engine provides a burning 
I duration of about 10 seconds. The abort engine lnparts an 

Initial acceleration of approximately 8.5 g to the capsule 
1 which la sufficient to escape the 5-psi overpressure wave 
', resulting from M explosion in the first stage booster during 
I launch from the pad. The 10-eecond burning duration ensures 
I sufficient altitude above the pad at burnout to permit re-
1 covery of the capsule with a parachute located in the forward 
i nose section of the capsule, which is enclosed with a Jettison-

able nose fairing. The recovery chute Is slxed to limit the 
Impact velocity of the capsule to approximately 25 feet per 
second. 

Stabilization of the capsule is accocjpllahed 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 observation from the crew compartment during 
the orbital mission is also permissible. The environment of 
the crew capsule, living quartero area, and working area compart
ments is maintained for "shirt-sleeve" operation during the 
orbital mission; however, all compartments contain sufficient 
voltne for crew operation in space uults. 

Off-Duty Area 

The off-duty area is the living quarters for the crew and 
is located on the etarboard aide of the vehicle. Thla area is 
designed with sufficient volume and flow area to provide 
comfortable living quarters and recreational area for the crew 
during the extended miaslon duration of 6 weeks. The compart
ment contains sleeping and sanitation provisions, food storage 
and separation faollities, storable table, chairs, and exer
cise equipment. Sleeping nets with storage space below for 

- 46 -
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E8CATX CAWGLI WKCHT fBMXARY 

[ XUa VtUht (pound!) 

ftruotw* 
Propulsion 
PlJUd OQfllpMBt 

V«l4ht oapty 

1806 
109 
920 

2915 

I Crw (*) 
1 Propollant 

Uooful load 

1000 
2085 

9085 

oaoss LMTNci wiorr 6000 

Propellent 
Exptndabloo 

2085 
2065 

J LMtDXM WE20R 3915 
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personal gear, books, ate, are located along the wall. Food 
storage and preparation facilities, plus miscellaneous storage 
provisions, are located along the other wall. An air locJc 
cenpartment 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 Is through the 
vehicle control compartment. 

On-lXity Area 

The on-duty work area la located on the opposite side of 
the vehicle. The work area contains all the display consoles 
and control equipment for launching, tionitoring, and control
ling the weapons and controlling the unmanned weapon clusters, 
the primary electronic equipment, and Miscellaneous 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 environmental control, power supply and 
miscellaneous vehicle support equipment l« located around 
the forward periphery of the off-duty and on-duty compartments. 
The oentral floor area of the work area la kept open to permit 
freedom of movement for the crew for maximum efficiency and 
convenience. Access to the outside and to the weapon storage 
area is provided with an intcr-connectlng air lock compartment. 

Weapon Storage Area 

The weapon storage compartment la located in the aft 
section of the vehicle on each aide of the weapon launch bay 
and provides atorage space for four winged weapons - two on 
each side of the displacing mechanism which is located on the 
lift coefficient of the vehicle. The weapon storage area is 
an unpressurlxed oompartment and is accessible from both the 
on-duty and off-duty crew corar-*rtJnents through air lock compart • 
ments. 

Sufficient space is provided for access to the weapons in 
the storage area for maintenance, repair, checkout, and launch 
procedures. The weapons arm aupported on rails in the storage 
area which permit manual transfer of the weapons from the 
stored position to the displacing mechanism for launch. During 
the orbital phase of the mission, all weapons will be trans
ferred, via the displacing mechaniam, after the shuttle vehicle 
1* removed, and attaohed to the external surface of the vehicle 
in ready position. The shuttle is then returned to the dis
placing mechanism and the vehicle la ready to initiate a 
strike using the attaohed weapons or using remotely located 
clustered weapons. The vehicle la also in position to effect 
an lanedlate reentry, in case of emergency, by simply detaching 

- *Q 
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awSasassss a s s 
weapon clusters. repair or the unmanned 
Flight Performance 
Aerodynamics 

« t i A ? S 2 i L 5 S 5 t t , J h ! f i J i f f - J , ? , 1 1 , B t , u r f 4 c t •re.-volume-

ui^te^irtir^Vc^rl^rSi^ JS^?LSS SB! -
Ih . basic disc shape i s lnherantl? unatabll a s s l S f n ^ a ^ r . 
r ? ™ ! ! ' f l f p ! i a n d , p * , d br*lc*» suitably located and con-
f i ^ r * J f ? w ^ ^ o ' i n c can Make the lenticulaVshaLe stable 

•ubsonlo Vi>MX Is approximately 9, which wil l result ln 
excellent landing characteristics. The L / b ^ at supersonic 

5 ™ - i ! !^°I!L2;0? £ n i . ? t w h ? p t r , o n l c speeds this value would decrease to about 1.5 which i s ample for reentry maneuvering. 

Entry Performance 

'OP *11 the entry trajectories. It was assused that the 
maximum l i f t coefficient capabilities of the vehicle was 0.70 
?/SU^1?Cc* t * n *"^* o f • * * • * o f 51 degrees. The maxinum 
ft?* I 1 ;5 .°? c u r* iVLo" ^ « ,* s r # ,» "Mch corresponded to a 
l i f t coefficient of 0.28. four baslo entry trajectories are 
presented in Figures 18 through 21. In Figure 18 a manned 
entry i s shown initiated by a retrograde impulse of 200 feet 
per second below circular orbit speed at 400-000 feet . The 
entry i s flown at a constant maximum l i f t -coeff io ient and 
results in the coolest leading-edge temperatures of those 
• T l ^ * 0 ^ * i * ^ 1 * * ^ **> alternate entrlea are shown in 
Figures 19 »nd 20. These trajectories were initfcted with 
• la i lar condition., but l i f t la arbitrarily varied to repre
sent a maneuvering entry. Leading-edge temperature* encountered 
during these entries are considerably higher and have been 
accounted for in the structural design. Figure 21 presents 
an entry initiated by a 500-foot-per-second retrograde impulse 
in order that entry time may be raduoed. Thla may be desirable 
due to system malfunctions or solar flare and radiation warnings, 

- * 9 -
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Thermodynamics 

Tha lenticular-shaped raantry vahlcla i t favorable from 
a heating standpoint, whan compared to othar raantry vahlcla 
configurations. Tha leading edge of tha disc may ba traatad 
aa a cylinder nomal to tha flow, which results in two-
dlmanalotul flow la a reduction of tha aerodynamic heating 
rat* to tha laadlng adga of i//J" or 0.707 of tha haatlng 
rata that would nonaally reach a hemisphere or blunted 
cylinder during a • In l iar enr,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 lnteractlona between conventional 
fuselage nose and wing leading-edge surfaces. This problew 
i s cotanon to winged body l i f t i n g vehicles . 

Another advantage of the disc configuration i s that large 
leading-edge radii say be achieved. This results in a re
duction of the aerodynamic heating rate that would be experienced 
by thin-winged entry vehicles. 

Structural Design 

The manned bombardment vehlole must be capable of sup
porting i t s f l ight and dynamic loadings throughout the mission 
profi le without sustaining permanent damage. The mission 
profi le of this vehicle starts a t 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 airframe wil l require visual inapectlon 
to detect any meteorold damage or surface erosion. These minor 
damages ahould be the only airframe aervlce required prior to 
the next f l ight . 

in order to provide a reliable vehicle for the accomp
lishment of the above mlnsion the structural design must 
follow a rigorous program involving cr i ter ia , materials, and 
atructural arrangement. The cri teria ia atudied in four 
phases that are consistent with the operational mission of 
the vehlole. 

Qround launch — A maximum axial load factor of H* - 8.0 g 
( l imit) la used. Thla load factor also accommodates engine 
thrust overshoot. 
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The structural temperature i s unspecified, but i s assumed 
to be less cr i t i ca l than the reentry temperature. The above 
load factor i s applied to the vehicle by the interstage struc
ture through the main fore and aft longitudinal beams that 
are adjacent to the personnel escape nodule. These bean eaps 
are reinforced local ly at the junction to the interstage and 
the webs also serve as pressure isolation ueabers in the vehicle 
cabin area. 

Wind shears associated with the boost phase induce the 
maximum bending accent in the interstage structure. 

Orbital n i g h t — JXiring this phase of the mission there are 
essential ly no loads on the vehicle other than eontrol thrusts. 
These loads are so snail that the structure, other than the 
immediate attachment, i s designed by tone other cri teria . The 
primary structural problem during orbital f l ight i s the pro
vision of a non-leaking pressure-tight cabin. 

Reentry — freliminary reentry trajectory studies, including 
the effects of vehicle geometry, showed that a leading-edge 
radius of 6 Inches was sufficient to keep the temperature 
within the l imits of coated graphite. Usins this radius, 
time-temperature-load factor profiles were established for 
sereral different reentry trajectories. The H a l t s of these 
trajectories were the maneuvering range from C, % t o ty>miLX» 
The C^ ^ reentry generates minimum structural temperatures, 
but does not allow the maneuverability of lower C^ profiles. 
Bsergeney reentry, u t i l i z ing maximum retro thrust, generates 
higher temperatures which are compatible with V * , ^ reentry 
temperatures. Maneuvering from V b ^ , y to C^ mix provides 
design points for ootsblnatlona of high temperature and high 
loads. The reentry profi le for this eonditlon i s eho*n in 
Figure 19 and the resulting fuselage lower surface and upper 
surface temperature profiles are ahovn in Figures 22 and 23, 
respectively. 

The cabin i s pressurised to 10 psl limit continuously 
from 10,000 feet alt itude in the boost phase through the 
6-week orbiting f l ight and reentry back to 10,000 feet 
alt itude. 

Landing — The normal landing load factor la limited to 2.0 g 
limit by pnetsnatlo landing gear struts . 
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Propulsion Systems 

There are three baslo propulsion systems contained within 
the manned bomber; the basic vehicle Maneuvering system, the 
shuttle vehicle maneuvering system, and the orew abort system. 
The crew abort system is a single-purpose system while the 
manned vehicle maneuvering system is integrated with the 
shuttle vehicle system, as well as with th« propulsion systems 
contained in the unmanned weapon carrier or cluster, and in 
the weapons themselves. 

All of these systems (manned vehicle, shuttle vehicle, 
clusters, and weapons) utlllxe the same storable, hypergollc 
propellant combination; nitrogen tetroxlde and hydrazine, 
*2°j/*2HV T h" **ln Prop*!!*"* storage is In the manned 
vehicle, which has a capaoity for 9375 pounds of propellant. 
The shuttle vehicle capaoity is 1900 pounds, while the cluster 
and weapon (each) capacities are TOO pounds and 200 pounds, 
respectively. 

Because the manned vehicle contains the majority of the 
propellants the shuttle vehlole will be refueled from this 
main supply, as required. The shuttle vehicle, in turn, will 
top-off the supply in each cluster as it makes its periodic 
servicing trips. The cluster fuel supply Is continuously 
connected to the propellant tanks of each weapon in the cluster 
and thus maintains the proper fuel level. If a wetpon is fired 
at a target, or otherwise disconnected from the cluster, auto
matic cheek 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 complete cluster per 6 weeks period. The ratio of absorp
tivity to emisslvlty of the external surface of either spheri
cal or cylindrical tankage can readily be established such 
that, in the spatial environment, the propellants can be 
maintained between limits of +40 and +70?. In the ease of 
spherical tankage this ratio will be between 1.0 and 1.*, 
while in the ease of cylindrical tankage it will be between 
*.5 and 7.0. 

The basic vehicle maneuvering system is normally used to 
establish precision orbits immediately after Injection, and to 
provide retrograde impulse prior to reentry. Alternate uses 
of the maneuvering system will Include a limited orbital 
maneuver capacillty for the> manned vehlole which can be used 
to correct its ephemeris after long period drift, or can 
provide maneuvering functions which may be required as a 
result of special situations, such as a rendezvous requirement. 
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This engine provides a nominal 2000 pounds of thruat at 
a very low chamber pressure of about 60 pal. Recent teata 
Indicate that throttling to 5 Percent of nominal thruat will 
not be adversely affected by thia low pressure ilnet atabla 
burning can be attained at chamber pressures as low aa 1 pal 
under vacuus conditions. Thia angina will be radiation cooled 
and will prcrlde unlimited restart capability. The axpanalon 
area ratio will be about 40tl whloh will give very good 
apeclflo impulse characteristics aa wall aa providing txtenaive 
area for cooling. 

The propulsion system required for the shuttle rahlole 
develops a nominal thrust of 200 pounds. Detail characteris
tics of this engine are Identical to those of the Banned 
vehicle ays tea except for thrust level. 

The abort engine la a conventionally designed, apherical, 
aolid propellent system producing 90,000-pound thruat at sea 
level. This is a "one-shot" non-reusable system with a 
compromise nozzle area ratio of about 8:1, because abort must 
be performed throughout the entire altitude range of the earth 
boost trajectory. 

Secondary ?ower 

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 la not 
feasible to provide one system which can aupply the energy 
for both requirements. 

Energy for the orbital operation can moat feasibly be 
aupplied from nuclear or aolar sources because of the long 
flight duration and relatively high continuous power level 
required. Approximately 7 kllowatta will be required con
tinuously. Neither of these systems are suitable for the 
booit and reentry phases. 

The nuclear reactor cannot be activated until the 
vehicle la in orbit, aad on reentry, would probably be left. 
in apace to avoid the possible hazards aaaociated with a hot 
reactor ahould a crash occur on landing. Similarly, the aolar 
collector of a aolar turboelectrlo system could not be erected 
until in orbit, and would have to be dismantled or discarded 
prior to reentry. Although it might be possible to devise a 
heat storage reservoir of sufficient capacity with the solar 
system to provide boost and reentry power, thia could not 
reasonably be placed in the oontrol vehicle because of weight 
and volumetric penalttea. 
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Orbital Power 

The manned bomber will use a solar turboelectrlc system 
for Its orbital phase because of present nuclear reactor 
shielding problens. The total weight will not exceed 800 
pounds including a 27-foot dianeter, hinged solar collector-
radiator. This estimate Is based on & 90-minutt orbit with a 
mean 35-*lnute dark period. 

The solar oolite tor will be sin liar in construction to 
the SUNFLOWER design In that tl will consist of hinged petals 
which can be expanded after an orbit is achieved. However, It 
will also have a 500 7 radiator on the back side to which a 
circulating fluid will carry waste heat to be radiated into 
space. Orientation of the collector toward the sun within 
10.75 degree Is accomplished by a reaction Jet attitude control 
•ysteet and a sun-seeking system which are Integral with the 
collector Itself. 

Light froa the collector will be focused on a cavity 
receiver in which a llthlua hydride storage unit Is interposed 
between the Interior absorbing surface and mercury boiler 
tubes. This storage unit will have sufficient capacity to 
produce the required energy for the vehicle during the dark 
periods of the orbits. 

A binary Jfenkine-cycle conversion system will be utilised 
to change the solar heat Into aeehanlcal energy because It has 
high efficiency with ainlaun weight and size. Mercury and 
steaa are two possible fluids for the heat exchangers. 

The secondary fluid could lubricate the bearings on the 
heraetloally sealed package which contain*, the primary and 
secondary turbines, the alternator and the pump, all of which 
rotate on the sane shaft. Although the maximum operating 
temperature of this system will be 1200 F, the alternator 
and bearings will be subjected to a maximum temperature of 
250 *. 

Included In the heat engine will be a compact mercury 
vapor condenser, a secondary fluid boiler, a steam condenser 
and assorted piping, fittings, and supports. 

A 7-kllowatt, 1000-csp, three-phase, 110-volt per phase 
alternator will transform the turbine power Into electric 
power. Voltage and speed control regulating units will auto
matically maintain voltages and turbine speeds within 
prescribed limits. 
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Boost and Reentry Auxiliary ?ower 

A silver-oxide tlrw ca l l battary will supply tha peak 
reentry load of 12 kilowatts for 10 minutes plus an average 
load of 7 kilowatts for * maximum time of 2 hours. This 
battary will walgh approximately 200 pounds and hare a volume 
of 1-1/2 cubic fas t . Aftar aach 6-week Mission, tha battary 
wil l bs raplaoad with a naw unit, 

Vcightwlse, a cryogenic hydrogen-oxygen motor and genera-
tor would ba battar than a battary, and a hydraxina turbina 
would ba aa good aa a battary* Howsvar, considering cryoganic 
storage for parioda of aa long aa 6 weeks, a s tat ic battery 
aystan i s to ba preferred over a rotating turbina, on the 
basU of re l iab i l i ty and maintainability. 

Installation 

A number of di f f icult problems, including packaging of 
the array, must ba solved when designing a aolar turboelectric 
system for space. A possible packaging eoherae la indicated 
in Figure 2*. Thia acherae does not require tha complete dis
mantling of tha solar collector and appears feasible. However, 
external packaging wil l minimiza the booster attach fairing 
length and may ba tha optimum installation method. The 
position and attitude of the collector wil l be independent of 
the vehicle except for the e lectrical connection between vhe 
collector and tha vehicle. The electrical connection between 
the collector-radiator and the vehicle requires bearings or 
f lexible couplings, a l l of which pose probleaa In a apace 
environment. Temperature gradlenta between the front and 
back of the collector-radiator can distort tha collector 
atructure and degrade tha optical performance of tha reflecting 
surface. However, i t la believed that solutions to these 
probleaa are possible in the development time available. 

Structural Arrangement 

The inner section of tha vehicle (approximately 30 feet 
long and 30 feet wide) nouaing tha equipment ^ P * ™ 0 ™ ! * 
la defined aa tha fuselage and tha remainder of the planform 
la defined aa tha wing. 

Wing Structure 

The wing atructura la a multirlb design with the rlba 
oriented normal to the leading ^ « *f*»^ « - * 2 ? ' E ? f

h S * £ [ 
the vehicle and appearing aa spars toward tha rear half of the 
vehicle. Tha ribs and spars are concentrated cap design and, 
where needed, skin shearst i f fness Is achieved by adding a 
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corrugated stiffening skin. The wing skins, ribs and spars 
art fabricated from coated colunblura alloy that la allowed to 
heat up and reradlate. The wing structural arrangement is 
presented pictorially in Figures 25 and 26. 

The wing leading-edge radius is 6 inches. The note 
portion of tha leading edge ia fabricated from coettd graphite 
end ia segmented to minimize thermal strains. 

Fuselage Structure 

The fuselage structure is designed to function siaiul-
taneously as a load transmission structure and as a thermal 
protection system for the pressurized crew compartment. This 
structure is basically a triple wall design consisting of an 
outer radiation ehield, a honeycomb panel primary structural 
shell, and an inner cabin shell. Each of these layers of the 
fuselage aha11 are separated by a layer of insulation. A 
typical structural arrangement of this shell is shown in 
Figure 27. 

The outer radiation ahleld (reradlatlng surface) consists 
of many small independent panels that are attached to the 
prinary shell by Minimum attachment to Minimize heat shorts. 
These panels distribute the aerodynamic loads to the primary 
structural shell and reach a temperature of approximately 
2000 F on the vehicle lower surface and 1600 F on the vehicle 
upper surface. 

The prinary structural shell Is made of honeycomb sandwich 
panels that are fabricated of brazed nicle base alloy (Hene' 
*1) face aheeta and core. Panel boundaries are afforded by 
beams rather than tension weba to the far surface because with 
the more optimum panel configuretions, the tension webs would 
render the fuselage space nearly unusable. This shell Is 
used to react and redistribute all flight and landing loads 
and will, in general, be designed by cabin pressure with 
reinforcements and fittings aa are necessitated by localized 
or concentrated loads. The general design of this primary 
ahell la based on a fuselage pressure of 10.0-psl limit and 
an operating temperature of 1000 F. This design is shown in 
parametric form in the curve of Figure 28. This figure shows 
that the smallest feasible square panel will yield the optimum 
structural design. However, other criteria auch as eompart-
•entallzatlon and equipment Installation or crew movement and 
accessibility for servioe and maintenance of equipment during 
orbital flight neceasitatea a departure from optimum atructural 
design. 
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Therraal Shielding 

Structural and environmental problems, due to the high 
temperatures induced during reentry* require the use of 
thermal shielding to control the peak temperature reached In 
the personnel area. In the case of wing structure, where there 
are no Internal temperature l imits , the use of shielded struc
ture i s precluded unless i t proves l ighter than hot radiating 
structure. Because the wing of this vehicle Is designed as a 
hot reradiatlng structure this discussion i s 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 2*»- by 4-inoh 
rectangular sandwich panels of corrugated annealed eoltsablua 
(P-48) designed to peak tenperatures of about 2600 F. The 
face sheets are 0.006 Inch thick and the shear member la a 60 
degree corrugated web that Is 0.003 inch thick. Between these 
heat shields and the primary structure la a layer of Insulation 
which l imits the temperature of the prlsiary structure to about 
1200 F. A niraber of heat resistant materials and al loys , 
among which i s the nicle base al loy that waa used in the design 
of the primary structure, have good structural efficiency in 
this temperature range. A layer of Insulation between the 
primary structure and the Inner cabin further reduces the 
temperature to something less than 200 F; depending on the 
type, thickness, and whether or not I t la evacuated. 

Because i t la mandatory* due to the presence of personnel 
and temperature sensitive equipment, to provide a controlled 
temperature In the fuselage, the dependence on these parameters 
i s studied in greater detai l . The simplest and most reliable 
insulation la a dry-type system. If the insulation i s operat
ing in a vacuvsa, the thermal conductivity la approximately 1/5 
of that at sea-level pressure. Studies of the reentry profile 
indicate that i f the insulation chamber ia vented to the out
s ide , the peak temperatures occur at an altitude where the 
thermal conductivity i s high approaching the sea level con
ductivity value. This cakes i t desirable to evacuate the 
insulation chambers. 

e 

Evacuation of the outer insulation compartment does not 
appear feasible because of the extreme temperature gradients 
of the outer radiating surface. Because of these high 
gradients, the outer surface heat shield is segmented and the 
accompanying numerous Joints aakes sealing lstpractieal. 
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The above considerations for cabin areas of the vehicle 
ItA in to the conclusions that: 

Inside wall maximum temperature • 200 F 

Kaxiwum primary structure temperature • 1200 F 

Mar.inua outside skin temperature • 2600 F 

Insulation chambers should be evacuated 

Outside surface should be segmented 

From the above conclusions. It 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. Tha inboard insulation chamber can be evacuated 
by producing a sealed primary structure capable of supporting 
cabin pressure and then constructing an inner pressure vassal 
that forms the cabin wall, this inner vessel can be idealized 
for pressure loading only; the outer primary structure supports 
the flight and landing loads. By producing two pressure 
vessela one inside of the other, each capable of supporting 
the cabin pressure, the insulation chamber between these two 
vessels can be evacuated thus taking advantage of the inproved 
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 la shown 
in Figure 29. The curves of Figures 30 and 31 show the 
resulting inner wall temperature aa a function of insulation 
thickness for this type of cabin wall construction. 

Meteoroid Encounter 

The foregoing paragraphs of thla section have delineated 
the criteria and design philosophy based on the temperature 
and loading conditions which would normally be encountered on 
the specified mission. Unusual environmental altuatlona which 
will develop, auch as meteor-old encounter, must also be con
sidered in the design. 

Figure 32 shows the probability of at least one meteoroid 
encounter, as a function of meteoroid diameter. For example, 
It is noted that an encounter with a meteoroid of 0.12 inch 
diameter would be anticipated with a 0.88 probability. 

-69 -



2 

Fifur* 2 9 . Cabin Wall Construction 

" • e B W V V W V V 
i ii ' •»» w ^ p y w i • p • • ^ — p w » y p ^ i w w w r w i ^ i ^ > ^ * ^ 



*.A- I* 6 l -2 4 0 , Ji 11, Vol II 

tvn 

1409 

l«<x> 

1400 

MOO 

t 
M HOC 
m 
0 
< 
8 1000 
•> 

a 
M 
»-

•00 

400 -

400 

100 

1. R t r C H TO TIC. f O * CODK 
DATA FOR « , • 4 , 

2. «o VENTED 
J. tf( EVACUATED 

J L J L 
o.* 1.0 

INSULATION THICKNESS (INOICS) 

i.O 

Fifur* JO, T«mp«r»t\irt V«rtu* In»ul*tlon ThlcVn«»», 
V«nt«d »nJ Evacuated Wall* 

71 



-0 Tfc - S L . v . j t I ! , r e l II 

2600 r~ 

2400 

s 
U 

u 

1*00 

I4CO 

1200 

tooo 

•00 

400 

400 

200 

; 

0 

I. REFER TO TIC. TCm. CODE 
4« • in BOTH VENTED 

J L J I I 
©.» 1.0 l.» 2.0 

INSULATION THICKNESS (INCHES) 

Figur* 31* T«mp«rattir« V i n u i Insulation Thicfcn«t»,V«nt«d Wall* 

- 72 -



*iD Th 4l-?,^5, n I I , Vol II 

M 

M 

I 
O 

3 

I 

I 

• 5 

a 

i 
»• 
* 
M 
J 
U 

a 

> 

! 

i 
I 
0 

3 

i 
tm 

0. 

u 
9 

- i _ 
t * » t 
• • • • 
a iNAODMI I JO &OI-I1«V«OV4 

- 73 -



-U> Tn 3l-2^J, ft II , Vol II 

Figure 33 shows tha required ahlald thickness needed to 
ensure zero puncture at various probability lavals. Zt can 
be concluded that for a cabin arta wall thlcknaaa of 0.O2O 
aluwlnun, which la otherwise a atructural requirement, a 0.9< 
probability of not experiencing a punoture can ba achieved. 

Theae two figure* are rapraientatlve of an average 
integrated area of 1260 aquare feet, representative of tha 
aelected vehicle design, exposed to aieteoroldal satarUl for 
a period of 6 weeks. 
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