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This study of life support and environmental protection for manned space
vehicles has the cbjectives of identifying and developing advanced concepts, and
establishiag design criteria for manned vehicle systems. In crder that the study
results will be readily applicable to Convair's participation ir manned space
vehicle prograxs, the work of the first quarter insludes a survey of such program
planning bty civilian and military agencies of the Government. The planned missions
serve as a reference framswork for the study, Concurrent tasks have been studies
of envirer.-:"nl hazards ard life support requirements, and an assessment of the
U. S. technological ievel in wnvironmental prctection and 1ife support. As a
result; it is possible to identify probler areas and select those of maximum
interest to Convair,

Planning f marned space missions includes both research and military cate-
gories, and toth ars dependent in their time phusing on the development of boosters,
The boosters considered and their estimated cperational dates are Atlas-Agsna (1960)
Atlas-Centaur (1962); Saturn (1964), snd Nova (1968). The manned missions prominent
in planning are: bocst glide reconnaissance vehicle; earth orbital bomdb launch
Platform; manned space ferry; military test space station; recoverable booster;
space laboratory; space logistics; maintenance and rescue vehicle: aivanced Mercury;
and soft moon landing and return., Convalr's Spaceplane concept is sufficiently
versatile for application to many of these missions,

A closed ecological system is one in which the wastes of metsbolie processes
are reclaimed for human intake. T-is requires separstion of Oy from COp, =rd
processing feces and uripe tvo obtain food and water, In a completely open system,
wastes are separated and stored or discarded; and all intake requirements mst de
stored on board or re-supplied. Jrartially clesed systeme appear optimum for
rissions of the next decade, In particular, reclamation of water from wastes
appears feasible at present, but separation of Op from CO, is considerably more
difficult and ~onversion of feces to fcod is not promising for space applications,

Environmental aspacts which require design provisions for protaction or
control are vacuum, raciatior, wetecrites, tempera‘ure; zero-g, acelersation,
vibration, and ecoustl!c noise, Cabin desigr must minimize leakage of the internal
atmesphere. The rsdistion nazard will require shielding unless a trajectory may
be choser to avoid exposure, Meteorite protection is significant primarily in
awiding loss of gas-*tight integrity of the cabin wall. The temperature control
problem is amenable to aualysis and may be met by suitaole combinatione of surface
characteristics, hca®. flow paths, insulatlons, radiators, ard active or passive
cortrol techuriques. The remairing envircnmental aspects izpose problems in cabin
design and progress in these areas may be expe~ted from the currernt Mercury Prograas,

Recomrended problex areas for continued Convalr study are: leakags of cabin
atmosphere; COp separation and reduction; Integretion of envircmmental control and
1ife suppor’. with cther subsysterms, modular design of life support end environmental
centrol equipment; and determinaticon of pover requirements tor the processes in-
volved, These areus offer greatest promise of benefit to Convalr,
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The work repor-ed herein is a study performed during the first four menths of
1960. under REA 9023, This work is part of a crne year effort which has the purpose
of providirg envircnmental data and design crita:.n which will eaable Convair to
participate :ompetitively ir mannel spa:e programs., Participating personnel wers
R. A. Neu; C, D. King. and M. M, Mahmoud, of the Thermodynamics Group; W. E, Woodson,
D. W, Corover, azd C, H, Pardy, of Rumar Fasters, who prepared parts of Sections ¥,
VI, and VII: a.¢ Dr, R. C, Arwstrong and Dr, W, L. S. Wu, of Aerospace and Radiation
Medicine, whc slso ceatrituted material of Se~tion V1. Acknovledgement is nmade of
the cordial :ocperatios cf the As‘romsutics and For® Worth Divisions in providing
results of their related studies,

I11. PROCEDURE AND SCOPE

A.  Backgrousd of Relsted Work

< ma—

t_Convair _ .

Listod b2lew are -lcsely related studies thei have Leen performed recently
by the varicue Divisicns of Convair,

1, Astronautics, REA 11190201 R. M, Gercia-Varela and J., C. Ballinger,
"Environmental Control Study of Spacs Vehicles (Part 1)%, Report Number
ERR-AN-004. Aerophysics, 9 March 1960,

2, Astrcrautics, REA 111-9027 and REA 111-9223: D, E, Meister and R, B,
Wilscr, "The Role of Man iz Earth Satellites”. Report Number AZG-006,
Reliability-Human Engineering. 1. February 1960.

3.  Aetrcrsutiss, REA 121.9121; "Reflectivity of Materials". Work in progress,

4. Astronauticas W-rk performed fer Astrcraatiss by Iorics, Inc,. 152 Sixth
S*reet. Captridge 42, Mass,, "Study of Environrental Requirements for
Marned Spece Vehicles", 17 November 1959,

5. Astrcnauti-s: Xealft A, Ehricke, "A Systems Ansiysis of Fast Manned
Flighvs tc Venus ard Mars", 11 March 1959, .

6. Sen Disgo: R, A, Nau. "Ervircomerntal Tontrol Systems for Manned Space
Ver.i-les" ASME Paper Nc, S3-AV- 11, prasented Aviation Cocference,
9-12 Mar-h 1949,

7. Ses Diegn REA 83.9. PSA 2:M. R. A. Nay. Propcsal to NASA, “"Life
Supp.rt Svs*er Desigu Study for Msnred Spaze Vehicles", 8 September 1959,

B. San Diegc. REA 8329: (. D, Xing "Self-Sustaining Runkine Cycle Cooling
System Feaxibilivy Study® 20 May 1959, 7(~ - /¢4

9. Sw Deg> REA S¥i: Propoass '~ WADD .n re:pcnse to PR 92069, *"Space
Veb!-le Tiarza. and A*mospher.c Contro’ 3°udy", Report Nuzber ZR-760-016,
30 Mar-h 1969,
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10.

Procedure

Viliasiesd

Fert Worth, REA FR-14 7t "Therm~ Systems Research, Emvironmental Study",
Repcrt not yot released. -

SLOMAR: A Corcalr propesal wss sitmitted with Astronautics es the lead
Divisira for a Spa:s Logis*i-s. Maintenance, and Rescue Vehicle Study,
It is plennel that. if a contract is avarded, the San Diego Division
affort will iaclude the Life Suppcrt and Environmental Control Systems,
Report Numher AE €0-02:6. 14 March 1960.

MISS: The Military Test Space Staticn propcsal included basic studies
of Life Supper* and Environmentsal Contrsl Systems; mnd experimental work
oh Theass and related sursys*ems, As above, the San Diego Division would
sapp~rt Astrocectiis In the areas menticaed. Report Number AE 60-0217,
21 Mar+h 1%00

The study sequszce listed below was tollcwed througn the fourth step

during the firs% quacter cf work. Irfermation was nbtained by literature
search, visite o givernmen*: and industrial establishments, and attendence
at tezhnizal meetings.,

1.

2,

Missico Study

Protable nanned missicrs and theirr estimated :alendar schedules vere
determined so that this study would have maximum appiicability to these
miasions.

Spa:e Envirorment Study

Data of natucal and induced envir-onmental characteristics Jere assenbhled
for vse in estedlishivg design criteris,

Technology Survey

Prugress in rss3sar  ard developmert tcvard environmental control and
“:fe sapocrt s ster3 vas assessed,

Selectton of C2-'i-1l Problea Areas

Thoss prrilsen areas offering groa‘est pronise and most amenable %o
Crnvast effort were chesen for fs‘her st dy,

Irtensive Sty of Scle-ted ™ “blegy

Arulvses desigm studies and liriced axperimental vork will be per-
forzsd during *te recainder ~f this prograa.
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C.

A.

LA Bty

The timre scale considered for this study is to 1970. Only manned missions
are ccnsidered, and the "space environment™ is construed to include atmospheric
flignt during boost and re-entry, Emphesis is on man's physiolog!cal require-
nments and the means by which these requirements may be met with least penalty
to the vehicle, It ie assumed that within the next ten yaars the mission
duration for any individual or crew will not exceed 30 days, and that vehicles
of longe¢ life will have a crew rotaticn schedule.

IV, MANNED SPACE MISSION FLANNING

Booster Performance Summary

The information ocutlised below is from several sources, among whish are
some inconsistencies, Its purpose is to predict capabiliities in the tinme
phasing of menned space missicrns, Thecs data are believed to be current, and
will be revised whenever new information is available.

Booster : Atlas Titen Satu Nova

Thrust, 1b. 300,000 + 300,000 + 1,500,000  6-9,C00,000

Operational Dute 1959 1961 1964 1968
(estimated)

Upper Stages Agena  (1960)

Centaur (19€2)

Approximate Payload
Capability, 1lb.:

Earth Orbital, 9,000 9,000 37,000 290,000
period=90 min,

2, Hour Satellite 2,500 2,500 11,000 60,000
Circumlupar 3,000 3,000 13,000 1€0,000
Mcon Landing 1,000 1,000 8,000 9,000

(no return) (return vehicle)

Py
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The 1isting here indicates the spectrum cf manned space vehicles most
prominently considered fnr development during the next decade, From this list,
one or more mey be selected to serve as analytical models for enviroumental
control and 1life support system studies, at which time the most recent vehicls
data will be used,

1. Boost Glide Recornaissance Vehicle, Atlas or Atlas-Centaur class booster,
2, Eartn Orbital Bomb lLaunch Platform. Saturn class booster,

++ Manned Spase PFer:y. Atlas-Centaur.

4« Space Laboratory. Atlas-Centaur or Saturn class booster,

5« Military Test Space Sta*icn. A version of the space laboratory. Atlas-
Centaur or Saturn.

6. Recoverable hooster,

7. SLOMAR (Spaze Logistics, Maintenace and Rescue). A version of the manned
spac. ferry, Atlas-Centaur, Saturn, or recoverable buoster,

8. Mocn Landing and Return., Nova, .

9. Advauced Mer-ury. Atlas class booster.

Spaceplane

This is & manned vehi-le which would fly from ground to orbit and then
returr tc tase with all hardware intact, The versatility of Spaceplane wculd
permit it to perform many of the missions listed above,

Ruclesr-Pevered Fligh'

1€ naclear energy s spplied to manned space flight, a now cless of
missions. ard of protlems will come in‘o consideratiocn., The prcpulsion capa-
bility will make prssible flights of{ “ang duration, such as in exploratior of
other planets. The long missicn duratica will greatly intensify nearly all
of the prodlems ir life suppcrt and environmental protecticn. It appears
improbable *hat mis~!-~s of this class vill occur vithin the nuxt decade,

Extivated Tima Phaging ~F Manned Missiong

The *able helrw 18 the b-s' :urrent es!izate, ard will be revisod as
aev inforoation Le-omee avalilable,
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Atlas Class. 1 X

2 X

6 X

3 X
Saturn 4 X

7 X

2 ) ¢
Nova 3 . X
Electrical Prop. ?
Spaceplane X

Selectior cf Analy*ical Mcdels

Duraticon of *he manned spsce flight 1s the most significent singls variable
in analysis of life supp st and snvirormental control reguiremenits. For this
reason, it is apprcpriate to establish short duration and long duretion cate-
gories and select a missicn froz es.h for study. Tentatively, the range of 3
hours to 72 hours vill be defineld as » short duration mission, and long duratious
will Ye in “he rangs of 2 days *o 30 dsys. It will thus be sssumed that a con-
tinuously orbiting vehiclo has ~rev rctation end resupply st intervals of 30 days
or less, Within this frarewcrk 1 tentative selection of miasions to serve as
analytical models is as follows:

1. Short Duraticr: Spaceplans,

2. Long Duratio=i Spaze Laboratory.

V. DEFINIT.JON OF SPACE ENVIRONMENT

Netural En-irongent

i. Radiation

(a) Eactromegratic {Solar). Total rediant energy st fhe top of Earth'e
a'acspzsrn averages sl gh'l; more *han 0.2 vatt/en* f vhi-h 0.14
watt/cm€ ia dieezt po.ar energy with & spectral distridution s
follows:

P
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(v)

T INOT REPRODUCIBLE

Radic 0.3 cm 10 meters '

Infrared 0.7 /2 10 ..t 0.0715 watt/em®  (51%)
Visihle 382 7000 0.0575 (L1%)
Near UV 2000 A- 3800 0.0105 (7.5%)
Far UV and

Soft X -Ray 1 X 2002 % 0.00028 (0.2%)
Hard X-Ray

and Gama 104 } 11 ? ?

Data on elextromggn~*4- radia*ion in space are reasonably adeguate
for deaigr. purpasen. No signifizcant degradation due to photon
exposure of s'ructural materials is expected., However, more complete
informaticn cn the intensity, speciral distribution, and absorption
zharacteristics of hard UV and sclar X-rays in space is nseded should
it be nscessary or desirable for men end equipment to operate outside
the protective valls of the space vehicle,

A few ropresentative examples of the direct or indirect effect of
elestromagnetls radiation cn life support systems for manned space
vehiclee are:

Infrared: Engineering of temperaiture control systems for
sealed cahins or other enclosures proviied for
the astreasut,

Light @ Vision of the human eye in observation, navigatiom,
et¢, Auxiliary power units using solar energy.
Closed ecolugical systems using solar light,

UV and
X Rays ¢t Interference with radio commnications through

icnoaphere,

Par!i-nlate Radiation, Au evaluation of the biclogical risk of
exprsurs Yo icnizing radiation in spaze. based upon data available
to the early part of 1960, is given in ZR 659-057. Subsequent
inforwa* ion previded by Explorers VI and VII and Pioneer V {out to
20° miles ¢rom Earth) indicate that radiation levels are within
2% of previcis meazurersnts taken within the vicinity of Earth and
do rat charge the 2onclusions of the study. The potential radia-
*i0a hezards of the nat'wral eavironment to manned space missions
are, (1) the acu*s expcsure of a space crew to protons trapped in
ragneti: fields of Earth (or other planets), or emitted from the
sun during pericds of high solar activity. and (2) chronic ex-
posura ‘o galactic rosri~ radia‘ion when missions are extended in
time and 3pace., On the tasis of current knowledge, the radio-
blologizal rigk to space ‘rews for protracted periods of exposure
will be w!‘hin g::eptsrle limi*s a* orbital altitudes below 600 km
ard between a la'itude region roughly equivalent to 40°N and 40°S.




(1)

(2)

Van Allep Radigticn®, It is generally agreed that, except for
very brief periods, the inner zone of trapped particles will be
uninhabitanle for manned ortiting vehicles. The extent of the
inver trapping zone, and the relative intensities of spiralling
particlss, are essentially consteant in time varying less than
20%. Tne radimtion hezard arises from the small but biologically
signifi-an* proton somponent of sufficlent 1ntenaitq;;um1 energy
(50-400 Mov) to produce dose rates as high as 1 r/hr even_ after
penstrating saveral millimeters of lead (or about /4 gm/om<).

The lower 2:mits of the zore show a longitude dependence - fronm
400 k abovs the central Atlantic to 1200 km above Singapore;
maxiwum in*enaity of irner regicn occurs between altitudes of
20C0 m *c 6000 ¥m above the equator, The outer zone of trapped
particles begins at ahcut 12,000 km above the equator, with max-
imum fvtenaity at abou< 16,000 lm, fallirg off steadily to a
normal ‘osmi: ray backgr:uzd at about 60,000 km. <Particle flux
in the outer Van Allep region is charasteristically ef low
enargy - predcminantly electrons, with only about 1 proton/.

seax of' energy greater than 60 Mav, Average dose rates on the
order of 1 r/ar ‘arougk i gm/m® material thickness are most
probably delivered by secovdary X-rays through electron inter-
actions. A manned vehicle in a 24 hour orbit within the trapped
particle region will requive added shielding for missions last-
ing ncre than a day or so. For deeper penetration into space,
rapiC escaps through the Van Allen zones will result in an
invegral dose of abcut 10 r within a 1ightly shielded vehicle,
Asrming a similax dese on the return to Earth and no acute
high exposuzes to solar particles, the total mission dose may
ta conridsred an axceptable risk.

Tha physizel affects of exposure of rediation--sensitive elements
to %he uvattenuated flux of charged particles will possibly have
some direct or Jrdirect bearing upgon life.-support equipment,
Trapped radiaticz at w1l intensi'y vill produce dose rates
e2*imated f:om 1000 to 20,000 r/hr, suffizient at cortinucus
axpasure *¢ eveptusaily 2ause radiation damage to unprotected
plzstics ard aclar battery surfaces,

Sclar. Flare Farticles, Jonizing particles arriving at the top
¢f atmcephare (iver the polar 2aps and high latitudes) have

been detec’ed a fev days after intense solar activity but beyond
the ~<-inity > Earth lo-alized regions of solar particles will
voba:ly bs unpredistable - or perhaps giving only a few minutes
varning te crews cperating in spate, The intensity of solar
protone 1n the range of iuteres* from 70 Mev or less to several

‘hrixdred Mav falls off more rapidly (as E™?) toward higher

ensxglies thar dc *rapped protons, but the biological effects
and shieiciug problema are <cmparable, Solar electrons have

J. A, Van Allen "Analysia cf Spa:e Radia*ion Ptencmena", delivered at Manned
Space Staticns Symposiam, 21 Aprii 1960, Lcs Angeles, Californiu,

*# r/hr = Roentgens/hr.

.8 .
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2t teen dutedted a* high encugh energies or intensities to
preser® a rhieldirg protlem, The characteristic features of
83.a~ partizla s‘crrs are, (1) frequency of occurrence which
if spparsn*ly related to the ll.yr sun-spot cycles, averaging
aboit L per month during pericds of internse solar activity,
(2) melatively hrief duratica a® mexiwur iniensity, (3) essen-
tially unidirectional flux shoewing a very strong latitude
dependensr 4x *he viszirity «2 Earth, and 4) the unkmown
spatial dis‘ritu*icn of sclar-.pasticle storms beyond more
than iC Earth redi:. Tnhe highes* intepsity of solar particles
occarred in Fehria~y 1956 wian ionization dose rates from
10-20 r/be astirg tor sbcut a day ware esiimated at the top
of the atmasphere, In 1959 during a s lar event, mxlgum
forizaticn (xzeasursd 2% high latitudes threugh 1 gm/cm*) _
res:stad 500 *imes reomal cosmic ray bazkgrcund for a few hours
the= deczzased Ty 8 faztor of 10 evety 4 hours., Explorer VI1
equiprert, manitorizng sontinuously fer 6 menths recarded only
1 even® ox-2eding twice normul, On April lst event, ccunt
retes inireased more than a hundredfold for a few seconds at
a distsuce of 30,000 miles frem Burth and about 30 times
normal ccsmi~ zay intensi‘ty teyend the trapping fields. Van
Al.er estirates *ha* there may be perhaps 100-1000 solar
part!cles,/cn;’ ¢f luw energy in Inte~planetary plasma and
pel.leves tla' solar proicns may possibly be a major hazard
but crly bayond.vinirity of Earth.

(3) Primery Gosmis Radiation, Infcrmaiorn obtained from recovered
nuilear emilsicre exposad at ballcon altitudes, and from rocket
end satelli-e Instruments has indicated that densily of primary
rosmic mucler hwyornd tha influence of Earth'!s magnetic field
averages abc.n O particles/emf~sec from all directions in space,
Hydrogen saciel (protons) az-ount for abou® 80-85% of the total
flax; heliur ru-~led 1% 15% and ruclei of elements from lithium
throagh drea avwnt 18, The primary cosmis particles are-pre-
sunstly of galasztls origin and have characteristically high
kinetic encrgler,in a wide spectrim from about 500 Mev/nuzleon
tc as high as 10° 21 30 Mev(m:leon with intensity varying
approximataly as E™=2 or E+8, The lover energy ruclel are
defle:ted Yy *he geomagretis field and do not ordinerily pene-
trats telow *he {inmner Var. Allen 7zone, A* altitudes greater
thea 6400 ke dos« ra‘es avarsge sbau% 0,025 red/day. varying
as mh &7 2508, Lit*l: !a krown about the biological effects
nf such high ercrgy parcicles, but the po*tential hazard to
hurane wo:ld appea® ‘o Yo i=signifizant as compared *o other
risks of upare ‘saral, partisularly far exposure times on the
order ¢ days cr weeke, O0f radioblologic¢ concern however 1is
the statistizal p=chahility however slight - that a heavy
na:leds pot repeved Vv jatera~tion vith vehi-le structures
may pers‘zate ‘he humar tody er lcv enough energy to produce
dense icriration whiza irn urm 4y irreparably damage or
deatzcy :ells vital ‘o body funsticnms.



2, Meteoroids

for 4% b vn 4 snete

7 INOT REPRODUCIBLT

(a) Nature of Meteorite Hazards, A marned space vehicle will be sub-

(v)

Jected to sonstaz® bomnardment. by meteorites., These bodies will
vary frca minute mwolecular particles which tend to sandblast the
skin of the vehisle and ultimately destroy its optical and thermo-
dynamZc surface properties, ‘o largsr bodies which will penetrate
*hs cabin wall avd may result in the loss of the life-sustaining

oxygen,

Msteoritas scnstiitaute the randomly orbiting debris of the solar
systex, Scze ¢f them vhizh fellow rather well-defined orbits are
kncwn as showers, The larges® concentration of meteorites is

aro:nd the e~lipti: plane end thas interplanetary ¢rips should be
conduc*ed abeve or below this plane to minimize meteoroid encounters,

The usgual orbite of meteorites are highly escentric and thus they
san aasume velcsivies ae high as 4> km/sec. The relative velocities
of metecrites strikirg earth vary {rom those corresponding to head-
on :cllisicn, in the direction of motion of earth, of 71 km/sec to
*hose correspoading to the Earth's essape velocity of 11 m/sec when
a meteoxrile ratches vp with Earth frow bahind, the Earth!s orbital
velcsity beirng about 30 km/se:,

Most metecritee orbli around the sur in the same direction as the -
Earth ard othss pianets, It is thus bencficial for interplanetary
vehicles to f£-1low the same direstion to minimize high velocity
collisions,

The prchlem of assessing the na‘*ure of metecrite hazards may be
divided rz*egori~ally into tw> partsi

(1) Estima*ing the Sraquency of encorun*er of meteorites as a
fun>tion ¢f the!r dimensions, mass and kineti: energy.

(2) Estimating *he =ff2:% of 20llisicn between meteorites and -
the expcsed suarlsares cf space vehicles,

Mathema-ical Des:iription ol Meteoziti: Flux, Present knovledge

of metecri®i: flax is based on vieual, photcgraphi~z and radio
nbsewvallrns ~cupled vith scme reisent satellite tests which are

sc spavse that *hey shculd be ‘'crzidersd ae inconclusive. Whipple's
latest. da'a; vhicth ave based :u vis:al and photographi: observationa,
repressnt *ns bes! srurce available,

Whippl.e assuper 4 mean 3triking velocity v = 28 km/se: for brighter
metec-ites to 15 kn/se> fev faint ones, A visual magnitude value,
M, <0 zerl vas assigred !~ nmelesrites with a mass mw of 25 gmn, The
pmass of melecrites a*rikiag Far'l vas eatimated a* 54 tors per
magnitide per day. A simple disiriluci~n law was employed to
express the mumter f mweteorites ne a funition of mass, The rela-
ticn stwes: pass and visual wagnitude was expressed ass

W= 25 ¢-0.920 My (1)

« 4l .



R T

(e)

Now, if N is the number of meteoritic hits per square foot per
year, then it follows from Whipple's data thats

N=7.7%x 1078 , 0:92 My (2)

A lincsr relation between mass and visual magnitude as given by
Whipple is:

V=35-M an/sec (3)
From equations (1) and (2)s it is seen that
My X L
then
NoC A
or Mm = constant (4)

This expressicn holds true for any of the Jmown explanations of
meteoritic flux enscunters. A plot of N versus m for all the
published estimates is shown in Figure 1, after Bjork and Gazley.
It is interesting to find that the upper limit of this plot 1is
3000 times greater than the lower limit. This illustrates the
associated degree of uncertainty regarding both the mass and flux
of meteorites, However, Whipple's data seems like a rough average
of various estimates and thus constitutes a good working model in
the abaence of more precise information, A deviaticn of an order
of magritude will be expscted, Figure 2, taken from Whipple's
data, shows the number of metecrites striking Earth per day as well
as the number striking a near-Earth vehiole,

Phenomencn of Meteoroid Penetration, Most of the early estimates

cf meteorcid penetration were based on hypervelocity impact data
obtained in the laborstory., All Jata dealing with the impact of
single partislee lay in the velocity range below 5.2 lm/sec.

Explana*icns of the impact phenomenon differ widely. However, it
is agreed by most researchers that energy is released over the
minute i{mpa:t ares ard that the ratio of penetration depth to the
diameter of metgorite is a fun:tion of some power of the impact
velocily; or, 'l vB, When the volume of the crater is con-

sidered proporticral to the kinetic energy of the projcctile the
value of n is fouind to be .§_ But, if it is held that the crater

-1 -
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volume is proportiomal to the entua of the projectile then the
value of the expcoent is cnly —%-. Calculations bty R, L. Bjork, of

Rard, ind{sate tha' the -y- power should be used for high velosity

collisions while the 2/3 powver is to be used in the lov veloocity
segion. .

Biork's ~al~ulations lead to the feolloving relation:

£- = 1,269 0. 25 (5)

A good estimation of the penetration of the skin of a space vehicle
is that peretration cocurs whenever P exseeds two thirds of the skiu
thickness. .

Surface Eroeinn. A mean velecity of 15 kn/sec vas taken by Whipple
as that correspcrding to minute matenritic dust pu't-iolu vhich tend
%o ercde the vehicle's skin, The maximum ﬂ' cd from a surface
was given by Whipple as equal to 4.5 x 20° uo.l’?or 1
surfeze denaity of 3 gn/ce this corresponds to 1.5 x 1077 on/nec.
Erosior will also result from corpussular radiaticn from the sun and
frcem subtlimation of the surface Ly the extended solar Zorona.
Whipple estimate+s that ercsicn due to thess three factors will
destroy the optical propezties cf a surfiace after about one year,

(o) Haxasd Evaluatica, It is rezommezded that the following procedure

be utilized in order to assess the nature cf meteori_to hua.rd_u

(1) Use Whipple’s data for determining the frequensy of encounter
of metsorites,

(2) Ume Equation (5) snd Bjork's estimates of the effects of
me*scroid panetraticas,

(3) Utilizirg the a%ove data and es’imates;, estadlish curves
showing tbe rela*ios between the number of meteorites and
the sizeas of punztures produced in different kinds of space
vehirle surfaces as & functicn of time.

Atmogpharic Compcsition and Dengity

Scze pertinent chararteristica of the upper a‘mosphere are summarized in
the followving table.




ATMOSPHERIC COMPOSITION AND DENSITY

Pressure Rel. Atmos.
Miles Im,  Regiop Composition __pod
9 4 1.7 Press, Breathing and
press, suit(or press.
cabin) required,
Partially 1 Sealed, Pressurised
10-22 15-20 Space Equiv. 78% N, 21% Oy 10™  Cabiz required.
15 2, Osonse Layer; 7 .
Max, Conent 10 ppm 03 )
19 2 0.16 107 Max, inteneity at
55° lat. of secon-
dary radistion.
. 25 40 Heavy Primary Cosmic
Radiation Absorption;
UV and Solar Absorp.
30 50 Dynamic Weight- Upper limit fci Aero-
lesaness dynamic Lift and
Navigation,
43 60-70 Ionosphere Ballistics or Reaction
! Begins 0,465 x 107% Control required.
E 62 100 0.256 x 1074 1076 No sound transmission,
: no light scattering.
5 120 lover 1imit for meteor
absorption, Upper
limit for Aercd,namio
heating,
100 160 Molecular toziec Oxygen
Dissociation
120 200 Tctal Space 0.258 x 1070 102 Effective Atmosphere
Terninates.
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B. Induced Environment ;

The induced environment factors are thosswhich are cruated or modified by
oporation of the space vehicle sysiem and its orew,

1. DNuclear Radiation. Radioactive isotopes or a nuoclear reactor may sapply
energy for propulsicn cr for awdliary power. Ancther possible source
is a nuclear explceion set off at high altitudes or in space., Partiole
types, fluxes, and energies will vary with the source, separation distance,
and time.

2. {gceleration, Vibratlon, and Acoustic Nolsa. There will be transient and
steady state accelerations and vibrations during boost and re-entry.
Vibrations may alasc be generated by equipment on board. Accelerstions
due to rotation may be introduced intentionally to establish an "artifical
gravity®, or may result from malfunction of altitude stabliliszing equipment.
Acoustic noise will be generated from various sources during .all phases
of operation,

3, Partisl or Zero Gravity. In addition tc physiological and psychological
effects cn the crew, partial cr zero gravity is significant in structural
design critoria and in aspects of equipment design and performance, Fluid
behavior ia affected in processes of heat transfer, phase separation in

. boiling and condensing, and in cabin atmosphere control.

4o Cabin Atmogphere Coptamingtion. Ths human occupants coutribuie CO2 and
myisture, ard traca dusts, aerosols, indole. skatole, hydrogen sulifide,
mothane, and bacteria t¢ the cabin atmeosphers. Equipment may contribute
C0, acroleins, and various hydrocarbons. Control is required from both
texicity and odor congiderations,

VI. HUMAN FACTORS

A. Crov Tasks

Crew tasks to te performe3 either within a re.sntry type of vehicle. or
within a spacc station will mos™ profitably utilize manis unique capability
to sense, diecrininate, decide and take approprlate action. In compaiison
with wmanned vehicles or ground simulatcrs. functions wliich can be performed
by a space crew vill permin more precise evaluation of space phencmena and
physical and bicicgical effscts of spacs environment; and flexibility and
reliability to the vohicle; and previde moro realistic training and indoe-
trination fcr spacs cxgioration. The following list is yy no means complete
or cooprehensive, but indicates some of the nore obvicus tasks tc be planned
for nanned operations in spaca.

2cdontifiz Ovseration

Studles of Ear*h's surface. #inosphorle phonamena, (e.g.. certography, cloud
cover, et:).

Astr.ophysi-al investiga®icn and research,

- 16 ..
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Meteorological studies.

Biological effects of cosmic radiation, weightlessness, combined stresses,
Regearch studies in human and animal physiology, behavioral sciences.

Plant ecology.

Hilitary Observaticn

Roconnalssanco, surveillance and intelligonce of military air-land-sea activity,

RkD, test and operation of eloctronic countermeasures (and ECCif), camouflage
techniques, and other milita.y arts.

Coordination of weapon systems.

Data collection and transmission of geodet1§ data.

Operation of relay statioms for communication, logistic support.
Navigation, remote guidance.

Yehicle Coptrol

Back-up to automatic controls (plotting course, position, attitude, velocity,
time over landmarks).

Guidance and control in re-entry sequence

Orientation and alignncnt of vehicle

Control of ocscillation rates

fonitoring or braking system

taintepance and Repalr

Detecticn, rcplacercent and/cr repair of malfunctioning units and systems.
Problom-saving of failures of units and systems.

].'angx'nz and Coptrel Q:

Capsule Environmont (precssure, cocposition, tcmperaturo, hunidity, ete.)
Fhysiclogical Functions.

Intogral radiaticr doses.

Socio—-psychologi-al, tohavicral reosponses of crow nembers,

Tosting of maturiale, rov equipnont, and instrunentatior under loads, zoro "G%, etc.

Gomrunication

Rorciva and 'ransmit rolay sigrnls froo astollites ~r othor vehicles.
-17 -




.S, Clamarn, "7he Enginoored Envircirpont cf the Space Vehisle®, Chap. 6,
YA I SPACE, Duell, Sican and Fearcze, 1953,

Laia Coldecticr, Orgapizatiop, Evaluation, apd Iransplasion

Physiclogical and Psychological responses (verbel and telemetered reports).
System status.

Mission status.

axaining
Train, indoctrinate, chock-out new crews ind replacements.

Test trainirg devicos, rehearse emergency procedures {or other littls used
techniques) to maintain crew proficiency.

Pavsiclogical Aapocta

Human metabtiolic requirements and tolerance limits to envirommental
changes arc rocsorably well defined for many of the normal and stress
conditiuns which can bs simuiated in ground laboratories; for exemple
artificial envirouments, acceleration and heat loads, noise and vibratiom,
short periods of weight lessness. Obvirusly, human tolerance to prolonged
welghtlessnesa, prolonged exposure tc primary cosmic radiation, possibly
complete isolation witkcut communication with ground station, cen only be
detornined under actual space conditicns with the vehicle crew ssrving either
as passive ohserver or as a functioning psrt of the space-vehicle complex.

A greater problem, with respect to physioclegical aspects, may be the .
synergistic action cf a number of physical and psychological stresses imposed
simultareously. Some cf the parameters which apply to desiga of life suppurt
systeme and man's capability are presant'd as graphs rerroduced from
Congressional Document, 1959 - H.D. 8%, "Space Handbook: Astronautics and

its Applications" (G.P.C.). The compilstion of physiclogical and biophycical
data, gathered in first quarter of 1960 will be augmented or revised as more
complete infcrmation becomes available.

1. Food and Water Requirepenta

The daily retabolic turncver for standard man weighing 154 lbs,
(with respiratory quetien® of 0.82) averagrs 283C calories.® Food, vater,
and oxygzen for raintaining metabtclic talance requires, by weight:

80 gns Protsin )

270 gus Carbchydrate ; 14.59 % = 1.15 1be./day
150 grs Fat .
2200 gms H,0 61.37 % = 4.85

862 gns G, (603 liters) —=h2

Total 7.9 lbs/day

T
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The I-nice Repcr’ givae a total weight of almost twice this amount

f:r optimm focd, vater arnd oxygen requirements. Figure 3

(adapted from graph giver in Konouci's "Shielding & Nuclear Propulsion)
ind%cates that fur missicn tinmes longer than 2 to 3 weeks, when the

cest in peunds fur fuod, water and oxygen supplies becomes greater than
re-cyling/regencrating system, water recyling anl CO2 regenerating systems
nmust be ccnsidersd fir weight economs. For mission times greater than

100 days without r-supply, & clcsed ecologizal system must be considered.

2. §'pisphers

The reclationships of ambient pressures, atmospheric composition, and
cxygen partial pressures ars shown cn Figure 4, CO2 tolerance is given
as function of exposure time in Figure 5. From a physiological stand-
point. a normal or near normsl sea level sealed cabin preasure is
optimum {or efficient functioning of the crew,

3. Badiation Iolarares .

The recommended limit for s:cumulated occupational radiation dosage,
in rem*, is determines by the formuia D = 5 (N.18) where N is the sge in
yoars., A more realistic dcee 1limit for exposure to radiations in space
should be based upon eriteria different from those applying to an
occupational population group assumed to be continuc-'sly exposed to an
average 5 rem/yr over a 45--year period.

Asute dosea of 50 rem or less should produce no detectable injury
or immediate effects provided previour =nd subsequent accumulated dosages
do not exvecd the ac-epted MPD. However, acute dosuges above 100 rem,
superimpcsed upou cther stresses cf space flight, could have more
seriote off¢.te upon an astronaut than might normsally be expected after
accidental ¢r ciinical radiation doses. ,

One of the mest eritical problems’is the physiolegical effects,
wider space ~onditions, of ionizing radiation. particularly primary
cosmic nu:131. against vhich shielding is impractical, if not impossible.
A faw of the factors vhich may affect criterla for crew selection and
rotation are:

(a) Individua:’: age and previous radiation exposure history.

(b) Effesivena:s ol protectior techniques such as closo body
shie laarg, bi.<henical prophylaxes, etc.

(¢) Resuite £ present and fu‘ure radicbiolcgical research.
Human tcierances ¢ rediaticn aro sumnarized in Pigure 6.
4o Mzigh Jesomods
Prosungi 4 exposures 10 O "g" or sub- "g' will be encountered
®*rem = rad. « rolative Licicgical effectivensas factor

rad = 100 crgs abscrbed per gram ci tissue
Roentgen = 96 crgs abzurbed pcr gram of tissue.

. 15
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in orbital or disp space flignta unless the vehicle is constantly
undergoing eitaer linear or angular accoloration. Enargy reserves,
enginesring limitatlons, eystems failures and human tolerance for
complex angular acceleratior may obviate the possiblity of
eimulataug "g" by conrinued vehicle acceleration., It is. thevefore,
important tc consider the prutable consequences of both short and
protracted exposurc: *o noar or atgolute wsightlessness in order to
establiish design guide lines fcr life asupport systems and personmal
equipmont. to attsuuate any adverze responses that are anticlipated.

In order to dofine these prcbable adverse responses a compre-
honelve review of human physioiogy is roquired to detormine the
phyzical, phyesiclogical and metabolis functions that are significently
influsnzed ty gravitational forces and would, thorefore, be altered
when euch forcee were markedly reduced., Predicticn cf probable patterns
of, and requirements for adaptation of the man iu this altered environ-
mont, can ther be mads; as w3ll as the mannes in which such adaptations
will create special design requirements in the veulcle. Of ‘us great
an inportaer:e wiil be consideration of how the alteration in functions
induced by expcsure to sub--gravily states will affest tolerance for
expoeure to ncrmal or hyper-gravity states during return to earth or
other planets.

(a) Digcupaicn

Abundant clinicai eviderce iu available to indicate that musculo-
skaletal structures develop strength and substance to a degree
which correiates with the magnitude of strsss develcped in the
structure of comcern. Fer example, large, well developed muscles
resull from <ften repeated stressing of the muscles, heart
enlargsment rcsults when vhe work done by the heart.is increased
by pumping against an increased bliocd pressure. Bone structure
increases its strength and Jdenslty when exposed to stress and the
rate cf healing of ::ne fractures ies increasei by static streas,
Opposite effccts retolt when muscls or bene are not working and
inse ¢f substances cr "disuse atrophy" and decreased strength
develop in a matver of & very fow weeks in muscle and bone
structures immcbllized 4n casts or splints. In a normal
gravitaticnal fieid nmus.-ulc. skeletai structures consistently
work agalnst the pull of gravity and alsc sgainst the resistances
to frictlonal and elasi: forces developed in and between the
noving tissues of the boay. In a noar O "g" field the work

done In perfcrming motor functions would be greatly raduced and
without some addltional enferced conditioning program some
"dicnee atrepby" weuld soon be apparent. Beih physical and
chemical changes would reculi, as well as decroasing ability

to tclerata "g" siresses oncountered during re-entry conditions,
Alss the nermal hydrostatle pressures developed in the blood

and cther bedy fluid columms in a normal l- "g" envircnment wouid
disappear in an 0. "g" environment. Normally a rise of diestolic
blood pressurc and an increase iz heart rate occurs when a pereon
changes pcsiticn from & supirs tc a sitting or standing atti'ude;
thls compcnsates fir the sffects cf gravity upon circalation.

INOT REPRODUCIB!.™
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Likewlse, selecti-vm constzisticn of cerlain blood vessels and
dilation of others takes piare a% stch timos to rogulate the
the flow of bico:d when various tcdy arcas aro subjected to different
hydrestatic pressurev. Pressure rscepters and chemo receptors,
in various arteries cf the body, are atimviated by pressure and
circulaiory changss to heip effect the adaptation described above.
The atility of thess structures and the muesalar layers of the '
vascular walls to rapiily adapt t> these changing conditions is
quickly lust even in healihy persons mairtained at bed-rest
whore changes in hydrostat & pressurer are essantlally absent.
Consequen‘]y. a sudicn change in position from supine to erect,

ter u few wecks of bed- reed, reszulis in the failure of
sirculatory adaptation and cauzes sudden loss ¢l conaciousness.
Prclongsd expesure 1o G-+ or sub "g" cculd be oxpected to have
affects similar to prolongei bed-rest, and the sgubject suddenly
exposed tc an increasei gravity state would be vulnerable to such

impaired regponces.

The energy 1equirements of the bedy will cerrelate with the amount
of work performed, so would be sxpected Lo decrease in a sub-
gravity field unlees sulorcod work was planned to compensate this

difference,

Likewlce, oxygsn utilizatior, respiratery function and carbon
dioxdde preduction would change in accordance to altered energy
cutpute Thes» 4x tura would affest design consideratlon for food
and oxygen supply. carben dioxide absorbors; thermal comtrol, eteo.

Bcdy size end shape will te élterai t7 romoval of gravity forces,
which in furn could affest design of personal equipment,

Vzlintary and reflsx motion would be exaggerated in an "O" gravity
fie1d until antagonistis mus:le groupa a1 undergene adaptation,
Upoa ravurr te norzat or high "g" states disbalance bet\een
antagcnistic nas-les groups would te apparent.

l Vieval function would te altered ty a reduced gravity field with
a reporred appareat upward displacement of cbjectse.

Iceonetjon and sgtability wenld te goriously compromised by ubsoncs
of friction tetwoen the body and the vehiclie structure. Orlienta..
1ion would Bz compromised by diss of otclith position sencso and
propricuiptive geucse. The slscping subject would likewlee te
without wisual rrieniaticn, Discrienta’ion and reflex autonomic
and psychlc disturtean:se Lave tesn demonstrated to cecur in
subjrcts awekenel while in an J-- "g" gtate during a perabolic
flight in aivcraft,

Ingoction of food and €luid and probably digestion and elimiration
wili bs affecied By an altered "g" slate, Changes in body
chenlsvry, loss of mineral ecalts, otec., wouald te expected to
accompany "disuse atrophy', and altered clrculation if artificial
meang to mainlalnr noermal fanction were not planned,

i NOT REPRODUCIBLE
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A complote study would greatly cxpend tho 1ist of changes, and
could point out many arcas of design, indoctrination, and
t1aining that would be most important in aiding and measuring
adaptation to reduced "g" states, The following abbreviated lists
divide anticipated changes in man exposed to sub or O- "g" states,
into acute or short termed effects, and chronic or lng temm
effects, Also a few of the probable serious results of abrupt
return to a normal or high "g" field of a subject adapted to

O~ "g¥ will be listed. These lists assume that no techniques

are employed to offset adverse effects of sub-gravity states

and thereby help clarify problem areas where use of attenuating
techniques or devices should be considered.

(v) Acute Woightleseness Svndrome
General
Slight increamse in height and slight alteration of bod? shape.
Exaggerated mction with application of normal.muaclo forcss,

Eves and Visicn

Disturbeda flow of lubricating fluids of eyes with probable
increased blink frequenoy.

Transient extraocular muscle imbalance,

Upvard iisplacemsnt of viewed objects (oculo-agravic illusiom).
Eara

Absence of otolith function of static position sense,

Probable altered acuity for =ensing sngular acceleration.

lose and Sipuges

Altered drainage of sinug cavities.

Tendency for displaccement of food and fluid from routh into
nasal passages.

Louth and Throat
Izpa:red dcglutition,

Ghest and Lunga

Ducraasod relaxed chost volume,

-

Possible altered cardiac axis duc to upward displaccment of
abdoriinal vissera,

Zxaggoratcd diaphragmatic excursicn during respiratory cycle.

- 26 .
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(e)

Increased blood flow toward lungs for a given venus blood pressure.
Altered pattern of circulation through lungs.
Probable reflex changes in respiratory rate.

Hoark

Increased volume flow fcr same energy output of heart.
Probable reflex changes in heart rate,

Gastrojntestinal

Increased mobility of viscera with normal strength of peristaltic
contractiona,

Possible reflex rausea and vomiting as a result of disturbed
vestibular functioa.

skelotald Muscle and Periphoral Nerves
ImpaireC locomotiom,
Exaggerated reaponses.
Impair ed task performance.
Loss of propris.eptive sense.
Impeired postural sense.
Paychiatric

Pozsibls faliing sensation,
Euphoria.

Anxiety,

Disorientation,

Hunger for stimuli.

chroniz Welghtlasantea

Genersl
Some increase ‘n body height.

c-me alteration in body shape.
Exes ad Visdcn

Disturbed flow cf eye secretions,

- & -




Protable increased frequency of blink reflex,
Adapted extraccular muscie balanse.

Oculc-agravic §llusions,

Bara

Atsence of otolith function of static position sense.
Probable altered acuity for angular acceleration,
Cheat and Iunga

Decreased relaxed chest volume

Possible altersd cardiac axis dus to upward displacement of
abdominal viscers.

LJ
.

Adapted respiratory exoursion,
Adapted pulmonary blood flow,

Adapted reduction in respiratory rste with weakening of
respiratory musclee.

Heart and Blood Vessela

Probable reduction of blood pressure.
Probable cardia.atrophy.

Decreased cardiac reserve.

Decreased mugcular tonus of blond vessels and impaired reflex
adaptation to changing of hydrostatic pressures.

Gagtrolptestinal

Adapted paristalsis.

Possible reflex nauses and vomiting with episodes of disorientation.
ekelotal Muscle and Peripheral Nerves

Muscular a’rophy and reduced strength,

Adapted locomotion and other motor performance.

Adaptation tc absence of promricceptive and postural sense.

Bgne

Possible osteop rce.s due to "disuse atrophy®,

.
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Paychiatric
Adaptation to gzero "g® state,

Bedy Composition

Prubable lowered total body supply of bone salts, electrolytes,
protein, and tlood and fluid volume,

nmmwmu:mﬂmW#
Iﬂﬂl!ﬂ s!mj!gs 62 ' H"h ﬂgl z:']d

Em

Extraccular nuscle imbalance.

Ears

Sudden return of sensation of pcsiiior senss with poasidble dis~
orientation effects.

Chest and lunga

Increased vork to perform respiratory excursion,
Sluggish diaphragmatic motion.

Altered bloocd flcw through lungs,

Hear: and Blood Veassls

Impaired cardiac reserve and impaired neurocirculatory regulation of
blcod flov in the presence of ipcreased hydrostatic pressures.

Pcasible dscompensation and syucope.

Rkeictal Muscie and Porivheras Nerves

Radiced muscular strength to resist gravity.

Return of proprioceptive ard postural sense.

Alteration of body posture snd slteratiorn of locomotiom,

Bopa

Impaired structural integrity of bone with predisposition for
fractures induced by hign "g* forcas.

Baxchiatzds

Altered rraporses 'o sidden increase in nusber and types of stimuld
reaching the ‘sntral nervous systea,

.29 ..




5

(¢) Remaria

The abcvs partial listing of probasble effects of weightlessness
disclcees several requirements for men vho may be exposed to this
condition for protracted periods of time. For examples

Laboratory facilities should be considered to measure daily protein,
fluid, elec*rclyte and mineral losses, etu., 30 a work-exeroiwe
and dietary rsgime could be enforced to maintain normal metabolie
patterns and preserve normal tolerances for "g" and other streases.

Effects of the probatle changes in body size and sbape must de
considered in design of personal squipment, Consideration should
be given to mecharical devices which can easily be designed to
affecst differential pressures in various body parts to stimnlate
and exercise reflex cardiovascular adaptive mechanisms which
normally coupensate for similar changes induced by gravity.

Enforvel exercire can be performed nm energy-storing machines to
gimiltansously condition the men and create electrical or pressure
energies for use in the vehicls system.

Techniques to ald processes of eating. drinking and waste-product
elimination can bs determined. Alds to stability and lucomotion
of the man can be designed into the vehicle atructure,

The absence of normal convect.ion of environmental gases in a
state of O "g" would introduce the hazard of rebreathing high
concentra‘ions of COp which could collect atout the face area

cf a subje:t if forced convection were not employed, During
sleep. when the face may te; to some extont, pocketed by bed
clothea. e%c., special coneideration of adequate forced circula-
tioa across the face area would be indicated,

A comprehensive study of the probable effects of weightlessness
should defire numerous arecas where integrated man-machine life
suppert 3ystem design would be influenced.

Ascezeration Tolerangy

Ac:elsraticn: prcduced in launch and re-entry are expscted to dbe
within the human tolerances shcen on Figure 7, Several techniques for
increasing tv.eran-o bave boen, or are currently, under study bty a
numbsr of military and sivillan agencioca. One tochnique, designed and
tested ty Convair, whith 18 the use of positive prassure breathing
to increase tolerunce (reported ir 24.4M- 00l. Jan. 1959) is pov
being intensively siudi<d by Servico agencies, It is not anticipet.qd
that ac-oloration forces will be a critical problem for low-orbitsl
missions,

dcoustical Nolse apd Vibra'fon

Nolse Jevel ‘hrasholds suffi.lent to produce temporary or permaneat
hearing loss vary from abcut 100 db to 125 db depsnding upon frequenoy

- X .
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7.

and duration. Protection agains* sound levels during rocks! propulsion
stages or ongine malfunction should be no major problem when acoustical
materials and/cr ear defenders are used. Noise levels produced by
equipment operation c¢r cther scurcss though well below the threshold
for permanent hearing loss, may be a critical problem if noise intensity
causes sorious interruptions in communications.

Within the frequency range of greatest gensitivity of the human .
ear, noise intensitiea have in gensral the following effectss

LU0 d produces pain
80 - 120 db noticeably uncomlcrtable - causes
fatigue and irritability.
50 -~ 80 4% comfortable hearing
20 ~ 50 d» too soft fur easy hearing

Mors cxnpiete tsbles of acoustical noise levels ovsr wider frequengy
bands are given in a number of reports.

Vibration

Vibration of low frequency ~ b <h ampiitude producs greater discomfort
(e.ge mc*ion sickness) than vwib.n*ions of higher frequency-low amplitude.
Lew levels of tolerancs *o sinu-~:.ial vibrations range from 1 to 2 g

at 3. 4, 7, and 8 zpe, to as high as 7 to 8 g at 15 cps. Some problem
areas may exist in providing damping to reduce physiological effects

of vibration and oscillations.

Decompresalen

Biclogical effects of gradual desompression are: 1) hypoxia from
1¢ss of cxygen partial pressure and 2) decompresaicn sickness from losg
of tolal cabin pressura, Tolerancs levels bear a complex relationship
to par%ial pressure ratics, rats of pressure changs, and type of diluent
gas. These relationships are discussed in the referenced reports. -

Time tclerances within a range of oxygen partial pressure values
are shown on Figure 8. Lowest safe limits, as given in the literaturs,
lie between 90 und 100 mm Hg. Evidence of performance deteriorations
at pp Oz below 115 mm Hg end appearan.e of psychological affects at
9 mm Hg have been reported (ref. Ionics Report). Symptoma of soute
hypoxia {sleepiness, lassitude, altared respiration, inability to
perform tasks, loss of consoiousness and death) first aprnear at pp o,
of 80 mm Hg and ars fully developed al 60 mm Hg.

Syzptoms of decompression s«Z-hnees (pain, "tends", chokes, etc.)
due to nitrogen and othor body gasses ¢ d>lved and trapped as bubdbles in
body tissues . can uppesr within 15 -- 20 zin. when lotal barometrio
pressuros roach 6 tc 8 psi at Oz - Ny ratios of 21%: 78%; pre-breathing
100% 0p for 2 hours at normal taromeiric pressuras reduces incidence of
symp*oms “hen tctal pressure is reduced below - 5.5 pei,

. T2
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9.

During altitude chamber tests, rapid decompression from about
11 psi to 6-1/2 pai has resulted in loss of consciousness, paralysis, and
Injury to lung tissues. Complete recovery was effected by gradual
re~compression, The probability of rapid or ~xplosive compression
(with fatal results) is conesiderably reduced by the hermstic sealing
of compartments, structural techniquee, and other safety measures.
Konecci® has calculated that it vould require a hole about 50 sq. in.
to deccmpress a 200-cu. ft, cabin to less than 2 psi in 1 sec. There-
fcra, gradual decompression with its hypoxic effects are considered to
be the more serious hazard.

A A [»)

The effects of ralative humidity and duration of exposure to
various temperatures are indicated on Figures 9 and 10, Man can function
mest efficiently at temperatures between 60° and 80°F, at relative
humidity below 70% and above 30%. Protoctive clothing is required
beyond these limits of temperature, Optimum temperaturs is considered
to be 70°F at 50% RH, With protesctive clothing (and for short exposure
times), temperature tolerance limits are considerably extended although
tests conducied at Convair (as reported in ZR 658-051) have shown thats
1) physiologi:al mobilization to changes in temperature from 100° - 150°F
is greatly im excoss of physical atress. 2) psychological effects of
unexpected equipmen’ failures greatly increase the stress response and
3) human perception of temperature changes is much less acute bel
atout 70°F and above 150°F, .

Wagtes

The hardling and disposal of biological wastes is essentially an
enginecring problem in design of lifes support systiems. Those aspects
of hygiene and sanitation which are dirsctly or indirectly related to
vaste produc’ conircl are considered undsr the general topic of wastes

1. Pathogeni:s crganisms

2, 0Odcr

3. Atmcspheric toxins

4e Dusts and aorosols

Pathogonic organisms (such as respiratory infections) can be
introduced intc the zlcsed cabin (nvironment before launch and during
checkout by infectod ground personnol or even carried by crew members
who may have buon oxposed %o virusas, or other orzanisms. One function

of tho ground nolding fescility will te the pre-launch isolation and
car>ful modical supsrvision cof space vehiczle crow, as well as ground

*Konecci, Z. B., "Hazards of Saulo! Cabirns”. Astronautics, Feb. 1959,
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crew members. Effe.tive sanitation contrsl of cabin facilities,
equipment and supplies, and packaging and handling of foods and
liguida, will require techniques including rigid inspection,use

of diginfectants, and poasitly, even g‘srilization before hermetios
sealing cf compariments. Irn.flignt control of dusts, aerosols, odore
will te provided by circulation-filtering-absorbent systems specified
ir deeign of e~vircmmental control squipment.

Equipment ard lechriques in monitering, collection, or esanitising
methods, may te ds. eicped from relistle seneing apparatus for particle
size and toxic levcle, the feasjvility and effectivsness of alr-
ionization deviser; uitraviole! light., Submarine exporience with
elosed systems can ba used as a basis focr further inveatigation concern-
ing identificaticn, bulld-up rates, and control of irritants and
toxicante, whi-h may be relsased in equipment cperationm,

Maximum permissible cuncentration of serosole, dusts, odors, and
toxic materials for a wide spectrum of chemical compounds are given
in Industrial Hygians Hardbooks, and other references listed in

bibliography.
Baxcholigdsal Aspecta

A comprehenwive study of psychoclogical problems of manned apace fligzht
has been repcrted ty Icnics for CV Astrorautics. Some of the psychological
fantors discussel have direct relationship to design of life support
systems. In an analysis of crew size in relation to effective performance
on space vehicle tarsks, the maximum time periods given in the table below
are for a crev completely isolated in space without frequent communication
with ground stations (or other space vehicles). and without assurance of
emergency assistan-e, When ths system is "cpsned" by a high degree of
vehicle reliability. dependable communication, and emergency help, the
A--g*icn of the 7ission will be considerably longse for s given crew size.

1. Complete Open

Crev Size Isolated System syatem Conditions

one-man 1 vk, Isolation limiting factor
Automation aquired
Longer if carefully
selected and trained,

2. xap 10-15 days 15 wks, If continuous monitoring
tasks are not required.

3-man 30 Jdays Sociological problems
leading to performance
deterioration.

4-zan 60-90 days Smallest eifective crew.
Sociclogial problems reduced.

6-man 6090 days Group conflicts arise

12-@an 90120 days If ideal selection & leader-

ship.
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D. Ground Suppcrt: Hoiding Facility

significantly from that of sonventional aircraft, : mast the support
faciliry for tho space.crewmanu of the future - the space crew holding
facility - differ from present air crev suppori®,*

are to perform capsule assembly and checkout. perform final training and
medizal mainterance of the crevmen and make a final selestion of operator.
fer a given miesion frun the crewman pool,

ME programs. the toiding facility requiroments assune a position of double
importance with respect 'c the prescnt REA- supported prcgram, First, the
holding fazility func'ions arc as reccisary to the ¢ventual success of
manned space mis2ion2 as the on board life suppert equipment and secondly,
the holding facility sub syatem buildings and equipments will constitute a
substantial pertion of ui. totn} GS requiremonts for & given btase,
Functional requirementr for the space crovw holding ac!lity are in the
earliest stagc of assessmort and evaluatiorn; hovever . a partial lisving of
these requiremette as presently concsived aro as follovs:

® Raf. Astrotauztice/Fod, 190 Pina. B, "Holding Fac:lity®, p.40.

The effects of isoiatizn confinement and deprivation of stimuli ars
expected to he manifest in performance deterioration and sociological
prcblems, Those recommended procedures which appsar to have the most
value in reducing theee pgycholcgical stresaes include the following:

(a) cviding communications media such as radio, facsimile news,
tape recordings

(b) Providing recreational facilities such as television, movies, music,
sxercise

(¢) Proviiing meanlingful tasks and rotation of duties.
Optimm duty cy~lea. suggested in Ionics report are based upon an
18 hour day. with on off-duty ratios of 3:6. Estimates of time required
for most effective performance of critical tasks are given as 30 to 90
minutes and monitoring 60 to 180 minutes at one stretch without relief,
Other recommandations suznh ag peer ratings b§‘individun1 crev

members, the type of stimuli to be provided. and criteris for crew
selections, are op%1 to questioun,

It is apparent that psychological stresses anticipated and the
means of redusring them are matter- of wider divergence of opinicn than
is the case with physiolcgical aspects. Many of the solutions will be
derived only from experience gained from carly space missions.

%Just ns the ground-suppcrt equipaent ¢f the ballis‘ic miasile differs

The obje.:i7es of a ground-tased space¢ crew holding and support facility

In keeping with Convalr!s long-range plane to become active in GSE and

5




1.
2,
3.
he
5,
6.
7.
8.

Space crew and support personnel quarters.

Insure prolonged operation capability,

Conduct life-support equipment modification.

Provide crewmsn physical conditioning facility.
Provide preventative medicine .-and health maintenance.
Conduct crew-capsule integration and training.
Provide near-apace similation.

Conduct cpecific-mission final pasychiatric-physical screening
and selsction.

The steps involved in the design of a holding and fipel training-
environment facility are as logical and as systems-oriented as the design
of the yehicle and its ground support equipment, and permit no great
margin of error,
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VII, ENVIRONMENTAL PROTECTION

Thernal Control Systens

The internal temperatures of the spececraft under consideration are
ccntrolled by two major fastors:

The first is the temperature of the cuter skin of the space vehicle
vwhich depends eitner op asrodynamis heating during boost and re-entry or oa
the radiative trarafer between the vehicle and its environment characterised
by the Sun, the Moon, the Earth and space, vhen the vehicle is above the
Earth's atmosphere,

The second factor is the heat generating characteristics of the personnel
and equipment inside ‘he vehicle, arnd tho transfer of this heat to the vehicle
either by radiatior, zcnve<tion or conduction., The outer skin temperature for
a given vehicle configuration, orientation and trajectory can be controlled to
a certain extent by the proper zhoice of the thermal properties of. the surface
materials, ’

The temperature variaticn of enclosed vehicle space will require the
utilization of a thermal ccutrol system to provide the desired amount of heat-
ing and rooling for both thLe personnel and the equipment, The heating and
cocling systems will be ~lassified as either passive or active. A paasive
system '8 one vhick does not require the use of a heat pump. It migu®, however,
utilize a f2uid transpor! system and/cr some kind of space radiatiors. An
active aystem vill be defined as one which uses a heat pump such as a meci-uical
refrigerator or a thermcelestric cooler,

1. Prediction of the Heat lLoads

The predicticn of the Leatirg ard cooling loads of a space vehiole
depands on three independent factors: .

{a) Aerndvnami:. Hea*ting during Roos* and Re-en‘ry Phases, A space
vehicle 18 stru-turally designed with a premium on saving weight
sin.e & 100 *c 20CO pourds of booster are rejuired per pound of
payload, Thus it is e challenging problem to design vehicles %o -
vithetand aerodyrariz heating, The effects of this heating will
dictate both the exterpal configuration and the external structural

materials to be used,

Once the vehicle ‘s designed, 1ts outerskin temperature profiles
during “ha tozst and re.entry phases vill constitute design para-
meters for the life support systeas,

An exis*irg Therm~dyramics Group IBM 704 Program utilizing the
referance entralpy methcd has been in cperation since 1958, This
program ‘s being utilized to calculate the outer skin tesperature
profiles of vehicl~s due to aerodynamic heating. It has showa
good -orrelatiot with ‘es* data. However. it ceeds contimuious
updaing to keep up v.'h data of the properties of the upper
atzcsphere vhich are being accumilated from the latest satellite
{nformation,

< 40 -




(b) External Rediative Heat Transfer, The external sources of thermal
rediation includs tho Sun, the Earth and the Moon as radiators, and
the Earth's cloud cover and atmosphere as reflectors and scatterers
of solar radiation. The trajectory, configuration, thermsl conducti-
vity, heat zapacity and radietion sbsorptivity characteristics are
the dominant object peraneters in external thermal radiative heat
transfer.

(o) Jntermally Genezated Hest losds, The internal heat loads include all
the heat generated by the personnel and the equipment carried on board.

2. [Hesting and Cocling Svstems

(s) Passive Systems, Passive systems are thoss which utilize the cyclie
chsnges in radiative heating acd cooling of an orbiting space vehicle
to produce moderate temperstures in the living space,

Passive systems will either employ static componeats only or go as

far as utilizing a fan or & blower to transport a fluid, They will,

thus, possess an inherently high degree of relisbility. The desira-

bility of using & pusaive system instead of an active system sannot

be over-emphasized. Further studies for the optimization of general-

1ied passive systems suould be earnestly pursued, The limiting areas
’ to vhich a passive sy=tem can be used should be defined,

The techniques exployed in passive aystem include the followings

(1) Radiation fins: These fins are used to radiate excessive heat
to space,

(2) Veristle thermal preperties of outer skin: The thermal proper-
tiea of the cuter skip of the vehicle can be v.c{ed such that
the relatlon bstween their solar absorptivii, anC their longwave
reflectivity results i= obtaining optimum internal -abin temper-
atures, In orde. tc accomplieh this, different mate.‘al coatings

E may be used ard a striped cr patternsd vehicle may reaft, Cars
i snould te takea in designing these coatings such that no oold or
? ket spsts are produced,

(3) Cradus*ior paths: This is a passive technique ut!lized to
, son* sl the heal transfer through the use of vari us insulatiyg
anrd ‘czdutting matarials,

{4) Variatle radiaticn shields: This method utilices some kind of
wvindowe or shwut*ters to give the effe-% of var:able rediation
shielding. acd thus coatrol the amount =f rediative transfer.

(%) Vasiable insulation: This technigue utilizes the vehicle skin
as 8 space radlator in ¢cujunction vith a heat traacport flnuid,
The -y-!’r ~rbital hest load profile {; used in or‘e tu arrive
a° as a:.aptable [uternal cabln tempersture,

-1 -
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(6) Radiators: T achnique employs & olosed loop radiatiom
system, ccmposed of a heat exchanger, a heat transport method
and & space radiator,

(b) Active Cooling Systems, The main advantage of an active system lies
ir the attainment of higher radiator temperatures. Thus, higher heat
loads can be dissipated and a greater degree of control can be
achieved, Active systems will be divided into {wo categories:

(1) Mechanical Re’rigeration Systems: These systems are either
open cycle or >losed cycle systems. Open cycle systems
utilize expendable fluida and offer attractive opportunities
for integration vith other vehicle subsystems such as suxiliary
power system, attitude control and water distillation., The
adaptability of water boilers to space vehicles is very promising,
The extension of previcus Thermodynamics Group work on water
boilers o thie spplication can be very fruitful., Uperation in
zero gravity is one of the main problem areas here. Closed cycle
types include vapor compression and air cycles.

(2) Thermoelectric Systemss Thermoelectric cooling systems using
certain semi-<onductors and utilizing the Peltier effect offer
considerable promise as refrigerators in the next few years.
They pcssess many advantages such as compactness and accessi-
bility to isolated areas which make them exceptionally attractive
for uoe in spacesraft,

B. Radiation Protection

1.

Shielding

Crewv protectiop against high-intensity protons in the inner Van Allen Belt
and in solar plasma fieids is & major problem in vehicle design and shield-
ing. Exposure tn Van Allen protons may be of short durailon or avolded
completely., Sclar proton sterms encountered by a vehicle deep in space may
be of sufficienti intensity and duraticn to seriously affect men and equip-
ment,

Adequate radiation protestion for specific manned missions and exposure
times will reguire design studiss to determine the optimum combination

of structural materials «>d placement of supplies and equipment surrounding
the crew, Materials of low cr intermedic*e atomic weight !such as Beryllium
or Carbop) are most effe:tive in redu-ing ionising particles incident upon
vehicle wvalls (electrors. protons. ard primary cosmic radiatica)., Hydro-
genous materials provide effective shislds againat the neutron flux from

& reactor propulsion unit. as well as the rsutrons produced when high-energy
particles ave attenuated in vehicle walls, Lcw density fuels, water, food,
or other supplies and equipment of lowv specific weight, if strategically
placed withic the space vehicle -an te used to sugment any strustural
shielding that may be necessary, (Radiation levels high enough to produce
significant activation of food and wvater can be expected to be lethal to man)
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The requirement for high density materials such as lead, uranium, eto. to
reduce the gamma or X-ray dose within occupied space will be considerably
modified if the heavier shielding is nssd crly to enclose the least volume
in which a man can function effectively, such as a single compartment, or
even individua® sspsules, Su:h temp>rary protecsticn may be necessary in
passing through the inner Van Allen Belt on escape trajectories; through
brief, intense storma of solar particles; or Argus-type radiation, arti-
ficiaily inlected and trapped in mesgnetic fields. In the case of muclear
poversd wehislea, direct and scatter gazma radiation produced during the
propulsion and shut~down phasen cen be well encugh estimated so that shield-
irg anelyeis will Inclule ahaping techniques. and shield orientation for

the temporary protection required for crews, A number of applicable studies,
conductad by Convair-F*. Worth are referenced in the bibliography.

2. eperation

Reastor-crev compartment separation distances for thrust versus dose rate
(unshislded) have been estimated by various suthors. Representative graphs
for direct and scettered racdietion from s powerplant are givea in a number

of reports (* ) and can te used as a first step in nuclear shielding analy-
ses.

Mot ods of Meteorite Protsction

Several methods have beex proposed for tre prevention of meteoroid puncture
of surfaces of space vehicles, TiLe best lmown of these are the followings

1. The s» Ccpoe

This idea. originally prcpoaed by Whipple. employs tho basic concept that
a uwetesrite oxplodes as it ccntacts tne bumper surface, with the resultant
diapersing of ita cuergy over a large area of the primary surface to be
protacted., Th's technique provides cue of the lightest and prasibly most
effective sthods for proteztlcn againat meteorite hasards,

2, Mzssive Resistanze Tecknique

T~ this method the th'ckriess of the primary skin of the vehicle 1s in-

sed to the extant that the probability of a penetratior is asditrarily
reqused to a srall mognitude,

3. Self Snaiing Technjque
Silicone-taged ylast!: ns*erials are utilired for instantaneous sealing

of meteorite punctures. Comme: cially availeble silicone-based plastics
have a tsmperature limit for austained exposure of about 550°F. A self-

(* ) Konecci. Eugere B. and Trapp, Rotert, "Calculaticos of the Radicbiclogle

Riak Fac crs in Nuclear Povered Spate Vehicies”, Aaropp, Med, Vol. I
. 487 - 506, July 1959,

Tnpp, Rotert and Konez:i. “Wgenes B,. *"Shielding and #uclear Propulsiocn®,
louglas Aircraft Compary mgin“ring Paper 80, Missiles ani S;ece Systems
Engineering, auta Moni-a Divislos, July 1949,
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4e

sealing space vehizle skin is expected to weigh about 0,8 lb/ttzo

Siwrry Fluld Technigue

In thic method, which has been under experimental study at the Electro-
Optical Corporation, mimite metallic balls in a fluid are circulated
next to the nabir outer skin, Some of these mstallic balls are supposed
to rush to any puncturs caused by meteorites and plug it,

Qther Fasards and Pro%ective Measures

1. Fire Haserd

2.

Very little work has been reported in the literature relating to the
study of fire hazards in apace vshicles, However, the results of con-
siderable efforts by the aircraft industry to minimige fire hasards
aboard airplanes mey he readily applicable to space vehicles., The
fazters which centribute to fire hezarde include cabin atmosphere com-
position; partiel pressure of the component gases and total pressure,
The nature of squipment on board and the materials used are also signi-
ficant, )

Cabin Leakege

One of the most critical problems of space flight is the loss of cabin
atmouphere by leakage end consequently the loss of the crew's life-~
sustaining oxygen. Boles or mimute cracks in the cabin walls may result
from meteorite puncturas. taermal stresses or mechanical forcés assoclated
with launching and recovery of the vehicle as discussed above. Puncture
of the vehizle’s skin may also result from other accidental hazards, or
from hostile eremy actiona., It is noted that many of the mentioned cracks
may te very miuvute and will thus be exceedingly difficult to locate until
a substantiail amoun* of the cabin gas has been lost. The rate and extent
of the loss of :orfized a*mcsphere will depsnd opn such factors as the
volume of ‘he space cablin. the area of the hole or crack, and the pregsure
differential betweer the catin ard its external environment,

Measures for protectich against cabin leakage include the followings

(a) Mears of detection and mepitoring of punctures so that instantanecus
repair measures :can be under!aken,

(b) Make-up of lost a‘mcaphere should be initiated once a puncture occurs.
It io noted that a high pressure ~abin allows for a greater deccz~
pressicn time and thus permits more *ime for effestive emergency
measures to be ‘aken, Make-up gas should be caomposed of both oxygen
and a dilrent gas, If only oxygen is supplied in case of such emer-
gency its consentration in the atsosphere will constitute a fire
hazard,




() Compartmentation, whereby the damaged compartment may be sesled off
from other parts of the vehicle, sonstitutes a good protection method
in case of leakage.

() Space suits should be provided to be worn in case of cabin decom-
pression,

(e) Preventive methods, such as the use of a meteorite bumper, the mlivo
resistance, the fluid slurry and the self-sealing techniques discussed
above should be considered.

3.  Disebling Failure

It is recognized that vithout an escape system of exceedingly high relis-
bility no manned spase flight could be planned in the next few years, In
the Mercury Preject, for example, an escape system exists copsisting of a
tover and an escape rockst attached to the capsule.  In case of failure
the escape rocket pulls the capsule away from the booster. The tower and
capsule then coast until they slow down. Hence, the tower is jettisoned
and a parachute is deployed.

Some of the immediate missions are planned with the crew riding a Mercury-
type capsule during the launch and recovery phases, Rescue from such
vehicles will thus be aimilar to the Mercury capsule., Rescus from more

. advanced vehicles will have to be attempted through the use of seccndary
vehicles, The design of these vehicles will have to inciude effective
means for the tranasfer of the occupants to the rescue vehicles through
emergency air locks and doors. Ehricke recommends the use of seccndary
propulsion systems, navigation system and auxiliary power system,

Spece suits and the compartmentation technique should also be cornsidered
for use during emergency conditions,

Cabin Structural Requirements

Placing a man ir orbit and returning him safely to Earth imposes some
extrems siructural rejuirements on the space cabin design in order to protect
him against both the hostile environment and the mechanical losds assccia’ed
with launching and recovering the vehicle. The following requiremencs havs to
be met by the cabing
1. To protect the internal atmosphere and guard against its loss.

2. To act as a shield against thermal stresses.

3. To protect agains? acoustical noises snd vibratioms,.
4. To withstand the launth, re-entry and landing forces.
5. To shield against meteorites and space radiationa.

6. To provide wzple 1l)ving and working space for the orev,
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An intricate cabin structure will thus have to be provided to meet all of
these requirements. A compcsite structure is proposed which consists of an
outer shell, radiative irsulation layers that act also as meteorite bumpers and
an inner shell,

The cutsr shell will have the following requirements:
l. To support and proveot the inner shell,
2, To provide thermal and acoustical protection,
3. To act as & msteorite bumper,

4. To provide means for entering and leaving the cabin, for both normal and
emergency operations, through the use of some kind of air locks.

5. To provide means for outside observation through direct or indirect
windowvs,

6. Tc provide radiating and ablative surfaces,

The inner shell will constitute a sealed pressure vessel and will be
capable of mesting the following conditicns:

1, To provide living and working space for crew and ecuipment,

2. To sarry no externsl load but will transmit interrnal loads to outer
structure.

3. To be resistant to explcsive decompression in case of punocturs,

Le T> be as irdependent as possible of all the thermal and structural
stresses cof the cuter shell,

5. To avoid leakage regardless of the mechanical forces impcsed upon the
vehiczle during toost, re-entry and landing phases.

Figure 11 is a s:hematic representation of a proposed cabin wall
structure, showing the radiative insulation layers placed between the inner
and cuter shells.

Manned re-entry vehlicles may be either of a ballistic type, with a low
veight to jng (M/Cph) ratio or of a glide vehicle type with modarate 1ift
to drag ( D») ratio, Both will have low entry path angles. It is estimated

that the dezeleration forces will be of the order of 10g for bellistic
vehicles and about 1g for the glide wehicle, Neither of these will pose any
extraordirary structural desigo probleaz,
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The thermal stresses associated with the vehicle's launching and recovery,
due to aerodynamic heating, are quite severe and will consequently imposo res-
trictions on its structural design. A ballistic type re-entry vehicle should
withstand a high rate of hest input. An ablative shield is usually used with
such a veh'sle as a heat sink, A glide re-entry vehicle is exposed over its
major area to a smaller heating rate and a much larger total heat input tasn
& ballistic type vehizls for the same flight. A glide re-entry vehicle may
neceasitate the use of a radiative cooling strusture possibly like the ome
shown in Figurell, It shoculd be noted;, however, that in such a structure the
temperature of the ocuter shell will be considerably greater than the tempers~
ture of the inner shell, Thus, a great amount of differentisl thermal expan~
sion between the two shells is to be expected., Cracks in the cabin walls
resulting from these thermal atresses may lead to the loss of the oabin
atmosphere. The following precsutions are advantageous vhen designing a
radiative cooled strusture, :

1, Select low expansion ms‘erisls for the outer shell and high expansion
naterials for the inner shell,

2, Use closely spaced supports to spread out buckling resulting fiom thermal
stresses.

3. Use very low intericr surfaces emissivities.
4. Mirimize conduction paths between outer and inner skLills.
Se .Segmont the cuter shell if this is not structurally objectionable.

Last, it should prove very fruitful to study the effects of the following
parameters cu the structural weight of the cabini

1. The geometrical form and volume of the venicle.
2. The sharacteris*tics of the payload.
3. The number of the orew,

4. The mission duration.
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VI1l. LIFE SUPPORT SYSTEMS

A.  Atmospheri: Pressurs and Compogition Control

1.

Qag_Storage

An oxygen supply will have to be provided for vehioles using non-regen-
erative ecological systems, A relatively smaller amount of oxygen will
alsc be nesded for make-up ard emergency conditions when a regenerative
cxygen system i employed, '

Oxygen will be stored in & gaseous or cryogenic form, or possibly generated
chemically, Gasecus oxygen systems, with reliable equipment already de-
velcped, are 1ight and simple to control, and will thus be desirable for
short duration missicne., LOX will probably be provided in double walled
ocntainers weighing about 14 times the weight of LOX for missions of the
order of 1 tc 3 man-weaks, LOX systems could also be used as heat sinks
for the sooling systems. Oxygen may be genersted chemically by the decom-
positicn ¢f hydregen peroxide which requirss a relatively simple storage
system welighing as little as one sixth the weight of HyOp. Hydrogen
percxide systema may also produce water for consumption and power geners-
ticn, Provisices should be made for the storage of other gases such as
irert gases fcr the :abin atmosphere and propellants for attitude sontrol
systems, O, generatior from supercxides of the alkali metals, such as

KOy, is a promising tschnique which has the added attraction of COp
absorption ability,

farbon Dioxide

The protlems asso:isted with the treatment of CO, in the cabin stmosphere
include the prccesses of its separaticr from the circulating air and the
subsequent disposal of it or its reduction to carbon and breathable
oxygen.

(2) Removal cf C0p. Different methods have beer introduced to remove COp
Trcm the ~af o a‘r, It shculd be ncted that some of these methods
inslude b2l the rercval and reduction cf COy t» ~arbon and oxygen.
The rethods {-troduced include the following:

(1) Veniirgr For sher® duration missions of very few hours one
righ* rescr* to venting of the cabin atmosphere periodically.

(2) Mapbranes: Semt permeable membranes are available which pass
diffarent kinds of geses at different rates. Some which are
permaabla to CO2 <culd be used to filter it out of the cabin
atmosphere,

(3) Fresse.cit: Here the cabin air is to be cooled to a low
temperature., Thie results in the gases being separated fiom
the air in & anlid or liquid fore, COp is ther rezoved by
cyolic purgi+g cr evacuatlion,
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(4)

(5)

(6

(7)

(8)

(9)

(10)

{b) Reduction of COp. While the sbove menticned methods deal primarily

Electrolysis:

a. A sodium sulfate electrolytic cell is utiliszed to reduce
vater to Hy and Op. This results in sulfurio acid at
anode and sodium hydroxide at the cathode,

b, Carbon dioxide is then absorbed by sodium hydroxide forming
sodiun carbonate. .

6. Sodiuz carbonate is later allowed to react with sulfurio
2314 releasing CO; to be disposed of, sodium sulfate is
also formed and is then returned to the electrolytic cell,

d. The cyole is then repeated.

Chemical Absorptiocn: Various chemicals may be used to absord
COp from the cabin atmosphers, These include lithium hydroxide,
baralyme, sods lims, potussium superoxide, alkanolamines and
alkali carbonates. Further study should be directed to develop-
ment of chemical absorbers that could be reactivated and re-used,
They are more desirable since they impose a lesser welight penalty
on the system, The monoethanolamine (MEA) solution, for example,
chemically absorbs CO; and other acidis gases and then, when
heated tc about 150°F, roleases CO; and becomes ready for re-uce,

Watar Absorption: Water could be used to absorb a moderate
amount of sarbon dioxide whish is to be released later by heating
that water,

Abscrptiont Some absorbants; such as the Linde molecular sieves,
vhich abaorb sertsin gases without a chemical reaction and then
release them cn heating, could be used to remove CO, from the
cabin atnoephere,

Carbon dicxide car also be removed either by condensation by
compression aad occling, or by compression followed by a Joule-
Thomson expernsicn., These two methods however require heavy
machirery a=d should be ruled out for space spplications.

Photosynthetis Methode: Regenerating oxygen froa GO and
wastes ‘n s closed ecological cycle does not promise to become
practical for use in space ships for at least ten more years.

Phctolysis: This method, vherein COp is dacomposed to yleld
oxygen by means of ultraviolet light and a catalyst atill has
to under;o ccnsiderable amount of development.

viITh reroving CO7 from the cabin stmosphere. some methods deal ex-
clusively vith the reduction of COp after ita separat.on froa the
cabin atmosphere. The most promising of these procesies is the one
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3.

B, Jood, Water and Waste

1.

utilising hydrogen to chemically reduce CO; and give carbon and water,
plus the electrolysis of water to give hydrogen and oxygen., Rydrogen
is then recycled for the reduction of CO2. This process is under
experimental study at the Battelle Memorial Institude for WADD's Aero
Medical Laboratory. Other processes for the reduction of COp inolude
its thermal decomposition to carbon and oxygen. This process does
not seem possible by methods feasible for a space cabin since it
requires excessive powor.

Reduction of COp by irradiation by gamma rays does mot look attrac-
tive for space spplications due to large weight penalties and low
process efficiency.

Photoohemlical and photosynthesis methods have been mentioned above,
rs and Tra: t \3

The cabin atmosphere will be continuously contaminated with odors emana-
ting from the huvman body and from electrical and mechanical equipment in
the cabin., Human odors present will consist primarily of indole, skatole,
flatus, hydrcgen sulfides, amines and glandular excretions. Toxie or
unidentifiable gases may be generated from overheating or other malfunc-
tions of the mechanical or electrical systems. Traces of carbon monoxide
and other noxious gases will also be present in the atmosphare,

Act. rated charcoal filters, to be placed in the circuiating air stream
are good absorbers of many of the organic gases contaminating the atmos-
phere. Electrostatic precipitator odor collectors should be considered
for long duration missions and when the electrical power required for
their operstion is readily available,

Water Su and Reoclamat

The average humar body demands a daily water supply of about 2,200 cec,’
or approximately 5 1lb. About 14% of this amount leaves the body by res-
piration and 20% is lost by perspiration. The urine accounts for 60%
of the body water requirement and the remaining 6% leaves the body in
fecal compounds., However, an additional amount of weter, namely meta-
bolic water, is formed within the body from the oxidation of the hydro-
cartonic food ccns*ituents, Metabolic wvater is formed at an aversge
rate equal to 14% of the body daily requirement. Thus, if water is re-
claimed from cabin atmosphere and from urine, vhile feces is disposed
of either by storage or jettisoning, then an additional 8% of the vater
intake is formed by a partially closed ecological oycle.
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(a) Water Reclamation. Water reclamation is accomplished by collastion
of atmospheric moisture and by processing of urine and wash wvater,

(1) Collection of cabin atmospheric moisture: Numerous schemes
could be utilized to reclaeim moisture from the cabin atmos-
phere. These include the followings

s. The use of either surface condensers cr water sprays to
cool the sabln air below its dew point and the collection
of its water content.

b, Compression of cabin air until the water's partial pressure
exceeds its saturation pressure.

c¢. Combined compression and cooling of the air,

d. The absorption of moisture in spray chambers ua'ing organie
1iquids such as glycerin or solutions of salts such as
lithium chloride,

e¢. The employment of counter-current flow of the humid air
and sulfuric or phosphoric acids.

f£. The utilization of chemical absorbents such as NaOH,
€. The use of insoluble solid desiccants such as silica gel,

A method for the collection of a space cabin's atmospheric
moisture which avoids some problems of zero gravity and power
consumption is by the use of regenerative desiccants, Insol-
uble s0lid desiccants include calcium oxide, dreirite, barium
oxide, activaeted alumina, silica gsl, Linde molecular sieves,
and magnesium perchlorate. Soluble desiccants include lithium
ard calcium chlorides, and sodium and potassium hydroxides.

In some ~ases regeneration is possible by heating the desiccant
and condensing the water vapor evolved

Direct condensation of atmospheric moisture is relatively
simple; and is particularly attractive if a cold source, such
as a cryogenic fusl or oxygen supply, is already on board.
Another method is the use of a radiator-condenser which rejects
heat to space and 1s designed for operation at temporatures
belcw the dew point of the cabin atmosphere,

(2) Reclamation of Waste Water: Waste water is composed nmaialy of
vash water and urine., Most of the methoda used in processing
urine seem to be applicable to &ll kinds of waste water, Since
urine is *he chief source of water supply it seems that one of
the most important life-support subsystems thet haz to be
developed is the one required for the treatment of urine in a
=lcsed ecological system, Such s uni! seems to be techrically
feasible. hovever the amcunt of reseaich done to substaatiate
the predictions of the performance of such a device is very

sparse,
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2,

Scme of the methods suggested for the reclamation of water from
urine follow:

b.

c.

d.

(t) Water Suprly, Initial vater has to be supplied for short duration
missions a* ve
systems,
ical compound,

The pessibilit; exias%s that this water while in storage could be used
for radiaticn shielding.

For zlssion durstions of mcre than & very few days it is desirable frr the
morale and health of the crev to provide food that is high iz juelity snd
varied in form,

Froesing: In this method water is allowed to freess out of
solution leaving the impurities behind. Methods suggested
for freesing include apace radiation ani mechanical refri-
geration,

Kectro-Osmoeis: Here the water container is divided in
three compartments by two types of sieve barriers. One of
the barriers is permeable only to pesitive ions while the
other is permesble only to negative ions. When the wulls
of the :ontainer at either end are electrically charged
ior concentration lazreases in the end compaurtments and
the ion~frec water formed in the middle coupartzment is
drained off, .

Cbemical Methods: Seversl chemicel methods have been
propcsed for water rezlamation from urine. One of the
more promising chemical methods is the ome utilising the
principles of ion exchange. New synthetic resins developed
in the past few years are found to have a high degree of
ion exzhange ability., In this process minute spherioal
graniles are made to remove selectively any or all of the
icrs in urine and produce water that is practically free
¢ eleztrolytes.

Distillation: In this process urine is evaporated and then
the water vapor is allowed to condense, For space applica-
ticn. urire sould be heated and centrifuged simultanecusly.
then a~jowed to condense in a space radiator., The condensa‘'s
1s then filtsred. The use of a microfilter before processing
ia ra:orrended tc remove bacteria, large protein particles
and cther suspendel materials, Vacuum-distillation will re-
duce *he heating power requirements,

'l as for make-up for partlelly closed ecological water
This wvster will be supplied either as liquid or in a chem-

.83 -




3.

Methods of focd prsservation should izsure long storsge life with light
packaging requirements., The following methcds have been suggested,

(a) Cenning, In this me‘hod bacteris ars killed and ensymes deactivated
ty heat, Cannirg preser+esfo~d for long durations, However, its
packaging might require higher weight penalties than other methods.

(b) Freeming, In this process the lcw temperature inhibits bacteria
growth, High oonsumer acceptability, medium packaging requiremente,
ard long presesrvatior. 1ife are irsured, However, these are offset
bty the heavy powar demands cf a freegzing system with its associated
high welght penalties,

() Ireeze-drying, In this method, fcod is first frozen and then sube
Jected tc & pulsed electrcmagrnetis beam until the ice orystals are
sublimed, In this prozess the food is reduced to about 104 of its
original weight, Ba:terial growth ard formation of ensywmes are
inhibited by the absenze of moisturs, Vitamins and protein struo-
ture are not affected, This method has a lcng storage life and
light veight. However, it has a criticel packaging problem, The
presence of as much as 2% moisture, by weight, will cause browning
of the food, Greater moisture zontents will activate ensymes and
bacteria,

In preparing s frozen~dryed foed for consumptiocn it requires socsking
in water for varied periods of times to regain ite mciature content,

(d) Beta end Camma Irresdistions; In this method food is preserved for
long dvration vhen subjectsd to beta and gamma irradiations which
inhibit sprouting and destroy the microorganisms and parasites
sresent, This method increases the storage life of meat and pro-
duce, and if sterilization is possible no refrigeration is needad.
However, cnly few items can te irradieted without producing bad
tastes, colors o; undesirable odors.

Wasts Products

Wastes include urins. wash wvater, food wvastes and feces, For a mission
duration longer than a fed days,urine and wash water will have to be
processed to reclaim water from them. Feces contain about 0,2 pounds
of solids per average man per day togethsr with 0.3 pounds of watar,

It seems that for the next few years it wvill be more advantageous to
store this kind of vaste, while the vehicle is ip ordbit, than to repro~
cess it or even jettison it overboard. Waste products will be recycled
vhenever a completely closed ecological aystem is developed.
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D.

Clogsed Ecological Systewsg

Closed ecological systems have been proposed which utiliza the concept
of biological balance between animel and plant lives. The process invoived
-3 the synthecis of carbonhydrates through the action of chlorophyll with the
aid of solar radistion, Thin process is known as photosynthesis and can be
characterized by ths following relation:

6C0 + 6 Hy0 + Solar Energy + Chlorophyll (Catalyet)

301631206#602

Considerable snergy io needed in thim process since it involves breaking the
chemical bonds of the Hy0 and COp molscules. It is also noted that the abscrp-
tion band of chlorophyll lies btetween 0.4 and (.75 microns which means that
cnly sbout 35% of the solar energy can be used in the process. This portion
of solar energyr will be even reduced further by the processes of plant res-
piration and other deficiencies in the plant's systems. Konecol esiimates
that only 20% of th~ solar ensrgy is utilized in photooyntheais.

Proposecd ciosed ecological systems include algae and broad leaf plent
systems and soms introduce animal life in the process by the inclusion of
fish or other aninals, Algee systems would utilize human waates in either a
gaseous, liquid or solid form as matrienta.

long range planning fc~ adaptstion of algal culture systems to future
space cabina has basen undertasen by the UUAF Schuol of Aviation Medicins,
Experimentel research in this area ie conducted by many orgenizations in-
cluding The University of Texas, The University of California at Barkeley,
The National Institute of Health, Electric Boat Division of General Dynamics
and Boelng Airplane Company.

Jt is estimated that in a psriocd of sbout ten years & prototype clcsed
oecological system may be devesloped.

Related Subsystems

Systems related to the life support and envircnmental control include % {“
naxiliary power and other thermodynamically related subsystems such as atii- |
tude cortrol, propulsion and all equipment which uses auxiliary power, S

This relationship exiats by reason of the heat rejection of the auxiliery £ -
power avstem and all power using sauipment, and the relatioaship may b aug- ‘
mented by design of integrated systems,




E.

The auxiliary power system will be required to esupply the power demands of
the 1life support and environmantal control system &8 well as that for communica-
tions, reconnaissance, guldance, attitude control and other power consuming units.

Analyses have shown that the 1life support and environmental control systea
will require more than 50% of the total auxiliary power. Thus the seleotion of
a power system will influence the performance of most of the space vehicle's
subsysters, Auxiliary power systems for msnned space crait may be nuclear, -
soler or chemical, Methoda of systems iategration are described in the follow-

ing peregraph,

Integration of The Life Support System with Other Vehiocle Subsystems

It 1s evident that for the design of an overall optimum space vehicle some
degree of integration will be considered between the life support and environ-
mental oontrol systems and any other thermodynmamic systems such as-the auxiliary
powar anl attitude control systems., It is also apparent that each individual
vehicle vill present new problems and require new solutions and thus nc one
solution or a serias of solutions will be suitable across the board,

Rulatively short duration missions offer the best promise for system
integretion such as when the thermal and environmental control systems are
integrated with the hydrogen-oxygen pcwer system. For longer durstion missions,
food, water and cryogenic stores may be used for shislding sgainst radiation,

As a typical sxample of systems integration consider the NASA-planned Nova
Lunar Reconnaissance Mission. This is a direct Zarth-to-Moon flight taking 2
men to & soft landing on the moon end returns in about 12 days. The folloving
asre rough estimates of the power requirements for such a mission:

Attitude control, guidance, reconnaissance, telemetering and other
electronic equipment = 1,000 vatts

Environmental Control Systema:

1, €Oy Separation end Removal = 400 wvatts
2. CO, Reduction wita Hydrogen to Carbon end Oxygen,
including power for water eiectrolysis and
oxygen make-up = 840 wvatts
3. Urine Waier IJistillatioun = 200 watts
4. Toxins and Dvatl Removal = _ 400 wetty
Total 2,840 watts

or Approximately 3,000 watts
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Now the minirmum amount of oxygen needed by the crew for the mission ls approxi-
mataly 48 pounds. Thus, oonsidering an additional 2, pounds for emergency and
make-up conditions and allowing for tankage and storage, the total weight of the
oxygen supply system would be about 180 pounds,

About 240 pounds of water will be needed for tne mission, Thus the water
storage system, if fresh water is taken on board, will be approximately 3CO
pounds. Various powver systems can be utilized for such a vehicls. These include
nuclear reactors, solar pover systems, hydrogen-oxygen power systems, hydrogen
peroxide systems and hydrogsn-oxyger fuel cell systems, If muolear or solar
energy sources vere utilised it seems adventageous to carry the required oxygen
- and water on board azd supply the required powsr for the other systems,

When a chemical hydroger-oxygen system is utilized a 1.8 KW systea will
be required, This system will demand an assumed specific propellent consumption
of 1 pound/HP-HR. The water formed in the combustion process will be = 695 pounds.
240 pounds of water will thus be available for humsan use and the rémaining, as
water vapor, could be used for attitude control and propulsion purposes. The
oryogenic storage system may also be used as & heat sink for the snvironmental
control systez.

It does not seem beneficial to use a hydrogen peroxide system since it
would he too heavy for this particular applicaticn.

A hydrogen-oxygen iuel cell system may also be applicable to this mission,
Water is & by-product of theas cells but it will have to be purified to make
it potable, Tho present state of development of fuel cells make it difricult
to assess the advantages of such a system. A system weight of 800 pounds pear
kilowatt is estimated for tnis application,
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IX, SURVEY DATA

A major portion of the first quarter effcrt has been a survey of curromt
technology, GSection XII, Bibliography, indicates some of the literature availadble,
Visits wers made to several government establishments and industrial firms, in-
cludirg other Divisions of Convair, to determine the nature ard scope of their
work in environmental comtrol. .

A.  Jumary of Visitas

Following are brief comments about results of visits. Not all places

wers vis:ted by the same personnel, More detailed information is available
ir trip reports of the visitors.

1.

2,

3.

de

5e

Aerospace Medical Center, Brooks AFE, San Antonio, Texas. The Space
Medicine Division of this center is primarily concerned with tasio
and applied rssearch, with atteation to bardware development only g8
necessery to accomplish research. Current and planned programs are
medically oriented studiss, which include: effects of various cabin
atmospheric ccimpositions and pressures; trace cortaminents;neuro-
paychiatric effects of the space environment; and bacteriological
problems in water regeneration from urine,

USAF Ballistic Missile Divisiun, Inglewood, Calif, BMD has a small Bio-
Astronautics staff, all of whom are Alr Force officer persomnel. Past
work dealt with animal experiments in ballistic missile flights, ard at
pregsent there 1s an unofficial status as advisors on the Mercury pre¢-.
gram. Their experience indicates that manned space flight is being
paced by life support equipment and not by booster capability.

The Rand Cerp., Santa Monica, Calif. Recent Rand studies include one on
the meteorocid hszard to manned space flight. Ancther is on oxygen
reclamaticn by reducing COp with hydrogen, followed by electrolysis of
the water. They are negotiating with a vendor source for an experimental
phase of this study.

NASA, Washington, D. C. At the time of the visit, the reorganization
which created the Offics of Life Sciences had not been accomplished, -
Dr. Douglas Worf, then Chief of the Biclogy and Life-Support Systems
of NASA, recammended that Convair re-submit, at mid-1960, the pro-
posal "Life Support Systems Design Study for Manned Space Vehicles®,
dated 8 September 1959, (REA 8349). A later letter from NASA
indicated a lack of funds and suggested that the matter be brought

up again next year,

WADD, Dayton, Ohic. PR 92069, writ'en by the Aeronautical Accesscries
Laboretory, is discussed in Par, IX C. 1. The Aero-Medical Laboratory-

Engineering Do .slopmont Branch has the following work in progress under
Laboratory apor.sorship,

a. Univeraity of Dayton . COp concentration and recovery methods.

b, Battelle Memorial Institute - Recovery of 0p from CO; - Reductiom
of COp with Hydrogen,
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Cherical supply of O, using potassium superoxide - in proposal
stage.

Development of regenerative adbscrbers for CO2 and H2O.
Electrolysis of H,0 at zero "g" to produce oaygen.

Storags and control of liquid C, at zero "g® - Diaphram or
bladders and paramagnetic properties of LO2 are being studied
to seperate tne liquid and vapor phases.

Storage of gaseous Oy -~ 7500 psi appears to be the optimun
pressure-criteria is pressure for which product of welght and
volume of container is minimum

Liquid cxygen converters ~ methods of heating to regulate vapori-
zation rate

Continuocus monitoring of gasoous environment composition - studies
at Lab

TAPCO ~ Development of combination fuel zell and O, source
Firewel Co. - 6 hour knapsack O and cooling supply for space suit
Stewart-Warner - "Lijuid lc:k" water absorber

Electric-Beoat Division-General Dynamics Corp. - Algae experiments
to develop closed ecological cycle - Aero-Med Lab does not appear
tc be as enthusiastic about this method as was Electric Boat

(Dr. Richard Benoit). No rsports are yet available,

Electric Boat ~ Water reclamation studies - Reports not yet avail-
able, Vacuum distillation of urine appears to be most promising
at this time. Freezing purlfication of urine is not proving out,

Artificial photosynthesis methods studies ~ Contractor not yet
selected. Use of the Hill reaction, wheroin light 13 used to .
energize the reduction of H,0 to Hp and 0p, is to be Investigated.

Nutriticnal studies of algac - Boeing is doing work in this area,
as well as the Aoro-Med Lab,

Use of animals, a2 woll a3 plants, in balancing closed ecological
Systoms

Processing of human wa*e by use of algae - Techniques for use of
algao to ccasumo and convert wastes are still in very early stages,
again contrary to information obtalned from Electric Boat.

Ganeral Zlectric - Food Refrigeration space vohiclaes,

s
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6. Electric Boat Division, General Dynawm!:s Corp., Groton, Conn. Electric
Boat has extensive facilities and a relatively large organization devoted
to onvirommental nontrol studias, Much work is or algae cultures for-
photosynthetic gas exchange, wasts processing, anx food production.

Other investigations include electrolytic oxygen generation, removal
of trace contaminants from alr, oxygen supply from metallic superoxides,
and COy removal by freeze--out. Part of their work is for Hamlilton -
Standard Di7ision of United Aircraft. Thoy seek cooperative efforts .
with Convair, ‘

7. Garrett Corp., Los Angeles, Calif, Tho AiResearch Division produces
the life suppert system for the Morcury capsule. This 1s a system
having 7500 psi oxygen supply which is reduced to 100 psl and then to
5 psi for both the capsule and the pressure suit. The recirculaticm
system has blowors, a charcoal filter, a lithium hydroxide absorber
for COp, and a water vapor condenser with sponge and squeeze apparatus
for zoro .- g operation. Cooling is by evaporating water from a tank,
Thoy are proposing a cryogenic system to replace gaseouc oxygen storage.

8, Litton Industrlee, Beverly Hills, Calif. A research progrex on high
vacuum friction has been completed, Litton prepared for Aerclet the
life suppors and human factors portion of a report, "SR-192, St-ategic
Lunar System", AFBMD TR 60-16, Contract No. AF 04(647)-333. - They have
proposed a moon base simulator for treining space craws to work on %he
lunar surface. "

Industry Activity in Environmeptal Contrel

In addition to the information by visits, various literaturs sources
and personal contacts indicate activities of competing firms as outlined
below. )

1. Boeing Airplane Gempany., A Space Medicine Branch is organized under
the System Engineering Directorate, and the Branch has an Environ-
montal Protecticn Soctisn. Representative areas of work include
cabin ervironment, pressure suits, toxizology, radiation effects,
noiee, vibration, acceleration, environnontal recyecling aepparatus,
safety equipment, and physiological instrumentation. Among present’
facilities are a microbiological and binchemical laboratory, an
animal colony facility, a greenhouse, an electronics shop, and a radio-
isotope laboratory. A proposed biological research facility will
include altitude and deccmpression chambers equipped for multiple-
stross testing of equipment and porsonnel. Boeing has environmental
protection experiance on ths Dyna Soar program and was also a funded
contractcr on SR~i83. They are a~heduled to conduct a low frequency
vibration test on c¢rewnon for a Navy research progranm,

2. Douglas Aircraft Company, Santa Monica, Calif. Life support and environ-
montal control systems for 3-man and 5-man space stations have beon
designod. The occupancy duraticn is 100 days and there is provision
to accommolate up to 15 crewmon for periods of a few days for training,
Douglas estimatcs zost to develop this station, exclusive of Saturn
Boostor, is {100 million. This comprehensive and up-to-date study
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is a continuation of oxtensive actlvities ovor the pas’ several years,
including studies of space cabin design and human factors requirements.
A Life Sciencoa Section nerforms the current work. Douglas participated

- in SR-183 studies on a company~funded basis and was recently awarded

a contract for development of the Saturn second stage.

Chance Vought, Dallas, Texas. A Human Factors Laboratory 1s equipped
with earth-crbital simulators and space capsule mock-ups. Closed
ocological systoms ars under study. A proposed gimulator would
duplicate heat, movement, nolse, and many of the psychological
offects of space flight. Chance Vought Astronautics has designed a
mannod space station using Saturn as Booster, with predicted cost of
$1.5-2,0 billion, exclusive of booster and launch facilitles,

McDonneil Mdrcraft, Corp., St. Louis, Mo. Design and fabrication of the
Mercury mannod capsule is the principal effort in manned space flight,
The environmental control system was designed by McDonnell and is
being built ty AiResearch. .
North Amorican Aviation, Inc., los Angeles, Calilf, Environmental
control wxperience is assoclated with the X-~l15 program and company
funded work on SR-183,

Lockheed Aircraft Corp., Missile and Space Division, Palo Alto, Calif.
Lockheed has proposed a 10-man, whoel-shaped space statlon for research
purposes and later a 31.5 billion modular building block type of space
station of indefinite life using the Saturn booster. These prinosals
indicate considerable detailed effort in the manned vehicle fiell.

The lartin Co., Donver, Colorado. Studies of an advanced lunar base have
been made, including funded contractor work on SR-183, Martin - .
Baltimore has also designed a Saturn boosted mn7ti-manned space

station using present suate-of-the-av't in structures and environmental
control.

United Aircraft. The Hamilton Standard Diviaion, Windsor Locks, Conn.,
has studisd and proposed evaluation of five carbon dioxide control
gystoms, Other studles are on tenperature control of space cabins,
Unitod Aireraft also participated in SR-183 studies on company funds,

Others: Minneapolis-Honoywell bujilt the 2-man space cabin simlator
for the AF School of Aviation liedicine and made lunar base stud:es.
Anerican lMachinoe and Foundry has studied water recovery by distillation
of urine, Air Reduction Co. has worked on an experimontal closel-
cycle breathing ventiiation system. Firewel-Aro Co. is studying
atmospheric control and cooling of space sults and cabins,

tivities of Gov ant Apencie

Envirommental contrcl i1s and has boen an essential part of all space

programs. Thosc involving manned flight have reguirements of broader s.ope
and thess problems are being recognizod in current activities of NASA ari
the armed services.

TR
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1. Space Velicle Thermal ard Atncgpheris Coutrol Study. PR 92069, from
the Aoeronautical Accessories laboratory, WADD, Dayton, Ohio calls
for an analytical and experimental study of environuental control of
man and equipnont in future military space vehicles. Convair's
proposal is contained in Report lo, ZR-760-016, March 30, 1960,

2. lYanned Spags Flight. The Morcury project is well known. There are in~
dications of interest in an advanced version having longer flight
duration and greater crew capacity, SR 79814, "Space Lcgistics, Maintenance,
and Rescue" (SLCHAR) delas with the study of aspace ferry vohlcle designm,
including ervironmeutal protection and 1ifo suppert for short duration
flights, SR 17527, Miilitary Test Space Station", involves similar re-
quirements for durations of several wecks and with a crew of several
persons,

3. lunar Bage. An Air Force team made a concentratad study of 1ife support
and environmental control in connecticn with SR-183 on lunar basing,
Conclusions weres .

(a) Pressure suits will not be worn in normal operations within vehicles.
(b) Cabin atmosphere will be air at 14.7 psia.
(¢) System will not be dependent on biological componenis (algae).

Another lunar base study iz SR-192, and reports have been prepared
tut not released.

4e NASA. Arong NASA studiee i3 one of an 8-man Mars exploration mission,
in which 24% of the 350,000 lt. vehicle weight is allocated to food,
wator, and oxygen. Current enphasis on these and related problems
is shown by the creation of the Offica cf Life Sciences at a level
imnediately subordinate to the NASA Administrator.

X, FPROBLZ! ARFAS

Noarly all aspscte of environnental control and 1ife support involve
probiens which must bo 3olved If prograss in marned space flight is to be
naintained., Some of these troblemy can bo circumvonted, or partial sclutions
axist, Othcrg will reguire tasic research for adequate resulta. Technical
asyocts of theao problams have been discussed in sections VI, VII, and VIII,

The purposa of further discussion Lers i3 to indicate the type of effort required
and the r-lationship to missions planned.
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L. Summary of Problema
 Pxcblema

1, Thermal ocontrol

2., Moteoroid protection

3., Natural rediation
protection.

4. Leakage of cahin
atmosphere.

5. 3torage of atmos-
pheric gases,
6. CO; separation

Te 002 reduction

Se Odcrs and trace
contamirgnts

9, Water Supply

10, Food cupply

Ivpe of Effort Relationshdp to i{salons

Analysss, design, and
development,

More research is necessary
to adeqv:tely define the
hazard., Design studies of
protective measuren.

Basic research is nocnssary
to adequately define the
ha

Analyses, design, and
dovelepment of cabin
structure.

Analyses, design, and
development,

Ragearcn and development,
Seek new physical and/or
chemical processes,

Rogearch and development.
Seck new physical and/or
chenical processes,

KResearch is required to
define the hazard., Control
mothods ave knowr, but mcre
teating is needed.

Design and developreat.

Basic resoearch in closod
acoiopical s,utaus,
Devolcpoont of presarvation,
packa;ing, siorage, and
praparation ze holas,

All nissiong

All miasions, The
haszard incrsaseu
with duration.

Tho hazard increases
with duration., Van
Allen radiation may
be avoided by choice
of trajectory.

All wrissions, The
hazard ‘ncroases
with duration,

Shkort duratiown

nmissions for privary
supply. All miss.ons
for emergency supp.v,

Present methods are
acceptable for short
durations only.

Long duration missions
will raquire r«claim-

ing 0 frou COy

The hazard increases
with misslon duration
ard may be dependent
on other subsysteazs
of the vohicls.

Missions excoeding
a fow man days will
require raoclaiming
water froa wastes,

Interpianetary miasinps,
or a peruzanent lunar
tase, may require
roclaimation of food
froxa wastos, Shorter

ziasions can utilise
gtored 3clid foods.
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11. Subsystems integration. Analyses, Jesign All miasions,
and development,

12, Atmospheric Regearch to detsruine All missions. An
Composition and mar's tolerance to optimum composition
preauyure, alion atmospleres ie less vital to

for long durstions, shorter miasions.

B, Jelection of Problems for Convedr Effort

A determination of which problem areas represent desircble tasks for
Convair will be based on the following criterias

1. Solutions will aignificantly advance the capabilityfoe manned spece
flight,

2. The effort will avoid areas in which work of others is concentrated and
solutions appear imminsnt,

. 3. The selected problems will be within Convair's capability with present
personnel and facilitiea,

It is recommended that Convair study the problem areas listed below in
order to onhance the capability for participating in programs of rsnned
space flight, This selection conrforms with the asbove criteris and p-omises
maximun benefit to Convair for the level of effort required,

1. Leakage of cabin atmosphere: Even ninuts lesks impose a severe weight
penalty for missions of long duration., In addition to those which may
rosult from fabrication imperfections, other leaks may be caucod by
neteoroid penctration. Somo aspects to be invostigated are:

(a) Analysis of effects of cabin atmosphere conposition and presaure’
on leakage penalty.

(b) Cabin wall design to minimize leakapge by such techniques aa a
multi-layur spaced structure, inteyral wall sealant paterials,
acd positive soals for access openings.

(r) Mothods of detactirg, locsting, and soalin. leaks by the crew,

<. CO, separation anc roduction: Caparation of COp i: assential in any
saaled cabin, =nd reduction f: a step toward a rogenorativs oxygen
aupply. The metlods (rasently considered ara cumborsome and impose
largs wely? * ponaltiss,  Although improved perforsance ray be axpocted
of methods nov under atudy, now piysical and/or cherical processes
should bs sought.

St

» Inteograti-a ~f enviromrontal contm™l and life suppast vith cother sub-
3ystens: Tnis area has roceived little attention aud appears very
rremising. Oan or more analytical sodals wili te fareribad, based
on the rlssion pianning stated in Section 17, Thes» awiy’ ‘cal models
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will constitute the framework for conception and analysis
of integrated subaystems.

L. Nodular cesign of life support and onvironmental coatrol equipments
A man-day capacity unit nay bs postulated for the non-regenerated
stores for life suppor! and environmontal coatrol. This concept may
be extended to the associated oquipment. An optimum module, of X
man-daye, will be sought, and will bo re.srenced to the mission
planning data of Section IV, The moduls derived will then bs applied
tn thc stores end equipment to provide design data.

5. Powor requiroments for environmental control prosesses: A valid
enalysis of power requirsd is ossential in essessing the various
processes for onvironmental control., Nany present ostimates appear
to be inadequately founded., The power required, including the duty
cycle, will be detormined from fundamentel considerations together
with any available state-of-the-art informationm.

XI. PROPOSED PROGRAM

The schedule wnich follows is foreneigh' months continuation ¢f the present
study. The tasks shown are those salacted in the preceding sectiom, plus the
- preparation of a proposal to NASA as described in Par. IX A. 4. Quarlerly progress
will be prepared &t he end of tho sezcnd and third quarters, and a fl.al report
will be made at the conclusion of the study. The participating groups tve
Air Conditioning, Body, Chemistry Laboratory, Human Factors, and Thermody..mics.
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