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; \ Preface . - i, .
As ENGINEERS developed arrcraft that could fly higher
. and faster, greater stresses were placed on.the bodles.
_of pilots and aircrews. Man himself soon became the
factor limiting advances in flight. To enable man to X
_overcome his natural handrcaps and .to progtess in
flight into, the cold, raref‘ ed atmosphere doctors and
" "physiologists have had to learn inore about the way’
-+ . the body reacts’ to flight. . . L

~As medrcal specrahsts have accumulated knowledge ‘
___about f flight phxslolpgyFtheyﬁhaxu&orked_mth__engl_____m_.
, neers to meet the human requirements of flight. By
desxgmng and developing oxygen. masks, pressure suits,
. and pressurized cabins, _ medical and engmeerrng spe: <
" cidlists have enabled man to protect his body while |
' ﬂymg in the upper. atmosphere With more advanced
, protectrve cIothlng and egurpme man could progress,
. _to the very fnnge of space and 't en into space tself, S

N

-2

* Pioneer balloomsts prlots and astronduts have also’
) played an 1mportant part in meetmg the human re-
3 quirements of flight. First came the balloonists who o
' _explored the lower reaches of the atmosphere. Next * .
came the test pilots and the combat pilots who flew .
the newest models o¢#figh-performance aircraft. Even .
" after high- performance aircraft were flying, balloomsts
contmued to explore the atmosphere at higher altltudes
" until they reached the flight ceiling. The animals sent ,
aloft on soundmg rockets and in spacecraft helped to _
prepare the way fox: man to go into space The first

‘q ) f . ) (- lli 5




astronats who orblted in space and traveled to the

moon were sub}ected to flight-stresses much §reater
than man had ever befere encountered Lt

* ¢

) As man has learned better ways fqr countenng the
t _ stresses of ﬂlght at higher altitudes ﬂlght has become
safer and more comfortable. Comnhercial air ‘trans-,
portatlon has expanded rapidly. as a result.c

) In compiling this book, mformatlon was obtamed

.. from many sources. Grateful acknowledgment is, made,

. ~ to the Federal Aviation Admmlstratlon (FAA) and,
to the airlines for information on pllot training. Thanks
are also due to the Natlonal Aeronautics and Space

. Admmlstrauon (NASA) for _photographs showing °

. man's activities in spacg, as well as for information on

' space projects and schedules. Infdrmation on the

physiological effects of space radiation was obtained

from publications of the US Atomic’ Energy Com- .~
mtsswn_gnd the Air pnlvet31ty Space?Handbook
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THIS CHAPTER summarizes the basic principles of the physiology of flight.
It describes the nature of the different layers of the atmosphere, and it explains
how the respiratory and circulatory systems are affected by reduced barometric
pressure at alfitude. 1t deséribeq the causes and symptoms.of hypoxia, trapped
gases, and decompression sickness, and* the offects of rapid decompression at
altitude! It olso exploins how the eyes function during flight and how the
flier’s body is affected-by disorientation and motion sickness, increased G- forces,
noise and_vibration, excessive heat and cold, noxious gases and vapors, and
self nlsnposed strésses, ‘After you have studied this chup'er, you should be able
to . do the following. (1) tell the principal differences Jbetween the layers of
the afmasphere throughewhich aircraft fly, (2) explain h6w a fhier is affected
by hypoxia, trapped gases, decompression sickness, and ropid decompression
at high altitudes, (3) explain why good eyes are important to a flier; and
(4) describe how a flier is affected. by disorientation, noise and vjbration,
excessive heat and cold, and self-imposed stresses (alcohol, !obucco, and

drugs). o

_N_[AN'S NATURAL ENVIRONMENT v on the ground " @
- the bottom of an’occan of air. AV man began to leave his nat-
ural ¢nvironment and fly aircraft to Righ altitudes. he found that,
the pressuge of the \urmundnm air decreased  with m‘.rg.mng
height, and that he cxperienced stress in the cold, rarcfied air.

As man flew to increasingly higher altitudes “and at erlur speeds,
additional stresses were pldCCd on the body *If ,man was_to con- .

tinue 1o progress in flying, he had to learn more about thet human *
body and the way in which 1t 4y affected by Hmhl

Man has learned many wals to adapt o flying as aviation -
and spaceflight have progressed  This ad.lplatmn has been brought
about not by lcarning how to make the body change but rdlhc
by using special cquipment or &,h.mg_.l?nL the liod} s« environment
durmg flight The human body* mahes Changes *only within nar-
row linuts jn .munpmu, o .ldjusl ‘o the sfresses of fln.hl The

. .
»
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HUMAN REQUIREMENTS OF'FLIGHT . . .
body tissues mamtam essentially the same temperature, have about

~,the same concentration of \Qxygen and salts, and are bathed by

*  a similar amount of, fluid du ﬂlght as on the ground. One of
the principal ways that man keePwgis body functioning normally
during flight is to create an earthlike envrronmcnt that he can
take with him while he is flymg . ‘ v

[

- NATURE OF THE ATMOSPHERE

In his natural environment on the ground, man maintains a
uniform pressure inside and outside the body. The atmosphere
" provides the hody tissue with a-supply of axygem, which is nec-
essary to, sustain’ Tife. The human body can adjust to relatively
small temperature changes and it can survive for spme time with-
out food or water; but life canpot be sustained for long withtut
oxygen. At sea'level a man shut off *from oxygen provided ky/
the atmosphere would die within five to eight minttes. At h1

altitudes, death would come sooner.. ,
To understand how ‘the body is affected by “the atmosphere .
_during ﬂlght it is necessary to know more about the atmosphere
* and how it changes with altlt\ude

’ Composltion of the Atmosphere

At sea level the atmosphere is made up of a mixture of many
gases and varying amounts of water vapor. The proportions of the
dlfferent dry gases in the lower atmosphere remain fairly con-
stant Of the mixture 9!’ dry gases ‘at sea level, roughly 78 per-
cent is nitrogen and 21 percent i$ oxygen. The remaining 1 .
percent consists of carbon dioxide and other gases. '

A]though nitrogen makes up about 78 percent of the atmo-
~sphere, it is not used by the body to support life. Nitrogen serves
only to dilute the oxygen and supply additional pressure, and the
same amount. of nitrogen is exhaled. as is inhaled. It is important
to remember that“the blood and other body, fluids contain nitro-
gen. This gas may change_ fiom the llquld to the gas;ous state
"during ascent to high altitudes.

Oxyzen must not only be taken into the' lungs but also be”” -

~ -—-—.—absorbed . into. the_ bloodstrcam and carried by the blood to all __

parts of the body. Oxygen must be constantly supphed to the
cells ‘and tissues to keep the body alive. As may, ascends to
higher altitudes, he finds that the amount of oxygen decreases
.and that the temperatufe and pressure of the atm0sph‘ere also
change ’ i . .

[P\c""-» o i'*__,'io-} AN
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PH]I’SIOLOGY OF FLIGHT '
Layers of the ‘Atmosphere -
Thé atmosphere is usually divided into the troposphere, the
' stratosphere, the ionpsphere, and the exosphere Between each
region is a transition lajer (-pause), as shown in Frgure 1. The
depth of the- different layers of air’ varie¥ with the time of day,
the season, antf the geographical location. (Averaie depths are
given in the figure.) “ ]
~ We live in the troposphere, and most flying takes, place within
this layer.' Its average depth is 35, 000 feet; and most of what we
refer to as weather—that is, winds, storms, rain, snow, hail, and
clouds—occurs in this drvxsxon The wind in the troposphere us-
ually increases with altitude, and the swift jet streams are found
at the higher altitudes near the tropopause. ,
When a pxlot flies above.the tropopause and is in the strato-
. sphere, he is above most weather. There is very little moisture
and cloudiness in the stratosphere. In this division neither the
supply of ©xygen nor the pressure of the. aZJnosphere is adequate
to sustain life. Most of the larger jet transports fly m the lower
stratosphere or jn the upper/tfbposphere
Within the ronosphe;e the atmospheric pressure contmues to de-
crease with hexght and, as the name suggests, this region is
characterized by ionization of atmosphenc particles by solar ra-
dxatxon.

N .

_ .7, . SPACE{(1,200 miles plus)

/rxosmsae {600 miles to sp.co)

HERE (Stmopauso to 600 miles)

[y

’ .

\ TOSPHERE {Tropopause to 50 miles
. ?moronuse
- TNOPOSPHERE {Sea fevel 10°35,000 ft.)

3 ] - .
¥

LTI, (TR

Figur‘o 1. Layers of thé' earth’s atmosphere. The boundary béfween the troposphere
ond.the stratosphere shifts, (The layers are not drawn to scole becausé of the groctt
L. variation in dopth) -
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HUMAN REQUIREMENTS OF FLIGHT

.

In the exosphere, which extends, from about 600 to 1,200 miles '
above the carth, atmospheric density continugs decreasing with al- -

titude until a region is reached where particle density is so small
that we call it space. In the exosphere- there are so few mole-
cules that thcy scldom strike agaipst each other. Only spacecraft
can operate in the exosphere, : and the ionosphere. , PN

Within the troposphere, or the lowcst level of, the atmosphere, -

the temperature decreases with an mcrcase in altitude. Within the
stratosphere, the temperature/femains fairly constant. Tempera-
ture characteristics of the US Standard Atmosphere “are given be-
low: '

)

A A
.‘o" ’ ~ - . -

Mllmude R Fgmperhmre in

. (ee: B o degrees F.
“ " 0
SRR T 590, “

‘ idood' RGNS Vi

e 2123

waw: :.: 2 ‘,‘" - >:(', ) .
30000 T ———— d . 418"
40,000 ....... ..~ , TR --69,7‘
ot 50,000, *, : A “62“1_..”.”.

Py

s RN - g
60.000 S perrons v ot s ‘,,.--697 N

e L vhen v.w,u.-‘.‘ DN e s Al Do e s a.“"-‘-i—-ﬂ .o
.

As the air continues to become less dense with increasing hcnght
within the cxospherc, the classic concept of temperature is no
longer "applicable, since temperature no longer depends upon the

 energy of the gas molecules. ’

"Space, consndcreql from a purely physncal standpomt as almost
total absence of air molecules, begins at about, 1,200 miles. Space *
as it affects the human body begins at a much lowcr altitude, at,
about 50,000 fect. In the study of flight physiology other lel-
sions of the atmosphere, called the physiological zones, are used.

v

- ¢ v

N .- . Physiological Divisions ~ - R cen
anéc pressure variations affect/the body in different ways, the
flight environment is divided into the physiological zoné, the phys-
iological-deficjent zone, the partigl space»cqulvalent zong, and the
total space-equivalent zone (Fig. 2).

Pressure within the atmosphcrc is Measured with a barometer
and is expressed is terms of the height of a column of mercury
(Hg) which could be supported by a given atmogpheric’|pressure.
At sca level, where atmdspheric pressure averages 4.7, psi

(pounds pet squarc inch), thc atmosphere supports a Gofumn of

’ ~“‘ 4 ’« l\,.
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The pressure of

. mercury 29.92 inches high. In
«sure is usually measured in mi

of Hg, or pressure strong
760 mm high. The physio

.
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PHYSIOLOGY OF FLIGHT
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HUMA,N. REQUIREMENTS OF FLIGHT

PHYSIOLOGICAL ZONE.—The physiolagical zone, or the region of .
the atmosphere within which man’ is physiologically ‘adapted to
flight, extends from sea level to 12,000 feet. Within this zone
there is enough oxygen to allow a normal, healthy man to fly
withiout the use of special protective eqilipment, and it_is within
this zone that the majority of flying is dofe. Man may exper- -
ience some dizziness or discomfort in Jthe ears or sinuses when .
he makes an ascent or a descent too rapidly within this region,
but ‘these changes in bady usually do not produce physiologi-
cal impaitment. At thlower limit. of the physiological zone,
atmospheric pressurg is 760 mm Hg, aﬁd\it,drops to 483.4 mm Hg
at the upper limit. Although it is possible to survive above 12,000
feet.without an oxygen mask. the Air Force requires its personnel | .
to use supplemental oxygen when flying above 10,000 feet. a
_ PHYSIOLOGICAL-DEFICIENT ZONE.—From 12,000 feet up to 50,000
*feet extands the physiological-deficient zone. Atmospheric pressure
decreases from 483.4 .mm "Hg to 87.4'mm Hg within this second
, zone. With the reduced, atmospheric ax{d oXygen - pressure, man

must be supplied with supplemental oxygen, and at the higher
levels the oxyger’ must be supplied under pressure., Most military
aircraft dnd comrherical aircraft flying long distances go into this
second zone. Flight within the zope is made possible through the
use of protective equipment. ) - . )
. ' PARTIAL SPAgs-EQUI'VALENT ZONE.—The partial space-equivalent |,
‘zone extends from,'50,000 feet to 120 miles above the earth,
dn extensive area. Within this’ third zone tl}“é atmospheric pres-

sure is so low that a man would lose consciousness even if sup- .
plied with 100 percent oxygen under pressure. Aircraft flying
within the partial® space-equivalent zone must have a completely
. ‘Sealed cabin, or what is known,as a space cabin. In the inclosed

" el

., spate cabin, oxygen is supplied from within, and carbon dioxide }
", must be removed and the air purified. Pressure suits are needed 5
.-, for additional protection. oL . : L

Aircraft and balloons can operate only dn the lower reaches of .

,4he ‘space-equivalent zone, At about 20 miles above the earth the

* atmosphere can no longét support balloons- or most. winged air-
craft. Man can go beyond this altitude only when he travels in .

" .a'special rockét-powered aircraft or a spacecraft. .

., TOTAL 'SPACE-EQUIVALENT ZONE.—Beyond 120 miles from the.
"7 earth is the tofal space-equivalent zone. In this zone the ¢
ment has all the characteristics of frue space as far as
* body is concerned. The| special problems of flight with;
| " are described in l91 tet, 4)11:1 this chapter we ar
** Wwith the ‘general” problelys of ' flight physiology! especially those
. that arise ffom reduced a mospheric prﬁsur at altitude. To un-

N
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PHYSIOLGGY OF FLIGHT

} » detstand how )t/hc human body is affected by reduced pressure, it
. is necessary to know. the laws governing the action of ‘gases.

. g ?h){ﬂcd_hwi‘otGgses'

The human body is both a living organism g a structure with
many air-filled cavities and with canals and tubes that have"fluids
in them subjected to atmospheric pressure. As the body ascends
to highef altitudes and the atmospheric pressurg “decreases, “the
) gases within the’ body act according to physical laws. These are

. principally Boyle’s “law, Dalton’s law, and’ Heary’s law. ’

BOYLE’S LAW.—Royle’s law states that th¢ volume of-a gas is
inversely proportional to jfs pressure if the temperaturg remains
.. constant. In other words, when the ‘pressure of a gas decreases
at constant temperature, its. volume increases, and vice- versa.
This law explains why the gases trapped in the body expahd as
the atmospheric pressure on the outside of the body.decreases

with increasing altitude. - T S

 DaLToN’s Law.—Dalton’s law states that tite total préssure of
" a mixture of gases is equal to'the sum.of the partial pressurg of
each gas in that mixture. This law has an important application

in computing the pressure required for an artificial breathing at-

mosphere fof aircraft and spacecraft. e

] Fortunately, the pressure of a pure-oxygen atmosphere in 4
, Space suit can be made to be.about the same as the partial pres-

~ sure of oxygen at sea level; the total atmospheric pressure, or
14.7 psi, does not have to be used. ‘Since oxygen makes up about

2i peicent of the atmosphere at wsea level, the \normal pressure

of oxygen at sea level is abdut 3.09 psi. A slightly higher pressure-

is uded to provide a safety factor. This means that an astronaut

is safe with an oxygen pressure of about 3.5 psi in his space suit,

which he depends upon for only & relatively short time when opt-

o side the spacecraft. For the oxygen atmosphere inside the space-
. craft, which the astronaut breathes for extended periods, engiiteers

7 use a pressure of about 5 psi.- . e,

o, HENRY'S LAW.—Henry's faw states that the amount of a gas in
: Y solution varies directly with the partial pressure that this gas ex- ~

i

P 4

»
~ 4

ry

« 1

erts on the solution. This means that when the partial pres- _ -
ﬁe of a gas decreases with altitude, that gas evolves, or comes ~ "‘-‘ai
d t of solution from,the blood ot other body fluids. Henry's law ’
. explains why nitrogen and other gases escape from sqfution &nd
form innumerable tiny bubbles in the body as the ampbient, or
»t  surrounding, pressure decreases. . ' : : .

The problems caused by” evolvirig nitrogen make up some of,
the most serious problems of flying at high' altitudes. The more® i

e, o B \
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. _HUMAN REQUIREMENTS or,ﬁ;xbir; . ) ,
e _ffek;uc_nt, problems, however, are those due to lack of oxygen.
These directly affect respiration and circulation, .

- Te

~

_ ., "RESPIRATION AND CIRCULATION )
_ _Respintion is the ‘process by which the body exchanges gases
. with the envifonment. The parts of the process that are most
familiar to us are the inhalation of oxygen and the exhalation of
carbon dioxide. Actually these are only two parts of a much more
~ coniplicated procgss. Respiration includes all the steps entailed in
taking oxygen into the body,. carrying the oxygen to the cills
to support oxidation of food, and removing carbon dioxide from
~  thebody. - e o .
' " The respiration process is closely related to the circulation of
. blood throughout the body. Although all processes and systems -

by
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Figure 3. Respitatory system. This includes the qir passoges of ¢
. ‘lho windpipe, the bronchi, and the rest of the |
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F!gur'o 4. lungs with alycoli. The alr finally posses into the millions of tiny alveoli in

the fungs. Here the air enters and leaves the bloodstream,
. . Y

-
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of the body are in sqme way affected by the stresses of flight, the
respiratory and circulatory systems’ aré most directly affected.

The stiess placed jon the body by decreasing oxyghn pressure
<f"zrst affects the respi atory system itself. The respiratory system is

a

. 5

de up of the lung, a series of conducting tubes called bronchi,

he windpipe, and the mouth and nose (Fig. 3). Air first enters

the nasal passages, vhefc' it is warmed and moistened ,and small

P particles of foreign matfer are removed. The air then passes down
the-throat, tfirough jthe windpipe, into the bronchial tubes, and

then into the ll'mg.sf Once inside the lungs, the air goes through

many thousands of{small tubes that branch off from the large

. tubes (Fig. 4). Lofgjed at the very end of cach branch is a minute
air sac, known as jan alveolu$ (plural, alveoli). There are ‘esti-

¢ . mated to be abouyl threc hundred million alveoli in the lungs.
' Surrounding thé thih, moist wall of cach aveolus are tiny blood )
vessels, or capillatifs. Because the walls of the alveoli and the

. capillarics are very thin (1/50,000th “of an inch),. gases' in
solution can pass bick and forthi into and out of the blood which

flows through the ci;;?jlfaries. o N
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HUMAN REQUIREMENTS OF FLIGHT

Oxygen passes from the alveoli into the bloodstream because
the partial pressure of oxygen in the alveoli is greater than that
in the bloodstream. Air, like water, seeks its level, passing from
an area of higher pressure into one of lower pressure.

'Once the supply of oxygen enters the bloodstream from the
lungs, it is circulated throughout the body by the action of, the
heart. The heart is an organ for, pumping blood throughod‘ the
body. For doing this, the heart has four cavities: two atria and
two ventricles. (Fig. 5). The left atrium receives the oxygen-
rich blood from the lungs and passes it to the left ventricle. The
left ventricle forces this oxygenated blood through the arteries to
supply the fissues. The right atrium_receives the venous blood
after it has passed through the capillaries and given up its oxy-
gen. The venous blood then passes to the right ventricle.and then
to the lungs to be supplied with oxygen again. The arteries carry
the oxygen-rich blood away from the heart to the body tissues,
and the veins carry the deoxygenated blood back from the tissues
to the heart. : '

DIAGRAM OF CIACULATORY SYSTEM

Pulmonary
Asrts artery ,
N |
Nlmnlf
¥ Supetior vein
o vens q‘
Left atrium
Right
- P (1T Y

|

Right

ventricle Left v_mmclo

CROSS SECTION OF THE HEART
f .

T
Vv
* D Oxygen tigh bleos
! .

< D Veneus blscd .

.
e

.

Figure 5. Circulatary system. The heort has faur cavities far receiving ond sending aut

blood: These are the right atrium, the right ventricle, the left atrium, ond the left,

ventricle. The red blood s the axygen.rich blood. The venaus blood has had the
axygen tokes fram it
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LUNG °
{resembles -

deflated
‘ - batloon} -

ey O L N

s

Figure 6. Mechanics. of breathing, At inhalatien the d!ophrcgm moves dovhthard (lets),
the lungs expand, and air enfers the lungs. At exhalttion the dicphragm moves
upwcrd (right), the lungs contract, and air is forced out of ihe lungs.

The amount of carbon dioxide in the blood has an important
“.effect on the action of the heart. As the concentration of car- .
bon dioxide in the blood increases, it causes the heart rate to speed
up so that the heart can send more oxygenated blood to the tis-
sues. When the amount of carbon dioxide in thg blood decreases,
the heart rate is slowed down because less oxygen is needed by
the tissues. | ) J 2

Similarly, the respiratory, system acts to keep the “amount _of . °
@ygen in the body tilsues constant. To make up for reduced
_oxygep pressure at aftitude, man begins to inhale more_rapidly.
The mechanical processes that control inhalation and. exhalatxon of
oxygen in breathing had to be understood bcfore engineers  could
design oxygen masks and pressurized cabins.

The lungs are like two balloons that almost fill the cavity known T
as the thorax (Fig. 6). This cavity is bound by ‘the rib cagé and .

batfoon},

.. by the diaphragm, The ribs extend from the spinal column (to
¢ whish they ase attached) to the front part of the body. The riby
: are connected by means of muscle tissue that expands and con-
A gracts with the action of the diaphragm. The diaphragm is a dore-

> shaped structure also made up of muscle tissue. It SCparates the
}:e \< tho?{x from the abdomlnal cavity, whlch lies below ity

©
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. As the dxaphragm moves downward and the, ribs move out-
ward, .the thorax expands and increases in volume. With increased -
volume, the pressure of the gases in, the thorax and lungs de-
creases, and air rushes’in from the outside, causing the lungs to

" expand and fill. This is the inhalation phuse of the respiration b
cycle. When the air in° the lungs reaches the same pressurc as

that in the ambient air, the muscles relax and the diaphragm
moves upward, causing the thorax to contract. With decreased
volume, the pressure of the gases in the thorax and” lungs in-

(Lses, forcing the air out of the lungs. This 1s thé exhalation

hase of the' rcspxrauon cycle. -

If you /keep in mind the working of the respiratory and cir- )
culatory systems of the human body, as well as the laws govern- ~
_ing the physical action of gases, you will understand how the F

body is affected by reduced atmosphcri.c pressure at altitude.

L

EFFECTS OF REDUCED PRESSURE AT ALTITUDE
As the body ascends to high altitudes, it must make adjust-
ments to the reduced atmospheric pressurc in order to keep the
body tissues constant. If the pressurc, outside the bocfy is greatly
N reduced and. the .body* is not adcquatcly protected, it cannot . )
- make the necessary adjustments, and injury, sickness, and death .~

may result. As the pressure acting on an unprotcctcd body de-

. creasks, the most-frequent rcsult is hypoxia.

N

~.

€

. - " Hypoxia and Hyperventilatior® . . n

Any pilot: who flxcs above 12,000 feet, or goes into the physio-

logxcal-dcfxcxcnt zone, .without supp ememal oxygen is likely to

* develop symptoms of bypoxia. Prosp‘ccﬁ’vc pilots must learn about

the symptoms and effccgs of hypoxid because thc onsct of the
condition may be sudden and unsuspected.

Hypoxla can be-defined as a dcfxcxcncy of oxygen in thc body

.. cells or.tissues., Hypoxia 4n flight is_ ;ils ally caused by an insuf-

ficient amount of oxygen in thc ml\, cd\ au, but it may be ag-

gravated by other conditions, such as dnemia, poor tirculation of

« the blood, or the presence of poxson og,.alcohol in the body

The greatest danger from. hypoxia in flxght occurs when the .
pilot.or a micmber of the aircrew becomes “so cngrossed in his '
dutics that he does not notiée thc first symptoms of hypoxna In ‘
such cases the hypoxgc céndition .may bcmn}e so serious that 'y

reason cach pilot -~ °

.  .-protectivc measures canngt be taken. For thi
his . own persqnal

agrew member is tramed to rdcogniz

N o« ) . .
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symptoms of hypoxia. To help him do this, he is exposed to low
pressures simulated in an altitude chamber, or an airtight tank.
Onc way of recognizing symptoms of hypoxia is to take samples
of .4 trainee’s handwriting as he is exposed to different levels of
reduced pressure. The. haﬂdwﬁ(mg will frequentlyﬂ show the ef-
fects of hypoxla even before the tramee is aware that he is af-
fected.

‘ When aircrdft _first began flymg above the ,15,000-foot level
and pllots began to suffer from hypoxna, they reacted in differ-
ent ways and it was dificult to pinpoint the trouble. This was

bQ‘came depressed, but most pilots becaie bold and elated, much
asyif they were intoxicated, Even though they .had paid closc
attention to orders in the ‘past, they suddenly disregarded all com-
mands. They sometimes went into fits of Jaugifter as they took
their. aircraft higper and higher, unaware of the da‘nger, until

Now the effects of hypoxia, are better understood but the.

» symptoms still"cannot be precnsely defined, as they vary from per
. Son to’ person. The symptoms at first may include an increased
breathing rate, dlmmmg of vision, headache, dizziness, poor co-
ordination and“impairment of judgment, and finally loss of vision
and changes in behavior. Whenever a pilot notices the first sympto’ms

available, he must make an emergency descent to a lower altitude.

_ "To cnable a pilot deprived of oxygen to know how much time
he has for taking emergency measures, the time of useful con-
sciousness is used. This is defined as the time during which the
‘ness decreases wuh altitude, as shown below: .

. ".»"""' S T . o i

. Almmle :‘n {eet T ime of lueful consclomnesr )
- 18, 000 to 48.

e 30 mmutes ot morc . R
:;... e 10 10 minutes. <5 -
.:,“,m—( '3 1o 5 minutes -

by 30 1O 60 seconds

...... 9 16 13 seconds s

A person affected by hy oxna tends to, increase his br\gathing
rate in an attempt to takefin ore oxyg Hé may continue to
gasp unfil Hyperventilatigh, orw verbrea mg, occurs. Hyperven-
tilation may lso result from gy at emo lonal tension or anxicty,
such as a pil§t is likely to cxpetience ndcr the stresics of high
altitude. As t pi\bt ,gasps for air, .he “blows off” an excessive

13 . /
AN

»

especially dangerous because hypoxna causes mental as well as °
physical disturbances. Under the effects of hypoxia, some ‘pilots .

of hypoxia, he is expected 0 use additiopal oxygen. If oxygen is not

pilot .can excrcise judgment. The average time of useful conscnmis ( &
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they finally lapsed into untonsciousness. ~ * e« I
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& .
amount of carbon dioxide from the lungs and “washes out”
carbon dioxide from the bloodstream., A certain level of carbon
dioxide must be ~i(c:pt in the bloodstrecam at all times in order

. to signal the respitatory center in ‘the brain to bring in moré oxy-
gen. When there is not enough carbon dioxide in the blood, the
respiratory center in the brain ceases to function properly, and in-

_ sufficient oxygen is brought into the blood. .

With the loss ‘of carbon dioxide from the blood caused by hy-
perventilation, the pilot usually experiences symptoms similar to
those of hypoxia, such as dizziness, hot and cold sensations, and

. nausea. Finally -he becomes unconsciots. Aircraft accidents have
been traced to unconsciousness caused by hyperventilation. ‘

~ After the victim of hypervenfilation becomes unconscious, he
no longer gasps for air, and the condition tends to correct itself.
As carbon dioxide accumulates in the blood and an adequate
level of carbon dioxide is reached, the respiration center in the

brain takes control of breathing once more. Normal breathing

is resumed, and the, victim regains consciousness.

< Since the~ symptoms of hypetventilation and hypoxia overlap,

a person who is hyperventilating is first treated for hypoxia by

. betng given additional oxygen. If the symptoms ‘do not disappear,
he- is urged to breathe more slowly until they do. These precau-
tions arc-taken to prevent more serious effects from developing.

In addition to hypoxia and hyperventilation, the” body may

‘ suffer from the mechanical effects produced by gases_ trapped
. ‘in the body. ) . 3

¥
»

v ; . Trapped QRus ‘
¢ As the.body ascends to .altitude or* drops from & higher to a
lower altitude during flight, the free gases inside the body cavi-

, ties, expand or contract, following Boyle’s law. Trouble develops” *~ °
when gases in the body cavities cannot escape or the air from the
outside cannot enter. With trapped gases presgnt, pressure Builds
up, and pain and sickness may result. Gases are tnost likely to
become trapped in the ears, sinuses, teeth, stomach, and intes-

~

_ tines. , i . . iy
EAR BLOCK.—The middle ear is the part of the car that is affected o
most often by trapped gases during flight. To understand why this i)

happens,- you need to review the structure of thgpetar. The ear

is composed of threc sections: the outer ear, thg/middle ear, and
+ the inner ear (Fig. 7). The outer -ear, which igcludcs‘ the exter-
" nal auditory canal, ends at the cardrum. The eardrum, an ex- .

tremely thin membrane (about 0.004 inch thick), marks the be-

ginming of the middle ear. This part of the ear, located in the bones

+
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. of the skull, contains.three hinged bones that transmit vibra}ions
from the cardrum to another drum separating the middle car
from the inner car. The inner ear is the part of the car that is. |
' responsible for hearing and-body balance. ,

The middle car connects with the back wall of, the throat and
the “outside air through a short slit-like tubg called .the eustachian
tube. As a person ascends or descends during flight, air must es-

, cape or be replenished through the eustachian tube to equalize_
fhe pressure in the cavity of the middle ear with that of the out-
_.side atmosphere. The adjustment is usually magde automatically
during ascent.but has to be made consciously dul‘ipg descent.
The eustachian tube' allows air to pass, outward with case, but
resists passage of. air in the opposite direction., Air can usually
be pushed through the custachian tube during descent by swallow-
ing, yawning, or tensing the muscles of the¢ throat at intervals,*
thus causing the pressurc of the gir within the middle ear to
equalize with that of the outside atmosphere, If passengers are
asleep, they are awakened to allow’ them to’ swalfow and ven-

tilate their cars. An ear block Tay develop wl;en descent is made
® .

2
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Fig;n. 7. Parts of the ear. The outer sar and the middle ear are sepdrated by the
eardrum. The inner ear includes the balance-sensing organisms. *+  + <
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HUMAN REQUIREMENTS OF FLIGHT

too quickly or when one is upable to equalize the pressure bg: .
cause the custachian tube is swollen from a head cold or infection
(Fig. 8). An ear block causes discomfort and pain.
When the inner ear threatens to become blocked during flight, .
all one has to do is close his mouth, hold his nose, and blow.
This action forces air up the eustachian ,tube and into the middlc
ear. It ventilates the ears and is not dangerous Nasal inhalants,
such as Benzedrex, may also be helpful in clearing the ears if -
* used properly. LS
SINUS BLock.—At altitude the sinuses may become blocked in
‘ much the same way that the middle ear does. A sinus block is
v treated in much the same way as an ear block. The sinuses are
rigid bony cavities filled with air and lined with mucous mem-
brane. There are four sets of sinuses (Fig. 9). Each of the sinuses
conpects with the nasal cavity by means of one or more small
openings. Under normal conditions, the air can pass freely in ., " .
and out of the sinus cavities, and pressure is equalized. If the
ascent or descent is made too rapidly or if the openings to the

‘.
A LY
Pressure to.
equalized . ' - -
CLEAR
Lower: ~ '3 '
Lt prassire R W
: . thap outside “f’;‘ﬁ"‘" Open: air - o
/ o .. enlers ,
\ 1l
P . Closed; ait
’ g cannat enter ¢
. .'LchED ' . T Y
s 0. ‘
L]
| . .
| Figure 8. Middle ear showing ear block. The schematic diagraom shows the middle
‘ ear as a box with an opening on either side. If air from the outside can enter_the
middle ear thiough the eustachian tube, pressure 13 oqualized {(above). If the ounach.cn
e +tube is blocked, air is trapped in the middle ear (bolow): .
»
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. PHYSIOLOGY OF FLIGHT .

Maxittary
+ Sphenoid

» L
Figure 9. Four sets of sinuses. The frontal sinuses are the ones most often blocke
during flight. Air trapped in the maxillary sinuses causes pain resembling a toothache.

¢

sinuses arc blocked because the mucous membrane is swollen, .
pressure builds upon within. the sinuses, and pain results. The
frontal sinuseg are the ones most often blocked. Pressure in .
.these sinuses Qa ¢s"a ‘pain ‘above the eyes, which may become
severe. When the maxillary sinuses are. affected, a pairt develops *
in the upper jaw that is often mistaken for a toothache but is
actually caused by trapped gases. 4 ‘
TooTH PAIN.—AIr does at times become trapped in cavities in
the teeth or in the root canals, causing severe taoth pain at al-
titude. The only way to get relief is to descend from altitude. g
The toothache often disappears at the same altitude at which it
was first observed on ascenf. Gases may be trapped in the teeth =
at altitude in abscesses, imperfect fillings, and inadequately filléd .
root canals. For this rcason a flicr has to keep his tecth in ex-
cellent condition. e
, GASES TRAPPED IN STOMACH AND INTESTINES.—Pain may also be
causcd by gases trapped in /the stomach and intestines, but such
gases usually do not becomte a problem until high altitudes are
rcached. In flights above 25,000 feét the cxpanding gases in the
. stomach and intestines may cause severc pain, lowering blood
pressure and cventually bringing on shock. Relief can be secured
before the danger point is reached by passing the gases. If this
. cannot be done, the only recourse is descent. .
The gas trapped in the stomach and intestines is usually air that
has been swallowed, but other gas, or flatgs, may develop in the

-
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digestive proggss. Pilots who fly to high altitudes and astronauts
are careful about the foods they select for their prefllght meal,
and during flight they eat foods that do not form gas in the stom- :
. ach and intestines. . |
Other gases that cause problems in flight are those that have o
evolved, or changed from a liquid back to a gas. These gases =~
jause decompressnon sickness.

Decompression Sickness

a

When the barometric pressure falls during ascent, the partial
pressures of the gases in the body fluids decrease in proportion
to the amount of that gas in the fluid, according to Henry’s law,

. stated earlier. As a consequence, the gases that are in the highest
degree of concentration begin to leave the body fluids and escape
it the form of tiny bubblés, much as the gas escapes when a soft
drink bottle is uncapped (Fig. 10). These escaping gases cause
a number of 'disturbances known collectlvely as decompression
sickness. -

Smce mtrogen is. the gas found in the greatest proportlon in the
body, it is the first gas to come out of solution in the body as
pressure deéreases. Evo'l\ged nitrogen causes the bends, the chokes, .

* and other forms of decompression sickness. These conditions us-
lally are not produced” at altitudes below 30,000 feet, but de-
compression sickness has been known to occur at altitudes as low
as 18,000 feet. s ’ :

Benps.—Upon ascent to high altitudes a pllot may develop .
bends, a form of decompression sickness that also affects deep-

. sea divers when they ascend "too qulckly The condition is char- Lo
acterized by pams in and about the joints. At first the pain may&)

*

be mild, but it usually is progressive and may become extremely
severe and even crippling upon reachmg very high altitudes. Th
pain may spread from the joints 'to the entlre arm or leg. Joints
such as those of the knee and shoulder are ‘most frequently af-
fected. The pain may be lessened by keepmg the affected part
/ immobile. |
' CHOKES.—Another form of decompression snckness brought about
by evolved gases is known as the chokes. This ®ondition is char-
acterized by pain in the chest. The pain is probably brought about "
by the pressurc of tiny gas bubbles that block the smaller blood .
vessels of the lungs. At first the pressure is felt as a deep burning .
sensation, but gradually it becomes a severe stabbing pain, which .
is aggravated by deep breathing. ) .
THER KINDS OF DECOMPRESSION SICKNESS. ——The nitrogen
bubbles released mto the body may ‘also cause disturbances of

L
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. the skin or of Ythe cenitzal nervous system. When the central
- mervous system is affected, ymptoms may be similar to those

of hypoxia.’ . /
. TREATMENT OF DECOMPRESSION, SICKNESS.—As decompression

sickness becomes more severe, the pain caused by the escaped
gas bubbles becomes more intense, and faintness, ‘dizziness, and'
nausea may result. Phe victim finally goes into shock and becomes
&, unconscious. Relief can be obtained ,only be descending Treat-
ment should be given as soon as possible after the victim has
. reached the ground.
The Air Force has special chambers, like the one shown
:\ Figure 11, for'treating the victims of decompression sickness.
The fpatient is transported, to the chamber in an aircraft spcciaily /
. pressurized to sea-lfvel presspre. I the chamber, pressure is ap- f

i _plied to the patient’s body o force the escaped gas bubbl%/w
ent
-~

-

go back into solution again, and the pain is relieved. The p

/ -
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Figure 10, Bends caused by nitrogen bubbles. The filér's body might be compared with
» . o bottle of sodo pop. At very high oltitudes the nitrogen dissolved in the body fluids
moy come out of solution ond couse severe poin of the joints, or bends.
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K . UMAN REQUIREMENTS OF FLIGHT
breathes pure oxygen and is treated for shock. Emergency treat- s
ment for decomprssion sickness may be .necessary if the secal

of a pressurized cabin is broken at high altitude.

. , RAPID DECOMPRESSION
% 12 +

A\

. < ..

Occasiogially an aircraft cabin decompresses, or loses pressure,
during flight. When there-is rapid decompression at a high altitude,
there is an explosion as the pressure suddenly decreases. The oc-
cupants of the cabin are then exposed to all the danger of the
rarefied atmosphere ndted préviously plus extremely low tempera.
tures, f!ying‘iebris, and possibly windbiast.

If the aircraft or spacecraft were flying at 63,000 feet or above,
there would be an additional hazard. The blood and other body
fluids boil if exposed to thée ambient atmosphere at this level. To
4 rnderstand why tiis happens, it is necessary to keep in mind

acts concerning the following. (1) evaporation and the boiling

. point of water related to the’ ambient atmosphere, (2) the
temperature of the human body and the abundance of fluids in
the body, and (3) the boiling\point of water at 63,000 fest.

we 7

. ‘Figuro 11. Chamber for treatment of doeompro;sion sickness, The patient will be
subjected to pressure in the ¢hamber. This should the nitrogen bubbles to go
back intd dolution and bring the body b‘ck to normol, —
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You are familiar with the fact that water boils at a temperature »
“of 212 degrees F. at sea level, where the pressure of the gmbient
air is 14.7 psi. As more heat is applied to the water, bubbles and
steam form, .and the temperature,of the boiling water remains at
212 degrees F. As one goes up into the mountains, the barometric
pressure falls, artd the boiling point of water decreases. In the boil-
ing process at higher altitudes, evaporation takes place at a lower
temperature. Now_consider that the human body, through its
respiratory and circulatory systems, takes in oxygen to burn food
and produce heat. The human body contains blood and other
fluids that are largely water. The body keeps these fluids at a
temperature of about 98.6 degrees F. Since the boiling point of
water decreases with altitude, a point is finally. reached at which
“the boiling point of water (and body fluids) becomes 98.6 de-
‘grees F. This point ‘is reached at an altitude of 63,000 feet. At
this level the body fluids boil’ (Fig. 12). Subsonic jet transports
do not fly above 63,000 feet except in an emergency. Only mili-
tary pilots and astrona}}z now fly at such high altitudes.

If a space cabin’ undergoes rapid decompression at levels be-
low 63,000 feet, the chief danger is from hypexia, or lack of o y-
gen. Studies have shown that a nopwmal healthy person can sur-
vé/e relatively severe decompression without harm to the body i
the air passages in the lungs remain open. In case of decompres-

sion, the pilot’s first’ thought is to obtain oxygen and then bring

" the aircraft down as quickly as possible. The time of useful con-
dciousnesy may be reduced to one-half or one-third the normal
time if the decompression has been rapid and the air has been
forced out of the lyngs dug to -Tapid expansion,

—

/ ' PRINCIPLES AND PROBLEMS OF VISION .

+ N A4

Of all man’s sensory equipment none is more important to hi

. in flying than his eyes. A pilot must be able to sce well so that h
can judfo speed and distances, enabling him to take off and lan
safely and prevent collisions in midair. In addition, he must be 4
able to distinguish colors so that he can interpret signal .flares /
and beacons, and he must have good night vision so that he ean

. fly safely in the darkness. Even when visibility is zero, vision is

. still important, sincc the pilot must be able to read his instru- |
ments, charts, and maps. ° - .
¢ Because good vision is essential to the pilot, high standards of,
. visual acuity are sct. It is important, however, that a pilot not «*

only has a good pair of eyes but also trains himself to usc his
eyes Si(l\he has fewer visual cyx in the air than on the ground, »
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HUMAN REQUIREMENTS OF FLIGHT et

a pilot must learn to” observe, interpret accuratcly what he sees,
and keep from being misled by visual illusions. To understand
the problems of vision that face pilgts and astronauts, it is neces-
sary to know something about the basic structure of the eye and
its physiology:

)

Figure 12, Fluid boling ot simulated high altitude~ This pilot Is protected in his
. pressure suit. Otherwise his blood would boil.

Q 22 /
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' PHYSIOLOGY OF FLIGHT

. Structure and Physiology of the Eye X
The eye is like a camera with an almost inexhaustible séaly

of film. Both the eye and a camera have a shutter, a diaphragm,
lens, and a method of focusing, all arranged in an opaque light-
tight container. ' ‘
Objects that reflect or emit light prgject an image of them-
selves on- the retina of the eye, The retina is an interior coating of
the. eye located -around the sides and to )?:s back. It contains

.light-sensitive cells known as cones and (Fig. 13). These
are connected to the optic nerve, which’transmits messages di-
rectly to the brain. We have one blind spot located where the
optic nerve enters the. eye. A person does not usually notice
this, sincg the visual fields of both eyes overlap and, in effect,
eliminate this blind spot. The way the tomes vand rods, are dis-
tributed in the retina affects the way we see duripg daylight and

CONCENTRATION OF
CONES IN FOVEA

CONE

&OD

Figure 13. Cross section of eyebalt ond retino with detoil of cones ond rods..'ﬂ;'o' tones
r ore concentroted ot the center of the retino, the rods ot the outer portiens. In between .
there ore both cones ond reds.s  ~




Q ‘ €Y . -

M HUMAN REQUIREMENTS OF FLIGHT

-

at night. Experiments have shown that the cones are used mainly
in day vision and the rods in night vision.

The greatest concentration of cones is in the center portion of.
the retina in a slight depression known as the fovea. There are
many cones in the eye, and they excite the interconnecting nerve
cells on a one-to-one basis. This is the reason why the cones
are able to detect fine detail. They are also sensitive to color.

The rods are found primarily in the outer portions, or the
periphery, of the retina. There is also a zone between this area
and the fovea, or center, that is occupied by both rods and cones.
Rods are less numerous than the cones. The rods are not sensi-
tive to color, and they do not detect light'in wavelengths greatér
than red. Rods aré very valuable to us, however, because they
are much more sensitive to light than cones are. They can be
activated by an amount of light cqual to starlight on a clear night. .
The cones must have light equal {o at least half the intensity -of
moonlight in order to function. -

1

Night Vision and Dark Adaptation . . / :
/,

Becguse there are no rods in the center of the retina, or the
fovea, an’object cannot be seen at night under low light condi-
tions (less¢than one-half moon illumination) when one looks di-
rectly at'if. For this reason a pilot learns to look at objects in the
darkriess- by glancing slightly to one side or other of the object
so that the image will fall on the rods in the retina. This tech-
nique is talled off-center vision, or scanning, and it can be de- .’
veloped with practice. .

‘Rods“are not always instantly ready for usé. You may have
made this observation for yourself when yeu went immediately
fromt ‘the bright daylight info a darkened movie theater or from
a brightly lighted room to the dark outdoors at night. At first you

" could seg nothing in the darkness. Then, after several minutes,
‘you began to sec dim forms and large outlines. The time required
for datk. adaptation varies. from person to person.. The average
time required is 30‘minutes. ) .

" To shorten the time required for dark adaptation, pilots may
wear goggles with red lenses. The rods are more sensitive to
purple and blue and- the colors of shorter wavelength than red.
The rods 4re affected so little by the red light that the red goggles

-allow a pilot 16 keep a certain amount of dark adaptation -even
in a brightly lighted room. The red goggle¥ also decrease ‘the’ ef-
fects of accidental cxposure to light s thé “pilot goes from the -
ready room fosthe waiting aircraft, © - ) ‘ o

r,
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. Ever since World War II red light has been used traditionally
for lighting the cockpits and instruments of aircraft to keep the

. pilot from losing dark adaptation at night. Such lighting retains
the sensitivity of the rods as much as possible and allows some
light for the cones of the fovea to function. Now, with the in-
creasing use of electronic devices for navigation, some engineers
are recommending the use of low-intensity white light for il-
luminating the cockpit at night. Such light would allow the pilot
to see the true colors of instruments and would not disturb his
dark adaptation too much.

Factors Affecting Visibility

. Besides the adaptation of the retina, many other factors deter-
sy mine the visibility of an object, or its ability to be seen. Some of
these factors are the angular size of the object, the amount of
illumination on the object, the contrast between the object and
its background, the length of time the object is seén, and the
condition of the atmosphere hetween the observer and the ob-
ject. In general, the visibility of an object increases with an in-
crease in its angular size and an increase in the amount of il-
lumination, contrast, time of viewing, and the clarity of the
atmosphcre Insofar as he is able, the pilot tries to improve the
condmons of visibility, and the engineers assist him by the way
they d351gn the aifcraft and the signal lights and approaches at
. the airport. The windshicld and the windows of aircraft are made
of materials that reduce glare and allow the light to penetrate.
As the pilot takes his aircraft to higher altitudes, the ambient
supply of oxygen decreases. This reduces visual acuity, as well
as the ability to adapt the eyes to darkness. With an increase in
altitude the visual surroundings change also. There is less haze,
the sky becomes darker, and the sun's rays become more intense
and have a higher proportion of ultraviolet light in them.. As a
protection against the bright sunlight, pilots who fly at high al-
titudes wear sunglasses, and astronauts have gold-plated visors
in their space helmets to protect them against the glare. To
prevent the cockpit of high flying aicraft from having dark shadows
and glaré, they are illuminated with a white light during the day-
time.
Although vnsnblhty increases with the time an object is viewed, a
. pilot avojds stanng at objects. Instead he spots or scans an‘object,
" looking at it ‘repeatedly but for no more than a second a? a time.
v If he were o stare at objects, especially moving lights at night
' he might have a vis JullSIOLAn illusion-is—x—fatse sensory im-
pression or ), e i prcssnon that is not interpreted correctly.

S
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|
} Visual 1Ilusnons are a hazard to a pilot, who must mamtam hts
¢~ sense of dlstance and orientation in the air.
A v
SPATIAL DISORIENTATION AND MOTIQN SICKNESS

L]
»

“ v

It is much more difficult for man to orient himself in ﬂight than
on the surface of the ‘earth. Since he can move freely in three
du'ecthns durmg flight, he sometimes finds it difficult to sense
the direetion in which he is moving and the relation of one posi-
tion to another. When a pilot cannot see the horizon clearly,
he may not know Wthh direction is up or down. In such cases
a pilot tmdergoes “spatial disorientation. The problem of keep-
ing oriented is even more difficult for the astronaut in deép
space. All the astronaut can see from his spacecraft window is

. a maze of stars against a black background unless he can spot.
the moon, the earth, or another module of his spacecraft, .which
might tell bim something about his position.

>

L Y
Sensory Equipment for Orientation

For the pilot, .sight is the most reliable means of determining
position. Since the pilot has few visyal cues in the air, it is im--
portant that he use those cues he has to keep himself accurately
oriented. When a pllot brings his aircraft out of a bank or turn,
for exdmple, he regains his orientation by following familiar ob-
jects on the gréund dnd thus establishes the true horizon. When
he checks his observations "agaif8t his instruments, the pilot
agam makes use of sight. When the astronauts make their “walks”
in space outside their spacecraft, they’ can orient themsclycs by
looking steadily at their spacecraft.

Besides using (1) vision, man makes use of two other kmds of
sensory equipment to otient himself during flight. (2) the sense of
balance in the inner ear, and (3) the muscle semse, or posture
sense, derived from sensors in the muscles and bones. Very little
is known about ‘the actual working of this third kind of balance
sense, but its effects can be felt by anyone. It is felt as a sense
of pressure,~such as one‘feels on the feet when standing or on
the seat when sitting. Pilots used this sense of orientation when
they "flew “by the seat of the pants.” In low-flying aircraft,
pilots still make use of the muscle sense, but in high-performance
aircraft pllots make more use of vision and the balance sense
in the inner ear. The principles and problems of vision have al-
ready been explained. Here we are concerfied mainly with the

* second onentatlon sense, that foynd in the inner ear.

% - /
[c . .
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. Balance Organs in lnner Ear, -
‘ _ . R . ta

The imner car is xmpdrrant boﬂi fot heaftig and fpr ;enslng. .
. balapce, The pxl-Ol s concbmcd p ipally, with the sccond func-

" "tion"fhat gf' scﬂsmg balante. He
. ance- se;ismg orgasis” ii.the infer. ear work so thit he can under-"
. "estand why he may . mnsmtcrpnet thc ‘sngn,als sent to his bralp,'
. vgausihg spaual ‘”dts‘onemauon and motigg?, sncl\ness, ol nausea
; condst. of (1) the three senuclrcula; Jcanals, each lotated in o dif-

. ferent plane,’ and 2) two sacs at the base of. the canals called

" tht -otolith organs because they contain many mmutc partlcles

-~

--known as otohths, of. «“‘ear’ dust” - ; v,

'y

The scmxcnrculag gamals’ sense_the begmnmg and endmg of 10-
tation or turns (partial rotatlon) Thé otolith organs sense the

-

"-" speeding up or slowing down 'of monon in,a sfraight h,nc, To-*

gether the two kinds of balance argans in the inner_car sense all
kinds of ‘motion. During the course of ordmary movéments on
the ground, they sense accurately and send true. messages to the
brain. For .example, they sense leamng, stoopmg, bendmg, run-
ning, ahd walkmg, and thc direction in which the motion is tak-
ing placé :

Figure 14. Balance organs in inner ear. The semicireular canalt qnd the otohlh o:gcm

, together sense balance and direction of movement. Each of the three somicirculor
:cncls i3 located in a differedt plone. Thle twyg otolith ofgans are locoted at the bose’
of the umm@m canals. /
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. caused by mation, The Qrgans of. Tbala'm:e in the inner ¢ar (Fxg 3. .
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: ) ‘ If your body has been spun Tapidly or you have taken a ride on .
a rollcr cgaster, you. may suffer from motion snckncss Similarly, a
pilo}, ‘who is subjected to prolonged or severg acceleration may
S expencncc spatial disorientation and motion sickness. His condi- N
¥ tion is brought about because the balance mechamsms in his inner
ear have been affected by inertia. As a resut _the hair filaments
. aQ not ‘sense the movement of the fluid in the semicircular
o’ “candlS in the normal way (Fig. 15). Also, because of inertia, the
" .. otolith§ (“ear dust™) do not register motion in the usual way (Fig.
- 1‘6) t,
7 7 To remain, onemed in flight, a pilot checks thc messages sent to
hlS brain by the balance organs in his inner ear against his vision ,
» and his muscle sense of balance. He checks .all three kinds of bal-
. ance sensmg "against his instruments, He does this whenever he
“flied using visual flight rules. When visual cues are.no longer ade-
.- Quate, the pllot goe:sI on instruments He mﬁst then trust his in-

~

.

>~

,- trouble. Pilots have to accustom themselves to flymg on instry-
‘ ments ’

. o S ;': T k’ ,
PROLONGED R
GDNSTANT
1)

sensmon of "‘_ )

{umlngclodwi!se. B
T-RUE »: i .' B
. Movemantbf ahcratt o ‘f 4 M°"°‘“°"t°f ﬂu1d '“ :
. \‘_‘ L semtchcular canals :

’

Fiyure 15, Semiaircular canal affected by inertia. Each semicircular canal is hll

a flud, The fluid moves a3 the body or aircraff rotates and causes the cilia

cells) to bend. Thc hoir, cells are connected With nerve endings that report the
sensation to the bBrain,

’ 283 |
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UPRIGHT . - ‘. TILT BACKWARD

Figure 16. Otolith argop affected by in;r‘tio. As tho‘hecd ar the aircraft maves, the
ataliths mayve and cause the hair cells ta bend. The hair cells are cannected with nerve’
eridings that repart the sensatian ta the brain.

ACCELERATION AND DECELERATION: INCREASED G-FORCES

Although the effects of acceleration and deceleration during
commercial flights may cause some passengers to experience dis-
orientation and motion sickness, these effects are not prolonged
and severe enough to be classed as flight stresses. When ~mili-
tary pilots maneuver or ‘when astronauts are launched or re-
covered, however, they may be subjected to severe stress from
the cffects of acceleration and deceleration..”

Speed in itself does not harm the body. In your location on the
earth you are revolving around the sun at an average speed of
64,800 mph, but you arc unharmed. In fact, you have o feeling
that the earth is moving. Stresses on the body occur only as a

- result of the forces which produce acceleration or deceleration.
You ‘experience these forces, in a mild form, when an automo-
bile starts or stops suddenly and cither throws you back against

. the seat or forward toward the dashboard. In flight, these forces

fnay be excessive and prolonged. When the body is subjected
to largc amounts of acceleration or deccleration during flight, the

O
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stresses are felt as increases in weight, or gravity force, or . what
are known as increased G-forces. .

On the ground it is a simple matter to compute G-force. Under
gormal conditions it is a.force of 1 G (one earth gravity force)
exerted upon the body and acting in a direction toward the cen-
ter of the earth. In flight the G-forces might be exerted in dif-
ferent’ directions, depending upon the kind of bank, turn, or spin.

\

HUMAN REQUIREMENTS OF FLIGHT
.

. In flight the G-forees may increase greatly; and they may act in

L4

any direction ‘on the body. The principal kinds of increased G-
forces in flight are the positive and negative G-forces, A peositive
‘G-force acts'from head to foot, just as the mormal gravity force
does when a man is in a standing position on the ground (Fig.

17). A negative- G-force acts from foot to head, or'as gravity

would act upon a man standing on Bis head. A negative G-force
occurs only rarely, such as when the aircraft makes a nose-over.

Under a positive 4 G-force, a seated pilot ‘who weighs 150
pounds on the ground would weigh 600 pounds. He would be

. pulled down’into the seat, his arms and legs would feel like lead,

his cheeks would sag, and he would be incapable of any free
body movement. At 5 G a seated pilof is likely to black out. The
effects of increased G-forces on the body wvary greatly from one
persorf to another, however. They also vary. according to, the rate
or amount of the force, the length of time the force is sustained,
and the direction in which the force is exerted on the body.

, Research has shown that_there are thrge principal ways of
counteracting cxcessive G-forces.: ’(f) train the pilot to cope with
these forces,- (2) change the position of the pilot in the flight
machine so that the G-forces act across the trunk of the body
are transverse rather than positive or negative), and (3) eduip °
the pilot with a G-suit (described in Chapter' 3). All three methods
are used in spaceflight, but only the first and third methods are

.

- used in aviation. ‘e A

NOISE AND VIBRATION

)
'

Iicreased G-forces may ?JteSgni serious flight stresses only for
military pilots and for astronauts, but all pilots are subjected to
noise and_ vibration. Recent studies- by the Nationat Aeronautics
and Space Administration (NASA) have identified noise as the
number onet problem of civil aviation. This includes both the’
noises that affect the pilot'and crew in the aircraft and the com-
munity near the airport. Noise and vibration probably cause fliers
more inconvenience and annoyance than any other factor in
flight. Both undoubtedly hav_g/’an important part in producing

: 38-3'0
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. headachesk visual and auditory fatigue, airsickness, and the gen- w -
- eral discomfort experienced at the end of a long flight. Of greater
concerni is the fact that constant exposure to loud noises may
. cause permancnt damage to a flier’s” ears. oo
The unit of sound intensity, or loudness, is the decibél (db).
The decibel scale is a relative one; expressing how much greater .
one sound intensity is than another. In common usage the nojse .
level is referred to as being of so many decibels, but the ear, senses
sound not qnly by its intensity buf also by audiowave frequency. -

[

. ' Séund frequency is measured dn, cycles per second (cps). Two .
sounds‘of the same inténsity amd frequency are sensed as-being :
u - . . L -,
. . . H [N . X

. . B

s

POSITIVE

kS
-

S 25

Figure 17. Positive and negative G'forces. Theibody is filled with blood and ¢ther *
fluids that act like a column_of static water. Pressure, is greatest at the bottom of the
colomn of fluids, If the G force is positive, pressure is greatest at. the feet, if négative, ’
at the head. The crucial part of the blepd column is thot between the heart and the

: brain and eyes. This part is abdut 30 cm (about 12 inches) high. .
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equally loud. Twp sounds of the same intensity but of different .
frequencies arc sensed by the car as being of different loudness.

Both propelter-driven and jet aircraft produce noise of high in-
tensity., Propeller-driven aircraft produce high noise levels in the .
low-frequency range and jet aircraft in the hlgh—frequencf range
Most of the noise from aircraft originates in the engines. Jet

- aircraft that break through the sound bariier also produce a loud
" sonic boom, but the pilot does not hear this.

With spacecraft, as with aircraft, most noise originates in the en-
gines. Astronauts are not subjected to aerodynamic noise in orbit,
.as there is no atmosphere to produce shock waves or carry
sound. The noises heard inside the spacecraft in orbit are those
produced when a, large rocket thruster is fired to change ‘orbit
or small jet thruslers are fired to stabilizg the spacecraft in orbit.
Up to the present time no srgmflcant amount of noise has been
observed upon reentry, but noise levels afe extremely high at
—~ launch, when the giant rocket engines of the booster are fired.

The safe level of noise for a pilot or astronaut varies with the
individual, and the frequency of the noise, as well as its intensity,
must be taken into consideration. For any given indjvidual, the
longer the time he is exposed to a noise and the more intense it is,
the greater will be the danger of damage to the ears. Noise levels
of .130 decibels or above are dangerous (Fig. 18), and no one should
be exposed to them without some kind oﬁ)rotecuon in the form of

. ear muffs or ear plugs Noise levels of 145 to 150 decibels mark
the limits of man's tolerance. A person exposed to soungi at these
levels for only about a minute would suffer permanent damage to
his hearing mechanism. - e

Vibrations are measured in frequencics. Vibrations are side-to-
side and up-and-down motions. The lsual “source of vibration
in aircraft and spacecraft is the power plant itsglf. The design of.
the aircraft or space booster may contribute to the vibration, but
the pilot or*dstronaut can do nothing about this once the ve-
hicle is built. o

One of the effects of vibration in aircraft is to blur the vision.
Such blyrring may be experienced by pilots subjected to buffet-
ing ‘as they take the aircraft through the sound barrier. In aircraft .
traveling at subsonic speeds the principal cffect of vibration is to
cause fatigue and irritability, but it is possible that the pilot may
become hypnotized as a result of rhythmic monoténous vibration.

Noise and vibration decrease the pilof's cfficiency. Extremes of
heat and cold also affect efficiency. - "

/ [}
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« o '+ HEAT AND COLD DURING FLIGHT
.y , » . R »
When an'craft first began to fly at hngher altitudes, one of the
> big problems was to protect aircrcws against the trigid tempera-

tures. Now cdold at alnwde is a problem only for the smaller,
slower aircraft that fly qt what are now consxd red the lower alti-
tudes. High-performiance aircraft have _g;essunzed cabins with con-
trolled _heating and coolmg ] -

N

" With hlgh-performance aircraft and with spacecraft the main
problem is the reverse: to dissipate heat and keep the cabin com-
fortable. Within a closed ‘cabin, heat buil up as it is glven off by
th¢ human body a nd the power systemg. The largest amount of
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heat, however is gemratcd on the skin of the aircraft’ or space- .

craft as it travels at high specds through the. atmosphere. Ay air-
v craft that is flying at a speed twice that of sound has. skin temipera-
_~"tures increased by. about 400 degrees F. as a result of gerody- “
namic heating. The Apollo command module, ‘as it reentefed the
atmosphere upon return from the moon, reached a searigg 5,000
degrees F. Flames burst around the module, and it wolld have
. - been completely burned upif it had not beeg)or ablatiofr cooling,
or cooling by melting of surface materials Trom the
The cabin inside a spacecraft is cooled by ait-conditi
ment, much as the cabin of a high-pe
To keep man comfortable within
pit, engineers have, designed systems fto keep temperatures at 70
to 75 degrees F. and to control the [hufnidity. The human body,
a heat-producing machine, maintains [ifternal temperatures at .
about 98.6 dtgrees F. and skin temperatures at about 92 degrees
F. Man helps to regulate the temperaturc of his body by the kind
of flight clothmgfgwcars If the envu{)nmental control pystem and

the clothing do not keep the body comfortable temperatures,
the body itsclf makes an~adjustmenf through such processes as |
N shivering, perspiring, and enlarging, the blood vesséls to bring
more blood close to the surface of the skin. Under the most se-
vere stress of heat and jcold the internal t mperaturc of the body

ly
Since cooling and hgating systcrjs in u pressunzqd aircraft are
stlll affected by the te perature o the surrounding air and sm(:c

described ecarlier. As [the surroundmg tcmpcraturc begins~o_ var)'
from the ideal, man pxperiences. discomfort, and cffncncncy drops
off rapidly. ,
There are two dangers associated with exposure of the body to
the cold. The most immediate danger is frostbjte on hands, feet,
face, and cars. Frostbite is the acfual freezing of fluids in the body
gissues. The sccond danger is that continued exposure to low tem-
perature will reduce efficiency tp the point where safe operation
of the aircraft or spacecraft is' impossible. The temperaturc at
which the cold scriously interferes with efficiency depends upon,
other factors jn addition to temperature, sdch as air circulation,
length of time cxposed, clothing, and general physical condition.
At temperatures over 85 degrees F., discomfort, irritability, and
loss of cfficiency are pronounced. High temperatures also reduce |
ability to cope with other stresses, such as n]crcascd G-forces and '
hypoxia : '
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resulting from heat and cold may cauge loss
of efficiency, a pilot i} not often placed in danger from sug stress.

. Noxious gases and vapors, on the other hand, cause loss of ef-
ficrency and quickly bdcome a threat to survival. /

" NOXIOUS, GASES AND VAPORS

s

Ins}qe an inclosed cabin, noxious gases an \ vapors, or gases and
vapors that harm the body, may accumulate. In aircraft cabins
that are not completely closed the problem is not a serious One.
In such aircraft the air pumped in from the outside and compressed
is constantly dumped overboa d at a high rate, cmmwth it
harmful gases and vapors, ‘such as carbon monoxide. In aircraft
that fly above 50,00Q feet and in spacecraft, however, the cabin
is completely closed. In this kind of cabin there can be no waste-
ful changing of the breathing atmosphere in order to keep it pure.
The atmosphere must be récirculated and reused over and over
“again. Maintaining a pure breathing atmosphere is especially im-

. portant in spacecraft, as- astronauts mrust remain in the spacecraft

for extended periods. In spacecraft t};ere is an environniental con-
trol System for cleaning and deodorf mg the atmosphere and Te

! movmg toxic materials from it. . .. /- 7
An aircraft or spacegraft cabin Js not hkcly to .become con- .

taminated fromh the ligpid oxygen (LOX) or compresscd oxygen
calried on board to supply the pr athing atmosphere or frome the
equipment itself. The gxygen is carefully mspected and all equip-
ment fer supplying an artificial atmosphere is tested on the ground
before being used in hrght The breathmg atmosphere can casrl)f
become contaminated from inside Eourccs however, if care is not
used. The atmospheré may recerve harmful gases and vapors_from
such sources as the byproducts of human respiration and body

. wastes and from exhaust gases, fire exungurshers, fuels, hydraulic

fluid, and antiicing fluid. Probably the most serious contaminants
are catbon monoxide and carbon dioxide.

on monoxidé is.the colorless, odorless, and tastcless gas

that has caused deaths when automobile engines were left running
in clpsed garages. | Arrcraft cngmes may also give off carbon
monoxide, and it r found in cigar and cigarette smoke. When
carbon monoxide lS inhaled, it passes into the lungs through the
al eolar walls into the bloodstream. The red blood cells’ absorb
rbon monoxide fOO to 300 times morc readily than they do
oxy%qn For this rcason only a small amount of carbon monoxide
in the atmosphere may be fatal. In Arr Force aircraft th¢ allow-

S~ ,at;\e amount of carbon monoxide is'only 0.005 pcrccnt or 50
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HUMAN REQUIREMENTS OF FLIOHT

parts per million. As little as 0.02 percent of carbon monoxide
in the breathing atmosphere, or 200 parts per million, can cause
headaches, and+0.16 percent may cause death in two hours.

If the air within an inclosed cabin is not purified, carbon di-
oxide soom,accumulates from human breathing. At sca level the
_body begins to react to conccntra;fons of carbon dioxide as low

, as 1 percent, the amount of reaction depending’ upon the time of
" ‘exposure. Concentrations of 7 t¢ 10 percent carbon dioxide can .
causc impairment of vision and hearing, as well as affecting respira-
tion. Concentrations above 10 percent result in logs of conscious-
ness ard death. As the altitude increases, smallef concentrations
"« of carbon dioxide becomd harmful azf‘inally lethal.
£

In the spacegtaft carbpn dioxide i tered ouf, and the breath
ing atmosphere/ is recycled into pure oxygen. Infaircraft, sufficit%?

!

oxygen supplies can be /carried on board, and r ic:ycling is not n /
essary. In aircraft the, pilot may have instruments for measurj
the purity of the atmosphere. If he suspecty that contaminz'x
are present g at cannbt be detected with thefinstruments he ?n

he submits samples of the atmosphere for t¢sting (Fig. 19).,

In ‘addition to the stresses that are norfally imposed on the
human body during flight, man imposes otfier sttesses,upon him-
self. . N

-

/ SELF-IMPOSED STR
L | s
_For the pilot, self-imposed] stresses jinclude all the things that
he does that he should not do; or negleqts.that he should do. Self-
Imposed stresses include excessive or ugwise use of drugs, alcohol,
“or tobacco, or nkglecting to get enough rest and exercise, or fail-
ing to eat the right kinds and amounts of food. Self-imposed
stréfses are not a problem. with gstronauts, as they atle even more .
carefully screened than pilots are, and they are isolated before
__liftoff. No astronaut_is allwed to fly jf there is any danger of in-
disposition during flight. . :
}i,ikc the astronauts, most pilots Igarn to disctipline themselves
and follow, a careful program of g diet, exercise, and rest,
ang they abstain from alcoholic beverages before flight time. A
rule of thur2b for pilots is that thefe must be “eight hours be-
twgen the bottle and the throttle.” Jometimes, however, pilots do
nof rcalize how much sclf-imposed’ stress may, result from only
on¢ drink or from taking ordinary over-the-cduntey tmedications
like aspirin. Practices that causc no apparent harm td the body on
thg ground may, place stresses, on the body at altitude because
. i ]
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Figure 19. Chambér used far sfudying eon'ommonh i arcraft cobms. Ths ' chombu
15 lacaed ot the Air Force Schaal of Aesraspafe Medicine ot Brools AFL Toxos

‘o

L\\ théy interferc with the intake‘ of 6xygén "i‘hc mst Signi'ficant
.. sources of sclf-imposed strcsscs arg alcohol tobacco, and drugs
- . L]

v Al'cohol

The effect of-an_alcoholic drmk 15 mdgmﬁcd at almudz. Even

‘at the| relatively low levels of 10,000 to 12,000 fect, a pilot- .

. would [show a falling off in his performance if he took ‘one drink.
Onc drink at 10,000 fect can havg the same effect as two or three

. cfficiency. He has to Keep his mlind clear and his judgment keen
to make important decisions instantly, and hc umust be able to
speak distinctly and hcar well tocommunicate with ground control.
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drinks at sca level. A pilot, cannot afford even a small decfease, in,




Y " counter. Jt causes mo toxic effects ‘when used i moderation on_

..+ sively at altitude, however, it could interfefe with absorption of

the ground, and

could be ysed safely during flight.” ¥ used“exces-

oxygen by the blood and cduse problems.” Even nasal ’decongés-
.tants, if ;used. excessivély, can cause, s¢lf-imposed _§treséés at alti-
..tude. No tranquilizers for sedatives should Jbe ‘used by pilots be-
.. fore flight. They, would,.cause dizziness ‘and dulling .of Jjudgment
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. Cigarettes comtain harmiful nicotidc, and " the deadly carboi’
monoxide makes up. 2.5 percent of the® yolume of cigasette, smoke'
;- and more of the gjgar smoke. If ‘the, smake of thrée cigaréttes is *
.~  inhaled at sea level, 2 bloodl, satiration.of 4 percent carbon~mo- " '
. noxide way fesult. This will.feduce abilify to seg clearly and .
*.. -ability to"adapt one's 2yes 1o the dark.at sea “level to the same éx-
. tent’as mn a person experiencing ‘mild hypoxia at 8,000 feet. Smoks
__.’ing at 10,000.fget produces cffects, equivalent to” those experix
enced at 14,000 feet without smoking. ‘The effects of smoking at - )
. . hgher aiti}gdes arg,even move harmful. With heavy, smoking, blood - =~ **
»satyration with 8 percent carbon ;monoxide 'may result. This causes -~
.. a corresponding drop in the ‘amount of, éxygen iy the biood, -
¥ which leads to hypoxia. - T ha
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Asprrin is. probably the most frequently used dfug sold aver the b

‘ ‘t altitude. ¥ _a pilot, needs medication, he, probably is not fit to
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’ and tissues in the same.céndition.as af sca ltvel. As. mad-has ™
. propressed_in Xlight through the “atmosphore ‘an'g‘ into "spacé, He * "
_has learned, miore about counteripg flight st ssés. He iy dohie™ » 7 °
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.‘*;,"r‘;;'xl i QUESTIONS
©

: Wh&t ure the two Iayers of the atmqsphe;e in which aivcraft fly?
ﬁm‘e physiolozlcal dMsions in which aircraft fly?

1 What is Daltans Iaw? How does this law determine the oxygen pressure '

X3

‘ /, nm,;lred for ‘the hxeathlng ahnosph;re of the spacemft and the space
hﬂ ‘ . u N

3 h ow_arc the resp!ratory and c}ttulatory ;ystems affected by flight to
% . E< Q;igher nltltudu? - c oy

-

l;t What causes hypo:&h Wh;t' causes hyperventiiation? Why is hypoxia

o ﬁpec&lly dmgerous?
v : , -
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What is meant by the time of useful consciousness? How iIs it affected
by -altitude? .

What is meant by an ear block? How cin it be prevented?
Where are gases most likely to become trapped in the body at altitude?

What is meant by decompression ﬁcknes'." What are some forms of
decompression sickness?

Why is good vision especially important to a fller" Why is a flier liable
to be affected by visual itlusions?

hat part of the flier's eye functions in day vision? in night vision?
hy have aircraft cabins been tradmonnlly ,[lluminnted with a red light
t night?

What /three means does a pilot use to maintain balance and orient him-
self during flight? What causes disorientation during fllght'.’

’
.

Wha{ i{s .meant by the G-forces. What causes increased G forces during
flighg?

How do excessive noise and vibration harm the pilot?

Does excessive heat or excessive cold present the greate‘r problem in the
flight of modern high-performance aircraft? Why?

What harmful gases are most apt to build up in an aircraft cabin?

What is meant by self-imposed stresses? Can these present a serious
danger to the pilot?

’

.

THINGS TO DO

t

. “With the help of your blology/teacher work out an experiment on de-

creased atmospheric pressure wnlh increased altitude. Use a series of
chambers suppllcd with vary{ng amounts of air and oxygen. Test the
effects of reduced oxygen. pressurt on expcnmcmal anm}als Relate thc
reduced oxygen pressure 1 the chambers to reduced barometric pressures
at altitude. What does this tell you about the effects 6f reduced oxygen
pressure on the flier at high altitudes? What is hypoxia? How docs it
affect fliers? What/r§ done to prevcm hypoxia? :

. With the help, of/hc physius teacher, set up an experiment demonstrating

the operation “of Boyle's law. the volume of a gas is mversely proportional
to its pressure if the temperature remains codstant. How does this law
explain the presence of trapped gases in the body at altitude?

/

. With the help of the physics and biology teachers, set up an experiment

demonstrating the mechanical operation of the lungs. You might use a
large jar and a small balloon and pump. Explain’ to the class why we
had to fearn about the mechanical process of breathing before we could
make workable oxygen systems. What happens to the breathing cycle
during pressuse breathing?

. Make a study of the circulatory system. Make a diagram or model to

show how the heart pumps blopd to the principal parts of the body.

) - 40
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) Lo
Explain how oxygen i supplied to the oclls. What happens to the circula-

- vory system under reduced pressure af altitude?
5 Ex‘pl il to the class the medns that can be used to percnt an car block.
. Dem te the valsalva procedure. Tl'lls is done 'by closing the mouth,
» holding the nose, and blowing. This action- forces® air up the _custachian

tube into the mjddle ear, Draw a diagram to explain to the class what
happens during the valsalva procedure. How is pressure in the muddle
ear usually ‘equalized with that of the ambient atmosphere dugmg deseent?
Why does the airline hostess usually” waken sleeping passengers before
descent? | ) N - ’ b
. xgliin {o the members of the class the cause of decompression sickness:
. 7! A’ simple”way Is to take the cap off a pop bottle and have them watch
" the bubbiles escape A similar phenomenon occurs when nitrogen evalves,
or goes out“of ‘solution in the body, at altitude. The nitrpgen bubbles off
frém the blood and bther body fluids and colects at the joints, (This
process, camot, 6f course, be seen. You might draw a diagram to show
bubbles forming inside thte body at a joint.) ‘The flier {or deep-sca _diver )
may, bend over frdm pain. This is'why this {orm of decompression sickness
is called the bends. The bubbles are minute and very nymerdus. What
re. other - forms of decompression sickness besides the bends? How
. .- 1s"HecqMmpression sichness treated in a pressure chamber? RS

! '{'Why is good vision impo;tanté,to .the flier? Dc‘z‘nénstrate .to the class
-, how the pilot has few visual ues during flight. "Explain what happens
4 * “when the pilot mistakes a bank of clouds for the horizon. What are some

- .. .othér visual fllusions that a pilot might havg during flight? .

. A} N

8 A group of four to six students mig?t form a tcam to make a study of

* balarice and orientation during flight. Three of the group might submut
*  themselves to  being sptm around 6n 3 rotating chair and describe theif
) sensations. Demonstrate to the s€lass that the students Jare disoricqted.

s What three nieans does a_pilot use to maintain _balance and -orientation

during flight? One of 'the stydents in the group might use a diagram or

. during flight. Explain th€ purpose of the semicircular canals and the
N otolith organs. s .
. - Tk
\ N - - ¥ :

SUGGESTIONS FOR FURTHER REABING

: \
Air Force Manual 160-5, Physiological Techmcian's Traimng Manual. Wash-
ington, D.C.: Department of the Air Force, 27 Feb. 1969.
Air Force Pamphiet 161-16. Physiology of Flight. Washington, D.C.: Depart-
ment of the Air Force, | April 1968. ° b~
CAbIN, MARTIN and GRACE. Aviation and Space Meditine. New York: E.P.
y + Dutton & Co., 1962. ) "
' Federal Aviation Administration. “Phystologica} Traimng.” Washington, D.C.:
Office of Aviation Medicine, PhysiologicAl Support Service, 1964.
»  MISENHIMER. TED'G. Aeroscience. Unit VI, “Physiology of Flight.”” Culver
City. Calif: Aero Products Research, Inc., 1970.

. RANDEL, HuGH W (ed.). Aerospace Medicine, 2nd ed. Baltimore. Wlllla;ns
& Willkins Co.. 1971. * .
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model of the inner ear ,to, explain what happens to cause disorientation .




THIS GHAPTER ‘explains how specialists in the field of aerospace medicine.
and human engineering “huvef:ombined their knowledge “and skills to enable
mah to progress in flight through the atmosphere to the fringe of space. The
chapter relates how early Halloonists and physiologists studied the lower
atmosphere and how aerospace medicine’ and human engineering began.

Y Next it expldins the services porformed by flight surgeons and human

, engineers. Finally, the chapter tells how test pilots and later buhoénisls helped

' to make flight safe in high performance, aircraft and how they ‘and animal
‘ astronauts  prepared the way for spaceflight. After you’ have, studied this
chapter, you should be able to do the following. (1) explain how the early
balloonists and physiologists prepared the way for uireruft‘fligf\l, (2) tell three

, services that o flight surgeon performs for fliers, (3) explain how the human
engincer maiches man and machine, and (4) describe two flights made in

the upper atmosphere and te]l how they prepared the way for spaceflight.

oA

i 2

3

WHEN MAN first climbed into a/ airplane to go aloft some
seventy years ago, he had to gdjust /to the cramped quarters of
the cockpit and to the noise gnd vibration of the engine. None
of the carly flights lasted lghg enbugh or went high enough,
however, to cause serious flight’siresseq. ’

_By the time of World War II, figfraft had undergone - many
changes, and flight stresses were ptcoming scvere. The P-38
Lightning, which first saw action inf1941, was finally able to fly
at spceds of more than 410 mph agd at altitudes as high as 33,000
feet. The P-47, which came into about the same time, reached
speeds of more than 425 mph /and|flew .as high as 42,000 fect.
The P-80 Shooting Star, Amgrica'y first operational jet fighter,
first announced in 1944, wayg finally capable of speeds of more

encmy, a pilot had to be j\blc to take his aircraft to the limits

' ERIC " 59

than 550 mph and of altitudes over 45,000 féét. To defeat the
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“of its speed .and maneuverability and topt

N
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Ititude ceiling. In fly-
ing in a hostile environment and in ma c.uy,c,rmg, pllots weré being

- subjected to all kinds of flight stresses.

. To counter the stresses of flight in Vh1gh pcrformancc aircraft,
man has had to learn more about the human body and the Way

" it reacts to flight, and he has had to learn how to dcsngn and

produce more efficient kinds of protccmi equipment and cloth-
ing. The present-day knéwledge of flight Physnology, outlined in
Chapter 1, was developed through a branch of medicine now
known as ae:z:)space medicine. Medical* knpwledge formed the

foundation, but this knowlcdgc had to be combined with the’

knowledge and skill of engineers. The branch of cngmec,rmg that
specializes in mc.ctmg the human rcqum.mcnts of flight is called
human engineering.

The challenge has bcen to bring togéther\the knowledge and
skills of specialists in both the field of acrotpace medicine and
humap engincerifg in order to produce practidal results. The, re-
sults have taken the form of better designed Vaircraft, improved
oxygen systems and pres;urc suits, and finall} the pressurized
cabin.

w

Aerospace medicine mcludcs both aviation medicine and space‘

medicine. Since  there is no real boundary line, between air and
space, as pomtcd out in Chapter 1,.there can ){c no real division
between aviation medicine. and space, medlcme and the two are
now considered as one branch of mediciné. Acrospace medicine
is concerned mainly with the injuries and prgblems brought about
by stresses from flight through thc atmosp, crc\ and spacc and’
our survey focuses on these. .

]
e
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Aerospace medicine was established in the Unitcd States with
the founding of the first Army aviation medical research labora-
tory at Hazelhurst Ficld on Long Island, New York, in 1918.
Research conducted in this laboratory was to give support to Qur
flicrs during World War 1. The rcal beginnings of acrospace medi-,
cine go back much carlier, howgver, to studies with balloons. The
carliest studics with balloons provndcd for a gradual accumula-
tion of knowledge about flight stresses long before aircraft. were
flying, ‘ ‘

Balloonists and Early Studies of the Atmosphere

The study of flight physiology started” with thc balloon ascen-
sions of the Montgolfier brothers, Joseph and Etiennc. In 1783

they sent up a hot-air balloon in a demonstration for Louis XVI
< e , B
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* of France ‘and his coust dt Versailles. This was a kind of prelimi-
nary unmanned flight made with a sheep, a cock, and a duck.
The passengers rose to an altitude of 1,500 feet and returned,

" to the earth unharmed, to the wonderment of thos¢ assembled.

In the same year the French physicist Jacques Charles made a
flight with a hydrogen balloon that floated free. When he as-
cended to an altitude of 9,000 feet, he suffered a severe pain in
his right ear, which he correctly attributed to gas trapped in the
middle ear.

In 1785 the Amencan doctor John Jeffries, with French bal-
loonist Jean-Picrre Blanchard, crossed the English Channel with a
hydrogen balloon (Fig. 20). This long-range balloon flight created
about as much excitement as any later event in aviation. On this,
\helr second balloon flight, the two men carried a thermometer, a
barometer, and other instruments to study the upper air. As they .
tdok off from Dover, their balloon began to rise at an alarming

. _ rate. They hastily released gas and probably released too much.

Figure 20, Baollaan flight of Jeffries and Blcn:hcrd The oors were infended to help
steer the bollaon. They did not work ond wege discarded, together with ather
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Abom halfway across the Channel the balloon began to drop To
avoid disaster, the two men began throwing objects overboard
Ao lighten their load. After thqy sacrificed their scientific instru-
ments, the balloon began to risc, again. Everything again went well
until they approached the coast, of France. Then the balloon be-
gan to descend rapidly, and from this point on it Was onc con-
stant struggle. To lighten the load, the two passengers began to
disrobe and discard their clothing. Finally the balloon was over
the trectops, and they mancuvered it to a safe landmg, shivering
and almost naked. Jeffrics and Blanchard were given a hero’s
welcome in Calais and then Paris; Doctor Jeffries returned to the
United States to writc of his,experiences. The John Jeffries Award
is presented each ycar to the doctor who makes the greatest
contribution to aviation m dlcme\

After the Channel cr%‘smg, an interest in balloon ascensions
swept over Europe. Hundreds of flights' were made some simply
for the thrill but many in the ifterest of ‘cience. '

A flight of special scientific’. interest was that made by two

Enhglishmen, Coxwell and Glaisher (Fig. 21). After 27 other
fhghtsr also, spensdred by the Brmsh Assocnauon for the Ad-
.vancement of Sciente, these two men ‘made "their ‘historic flight
in September 1862, When they, reached an altitude of 18,000 feet,
their troubles began. Because of lack of oxygen, they became so
weak that they had difficulty,in reading their mstruments Unfor-
tunately, the balloon cord, became tangled, and they could not
release gas to allow the 6alloon to descend. Instead they con-

. tinued to go higher. Before long Glaisher lost his vqxsnon and in

total darkness at 29,000 fect he lapsed into uggonsciousness.
P;mally he recovered consciousness and continued 0 observe his
symptoms. Coxwell’s hand had becom¢ numb from.the cold, but
he was finally able to grasp the ballpon cérd with his teeth and
release gas. The balloon descended, and both passengers sur-
vived. Glaisher later described his symptoms of §ygen starva-
tion in.graphic terms. .

Soon after the flight of Glaisher and Coxwell, Paul Bert

' (1833-1886), a French physiologist, conducted the experiments

with barometric pressure which he later described in his famous
book. Bert rather than the balloonists bécame known as the
Father of Aviation Medicirie. As carly as 1870 Bert put sparrows
in sealed glass jars of \various sizes which were filled with oxygen
and air-oxygen mixtures. He was studying the cffects of these

different atmospheres on survival. During the next cnght years Bert.

was to conduct some 700 ecxperimtnts with varying atmospheric

pressures. In his experiments he related the conditions of increased

atmosphcric, prctsurc for men working underwater with those of
. i
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Fijure 21 Some record balloan flights *Balloons have noy penetrated the atmosphore
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~ decreased atmospheric pressure encountered in mountain travel

| and high-altitude flight. Bert was able to prove that the prineipal ’
effects of almude on the body arc caused by the partial pressure
of oxygen. Bert also made the first low- p:?surc chamber, or al-
titude , chamber. This is an airtight tank ( 2) in which the”

. , atmospheric pressure can be vaned to snmulate dny altitude of

flight.
S After Paul Be had conductqd expenments in his altitude
» chamber in Paris, balloonists visited (hin® The balloonists,

, Sivel and Crocé-Spinelli, subjected themselves to low , prassures
in the chamber and ,learned how to protect themselvcs through
" the dse of oxygen. After making a successful, hlgh altitude balleon
flight, with the aid of bags containing a nitrogen-oxygen mixture,
they, decided to try a second experlment On this trip, made in
.1875; they were accompanied by‘a third balloonist named Tis-
sandier. Unfortunately, the three balloonists did not proyide them-
selves with enough oxygen, and they decided to refrain from using
it as long as thcy could. Bert sent them a warning, but the lelter
did not arrive in time, sand the balloonists ws\nt ahcad with their

’ F:quu 27 AIMudc'chambor used n the 1950: These students are |'cmmg how 'o
" ’ use oxygen breathing equipment dunng a simulated fhghi.’ ”
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AEROSPACE MEDICINE AND HUMAN ENGINEERING
plans.” By the time they were aloft and were awarc they were
suffering from oxygen starvation, they had alrcady become par-
alyzed and could not make usc of their meager supply of oxygen.
They became unconscious as a result. Their balloon ascended to
28,820 feet and then descended on its ow carryglg the. uncon-
scious occupants back to earth. When Tissa&iicr revived, he, found
that his two companions were dead. The tragedy caused Bert to
renew his efforts to protect man against oxygen starvation.

i .
S\chools'of Aviation Medicine

-~

—~

Almost [two decades after Ber ath, “interest in flight physi-
ology was| revived when the Wiight brothess_successfully flew the
first airplgne. Further interest in aviation medicine was stimulated
during World War 1. During the war Gen. Theodore C. Lyster
was appointed Surgeon General of the Aviation Section of the
Signal Corps, US Army. General Lyster is known as the fja-
ther of Aviation Medicine in America. He was responsible for
establishing the research laboratory at Hazelhurst Ficld, in New
York, which cventually deyeloped into the Air Force School of
Aerospace Medicine, now' located at Brooks Air Force Base,
Texas. ’~ . ‘ -

The Navy, like the Armf and Air Force, did carly research in
aviation medicine. The Navy established a School of Aviation Med-
icine at the Naval Air.Station at Pensacola, Florida, in 1939%

Among the pioneers in resecarch in aerospace medicine was
Gen. Harry G. Armstropg, who served as commandant of the
Air Force school in Tekas and as Air Force Surgeon General.
He compiled a standard|textbook of aviation medicine, and un-
der his direction a depargment of space medicine was founded at
the Air Force school ab carly as 1949. This department was
headed by Dr. Hubertus Strughold, who had scrved as a flight
surgeon for the German Air Force® during World War 11.* Doctor
Strughold became a pioneer in space medicine in the United States .
just as. Wernher von Braun pioneered in the development of US
space boosters. : ’

-

»
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Other Orgnnizgﬁons Supporting Aerospace Medicine

Anpther important development in aviatiop medicine was the
founding of medical and biological departments 1n awrcraft manu-
facturing companics. The very fact that such departmenfs were sct
up showed that aircraft companies were becoming aware of the im-
portance of human requircments in designing aircraft. :
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In 1929 Dt. Louis H. Bauer Tounded an organizgtion for p
fessional workcrs interested in the human aspects of flight. The
organization ‘is at present known as the Aerospace Medical Asso-
ciation, and it is an mtematlona‘l orgamzatlon It, compnscs not
only .doctors but also r medical specialists, life scientists, and
engineers who are co\%?fned with the medical gspects of flying

\ and the adaptation of than to the environment in which he flies.
. The orgamzatlon focuses its interest on the’ care of fliers. r
"
CARE OF FLIERS *
TeTT———

\ - .

The Armed Forces have doctors who receive spegial training
in the care of fliers at the .service schools of aerospacy/medicine:
These doctors are called flight surgeons. A flight surgcon is not
requircd to be a pilot, but he does fly as a crew member. The
more he knows abaut flying, the better able he is to administer
to the nceds of,fliers. Ordinarily doctors do not accompany pa-
tients who are bemg evacuated by air. Pa\}rﬁs en route to hos-
pitals are placed under the care of flight nurses and medical tech-
nicians. Flight jurgeons remain on the gréund to be in readipess _

« to care for fliers ht a base or medical-center. :

"The high-performance jet aircraft of today make demands on
military pilots ¢f an order scarcely imagined before World War
II. The military |scrvices realize that it may we}f be man's adapta-
tion to flight rafher than the performance of Ris aircraft that de-
termines the vi n any futyre conflict. The jet pilot's proficicncy
depends upon hi} ability to react jnstantly and make decisions un-
d r stress. To rpaintain his prof |cncy the pjlot must keep hlS

nlind and body fit at all times. I{_is the flight surgeon who
’hlm do this.

The flier knows that it is the flight surgeon who must also
;éass on his physical and mental fitgeks for flyjng (Fig. 23). It
is the flight surgeor who gives hl(f} the perioflic cxaminations

, that dctcrmmc whether_he can cont uc on flight status. Even
ht surgeon kan ground him

he must not kecp from him \ .knowledgci‘t,h t might have a
bearing upon his fitness to fly. SL ) / VN
‘ For the military flier the flight rgeon is not only a pc'rsd al

physician but a counselor and fnclid as well. The flight surgeon
lives and .works with the fliers duridg combat. He is interested in
the fher's personal problems, as well as his physical condition,
because he knows that a man’s mental and physical condition are
closely related. If, for example, a flier is worrying about his fam-

ily, he may develop a severe headache. This. in turn, can trigger
/ 1
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Figure 23 Flight surgeon examming pilot. The flight surgesn keeps o constant waich
' over the flier's heolth.

digestive disturbances. These additional stresdes may dull the pi-
lot’s scnses and causc him to use poor judgmcnt, which may cause
an accident. ’
Besides having concern for the pilot himself] the flight surgeon is
interested in the conditions the pilot finds in the cockpit. He wants
to know if the pilot's oxygen equip\ncnt and clothing are ade-
quate He makes sure that there is enough oxygen in case of rapid
decompression and that there are no flaws in the ejection ¢quip-
ment Since the flight surgeon takes part in the investigation of air-
craft accidents and treats the injured, he lS aware of what js
needed to make flying safe. He urges the flier to observe safcty
precautions and to make full use of seat belts, shoulder harnesses,
and other protective cquipment. Because flight surgeons, as well
as the ‘doctors who care for civil pilots, have an all-round under-
standmg of the flier's problems, they are in a position to advise
engineers about how to bring together man and machine.

MAN AND MACHINE

One course that man can follow 1n adjusting to flight is to de-
sign the flight machine in such a way as to eliminate or reduce

(
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HUMAN REQUIREMENTS OF FLIGHT

stress on the human body. This course is pursued through human .
engineering. This is an art and scienie that relates man to the
aircraft and the systems in it (Fig. 24). The human engineer
uses knowledge about the life sciences to promote efficiency and
safety in those areas where man and machine come into contact
wnh each other. For example, if the pilot has difficulty in using
a hand control for a particular task, the engineer might design
a control operated by a foot pedal, leavmg the pilot's hands free
for other tasks.

The matching of man and machme is constantly under study
by .the departments of human engineering in companies manufac-
turing aircraft. Experts in these departments make use of the ser-
s of a host of specialists, such as biologists, blood specialists,
hedrt specialists, psychologists, and electronics engineers.
bout the time that high-performance jets were coming into
prodyctign, the Air Force adopte?t systems management for air-/

craft. \Under this plan each aircrdft is developed as a unit s 50T
system. dnstruments and controls, | training, and protective equip-
ment—the human requirements—afe considered an important part

Figure 24. Man machine system, To fly a high performance arrcraft man must become .
port ofr«y system. He uses his pyes as sensors to read the displays on the instrument
b

panel. rasn interprets what he sees. Then his brain sends messages to his hands
and feet to 141l them how to operate thwgontrols. .
o 52
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e Taer

crueRt L E Ry
msmumsnrs INSTRURENTS

Figure 25, The basic T orrangement. The flight instruments i an arcraft are ploced
directly in front of the pilot or copilot, The engine nstruments are n o bor perpendicu-
Iar to the flight instruments.

. .. '

- - - - 4
of each’ alrcraft systcm No longer .can pilots say that engineers
design aircraft without regard to their needs.

Every control and instrument in the aircraft must be deyelnped

" and posmbncd with the pilot in mind. Every time an instryment
or a control is put into a néw place, the pilot must relearn skills,
mbch as Mhe driver of a new model car must learn a new dash-
board But Becausc an aircraft instrument panel is far,more com-
plex thap the dashbdard of an automobxle, the task is far more
difficult In military aircraft therc has been some standardlzauon,
of the idstrument pancl ever since high-performance aircraft ,camc,
info use. It is only in recent years, however, that agreement h
been reached permitting a standardized .arrangement of the mstrum
ment panel for both civil and mlhtary amraft The arrangement now
agréed upon is called “the basic T " (Fig. 25). Under this plan
the flight.instruments are grouped across the top bar of the T,
and these aro _conveniently placed in front of the pilot and co-
pilot The engine instruments are placed in the other bar of the
T, the vertical bar, and these are positioned to the right of the
pilot and 1o the left of the copilot.

60
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Another area in which human enginecring is important is in that
of servomechanisms used in aircraft. These are tife automatic mech-
anisms which multiply the force exerted by“a pilot to increase
his control, much .as power steering and gﬂ)wer brakes increase
the driver's control in an gutomobile. To ), give the pilot the power
that he neceds, power-operated controls are a necessity in high-
performance aircraft. They do have. certain disadvantages, how-
ever. They are complex and heavy, adding to the weight of the
aircraft. To the pilot they present a real problem. They take away
from him much of the feel of control that hc formerly had over
his aircraft—what he calls 5\ “feel of flying.” The pilot must now
truly become a part of the machine, learing to fly withjn the cir-
cuit of power controls as well as Lcommu {cations equipment.

Another area in, which human |engineering has playdd an im-
portant part is in d&lgning protective cquipmcnt for flight, In this

. teamed with engineers in planning prggrams for pllot tragm and
in defigning flight simul ors for thes programs. The pr ctlcal\re-

of their work—protective equipnint and pilot traihing—are
deScribed in Chapter 3. In thl; chapter Wwe are concern¢d mainly
with research for advancing flight through the atmosphere to the
lower reaches of space. :

i
RESEARCH ON 1THE P‘R\!VGF OF SPACK

) B

Just as scientists and balloonists collected information on the
lower atmosphere long before aircraft flew, scientists, pilots, and
balloonists investigated the lower reaches of space before man
rocketed into space. For these investigations on the fringe of space
they used special research aircraft, balloons, sounding rockets, and
spacecraft with animals on board.

. Resnrcl;' Al}mft

The US series of research jet and rocket aircraft, or the X
series, concluded with the X-15, a black needle-nosed rocket air-
craft with stubby wings. This aircraft collected data directly related
to spaceflight. Two earlier research aircraft, the X-1 and the X-2,
were useful in advancing from aviation to spaceflight. These and
other rescarch aircraft wére flown by highly skilled test pilots.
Test pilots have played an important role in adapting man to flight
and in pushing forward the frontiers of flight. * .

In the X-1 (Fig. 26), the first US rocket aircraft, Air Force
. Capt. Charles E. chxgcr became the first man to fly faster than

7
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Figure 26. X-1 and test p.l}m. Capt. Charles E. Yeager is in unifarm and 1s standing
at the extreme left, - N \

the speed of sound. This was in October 1947. When pilots be-
fore him had attempted to reach the speed of sound, they were
subjected Y& sevgre buffeting as the shock waves formed in front
of their aircraft, and they could not fly faster. As Yeager's
aircraft approached the so-called sonic barrier, the buffeting be-
came so severe that for a time it szQc‘iﬁ\that the aircraft would
break apart. Then the X~\l' exceeded the.speed of sound, and
the shock waves were behind it. On his histotic flight Yeager was
protected by a partial-pressure suit that Doctor Henry had made
especially for him. Yeager's mask was not a true helmet but a
kind of nylon sack laced in place, yet it was successful in provid-
ing necessary pressurized oxygen.

. The next obstacle to overcome was the so-called heat barrier.
The supersonic X-2 was subjected to intense frictional heating
even in the cold, thin atmosphere at its altitude ceiling. The pilot
was protected with cooling equipment for his pressute suit, but
the ,outside of the aircraft was scorched from aerodynamic heating.

" When Capt. Melyin Apt attempted to take the X-2 to record al-

titudos”at increased speed, the aircraft overheated. Both pilot and




HUMAR REQUIREMENTS OF FLIGHT
aircraft were lost. Then engineers developcd new stfong light-
weight metal alloys, such as titaiiium, which could ‘withstand
greater heat stress, and the flights of research aircraft contmuéd
The X-15, the last aircraft of the research series, was used to .
collect a whole range of physiological data on flight ‘at record al-
titudes'and speeds. This aircraft reached a speed of "4,534 mph ,
and an altitude of 354,200 feet (about 67 miles). Several pilots
flying the X-15 werc able to earn an astronaut rating by taking
this aircraft above 50 miles. The first of these pilofs was Air
Force Maj. Robert M. WHite (Fig. 27), now General White, Com-
mandant of Air Force ROTC. »
There were three models of the X-15 alrcraft Although some™
two hundred hazardous flights were made with ’these thre¢ air-
craft, only one pilot,and aircraft were lost. The X-15 was ode of
the most importa*ng links in the transition from aviation to space-
flight. Its later flights were actually 'made to collest data for fu-
ture flights of the Mercury and Gemini spacecraft. The last flight .
of the X-15 (the th flight) was made in October 1968.
For fuller protection during flight the, pilot of the X- 15 wore a
- full-pressure suit.

L £ . \

~

Figure 27. First X-15 pilot to win an astronaut rating. Maij. Robert M. White is shown
with son Gregory after his record fhight on 17 July 1962. The ‘pilet is wearing a full
pressure suit cooled wifh air-conditioning equjpment.
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. ’ T Balloons

Even before the flight of the US research “aircraft. began, scien-
. tists resumed balloon flights to learn more about conditions in .
the upper reaches of the atmosphere. Balloons are especially valu-
able for collecting physiological data because they can descend
quickly in an-cmergency. Then, too, the balloonist is not dis-
tracted by problems of piloting and conirol, and he is not sub-

jected to high G-farces. ,

In 1931, Auguste Piccard, a Swiss physicist and acronaut, per-
fected the oxygen-pressure gondola for balloons to be used for
scientific exploration. Making use of the principle developed by Pic-
card, Captains.Orvil A. Anderson and Albert W. Stevens, of the
US Army Air Corps, ascended to what was then the remarkable

¢ altitude of 72,395 feet (Fig. 21). This was in 19}5, two years
before the first pressurized cockpit was used in an, Amerigan air-
craft For the pressurized gondola of their balloon Anderson and
Stevens used a mixture of oxygen and nitrogen (about 50-50).
After 1935 many balloon flights were made to invéstigate the con-
ditions of the upper atmosphere. i

, One offthe Air Force balloon projects was called Man High.
For the principal Man High flight, the 'Air Force chose Maj.
David G.|Simons (Fig. 28). In August 1957, Simons ascended to a
height of| 102,000 feef. The flight lasted 32 hours 10 minutes.
At his highest€Rtitude, Simons observed a'black sky above him,
and he couldysee the curve of the horizon. To recoid any cosmic .
radiation at this altitude, Simons wore special photographic plates
mounted on his arms and chest. He also had with him. some black
mice for testing'sthe physiological effects of cosmic ‘radiation. No
immediate cffccti were noted from the exposure, but.the black
mice later became spéckled with gray, indicating premature aging
- from cosmic radiation. -

During his flight Simons was protected by a secaled pressurized
gondola containing a mixture of oxygen, nitrogen, and helium. -
Although provisions were, made for purifying the atmosphere, the
carbon dioxide content of the scaled gondola became danger-
ously high. S‘lmons‘cvqluatcd the risks and remained aloft..

The Man High flights were followed by the Excelsior balloon
flights made by Air Force Capt.' Joseph W. Kittingpr, Jr. The Ex-
celsior flights, pegun in November 1959, werc made for the pur- .
pose of testing aircraft ejection equipment. Kittinget had prepared
for his balloon flights by assisting Major Simons 'With the Man
High project. On his flights Kittinger rode in an open gondola
protected only by his oxygen supply and pressure suit (Fig. 29).
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A

Fn;uro 2‘8.K Maj. David G. Simons standing de his ballaan capsule. Simans reached
, on altitude of 102,000 feet an 20 August 1957.

On the first flight, as Kittinger prepared to jump from the gon-
dola at an altitude of 76,400 fect, his altimeter caught on the
door. The delay caused in freeing himsclf upset the automatic
timing device on his parachute. As a result, Kittinger's parachute
opened too soon, the cord tangled in his clothing, and he was
spun violently during his descent. Fortunately, he was able to
right himself and make a safe landing. ' .

The second and third Excelsior balloon flights were completely
successful. On the third Excelsior flight, Kittinger ascended to the
‘height| of 102.800 feet, shghtly higher than Simons' maximum al-
tstude.YAfter Kittinger jumped from the balloon gondola, he kicked
and moved his arms about to thaintain stability during free fall
(Fig., 30). During the descent Kittinger reported on his sensa-
tions By talking into a tape recorder fastened to his body.

Kittpger's parachute jumps showed that pilots could cject safely
at yery high altitudes, on the very fringe of space. Years fater, dur-
ing combat n Viefnam, Kittinger made another parachute jump
that took him thrdugh danggr to safefy. Upon landing, he was

Q ‘ ‘ gt;
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F\iguro 29. Copt. Joseph W. Kittinger, Jr., beside open gondolo used on Excelsior
flights. Kittingen wos protectod by his pressure suit ond oxygen equipment.
t, ¥ » ]

. captured by the North Victnamese and held prisoner but, was re-

leased carly in 1973, .

The balloon flights ended at the ceiling for winged aircraft and
air-breathing vehicles. Through the usc, of rockete power, animal
astronauts codld be launched into spaci to prepare the way, for

L]

man. ¢ "
‘4

Awnimal Astronauts -
M
Aflgr scicntists and x,ngmc«.rs began gxpmmcnung with rockets
following World War I, medical rescarchers sent ammals into the
upper atmosphere o test conditions there and td find out how
living matter rgaclé‘d to spaccflight. Dr. James Henry performed
some of the early ¢xperiments with ammals at Holloman Air Force
“Base; New Moxico Since the first rockets could carry only small
payloads mice and other small animals were used for the ecarly
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Figure 30. Captain Kithinger during free fall. He moved his arms and legs to mmntqm
stability

']
“

cxperiments. When these small animals were rocketed into space,

they had to be protected with a pressurized ¢nvironment and had”

to be provided with food and water. Scientists made the first
crude space capsules to protect the subjects of their cxperiments.

As rockets became more powerful and larger payloads could be
sent nto space, American rescarcherg aised larger animals for their
cxpenments, and they constructed better space capsules. While
Soviet scicntists prefer dogs for their space experiments, Ameri-
can scicntists have uscd monkeys and ychimpanzees. Singg~ these
animals arc higher in the ammal scale/ they have a physiology
that more ncarly resembles man's, and/ they can be morc highly
trained. Soviet scicntists, on the othér hand, have collected a
large body of physiological data abouyt dogs, which ¢nables them
to make comparisons. The Saviet dog Laika, a female of the

| 67 ‘
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. 4 Husky breed, ‘was the first’ ammal to be rocketed into orbit. Laika
e survived in orbit for about sever days and then did there.
About a detade beéfore the Mercury astronauts made their frrst
o . flight, US researchers sent chimpanzees and monke)s mto space on .
-, sounding ,rockets, .
. Two of the first chimpanzees.to go into space w Pat and
Mike. They made the trip on an Aerobee rocket in 1952 un .,
_order to togt G-forces during spacefhght Onc animal was scated,
arrd the other was lying. Although the scated animal took the
more severe punishment from G-forces, telemetered data showed
.« that neither animal suffered ill effects from the flight. .
. . In May 1959 two monkcys Able andBaker,. were sent aloft -
" on"a Little Joe rocket to test protective equipment..Each monkey
traveled in a separate sealed capsule. Each wore a specially de<
srgned space suit and hetmet and reclined om3 contoured couch,
With lc;gs drawn ip (a position intended to give’ the ‘best protec-
‘tion, agamst G-forees). After the 'space travelers were _recovered

and given a thorough examma;ron the fl;ght was pronounced a
suceess, :

Figure 31. Enos fitted into pressure couch, This chidpanzes wos used to test, the
' . Mercury spotecraft in orbitol flight. .
! - . . . . -~
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., Enos, like all animal astronauts,

[} -
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Before American astronauts Yere focketed itdo space, two
chimpanzees were used to fest the "Mercury spacécraft angd’ the
flight plan for_it. Ham prepared f y for the F@rst suborbital

.fllght by Abtronaut Alan Shepard, \and‘\ Enos (Fig. 31)'orbned“

bital flight. ' O ‘
cargfully sélected and

trained. Results were gratifying: Enos did gl the tasks assigned
to him. He_worked to get at his water and food, and then shéwed

in space before Astronaut John Germ* ade the first US or-
1
| )

scientists that it was possible to eat. and drink while in orbit. When’
_ the capsule was recovgred, Enos’s Spage smt was drenched with
perspuatlon, bul he was alert and excited. He popped out of ’

" the capsule, wobbled a bit, an& finally began fo jump for joy.
Then he went the Tounds Jo shake the hands, of his rescuers. A,
few hours Tater space official announced that’. the United States
was' ready to-send the, first astronaut into Ol'blt

years rch in aerospace medicine and by more than a cen:
of study of flight physiology. Many questions about spaceflight

) Stll remamed unanswered, however, as the first astronauts pre-
pared £9 }nto sgace. To understand how the astronauts have

how ¥ve developed pﬁotectxve equipment for aircraft flight and how

" copgd, with the. stresses of spacéﬂlght, it is first necessary to know
pi&are trained "to, fly aircraft. -

FERMS TO ‘RtMEMLER .
o
¢ soni¢ barrier
, heat/ barrier i
-~

3erosp?' &medicine
hyman epgineering
alfitude chamber
flight surgeons’ .
§ewomec}|anisms .

i
|

" free fall

.

space capsule

A

Montgélflet (mohn gol
"1’ _ \fée YAY) .

ersaillés (ver SIGH)
Jacqncs (jock) Charle\s

alais (kahl ‘LAY)

' NEL LEE)
ssandlc} (tee sahn de AY)
uguste Piccard (pe¢ KAHR)

"+ The way f}r man into space ‘had been’ prepared by some flftv x

pressurized gondol ?
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1. What contributions did t \ early balloonists make to\fl(g]t ha%

What kind of experiments id Paul Bert-perform?

2. What is agrospace medicine? What professionnl services do flight surgeons
perform'f mers”

3. How are man and the flighlt machine made t\t\)‘ work together?

4, What we the X serles of aircraft? Who flew the X-1, and what did it
lccompl ? How was the X-15 used? -

) 5. What co! tributions did advanced balloon flights make to the study of
/ flight physiology? \.

, 6. How did the animal astronsuts prgpare the way for manned spaceflight?

P e
I : THINGS TP DO

and Blanchard or of Sivel. Cr Spinelli, and Tissandier, and tell what
_ the flight contributed to our hnowledge of flight physiology. Why were
. the flights of the early balloonists important in{the study of flight physi-
ology? ; R

. lfﬂ)oJ arq terested 1N mcdn.mc make a study f»onc of the physiologists
or doctots who made a slgmfl\.hm contributidn to aerospace medicine.
‘ou may| wish to select one of the early contributors mentioned in tha
hapter. gich as Paul Bert, Dr, John JeffrieS, or Gén. Harry G. Armstron
r you mfay wish to study abou} the rg¢scarch done for the Air Force b

r. James Henry or Col. Paul Btapp. phich is dgscribed in Chapter 3,

. Make a study of one of the ea(r)}% ballopn flights. such as that of Jeffries

[ I
L]

3. The 'X-15 wis the last of the X series bf research awcraft. Many cxcmng
flights were made with} the X~15 Sele¢t one of hc‘ test pilots who flew
the X-15 and tell abdit his most important flight, Concentrate o the |
biomedical aspects of the flight. What kind of prptective clothing diff the "’ F

'

pilot wear? How was the airérdft pressurized?

: o,

4. Make a study of onc df the more recent balloon flights, such as that of i l
- Major Simons or Captain Kittinger. What biomedical findings were made?

‘ “ What did the rl!ght contribute to our hnowledge of flight Tsiol gy ?

5. Make a study of the flight of onc of more of the mdft impoktant aumal l&
. aMronauts. Wi botedial f.ndmg were  ma 4 on the flight? was
4 e amimalis) pd and L€ suppost gn{c d animal astrehauts

‘k prepare the wa¥ I‘F(manncd spaceflight? / 7 // . l '

| f ' .
vq‘casnows FOR|[FU TH R/REAI) }? / ¢
\ i " -
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Prdntice-Hall, 1963, ‘ . f ‘
AtDIN, | MARrIN and GRACE Aviation and Space Mediane. New York. -E.
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THIS CHAPTER describes the protective equipment and the pilot training thot
moke flght possible i modern h gh performonce oircroft 1t explains how
oxygen masks pressure o te and Gsuts are used to protect piots and o
crens how the pressuc zed cabia operates ond how wircrens ond passengers
ore protected oagoinst rap.d decompression  ond hoa military pdots onj{
oircrews boil qut and use ejrction seat systems to escope from aircraft Next
the chopter surveys mitary and avil pilot training programs and describes 'hS
different kinds of flght vmylotors used n traiming  Afte® you have studie
this chapter you should be anle to do the following 1 explon how pilots
onagoscrens are protected by oxygen masks pressure suits, and G suits
2 dentfy the two kinds of pressurizel cabins ond explain why the pres
surnized cabir was important n advorcpg commerciol flight 3 describe the
operation of o parachute ond of an ejection seat system ond 4 explan
how *Re low olttude chamrber and sophishicoted simulgtors gying the feel
! .
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Hu.'mL REQUIREMENTS OF FLIGHT
/ ' . | PROTECTIVE E{{Ulp.\mm

present there are three kinds of protective equipment usedjé
aiggraft. (1) protective clothing and |, accessories, which include
_oxygen masks and pressure suits, (2) pressurized cabins, and 3)
equipment for ‘escape in an emergency, Oxygen masks, pressure
suits, and pressurized cabins are used to supply an artificial
\ atmosphere during flight. This atmosphere is needed both for
\ breathing, and for counterpressurc against the body. Man cannot
fly at hig\h altitudes without takipg with him an atmosphere con-
' \ “taining adequate oxygen. E ‘
Protective Clothing and Accessories
[ ] . .
, Oxygen was first supplied \by an oxygen mask and then by a
' pressurc suit. In time cngineets learned how to pressurize the en-
tire environment of the cochpit or cabin. Now most high-flying
aircraft have a pressurized cdbin. But because there is always
, the possibility thaﬁ this cabin might become depressurized during
flight, oxygen masks or pressuré suits arc taken along for use in
an emergency. ’
About 98 pcrcan of all flights are made below 50,000 feet. Air-
craft flying at the higher altitudes within this level make use of
‘\ a two-way plan for protecting aircrews and passengers. (1) a
|

pressurized cabin and (2) oxygen masks for backup.
The 2 percent of all flights made above 50,000 feet are mad
by combat or test pilots. Alircraft fl)ing:abowe 50,0'00 feet have a
«/ three-way plan for protegting pilots. (1) a spac] cabin, (2) a

!

pressure suit for {backupy”and (3) a G-suit.

The pressure spit and the G-suit, which were developed to pro-
tect military pilois 1n ,high-performance aircraft, formed the basis
for the spacc sujts for astronauts and for protective equipment
used in civil aircrpft. In developing protective equipment for flight,’

' sdoctpts and enginters ptarted with the oxygen: mask. '

‘\ OXYGEN Masks,—There are three types of oxygen breathing sys-
tems, or, oxygen masks with their'tanks and other accessories.
These are (1) the, continuous-flow ¥ype for use up to 25,000 feet,
(2) the demand type for use up to 35,000 feet, and (3) the pres-
surc-demand typc for use up to 45000 feet (Fig. 3a).

. Almost all aircraft that fly at higher alutudes today ate being
equipped with the pressurc-demand oxygen | system. Even some
of the older aircfaft ure being refitted with thp équipment. Usually
:Jn'nc continuous-flow oxygen system 15 uscd fuf passcngers on com-

ercial pircraft or military troop transports., The masks for the

\ ‘ continuous-flow system (Fig. 33) are ecasier \to put on, and the

4
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Figure 32, Buers celling o3 roised by different kinds of protective equipment. The
demond oxygen system s used routinely up o 35,000 fee!, and ¢
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Figure 33. Continuous flow oxygen mask. With the contingouffiow oxygt& system,
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assengérs ally do not require as gmch oxygen as the pilot

- fand other crew members do when making an emergency descent.

The passen rZ re inactive and thereforc do not have to have as
much oxyge crew members flying the aircraft.

. The pressury -demand oxygen system is a piece of equipment
representing séveral stages of development. Tracing these stages ’

enables one unders%and how the modern complex system op-
erates.

The, fn:st o gen equlpment which the
tubes,” , ope txg from & pipe stem. When
he would plll on the 'stem, much as a m
and the pildt received a supply of cold wet,
after pulls, the oxygen leaked.

As aircraft climbed higher,. larger supplit
needed, and a leakproof system was required.
the oxygen mask, which fitted tight, about the nos
first a continuous flow Jof oxygen was supphed t
the oxygen could be t en from the dmbient air.

When aircraft flew $till higher, the amount of
by the pilot increased| greatly. At very high altitudes the pilot
requlres a higher proportion of pure oxygen. Very little of the
requirgd, oXygen can /be  taken from the surropffing. air. The
solutigh was to shut off the flow of oxygen during |the exhalation
phase |bf breathing. Oxygen was, supphed to the mask only when
the pllot inhaled (Fig. 34) Tbls system of supplying unpres-
surized oxygen upo dcmand, or the demand oxygen system,
workefl well until an alutudc of 35,000 feet was reached.

From 35,000 to 45,000 feet, the pressurg of the alveolar air
(okxygen in the lungs'plus Watcr vapor and. carho dioxide). ap-

of the ambient air. Uner \thigse conditions

lots ed “dribble
ef pilot r? ded oxygen

. Before, and

£
) tl answer was
and mouth. At
the mask, and

there is not enough xygen entering the lun Yend an ade-
quate supply to the bloodstream, and hypoxid rdsylts, To pre-
vent hypoxia at altithdes up to 45,000 ‘feet, pressure-de-

mand oxygen systerh is used (Fig. 35). This sydtem Sjupplies un-
pressurized oxygen {n the right amounts at the lo vck lavels. When
the 30, 000-foot levdl i reachoe: the system delivers 100 percent
oxygen with the p SSUre. adjusted to the altitudt. In the more
modern .system the prc§sure is adjusted automa 1ca}1]11y In the
old“r type system the pilot has to adjust the séttings \mally
Yhenever a pilot | breathes under pressure, his breathing cycle
is eversed. In norma breat ing his body uses muscleypoy S{\ to ex
This ction creates lowered p essu n th
unjls, and the air rugg y the lungf during. inhalatior, &s exr
laihed in Chapter 1 uh g kxhalation ithe chest cavity rei es. 1
pressute breathmg th \pr s is reversed. The musclesiof th
\

-
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o

pu ls on his pipe,

oxygen were

pxygen needed '
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oxygen mask. /With the demand. oxygen system, there is no
ygen Is supplied {io the user{gnly when he inhales. The amount qf

en,supplisd Is adjufted automatically to the flight altitude——

N

Vo " . PRESSURE-DEMAND

B . OXYGEN MASK - .
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. Figure 35. Pressure-demond oxygen mask. This thask operates in much |h3- same
woy as that used with the demand oxygen systém. The principal difference is that
oxygen Is supplied under pressure. The rnd?k must be Jightly sealed about the face.
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. transcontinental speed record. The flights were mad
rcachcs of the stratosphere whcre prgssure breathjng was|not re-

\ "Coi'ps bcz,dn rescarch to, develop a practlcal press
‘combst. flicrs.. Onc of the pioneers in k\carch o
S

HU\(AN REQUIREMENTS OF FLIGHT : z

ost cage are relaxed as dxygen is forced into the lungs during
inhalation, but muscle power must be used to force exhalation.

. In other words, the pilot breathes out rather than in during pres-

sure breathing. This breathing in reverse is tiring, and it can
lead to hyperventilation if not garefully conttolled. ¢

Oxygen masks are used }1 /hlgh altitudes only 'in, an emergency
or for short perrods of fime to insure thé safety of the crew.
Whenever Air Force alrcraft fly unpressurized above 13,000 feet,
onc member of the crew ,is usually kept on oxygen commuously
If possible, the pilot andlcopilot take turns wearing their oxygen
masks. At altitudes from 40,000 to 45,000 feet all crew members
wear pressure-demand oxygen masks continuously. - Above | the
45 000-foot level & pressure suit is usua?y used to back up/ the
pressunzed cabin. A rhask is used abovel 45 000" feet only in an
emergency.” At the 50,000-foot level ffo ' ox,ygen will enter the
lungs even if 100 percent oxygen is supphed! under presspre.

PRESSURE suiTs.—Long beforc the 45,000-foot level 'was reached,

pilots felt the need for having _counterpressure against the body.

The first pressure suit to provide this counterpressurc rcscmbled
a deep-sca diver's outfit. It was desrgned by Wiley Post in.the
1930s. In 1934 he worc the suit in his attempts to br

of fabric, leaked badly he s cond t frttcd t¢o ight
to Be cpit to free the flief. ThE thitd, ll

The inher layer was a fubbg¢r container for hol ling gay under
pressuge. To keep this container from balloonmg o t, there\ was a
secon laycr of rubbcnzcd fapric that kept jts ha e and

third sult incorporated the prjnciple of layering,
different materials to serve diffgrent purposes. Later pressure suits
were developed upon this prmcrplc Unfortunately,, with Post’s
. ,dpath.in 1935, no further work was' donersh the preSsure syit\in

-

the Umtcd States for, h\orc than a decade, but oth r nations todk

up its dcve}opmcnt
During World War- II ‘both the US NaYy and’ the Army Air
suit for
%rotccuvc
After com-

crrculatory
\dcvclop

'

pleting work on a wartxmc regearch  project, on th

equipment for the Air Corps was Dr. Jame Henry
system, Doctor,‘Henry wcnt to work at erg‘ht Frcé

... & pressure suit. At thls time thcrc was 1o such thi g ps a prcs-

sing layers of.




PROTECTIVE EQUIPMENT AND PILOT TRAINING

surized cockpit—only ,0xygen masks and a kind of pressure vest
developed by the Royal Cdnadian Air Force. Doctors believed
th

L 3

ssure , at extremely hlgh altitudes, their bodies must be pro-

cted by being inclosed in a suit that would ‘exert counterpressure

ainst the entu‘e body, not simply the chest and lungs. The

heory seemed’ sound, but it had to be proved by’ developmg a
‘practical pressure ‘suit.  ° - 7 -

.| Doctor Henry, clothed in a akesh t pressure suft that covered

ost of his body, graduallyﬁl;tl);ecte Rimself to higher* altitudes
n ‘the pressure chamber. F"nally he feached a srmulated altitude
50,000. feet. When, in November] 1944, the  Air_Force was

oy

feet, Docter Henry decided” to develop enough counterpressure
.in his suit to go to an aljitude of 58,000 feet and remain at that
altrtuQe for some time. Fhis was a feat unheard of at the time.

Since, Doctor Henry'y pressure suit was ctude, he made the sim-
_ ulated ascentito altrt}flde gradually, pausing at various levels to
_ breathe pure oxygen. Even so, he began to feel dizzy by the time
" he reached the 58,000-foot Jevel.. Although suffering from hypoxra,
he kept up outmf tasks to test the flexibility of the surt He
was so absorbed i his work that he did not notife the observers
at the control| wi fidow signaling to him. They wapted him 'to 1ook
at his right hqnd. When Doctor Henry glanced
it was blown. hke a balloon. Suddenly the
, in the same . General Armstrong, in garly experlme ts, had
o observed simil balloonmg of the bodies of rabbits in_the [pressure
" chamber at the é me altitude. The controllets At the widdow de-
cided that''it -3§ not safe to watch the phenomenon any longer.
Without waitjng for a signal from Doctor Henry, they brought him
dowii’ from ltitude. . - ,

The expe iment showed that a pressure suit would protect man
in the rarefiod atni‘osphege at an altitude of 58,000 feet, but to
do so the $uit must completely inclose the body——hands, as ell
as trunk, head, and legs. Although the pressure suit that was de-

g

.t surized. This is what lS known as a partial-presSure suit,
< _ At the same time that the Air Force began work on the partial pres-
. sure suit, the Navy was assrgned the’ task of devéloping a full-

&' pressure Suit, After the

. its'researcheys also worited on the, full-pressure suit. From #he full-

. . pressure suit developed for combat flieys came thefirst spaee suits

- for astronauts The services plan to gradually rep ac&\the partlal-
pressure” suit with' a fulf prcssure suit. 3

- o ‘ , . "+' \|
JERIC R /’§ .

if pilots, were to be successfully’ ,provrded with oxygen under -

/ Qady tg purchase .a turbo;et/ irctaff that would fly at 55,000 .

velopcd covered the enttre body, orfly part of the.suit .was, presC

Ajr Forge produced a partial-pressure suit, -

[
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A full-pressure suit (Fig. 36), which creates a completely pressur-
ized .environment, is the ideal backup for a pressurlzed cabin. It sur-

° rounds the wearer with a complete envelope of pressurized gas.
This does away ith the uncomfortable squeeze of the p,amal-
pressure suit and allows more mobility "and fuller pr ection.
Most full-pressure suits' are unpressurized as long as “the air-
craft is*flying below 35,000 feet. As soon as the aircraft feaches
this level or there is a loss of pressute from the aircraft' cabin,
the automatic controller on the suit causes it to inflate. The suit

HUMAN REQU]REMENTS OF PLl'GHT

inflates to a pressure which, when added to that of the/ ambient
atmosphere, equals about 3.5 psi. This is just abou he same
pressure as that of the earth’s atmosphere at 35, 000 r There-

fore, a pilot wedring a full-prc%sure
pressure altitude greater than 35,000
flight altitude. n/

At the present time the Air Force sfill us
odern partial-pressure sui
It has

{Hlt is nevey exp sed to a.
eet regardless of the actual

e

any pa;tlal-pres-
rgpresents .a whole
yeen thoroughly tested under
protection. It is

_sure suits. The
.series of impro ments

only as

sure suit itself, hflmet, and gloveé
in layers. A?n inner layer consis
that cover7 the wearer except fo
*This provides counterpressure for

Fofte partial-pressure suits but
¢s. The suit consists of the pres-
(Fxg 37) Thq suit is constructed
of one large inflatable bladder
his head, arms, and. lower legs.
e main part of the body, pré-

wventing e)(panswn of gases and watkr vapor in the blood and tis-
sues. Sthaller bladders extend along the arms and legs to prevent
pinching when the Capstans are inflgted. The capstans are ipflat-
able tubes that extend along the arms, chest, thighs, and legs.

", When the capstans arc inflated, they pull the suit tightly agamst the,

&)
‘».

. of protective equipment: (1) an

> 3
J
. .
-

wearer’s bddy to apply additional counterpressure against' the ex-
pansion of{gascs and water vapor msnde the body. The outer layer
of the suit is made of nylon-cotton fabric, with ¢lasticized link
» OF “fish net,\ in the areas where stretch .is needed. The
su closed with Appers,.and laces provide some adjustment Egr
«:Lze ’Ijh,q §eale he met hasva plastic faceplecc ‘and it contains
fphones : for communication, and wires for heating to
prevent ,.foggmg of the helmet. The gldves for the suit. comam
small intlatable bladders.
- Actualty the modern pressure suit is not one but threc picces
Bxygen mask, (2) a prcssunzed
env:ronment" and '(3) a G-suit. Although the Gsuit is usually sewn
fnto the pressure suit and forms a part of it,jthe G-suit was des
. vclopcd separately [and serves a scparate purpose. '

v
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b churc . Full- prcuurc suit, This kingd of suit surrounds the wearer with an envol&po
. of press riud air. It is more comf Jtcblo than the partial pressure suit and gives
better protection, Problems arise in v nhlclfng the full pressure suit and in removing i
wh'cr/ vapor, , .
. e .
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3 HUMAN REQUIRE.MENTS OF FLIGHT ~

|
" G-surts. —The increased G-forces built up in fhght are usually |

posmve Negative G-forces occur”only occasionally, such as when
an aircrgft goes from level flight into a %dden dive. When t[br.——.,' ‘
G-forces [are negative, the blood rushes to the head, and the pilot < |
may ex,penence ~red-out. Negative G-forces as dow .as 2.5 to 3.5
-G can be fatal. -

After Dr. Ja}?xes Henry completed work on’ the partial-pressure
suis, he remaine d ‘at Wright Field to collaborgte with Dr. Otto

‘

‘e

3 ‘ EURIAEE
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Figure 37. Pcmcl plessure syit.[ This kind of suit is pressutized in parts, or segments, - &
The bottom layer of the suit is/a lorge bladder infloted to provide counterpressire for .
most of the body. Addmgncl lcwnurpuuuu is provided by inflated capstans, Nou »
) the capstans ox'oM:ng clong the pilot's atms, thighs, and legs.
r L) . » 4
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PROTECTIVE EQUIPMENT AND PILOT TRAINING

o

Gauer, a renowned German authority .oi the circulatory system,
to find out how pilots might be proieg(ed against negative G-
forces. From- experiments with animals iw the centrifuge, Doc-
_tors Tlcr_lry and Gauer discovered that fatalities from excessive neg-
ative, G-forces resulted from hypoxia,, not ‘from brain hemorrhage,
as had, bcen‘supposed. Under the stress of negative G-forces, the
blood rushing to the pilot's héad caysed swelling of veins. This
‘swelling cut off the ‘supply of oxygen to the throdt and lungs,
resulting in choking and severe hypoxia. When death wa$ shown
to be caused by hypoxia, the way was opéned for providing pro-.
tection. " Sl .
“Toddy pilots have some protection againt negative' G-forces
'by being supplied with adequate oxygen in a pressurized cabin,
backed by an oxygen mask or a pressure suit. Pressurized helmets
may offer enough count;zr-resistaqce to the increased blood flow
. in the head to raise the pilot’s tolerance of negative ‘G-forces b)y
2G A ' oo
' Another means had to be found to protect the body against
positive’ G-forces. Doctors Henry and Gauér found that if an
adeq:]fte supply” of, blood| flowed from the pilot's heart to his
,eyes and brain, he would not black out. Based on this finding,
the G-5uit was-developed. L .
"iThe»modern G-suit resembles a pair of cutaway nylon trousers
or cowboy chaps (Fig. 38). The trousers have bladders positioned
0 ihat"\ they fit at keypoints on the body. A small bladder i¢
pTaced at each thigh and one at the ‘calf of each leg, and a larger
bladder is spread, across the abdomen. The bladders are connected
to a comppressed\air system. In normal flight the bladders lic
flat, but as soon aj the aircraft goes into a maneuver apd the G-
fqrces reach a positive 2 G, air is. automatigally réleased from the
compressed air system and inflates the bladders. As the&‘ éxpand,
the bladders press ‘tightly against the pilot’s bady, cdusing the .
blood vessels in the lower dktremities to .constrict and| keep the
, blood from pooling. This, agtion forces the blood tgwatd -the pi- ~
intaini ﬁlow of blood between the heart and

»

- lot’s head, m the
" the eyes an

The G-sitit is worn cit over or bencath the standard flying
clothing. If may be designed to be partof the pressure suit for
pilots flyjrg high-performapc Qircraft, as noted carlier. The G-suit
can givé a pilot énough Yiofction to ingrease his tolemance to
' positive- G-forces by 2 G. V| ot .

At the same time that restarchers we devoloping the G-suit {
and other protective clothing for fliers, other researchers were
trying to develop a pressurized cabin. They wanted {o pressurize }
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OO -
- - -

.

N BE ‘75.82( > _\ Ly .
. . L




. N ! \ ' v.
Figure 38, A G—suit. This 1s © poir of cqtowoy trousers like those shown Sbove. The
" G}Yuit moy be worn outside the flier's suit, or it may be port of the: suit.
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the entire

rkpit, nat just the asea immediately surrounding the , *
.pilot’s body. :

. r\ v o /' )
"« Pressurized Cabins "\
" The ressurized  cockpit, or the pressurized cgbin, as it is gen- \\‘
erally known, took many years to develop. Many difficult problems
had to be solved before a pressurized ci{n. was possible. Althpugh
the US Army Air Corps conducted itsa}l st experiment on such a
cabip as carly as 1920, the first American-built pressurized cabin
did pot appear until 1937 with the XC-35 research aircraft.” The
first’ American pressutized airliner, a Stratoliner, carried passen-
gers in April 1940. - R : .
The pressurized cabin, meant a regl breakthrough in meeting
the human requirements gf flight at high altitudes. It represents =
V. triumph of both medical and engineering knowledge. .To de-
velop the pressurized cabin, researchers drew upon the store of'
, knowledge of flight physiology that had accumulated since the
early balloas‘ists and the French physiologist Paul Bert performed
their experiments. Bert laid the foundation for the pressurized
aircraft with his studies of pressure Ytitudes. J
.~ “With the pressurized, cabin, pilots and passengers now have
. more security during flight. If the pressure altitude of the ¢abin
‘. can be kept low enough, the otcupants are protected against both
hypoxia anid decompression sickness, as well as expansion of’
trapped ,gases and most of the discomforts caused by " sudden
changes in pressure during flight. Fugther, the pressurized cabin .
can be maintained at a comfortable temperature even at very high
altitudes. e
~ PRESSURE DIFFERENCE AND STRENGTH OF STRUCTURE.—From an
engincering standpoint, ong of the most difficult problems ih pro-
ducing a pressurized %abin is to, make the walls of the aircraft
streng enough to withstand the difference in' pressure between he
atmosphere in thé cabin and that on the outside. At lower alti-
tudes, this difference in pressure, or the pressure differential, as
it {g called, need not be large, but as the gjrcraft flie§ to increas-
ingly Righer altitudes (z_md\{hc need for a,pressurizéd cabin bé-
»y ‘'comes greater), the pressure ‘differential becomes greater.
,.) With a larger ptessure differential, it is, netessdry to have

Y

. stronger cabin walls to withstand the pressyre across the walls.
I, for cXample, the pressure of thi atmosphere Joside an air- °
s craft cabirt were kept at sca level pressute . (14%% psi) a$ the *

.. surd differential would approach 14.7

. pr’c§‘surc on the outsidesefmthe aitcraf a
surc’ of one ton on each squarg foo

x

£
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can_opies: doors, and windows. .To withstand such A tremendous
pressure would require an aircraft structure, too/ heavy to fly.
Fortunately, man is able to tolerate a reduc ressure environ-
ment.

3 If. 3 pressure altitude of 8,000 to 10,000 feet is used instead
of sed level as the lower limit, then the pressure differential
across, the walls of the aircraft cabin is greatly reduced. With a
cabin pressurized to the 8,000-foot level, aircraft can fly at 40,000
feet to 45,000 feet with a maximum pressyre differential of 8
to 9 psi. Most jet passenger aircraft are designed to operate at
.this pressure level. Recently, however, there has been ap(gpdency
for aircraft designers to use a higher pressure differential for pas-
senger aircraft, permitting them to fly at the high cruising levels

- with a cabin pressurized to an altitude of 5,000 to 6,000 feet.

Improvements in metals make possible stronger and lighter air-

craft structures that can support larger pressure differentials.
Most high-performance military aircraft have less pressure in

their cabins in order to keep the aircraft lighter in weight and al-

. 16w more mapeuverability, as well as to guard against the danger
of decompreSSion as the result of enemy fire. Military aircraft
going to very high altitudes usually operate with a maximum pres-
sure differential of about 5 psi. Therefore, at the .highest flight
altitudes, the cabin of such aircraft is at a pressure altitud® of
about 25,000 feet. At this level supplemental oxygen is needed
to prevent hypoxia, but there still is protection against decompres-
sion sieckhiess. Combat aircraft are equipped with an override con-
trol that makes it possible_for the pilot to reduce cabin prggsure
if there is danger of being struck by enemy fire. In this way it is
possible to rdduce the hazards of decompression.

MMNTMNIM‘? THE CABIN ATMOSPHERE.—Other problems had to

"be solved in keeping the atmosphere within the cabin constant.
The atmosphere must have excessive water vapor temoved, it must’
be free of contaminants, and it must be kept at a comfortable tem-
perature. The problems of keeping the cabin frec of nogious gases
and vapors are described in Chapter 1. The special problems of
the space cabin are discussed further in the next chapter on space-

V' flight. : . .

' Surprisingly enough, ge of the first problems encountered in

« pressurizing the cabin wag overheating. Even when the outside
temperature is a frigid —67 degrees F., the cabin tends to heat

\ rapidly ‘as”air is drawn in from the outside and compressed. Im-

+ provements in air-conditioning equipment have helped to keep the
‘cabin " tempgrature constant. :
CONVENTIONAL PRESSURIZED CABINS AND SPACE CABINS.—AIll air-

\ craft cabins are pressurized in the sense that the air inside the

3
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cabin i under greater prcssure than| that of the ambient atmo-
sphere. Yp to 50,000 feet, or' the lower limits of space—equwale i ,
conditiops, |a cabm is usua‘ly pressurited by drawing in air frozg\
the outdidd and compressing it. ThiS is .a conventional. pres
surized dab (k-‘:g 39) Above 30 000 feet the air fromh the out-

_ side must be sealed off, and the cabin is pressunzed
use of a supply of oxygen or other gas carried' on' bo
cabin is cdlled a space cabin (Fig. 40).

In the gpace cabm the 'supply of gas, t‘or the ruf:{:lal a
is limited) and the’ gas ust be kept from leakidg. Wh
quantities of oxygen are needed for" supplying the a

_ for a space capm, a convester system is used. The system r vides

« ! ffor storing liquid oxygen (LOX) under pressure and then cquverg- .
mg it into a gas for use. Handling oxyg'ewﬁ board aircraft.
first presented difficult problcms for engmeers Liguid oxyge
must be kept' at an oiftremely Jow temperature (about —297 de-
grees R) to 'keep lt from cia ging into a gas: durmg ‘storage.
When oonv;rted info a gas for\use, the liquid oxygen expan“

enormously (about 860 times).

Yoot MRS

' \

Figure 39, Oporotio‘ﬁéf\c conyentional pressuri cabin. Air from the outside is

drawn mndt compressed, dnd Qngomtod. The osphou Akopt fresh by dumping
the stale ai verboard and taking in fresH air.
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a space cabin.. The conventional pressurized cabin is portially aled; the spoce cabin

Figure 40. Differance betwesn an open cockpit, a convantional| pressurized cgbin, and
? is complatefy sealed. /.

HAZARDS OF DECOMPRESSION.—With both the/space cgbinf and the
conventional pressurized cabin, the greatest h ard lies ¥Q/the pos-
sibility of rapid decompression at altitude. Military aircr i
_more danger of decompression, as they may be hit by epemy fire.
The speed with which decompression takes/ place depends pri-
marily upon. the size %&he aircraft and the size of the¢ opening.

1

If decompression is tapid and the aigeraft is flying at a very high
altitude, the pressurized atmosphere of the cabin explodes out-

ward with a loud bang. The cabip becomes filled with dust, fog, ~

or flying debris, Persons sitting near openipgs are in danger of
being blown out if they are not firmly seghred with a seat belt.
The occupants of the cabin are left in a Mdazed condition. The
"greatest danger from rapid decompression’ i$ from hypoxia, as

explained ip Chapter 1. Fortunately, .the victims -of rapid decom-
if they are supplicd emergency oxygen and

‘the, pilot can land without delay.

In gencral, the number of r id decompressions has been quite

smalover the years cven in military \aircraft. Jet transports and
v \

 pression can survive
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high-performance niilitary ‘aircraft have proved to be structurally
sound. toe
Combat pilots face other dangerS than those from rapid de-

compression, however. As aviation progressed, it became apparent .

that some new means had to be found fo help, combat pilots es-

‘cape from their aitcraft when if ‘went out of control.

. Escape Equipment .

When aircraft flew at rélativély low altitudes and s.peeds, a

" pilot could escape from his aircraft simply by bailing out and mak-

ing use of his parachute. Wheh aircraft began traveling at high
rates of speed, the G-forces increased sharply, and the pilot
hatt difficulty first in forcing his way out of the aircraft and then
in clearing the aircraft structures. For escape from high-perform-
ance aircraft, the military pilot now has an ejgction-seat system.
But whether a pilot makes an unassisted or an assisted escape,
he uses a parachute for making his descent to the ground.
PARACHUTES FOR BAILOUT: (UNASSISTED ESCAPE).—Pilofs wha
fly in slow airctaft depend upon parachutes for bailout in an emer-

gency The person making the escape simply releases the canopy

of the aircraft or dpens the door and jumps over the side, using
his parachute to bring him safely to the ground. Combat crew
members are taught how to “hit the silk,” or use their parachute.
Noncombat *crew .members may be required to wear parachutes
during dangerous missions. . .

In October 1922 the first American life was saved by a para-
chute when Lt. Harold Harris, a US Air Corps test pilot, made
a safe bailout. Since that time the parachute has saved thousands

vof lives. The parachute has bcen improved somewhat and better

techniques developed for its use, but it remains essentially un-

changed. .

The parachute is made up of three basic parts: .the canopy, -

"the pack, and th¢ harness (Fig..41). Th canopy is the large

umbrella-like structure *that fills with air an supports the pilot
as he floats to the ground. Today the canopy is made.of nylon

 rather than silk. Nylon is stronger than silk and produces- less .
~ shock upon opening. The canopy is pulled from the pack by a

small spring-loaded pilqt chute, which first catches the airstream.

The nylon parachute pack, the package in which the parachute is
folded for storage, alsoEencloscs the parachute harness. The Har-

ness is a system of niylpn \il\cbbing used to securg the wearer

+ the suspension lines of the canopy. Part of the harness is the sii -

33

hich the wearer rests as 1}(‘: descends. The sling\is attached to
risers, the lines the| pilot 'uses to guide the parachute as it
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Fuguu 41. Deploymdnt of a parachute. The small pilot chute ‘opens first and then the’
large canopy. The deer is fastened into the purachute harness. This is a"cchod to the
riers. The risers can be used to guide the parachute jn landing.

. The risers, in turn, are attached to the suspen-
rought the

nears the- grou
sion lines of the canopy. After the parachute has
pilot to the grdund, he falls, rolls over on his back

parachute lines teady, and\then rejeases the canopy to\keep from
“being dragged aldng the groungd. .

When a pilot \decides to gba don hls-alrcraft, it is ortant
that he make the ecision “andybai{ out while he still has ficient

altitude. With eth paradhuty, the shock of opening\s ‘not
vcrc, but the increases\with altitude. The best mk
litude for openigg \he parachule 1§ about 1,000 feet ab

nd but safe ings have bein made at lower alt

bc use the pilot was
to ohen his parachute.

. When American pilots \first tried to escape from hlgh-perform-
ance aitcraft during World War II, they had difficulty in getting
out of the aircraft so tha they could makc use of their para-
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EJECTION EQUIPMENT (ASSISTED ESCAPE).—Today combat pilots
in high-performance aircraft usually have their parachute fitted into
the ejection-seat system. To build a practical ejection-seat system,
engineers had to have a whole series of precise data about how
the body is affected at l%t time of escape. Engineers had to know,

* for example, how much a man can stand in terms of G-forces,

windblast, and oxygen deprivation. How much explosive. force is
needed to fire a man fast enough and far enough to clear the air-
craft and still not injure him?~

The Germans were the first to collect data that made ejection
seats possible, and their pilots used such equipment for escaping
from disabled aircraft during World War II."When the war was
over, an American team headed by Dr. William Lovelace II, vis-
ited Germany and Sweden to obtain data on the ejection seat.

- The first American’ ejection seat was built from a German model.

The first live American ejection was made by Sergeant Lawrence
Lambert over’ Wright Field in 1946. In the next ten years 1,897
ejections were made by American pilots. Of this number about 81

percent were successful, . . o~

The ejection seat has been steadily improved, and chanbes in. it
have been made to keep up with advances in flight. Oné of the
Americans best known for basic resecarch on ejection equipment
or use in high\speed aircraft is DA John Paul Stapp (1911- ),

(Fig. 42}~ : .

At present the Air Fgrce makes 'use of two types of ejection
scats. One type cjects uplyard and the other downward (Fig.” 43).,
Both types of ejection se {s arc based upon the catapult princi-

/0’“ ple, the principle for prop ling aitcraft froni carriers. The ejec-

¥
. @

-
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ftion seat is equipped with exXplosiye cartridges that propel the :seat -
‘along a track apd out and away from the aircraft. The seat is

-+ iusually equipped® with harnesses, guard rails, a footrest, and a

headrest that hold the pilot's body firmly in position to withstand
the large G-forces. After the scat Jas cleared the aircraft and

- descends to a safe altitude, the pilot sgparates automatically from

the seat fFig. 44). Later his parachute\odens automatically to bring
him safely to the ground. These autonjatic featpres protect the
°pilot should' he become unconscious. Some modern ejection seats
are inclosed in a capsule tg protect the pilot against windblast.

' G
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Colon;l Stopp:boing prepo\ed for run\af .rochet powered sled. His arms

Figure 42. ¢
: ond legs were strapped down Yo protect hi ‘,igol large G-forces.

4

Since pilots of ﬁigh-performanée aircraft may have to cject
very high altitudes, onc of the esscntial features of cjc‘((:tion gquip-
ment is the emergency oxygen cylinder, or bottle, that the pilot

, takes with him as he leaves the aircraft. If the pilot escapes at
altitudes above 50,000 feet, he is protected by a pressure suit and
the oxygen bottle. If the pilot is flying below 50,000 feet, the Air
Force has an emergency ‘oxygeri bottle that can be used in free
fall. When actuated, it automatically.délivers oxygen under pressure

- for about 10 minutes. .This is long\cpough for safe descent, to
, lower altitudes. . ‘o h .
. At first tumbling was one of the-most serious problpms faved
by pilots who cjected at high “aljitudes. When g pilot cjects i
the stratosphere, he does not want his parachutk to open too
soon, as he would descend too slowly. Then ?c would suffer
, ~from prolonged cxposure, and the oxygen supply in his cmer-
gency bottle might be cxhausted Before he reached an altitude
"that could support breathing. Therefore, a pilot who ejects at a
high altitude must first go into frec fall. While in frec fall, he |
might be tumbled so” violently ds to become unconscious. Pilots
can keep their bodics oriented and prevent tumbling during *free
fall by making movcmi’r}ts] with _;heir armsgand logs. -
\-’.a- ] 84 .
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Although pilots attempt to eject at high’ altitudes, most . fa-
talities have occurred because the pilot was unable to get out in
time and the aircraft went into a steep dive. Then the pilot could
not eject in time to separate from the seat and open his parachute.
To increase the chances of sprvival at low.altitudes, the Air. Force
makKes use of the One and System, which is attached to the
parachuf. This system can override the ong-second delay built
into. the Gutomatic opening device on the parachute.

To give "the pilot an eVen better chance of survival on low-
level\éiections, the Air Force is developing what is known as -the
ZeroZero System (zero altitude and zero airspeed). This system
is provided with a rocket seat and drogue parachutes, which work
somewhat like the escape tower on the Apollo spacecraft. If the
pilot dogs ot eject soon enough to make a safe parachute, landing,

]

~ . - . .
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Figure A3, Cfewman sjecting downward fiom o B-47 bombar. The crewmon was pro- «

Q

. pelled out of the bomber when he pulled a ring on the seat. .

-
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he is to be rocketed up to an altitude that allows for opening the

systems that will be even more reliable than those presently used:
Rocket seats, improved capsules, and even miniature independent
flying cockpits are being developed.

To be able to use escape equipment and ‘other prptective_de-
vices and to look after the safety sof créw members jand passen-
gers, a pilot must have special training. Learning safety procedures
is part of every pilot’s training. - - . '

4 Ftu fall, o
A /wm ‘

on emergency oxygen as he ejects, An outomotic {iming device couses the porochute

Figure 44, Sequence following Qpchon*from o high performonce oircroft. The pilot goes
v \ fo gpen of o sofe olg:udn

ERIC ARRRE 3
" I . . ¢

parachute and making the descent. Research continues on escape’
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TRAINING PROGRAMS

-A pilot who flies,a odern high“performance jet is likely to take
M some kind of training al\jntervals throughout most of his career.
The initial training, which lasts about a year, simply qualifies the
beginner to be a pilot. The: Beginning civil' pilot must fly many
hburs as a second officer before he > is_cligible to become the first
officer and then the captain, Wmand pilot, of a large air-
liner.* B
In any kind of flying there is ho substitute for experience. -
Whenever new equipment is ihtroduced,.the pilot is given spegial
training in its use. A pilot* why_is to take over a new.kind of -
aircraft must first undergo tran itional training, or chapgeover

training, .
. If continual training is needed by \\h]e civil, pilot, it i
‘ even more by the”military pilot. The military pilot.is likel

everal different kinds of aircraft and perform a variety of
doxing his career. N

1

Military Prograqgs

A

The US Army, Navy, and Air Force cach onducts a,’scphrate *
flight training program. The Army and the Air\ Force use civilian
contract, school$ for parte of the training, mostly_in the primary
“phases of both regular fixed-wing and rotary-wing\aircraft (heli-

| ] copters). Each service conducts its own advanced tactical

training. The Navy continues to train its own pilots in al\phases

of the program. , .
The Air Force beginning flight training program fc)r Americ
) pilots, known as Undergradudte Pilot Training (UPT), is changing
' constantly' to meet the needs of the Air Force and to make use
' of ‘improved _training methods. At present Air Force Undergrad-
uate Pilot Training is ‘conducted at Air Force bases throughout the
™ South and the ~Southwest. All of the training except for survival
“training is carried through at one base. For the survival training all -
student pilots go to Fairchild AFB/ Washington. Trainces sta- »
tioned at Fairchild spend seven days in the ncarby forest. During

. this timc\dﬁz learn how to survive in hogtile territory. - .
The airst ips at the Air Force traini);%ascs hum with activity.
All day long jcﬁ‘tralncrs take off and land as prospective pilots
learn how to “hahdle them. Fwo jet trainers are used: the, T-37
“Tweetic Bird” and, the, T-38 Talon. The T-37, the subsonic

trainer (Fig. 45), is Wged by the student pilots after they have
completed primary work with the propeller-driven trainer. The

LRI [ Tea T
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HUMAR

/\
ter fhght in subsomc 7-37. The mstructor is showmg the
t\how to ‘propore oTog of his flight. :

rsomc ,speeds. Both jet ,trainers are .
. ighly mancuv;rabl; and cah, be fitted with cquipment used in
combat aircraft. A prgspective Air Force. pilot ,must have about .
.16 hours of flight in the propc.llc.r-drlv;n trainer, about 90- hours
1nt ¢ T—37 and about 100 hours in the T-38. - : 2
. valuable part of* flight training rcccntly added lS parasall .
traml A Formerly it was difficult to gm. the bigmncr a realistic

feel for parachutc. ]umpmg without exposing hin} to’ somc danger. »
’NO)V a traince practices in safcty on the parasall (Fig. 47). This

is a parachiute pulled aloft by a line attached to a truck or boat.
After tha train¢e gocs up 300 to 400 feet, hetis cut loose and de-
_scends on his parachutc "

. Besides the survival and flight training itsclf, the Air Force . -
1 candidate takes *physical education and has 'some 600 hours of .
classroom instructign in duch subjects as acrodynamics, faviga-

' tion, weather, insktsvmct lymg, and” general officer traiping.
The entire program for Dsginping Air Fog\Ce pilots fasts about 52 .
- weeks. It iy estimated that Air Force spen abqut $90.560. for
each trainec who graduatcs frpm the program. . .|
Air Force navigators ar¢ trained at Mather AFB, Callforma |
where they. learn advanced’ techniques for navigation. Since these
prospectm. navngators will bccomc part of a c.gular fllght crew,

(< S f - (}Ev .
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igure 46, Sluden';pilo's learning about the supersonic T’-38. This is the advanced
. jet trainer. - i
f»
» . .
Figure 47. Parasail demonstration by Astronaut Alan Shepard. A} this point Shepard
is ready 1o ke hoisted aloft. Student pilots learn how to use a parachute by practicing
. . with tHe parasail. . .
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Navy and Marine pilots and navigators go through a similar

HUMAN REQUIREMENTS OF FLIGHT

) brogram of hard work and study. Prospective pilots in the Navy

and Marine Corps are assigned to a wing of the Naval Air Train-
ing Command that is located at Pensacola, Florida.

Navy and Marine Corps pilots also undergo training to qualify
them for flight from a carrier. A Navy carrier operates in the Gulf
of Mexico off the coast of Florida for this type of training. Both
a propeller-driven aircraft, the T-28, and a jet, the single-engine
T-2 Buckeye, are used. Students make “arrested” landings (com-
plete stops) and touch-and-go landings. Before they complete their
work, they arc able to come in and land on the carrier as part
of a’flight formation. - .

The science “of flight training as ‘developed by the military
services became the basis for civil flight training.

. Civil Programs

Pilot training can be obtdined at most airports from flying
schools or from individual instructors. In addition, some colleges
and universities offer pilot training as part of their regular cur-
riculum. Training civil pilots is a large operation. The number of

civil pilots being trained has increased steadily. By 1973 there

-

were some 750,000 certified civil pilots. The Federal Aviation Ad-
ministration (FAA), the agency that certifies civil pilots, also su-
petvises their training and approves flight courses and fhight instruc-

[

tors. 3,

A flight instructor is an ‘expert in the art of flying and a pro-
fessional teacher as well. He is skilled in coordinating controls on
an aircraft, but he also understands the latest methods of teach-
ing A flight instructor must meet specified requircments and be
licensed by the FAA. He must hold a pilot's certificate for the
kind of ajrcraft he is instructing his students to fly, he must have
at least a commercial pilot certificate, and he must pass a test
on the fundamentals of flight instruction. Much of the reward
that a flight instructor gets from his job is in sceing raw beginners
became godd pilots under his direction. |

With the growing demand for civil pilots, the airlines kan no
longer fill their-nceds by recruiting pilots trained by the military
services They must obtain many of their pilots from civil flight
training programs The airlines do not/give beginmng training for
pilots, but they provide their own training for pilots who are
promoted in rank or who are to fly a new kind of aircraft or usc

new equipment, -
g
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The major airlines have now completed the program for tran-
sitioning their pilots from propeller-driven aircraft to jets. During
this training many cxpericnced pilots practically had to learn to .
fly all over again. Now the airlines are training pilots to fly jumbo p
jets. In transitioning to jumbo jets, the aitlines are making greater
use of flight simulators than ever before. Flight simulators, first
developed by the military services, are now used in both military
and civil programs for training pilots. '

e . »

FLIGHT SIMIU I.ATORS

’

A flight simulater is an apparatus that simulates, or gives the
* " effect of, one or many conditions of flight. In the broadest sense,
flight simulators include most flight training deviceS. The Air Force
uses more than 300 flight simulators for training pilots. Of this
number only somewhat_more than 40 ar¢ advanced simulators
that reproduce the motions of flight and are controlled by com-
puters. Actually there are two principal kinds of flight simulators.

stress devices'and mockups giving the feel of flight.

. Stress Devices

The low-pressure chamber, the centrifuge, and other devices
originally used for studying the stresses of flight arc now being
used in pilot training.

LOW-ALTITUDE CHAMEgER.—An important part of a pilot's train- )
ing is learning to “fly the“thamber,”. .or.to take simulated flights
to altitude in the low-pressure chamber ‘(Fig. 48).- The trainee
takes these flights after he has finished his physiological train-
ing but before he attempts actual high-altitude flights. Seasoned
military aircrew members go back to the altitude chamber at spec-
ified intervals to find out if their reactions to hypoxia have
changed. “

In the chamber fligﬁt‘;the reduced pressures are real, and the
same oxygen cquipment is used as in actual flight. All that is

* different is ‘the fact that the segled chamber rests on the ground,

and that observer and technicians are stationed in and around the
chamber to help trainees and prevent accidents.

. To get the feel of altitude, you might go with Air Force trainces
on ap.imaginary flight to 43,330 feet. This would put you far up
in the physiologjcal-deficient done where pressure breathing is re-

. quired Before trainecs make. this flight, they have made at least
one flight in the chamber to learn about using the oxygen mask.

. A plan for the present trip has been posted in advance. :

. 93 '




Figure 48. View through window showing Students moklng ° fllght‘ Sn the oltitude
chomber. Tho technicions at the cdntrols <on bring the students down from olhtvd.
' . in on cmcrgcncy g

Although lk‘tramces have made a previous fllght in the cham-

ber, the instructor bnifs them on #he effects of reduced pressure

.at_altitude. He also places in plam sight in the chamber a p‘ar- .
udlly inflated balloon attached to a jar. You are to, watch the bal-

loon inflate more as’ pressdre in the "thamber falts. This will. help
* you understand what is happening to your body. "The., instructor - .

reminds$ you about the dangers from trapped gases. He tells you -
. that you must permit trapped gases to escape from your stomach
arid ‘intestines by belching or passing flatus. He also cautions you
about the bends, the chokes, and other forms of decompressnon
sickness. You need not be concerned about decompression sick=_
ness until yoy reach an zititude above 30,000 feet. If you should
get the bends or if any other emergency “should develop, you. ate
to use prearranged hand signals to let the technicians know you
need help, .. . - '

A tcchhman then gives )«ou a prcssure-denrand oxygen mask
and an emergency oxygen r:ylmdcr, or bailout bottle, and you )
check these to sec that they are in order. You try on the oxygen
n(a.s]c to make surc it fits, You will nced the ba lou{ bettle be- .
cause you are to make a simulated frec fall after re egching 43,000
feet. Once the mstructor makes surc that both you and the equip-
ment arc ready, you don the oxygen mask’and begin to breathe .
“pure oxygen. The chamber door is left open*to kecp he pres-

sure outsxdc your body at sea level.

N ]
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' o Before a pilot goes to high altitudes, either ‘in the chamber or
in actual flight, he first breathes pure oxygen at sga-level pressure.
The process, known as denitrogenation, drives most of the. nitrogen
from the body tissues intd the bloodstream. Mrom here the nitro-

™ gen is carried to the lungs and exhaled. Getting most of the nitro-
gen out of the body before ascent to ultitude helps to prevent de-
conipression sickress at altitude. : .

- After denitrogenation is completed, the instructor gives the
signal to begin ascent. The door to the chamber is closed, and the
air begins to hiss as it leaves the chamber. You ascend-to $,000
fect while your ears pop. Then you make the descent to sca level
again, clearing your cars successfully. This preliminary ascent is a
safety check. If any of the trainces should have trouble clearing
their ears because of colds or congestion, this is the chance for
them to leave the flight. Everyone is all right. You begin the as;
cent once morg. - o . *

At 5,000 feet you remove the safety pin from the emergency
oxygen cylinder. ‘While you are stilt within the physiological zone,
the instructor has you practice adjusting the scttiii}s on the oxygen
regulator (with the new type system the press#t is adjusted au-
tomatically). : yo-

Durihg the practice period the instructor also briefs you on
pressure breathing. As you continue the ascent you begin to ex-
pericnce the strange process for yourself. Before reaching 30,-
000 feet, you adjust the setting for the regulator to “Safety,”
*and you begin to breathe ‘under pressure. Then your whole breath-
ing process is reversed. You are breathing our instead of in. As you

>~ continue the ascent, You concentrate o breathing “slowly to pre-
vént hyperventilation, or overbreathing. The oxygen i$ cool, but
yoji ‘are. perspiring from the effort to control your breathing. The

_ pressure outside your body seems to be almost entirely gone now,
and you begin o wonder if you arc getting the bends. You are
-g‘rat“cful‘that'gain i your joints does not develop. Finally you are
free "of trappéd gases also. Your cars cleal, gnd the pressure in
your stomach is relievéd. By the* time you near 43,000 feet, the
+ - rpressure of the oxygen delivered to the -mask is tripled.
3 ., Finally, you reach the awesome height of 43,000 feet. Yiu

R

© o+ remain at thi€ altitude for morgents only, but they scem -éndless.

L]

-—

ou wonder what might happen. You do not have. too much time
Mo think about the dangers of decompression because you ‘have 'to

concentrate on breathing. At-last the signal is given to descend. *

. You activate thg’ efnergency oxygen cylinder and.begin the simu-

s lated free fall. .. . . ce

« , As.you reach 25000 fect, you feel the”fension once more. At
this aftitude you are to take off your oxygen mask to find out more

0 - :
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about your own persdbnal symptoms of hypoxia. You have tricd
breathing at altitude ‘without .an oxygen mask before, but you are |
not sure what will_ happen this time. Yau work in pairs for the
test. You are to take off ybur mask first, and your partner will
observe you. When the signal is given, you remove your mask.
You hear someonc ask you to. write your name. That is casy
cnough—at first. You write your name twice. Then you become )
dizzy. ind the pencil wanders (Fig.” 49), but yow heep trying.
The effort is becoming too much for you. Everything begins
to dim before your eyes. The next thing you realize, you have

. Pdleden ;/;mam-
o ’ : d
BT Moo
: wz‘a--'l'-,!‘,%%m J
Willewrr W"”

t

<

’ / ! ,
i . . . Couna ! . - «
Figure 49. Samples of o student’s handwriting showing the effects of hygoxit. At .
25,000 feet the handwritina begame Megible. It bdgan to miprave after the student ~
replaced his oxygen mask ° . ‘s
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PROTECTIVE EQUIPMENT AND PILOT TRAINING
A3

s 8 m - , .
Figure 50. Humon centrifuge. A iroinee spinning on this centrifuge 13 subjected to
_G-forces similor 1o thosy experienced by the pilot of o high-performonce oircroft. The

centrifuge con be stopped if the troince is in donger. "\
0 ¢

.

your mask back on, and you arc breathingepure oxygen. Your .
partner has helped you. When_he takes his turn, he is able to
breaths for a longer time without his nfask. You know that you
must learn t6 act.even more quickly than he does in an emer-
gency because your time of useful consciousness is shorter. You °
~ are reassured, ‘ne_vqrthc]css, because you are learning more
about hypéxia, and you know that the test will soon be over. The
- instructor gives the signal, and you are on the ground again.
Besides taking flights in the chamber, a military pilot".might i
practice on the centrifuge during his training program. * coe
HUMAN CENTRIFUGE.—A himan centrifuge {s made up, of a.
", _gondola, or cabin, that is rotated at the end of a long arm (Fig. }
50) A traince in the spinning gondola fecls increased G-forces
«  like those cxperienced during flight” * o
Some of the darge contrifuges, such aé the Navy centrifuge at :
Johnsville, Ponnsylvania (Fig. S1), create large G-forces. which -
*« quickly cause the subject to bIack’out.,“’Thc folces arc controlled
,by an observer .who-«can slow’ dotvn" or stop the gentrifuge. . "
. « A traince’ leatns fo cope with increased G-forces by practice
- . on the centrifuge. In,time he finds out_ what he can do to help .
., keep the blood flowing: frbm his heart to his brain and cyes as
the G-forces mourft. Pilofs say that tensing the body, grunting, or

- ~
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figure 51 Llarge Navy centrifuge. This cnr;uffugn at Johnsville, Pennsy|vania, has o
50-foc_n arm. The trainee has biomsdical “instruments attached 10 hum 1o ull} how he

1s being affected by increased Grforces. -

. 3

screaming’ help " Such actions’censtriét the blood vessels and help -
~ - keep the blood flowing against the resistahct of "positive G-forces.
OTHER’ STRESS DEVICES.—To familiarize them with other stresses
~ of flight, prospective? pilots may take workouts on a wide range of
* other stress$ devices. - N .
One Air Force device used .to train pilots:is the Spatial_Orien-
. tation Trainer (Fig. 52), It was d'eyc’lopqa by the Air Force

€

School of Aerospace Medigine. This trainer has controls the pilot -

can manipulate to regain balarice and orientation: Y .

. A device that helps prospettive fliers become acéustomed-to the

spinning“and disorientation experienced ,in. flight is the “biaxial

stimulator,” or the, Coriolis chair (Fig. 53). This chair enables the

traince to spin.in three different plages, just as thémpilot does dur-

infg the rolling, pitching, and yawing of his aircrafty With the help

of the “biaxial stimulator,” the prospective pilot learhs how sen-

sitive he would be to disarientation during flight and how quickly

* he would regain his balance. . ey '

- The many different kinds of stress devices enghle a pilot to learn ¢
liéw to cope with a great. variety, of flight . sjresdes. A -pilot also
*needs “flight simulators t eproduce the total ‘feel of flight.

-
RS
&
=
L)
~
»
At
{\.

. .
l: lC‘
K i
e rovisesy eec B -

- ) . .

[




. . .
N §

o PROTECTIVE EQUIPMENT AND PILOT TRAINING «
- N Mockups Giving the Feel of Flight

When military aircraft bcgén to ffy’, they were rcquirc\:l to reach

' a speed of no more than 40 mph. One of the first Air Force
pilots; Lt. Benjamin Foulois, received his flying lessons through \

the mail. Later, as aircraft began to fly faster and higher, there

was a larger gap between knowing what to do to control the air-

craft and actually being able to control™jt. Instructors went, with

prospective pilots when they attempted their first flights. To lessent

the danger of crashing, the fledgling pilot kept the plane low.

*  Learning to fly by the “grass-cutting method" was a step forward,

but accidents were frequent nevertheless. '

— - #f

+ ‘:
i 1\/;
4 AL, ﬂ
» * -
Figure 52. Spatial Orientation Trainer. This flight simulator helps a pilot leafn hqw .
to maintain bdlance and orientation. It is ospecially helpful in teaching pilots to trost
: their instruments,  ° ' :
— L] '
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Figure 53. 'Biaxial stimulator” or Coriolis chair. This chair tests balance and orienta-
tion. The subject has electrodes attached to his face. They record the amount of
disorientation the subject experiences after being tilted.

1 .

. | - -
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Fortunately, when pilots had to be trained in large numbers
during World War 11, the first'Link traincr was developed. This
trainer, the first of the sccond Aind of flight simulators, reproduced

< with remarkable realism many conditions of flight. Sincc that time
many, kinds of .mockups have been developed to simulate  the
flight of particular aircraft. .

With the aid of the simulator for a given alrcrafl an instruc-
tor can give his students c¢xpericnce in flying that aircraft without
‘ leaving the ground. He can, for ckampld, give them the, oppor-
tunity for taking carc of a cross wimd, meeting an cngine failuré,
or taking over when the cabin is depressurized. The bugmncr cah
try his hand at flyipg without*the danger of cms.hmg> .
This sccond kind of+flight simulator makes lrnmng much safcr
. and more cconomical. The airlines would have to spend large sums

L3 . . - .t
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, PROTECTIVE EQUIPMENT AND PILOT TRAINING "

. of money to put jumbo jets into flight to give pilots the kind of .

trapsitional training that can be given more safcly with flight sim-
ulators. .

. Civil pilots arc enthusiastic about the sophisticated flight simula-
tors that énable them to transition quickly to the newgst aircraft. N
Such simulators have mockups that reproduce realistically the

w  cockpit of the aircraft. They have all its controls, horns, and lights

(Fig. 54). Instruments are controlled by a computer that"is pro-
grammed to respond to the pilot's actions, just as the contro]s
of the real aircraft do. In addition, the trainee sces the same kind
‘of sights outside the "cockpit. He would, for cxamplc, get a realis-
. tic view of the funway as he is simulating a landing (Fig. 55).
The engineers who have developed flight simulators for sthe
newest aircraft have obtained some of their know-how from
making' ttainers™ for astronauts. Flight simulators are used more in
training astronauts than aircraft pilots, and the stresses of space-
flight are more severe than those of aircraft flight. *

/
Figure 54. Cockpit view of the flight sjmulotor for the 707 iot oircroft (American "
Aulmu photo). This simblator realisticolly roproduces the cockpit tontrols and instru-
ments of the aircroft.

»
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Figure 55. Pilot landing o 747 iumbp jet with the simulator (Delta Airlines “photo).
This realistié view of the rupway is scen from the ‘window of the “cotkpit simulator.
: The scenos outside the window. change as thé pilot manipulates controls.
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- ©+ TERMS TO REMEMBER ’
1] . . . g ' P
oxygen breathing systems - . bladder ¥ ‘ )
*.  OXygen mask ° capstans ’ o
continuoustflow oxygen system helmet © .
.~ demand oxygensysttem . .,  red-out = - *o-
; pressure-demand oxygen 'system G-suit . R
pressure suit : pressurized «cabin ) L
- principle of layering ‘ pressure differential * . :
partigl-pressuré suit conventional.pressurized cibih
iy full:)Ngc suit g spacg cabin ¢ .
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PROTECTXVE EQUIPMEN’T AND PII.OT;TRMNIVG >

3

" bailout "o transitional tmmmg
parachuté, ’ . ** flight instructor
¢ canopy. ’ . " flight simulator
~ parachute pack + _ .0 denitrogenation ’
* parachute harness .. pressure breathing
" ejection-scat system ) , human centrifuge
. emergency oxygen cylinder D . o
e oo : ‘ﬂ - -
. QUESTIONS :
1., What are’ the three kinds Qf oxygen breathmg »ﬁems" hat is the .
‘ dlffeifence between then;? \ . ‘

2. How Is the principle of layering uscdtn constructing pressure suits? .
+ What wns the ﬂrst success[ul pressure\ suit like?

" 3. What are the main parts of a pressuré suit? What is the principal difference
. between the partial-pressure suit and the full-pressure suit?

. " 4, How does the G-suft protect a pilot? When is it used?

5. Describe two'?)roblcms that had to be solved before pressurized aircraft
cabins were possible? What are the two klnds of preSsurized cabms?

6. Whut are the priicipal parts of a parachutc" How is the parachute used"

‘f( 7. Explain how an ejection.seat system works. What is the purpose ,of the
- . emergency oxygen cylinder? ) B

=" 8 What is meant by transitional training?

9. What nd of trainers do prospective military pilots fearn to fly? What
. are o[ the requircments that a military pilot must mcet durlng his -
- . (ralnlng" -

10. How do civil pifots obtain their training? What requirements must a ch
“ flight instructor meet?

lll. Why are flight simulators important in tralning pilots? What is a human
gﬁfuge} ‘A low-altitude chamber?

Y
.

12. What kind of training do the airlines give their pilots? What kind of flight
N slmulntors do they use? i .

/

-

. . . THINGS TO DO
N . o J -
. Demonsteate the use of an emfergency oxygen mash like that found on
s. - commercial transports. Before a flight, the airline hostess explains to the
passengers how they arc to use the oxygen mask in an emergency. Make
a similar demonstration. If you cannot borrow onc of the mashs, make
. a simple model of the mask for usc in the demonstration. What kind of ¢
A . oxygen system is used for passengers on a commercial transport? Tell
how the skstem operates. Why do the passengers need less oxygen than the

crew members? .

i »
s . . N - "
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t

. If you are located near an Air Force base, your instructor mught arrange
for a visit to the base.to look over the flight clothing and equipment.
Request that a technician demonstrate the use of the pressure-demand
oxygen system. '

3 Explain the operation of the partial-pressure suit. Your nstructor may
be able to borrow a suit for the demonstration. If this is not possible, use
a diagram of a model of the suit. How is the prinuiple of layering applied?
What kind of protection does the partial-pressure suit give?

4. Explain the. operation of the G-suit. Use a diagra;m or model. What
happens when the bladders in the suit are inflated? How_ do they affect
the flow of blood?

5. The parachute is the basis for all successful escape and recovery. It is
used by aircraft pilots for a simple bailout or for an ejection. The astro-
nauts also depend upon parachutes for their safe recovery. Use a diagram
or model of a parachute to show the main parts. Explain the principal
steps in Wakfng a descent and landing.

. . Dcmon‘g!fatc the operation of the ejection-seat system. Use a diagram
N or model "of the seatito explain the sequence. What is the One and Zero
. System? When is it used? -

7. If you are located nedr an Air Force training OF research facility, your
instructor might arrange for you to watch students make a simulated
flight in the altit&{c chamber. Find out the purpose of the flight and

. the highest altitude jreached. Whht did you observe about the reactions
of the studf:nts? Did somg¢ of them develop hypoxia?

S
o

* 8. Describe a prospective pildt's experiences during tramng in the human
cgntrifuge or on the Coriolis charr. ch‘ltgpstratc the Coriolis chair, if
+ pOssible, by using a spinnm%rswivcl c¥ir” What is the purpose of the
: flight simulator you are describing?

9. Describe one of the sophisticated flight simulators used by the Lommercial
airlines for training their pilots. What hind of training do the commercial
airlines provide for their pilots? . % o

“HSUGGESTIONS FOR FURTHER RFADING
- . &
Air Forc‘: Manual 160-5. Physiological Fechnictan's Training Manual. Wash-
* ington, D.C.: Department of the Air Force, 27 Feb. 1969.
Air ‘Force Pamphlet 161-16. Phyyofogy’ of Flight. Washington, D.C.. De-
patfment of the, Air Force, 1 Aftil 1968. . )
s AN, MARTIN afd GRaCk. Aviation and Space Medwcine. New York. E, P.
4 " " Dutton & Co., .1962. f . -
> Coodss, CuarLES 1. Acrospace » New York: Morrow, 1964,
; - GunN,Joun. Flying for You. Logln: Lutterworth, 1955, .
. HoLLanp, Joun H. Learning To Fiy. New York. Holt, Rinchart, and Winston,
1960.
James, Joe. Teacher Wore a Parachute. South Brunswick, N. J.. A. S,

re Barnes, 1966. - .

LODEESEN, MaRIUs. I, the Airline Pilot. New York. Dodd MeSd & Co., 1966.

MALLAN, LLoYp. Switing up for Space. Chapters ¥-5. New York. John Day
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THIS CHAPTER expldins how man has countered the stiesses of spaceflight and
how he bas adjusted to routine living 1n sptice The chapter first describes
the stresses new to spaceflight radiation, meteoroids, and weightlessness, and

then some stresses of airciaft flight&that become more: severe in spaceflight
uncreased G-forces, heatng, noise ond vibration, and lack of atmosphere)
Next the chapter explains thet operation of the spacccraft s space cabin and
the astronauts space suit and tells how these are tied into the centrol
environmental control system Then the chapter descibes the management
of hfe support supplies and wasle on board o spacecroft and tells how the
astronaut adjusts to day night cycles, how he s given medical monitoring,
and how he meets mental stresses Finally, the chapter oulecs the measures
taken to insure the -astronauts safety at launch and during flight Afteq you .
have studied this chapter, you should be able to do the following 1. des¢ribe
the three stresses new to sgc‘é'bﬂ.gh', .2, explain how three stresses of aircraft

w fhght become more sevére in spaceflight, (3, name the principal items of
life support needed on a spucecraft and tell how these were provided on the
Apollo spacecraft, 14, explain how doctors momitor the astronauts, and (5.
nome three measures taken to ngure the astronauts mfe'y

O NCE:ﬂﬂ.AN HAD LEARMED how to put ammals nto orbut,
be was teady o make o gant strde e advanemg manned fhght.,
After some sty years of Thght i winged wireraft,. man rocheted
into space Pilots i the N FS had traveled at record  altitudes
above 60 mules and at speeds of more than 4.500 mph  Astronauts
traveled at altitudes above 100 miles and at speeds of more than
17.500 mph whft they first orbited 1 <pace

.+ Man's progress anto space reprosented g suddenr-advanee not
only m teams ot glutude and speed but also i the whole manner o
fhight  As-a resalte spacefhght brought with it new and more «c-
vere fhght etresses Counterng these stresses 1o sunvive and hive 1n
space called for even greater mgenunty than in advancing fhght
through the atmosphere 4
Q
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HUMAP'I'REOUIREMENTS OF FLIGHT
SPACE ENVIRONMENT

A

As flight transitioned from the ecarth's atmosphere farther into
“the space-equivalent zone, some of the fir problems encountered
were not new but were more severe. l

As man advanced into the space-eqvalent zone, which ex-
tends from an altitude of 50,000 feet to 120 miles, the greatly
reducod barometric pressure presented no new hazard. Men flying
in dircraft above 50,000 feet had already learned how to protect
themselves against lowered atmospheric pressure with a space
cabin and a full-pressure suit. .

Within the space-equivalent zone man had already encountered
some increase in the intensity of radiation. At an altitude of about
20 miles, more cosmic rays are present than at the earth’s sur-
face because the atmosphere no longer is dense enough to screen
out this radiation. Even more numerous are the secondary
cosmic rays, which have formed as the primary rays collide with
the carth’s atmosphere. At this level are also found the shorter
ultraviolet rays from the sun. The 20-mile limit marks the beginning

. of the gradual change of the flight environment from 4 gaseous
to a radiation. gnvironment (Fig. 56). h

The darkness and ‘total silence of space begins at about 100
miles above the earth. Here there is not enough atmosphere to
scatter light rays, and the familiar blue of the sky gives way to the
jet black of space. This is the black expanse that the balloonists
saw stretching above them as they reached the ceiling of their
flight at more than 20 miles gbove the earth. In the darkness of
~ . space the stars, instead of twinkling, stand .out as brilliant points

of light, and the sun is a blinding sphere of {ight. There is no
sound at this altitude because there is not ‘enough atmosphere
to transmit sound waves. Also, because of the lack of, atmo-
sphere, heat can no longer be transmitted by gas mole7<{les but
is gained or Jost only through radiation. :

At 120 miles above the earth the total space-equivalent zone
begins. At this altitude there are not enough air molecules to
create fricﬁén that would interfere with the orbiting of a spacecraft.

Meteoroids create another potential hazard for spaceflight. At
orbital altitudes there is not enough atmospheré to burn up the
M meteoroids, or the particles of cosmic matter that travel about

in space at great speeds. Closer to the carth thes(ﬂparticles are

* burned up in the atmosphere.
From data reccived from satellites, man has already accumu-
, lated a body of knowledge about space. Scientists are continuing

to study how new hazards, or stresses, of space might affect living
matter.
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SURVIVING AND LIVING IN SPACE
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HUMAN REQUIREMENTS OF FLIGHT
SIRESSES OR SPACEFTIGHT .

~

Three stresses arc new to “spaceflight: (1) radiation, (2), ‘me-

\  teoroids, and (3) the conditiofi of weightlessness. The, first two
. Of these stresses result from the space environment and
from the nature of orbital flight. Other stresses of spacetlight are
similar but. more severe than those cxperienced in iigh-altitude
flight in aircraft."Examples of such stresses 4re incregéed G-forces,

’

heating, noisc. and’ vibration, and lack of. atmosphefe. .

you can fully appreciate the conditions .
live and work in space, you niust und
they are subjected. R

nder which the astronauts.

from space. There are two means
of protection: the carth’s atflosphere and the magnctosphere (the
magnetic field of the carth) (Fig. 57). .These «reduce the inteh-
sity of the radiation that feaches the carth. When .man goes into
space and onto "the mogh, he lcaves” behind him the protection

of the carth’s atmospiierc, and he may go beyond the mag-
nctosphere also. When' he does this, he is exposed-to the .entire
range of natural _radzzions found in spacc. The nioon has neither

an atmosphere nor / magnetic ficld of its own to shut out, or

" repel, charged par!télcs. . .
Onc of the mgét scrious potential hazards to man in space is

that from gxposz?rc to ionizing radiation (charged partigles caused

" hy anfintcrz;d' n with radiation). The astronauts can be pro-
tected ‘against the intense nonionizing radiation—such as the glar-

ing visible light rays, the infrared rays, and the ultraviolet rays—

by the visors in their helmets, by their space suits, and by the
‘wall of the ‘spacccraft. Shiclding can also be provided to protect
the astronauts against the ionizing radiations in the clectromag-
netic spectrum, such as the X rays and the gamma rays. It is
the ioni2ing radiation of the particle varicty that presents the real
danger to man in space: .

The ionizing particle radiation in spacc is made up of: (1)
solar-flare. particles, (2) charged particles trapped.in the Van Allen

Q 106 ~ .
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As man has progressed in spaceflight, he hds gradually cx-
tended the time of flight under stress, For the astronaut, it is
not a matter of merely spending so many héurs aloft and then
returning to the ground to take Ap Youtide living again. The

astronaut thinks in terms of adjusting his Jfiving to the space om-
vironment, as well as controlling his vehicle under stress. Befote,

tand the stresses to which

..
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Figure 57. Magnetosphere sunoundlng the earth, The mugnotosphou protects, . tho .
, earth against harniful rgdiatiens from spast ,
. ’ .- & « -
. radratlon belts, (3) galactlc cosmrc rays, (those commg from beyond
;he solar sy,stem) and {4), the solar, wind, Of these, the first three
_ are the potentlally dangerous radiations in space. The solar wind,
. although found in abundance. throughout space, does not present
a danger “fo, man. The .proton$ *and electroffs in” the solar.wind
K are. “too weak. to penegrate the wall of the sﬁacecraft or even the ]
RE space sdits of the astronauts, . e
e solar-flare particles, or the solar cosmic rays emrtted dur-
‘. log flares, on the sun, are believed to be the most” dangerous,
kind of space radiation. A seldt flare is.a spectacular dlsturbancc
oh the suh observed in the telescope as a sudden large increase
in light (Fig"' 58). A flare may last froin several minutes to a -
few hours. Porhaps as many, as a dozen dardgeroys flares.occur »
in the sun each-year but more than this take place during the
" 'time of peak’ ,actwrty in the 11-year surispot cycle A large.solar
.. Hare may,incfcase cosmic-ray intensity’ in the vicinity of, the carth .
by as much as a hundred times and maintain high levgls of ra- 4
diation for- several days. The begt méans of avoiding the danger
" from solar flares are to Schedule spacet'lrghts at a time, when such .
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‘." * Figure 58. Solar flares Th;se flares .are srupting os for as 500,000 miles into space.
a N Solar flares increase the in.tonsi!y of cosmic rays in spece.

. 'ﬂ"ércs art* Icast likely to occur and to set up a warning system.

" .- When the Apolld flights to the moon were being made, space of-
-~ gficials "set up a system of warning that used telemetered data

wor . from satetlites; supplemented by studics of the sun made in ob-

. L

_ . serVatgrics on ‘the carth:a - -7 7. . S
" . The sccongd spreatest” dafiger from radiation is that, from the
_<harged particles frapped”in .the Van' Allen radjafion belts sur-
" rounding the carth (Fig. §9). It the regidns where the radiation
.in these belts, is the highest- it is lintense*enbugh to kill an un-
- profected man within a féw d&ys. To avoid exposure to radiation
from the. Van Allen btlts, all spieeflights in carth orbit are
planned so that they avoid the regions where the belts bend down
toward the atmosphere, and-the flights dre kept below an alttdde
.~ of about 500 miles. When the Apotlo, ‘astronauts had to pass,
through these belts on their way to the moon, they went through

them rapidly, and exposure, was kept to a minimum.

- The galactic cosmic ‘rays, or the cosmic rays that come from
outer space, arc” a potential hazaui 'WS’“SC of their very high

]
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energy levels. Fortunately, however, these radiations are not abun-
dant, and the particles in the radiation are usually made up of
protoris and helium nuclei, which do not present a danger in small r
quantitics. Weight limitations_prevent using thick metal shields on |
*spacecraft as protection against cosmic rays. Even if such shiclds
wete practicable, it would not be advisable to use them. If a few® °
. high-energy primary. cosmic rays managed'to penetrate the shields,
they” might create a shower of secondgry cosmic rays within the
. spacecraft that wodld cause more harm than the original cosmic
.a‘.: rayé'\.‘ : “ ’ .
Even though ‘metal shields are not used on spacecraft, the
astronauts are provided with some shielding against space radia- -
N tion. The mass of the spacecraft structure and of the electronic
" equipment and Wwater ‘supplies stored gn board gives some pro-
* tectlon. WHenever possible, the equipment is positioned in ‘the
~ spacteraft sd' as to give the greatest amount .of shielding. .
. To give ‘future astronauts beiter protection agairist ‘radiation
, i space. when they are exposed to it for longer periods, doctors
% will need  to obtain more .precise, information about the way
"space radiation affects the human‘\bo\dy. As the result of data
Obtained from experiments with living matter carried by the Ameri-

\\,

N » ' e . . . 7
can Midsatellite 2, space scientists- believe that man is more sus- .
ceptible to radiation in space than on the earth. The effects of
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space radiatidn on the, human body are judged in terms of the. e
cffects produced by manmade radiation, such”as that cmitted by .
2 rh;'digak X-ray machines or by a nuclear explosion, , .
' Mabmadc‘ioni:z_ing radiations harm the body by causing the .
* breakdown of the cells. The cells of certain sysiems of tht body, ,
stch as those of ‘the circulatory systerh, the digestive system, arid N

the central pervous system, arg, more susceptible to 'd'a‘imagc from
radiation than gther “cells. When a’ certain numbee of gelts;in the
body. break downsor wa vital organ s ifpaired, then sickness ,
and_sometimes death result. The damage, Saused by ionizing ragai- I
atiorr depends- upon the,size of the dosage; the total area ex- o5y
- posed.cthe kinds of cells exposed, and other factors. :

:’f\ .- The unit*most widely used for measuring the biological effects”
of- radiation is the rad (from radiation absorbed dosage). A per- “
-son giver™a chést X ray is likely to absorb about 0.25 Yad: An N
"% * astronaut exposed to a moderate to large solar flare while inside
~ . a shicldéd spacecraft would not be likely to receive more than  °
100 rads. An astronaut going quickly through the Van Allen ra- ‘
digtion, belts in a shiclded spacecraft might receive about 5 rads

-

.. on cagh passage.- . , .
- * [ . - ’
To get somg idea of the possible damage from.exposure to fa- .
diation in terms of rads, you might consider what happens when 4
. $he entire body is exposed to radiation in its most acute form on .
+ - the carth (Fig. 60). Under these circumstances if an entire popu- ' »

L]

lation were exposed, a dose of about 225 rads might be expected to

‘. chuse almost 60 percent 'of the population to become sick within

- about three hours, A dose’of about 490 rads would cause 80 percent .

~, _of the populatiof to die within 30 days: The effects of radiation on *-
-, the human body are cumulativé, that is, they build up over a lifetime.

&

While the gffects of.a severe dose of radiation would produce drastic « -
¢, results, exposure to small doses might pass unnoticéd but add up g

* uptil- they finally becamie harmful. For this reason it would seed *~ , ..
dy . e . '
dvisable to limit the number of spaceflights that *astronauts make

A into’ tegions ‘where they are exposed to harmful radiation. g

LTS

A _Fortumately, the data about the ¢ffects of radidtion on living ... .
- - matter that we have at present has been obtained from chance exe N
“ posuré of persons to manmade radiation or from experimental

animals. So far as is known, there have been no humar victims
‘of natural radiation, Although American astronauts are known to. ..-
4. have betn exposed to small amounts of radiation, both in their L
* spacecraft and "on the moon, they, have suffered no harmful ef-,

b}

A

fects. Also, military pilots have beeii flying aircraft at very high al-, . ‘s

titudes for a number of years, but they have shown no eumula- - Jﬁi‘

tive* effects -from radiation, ’ / et ’-“:‘
s . et -
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The potential danger fromi ionizing radiation in 'space does exist,
‘however, and it must 'be tdken into account in planning future
'spaceflights. More accurate means of “predicting solar flares are
likely to be developed, and additional means of shielding the space-
craft are under study. Soviet cosmonauts have used chemicals
and drugs to give them protection against radiation, but American -
docters do'npt favor using drugs, as these may cause side effects.

Meteorolds -

A second hazard to man in space is that' from the small pieces
of matter kndwr as meteoroids, The very smallest ‘particles, which
are about the size of specks of dust, are called micrometeoroids.
Even though all metecrite material is quite small, the. particles
can generate considerdble energy because. they travel at speeds
varying from 30,000 to 160,000 ‘mph. At these speeds, an im-
pact of one of the larget meteoroids with a sacecraft would be
.‘disastrous. The meteoroid would break the seal of thd spacecraft
and cause ‘rapid decompressiop. Its .effects on an astronaut in ex-
travehicular ‘activity' (EVA) would be eyen switfer and .more
catastrophic. The very small meteoroids, or the micrometeoroids, .
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HUMAN REQUIREMENTS OF FLIGHT

would not puncture the seal of a spacecraft or even a space
suit, but they do cause erosion of surface materials.

To protect man against the possible impact of metcoroids,
engincers use a meteorite bumper. On the American spacecraft
the bumper is the outer, or second,, wall of the module carry-
ing the astronauts (Fig. 61). On EVA suits, the bumper is an
extra layer of material. If & meteoroid were to strike against a -
bumper, it would spend its energy in puhcturing the bumper,
and the scal of the space cabin or space Suxt would remain in-
tact. ‘

Before manped $paceflights began, scientists believed there was
a great potential‘tfanger to astronauts from strikes by meteoroids.
Because of studic§ made with the_ special Pegasus satellites, and

vl Ablnﬁvomteml MR T «, S
: 4hentsh|eld . "y ;
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Mot ite aumpor
“(sﬁmms st«t hoﬁcyednga)’

Aluminum Honeycomb .

. . *™ APOLLD COMMAND MODULE:. " " APoLOMOONSUTT
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Figure 61. Metecrife bumpaers, The outer wall of the Apolla commcnd module acts
as o metecrite bumper, The many-loyered white covoralh of the Apolle moon 3uif

alsé acted as a moloomo bumper.
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SURVIVING AND LIVING IN SPACE * ,

. ~
other spacecraft, scientists now believe that there is little likeli-
hood that a spacccraft would be hit by a meteoroid large enough
to cause. decompression. The possibility does exist, however, and: |
efforts wifl be made to construct better bumpers or possibly self-
sealing walls for, spacecraft. . . .

>

<

)
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. ' Weightlessness |, - '
. g .. e
The third stress new to spaceflight, the condition of weight-*

lessness (zero gravity), is brought about because centrifugal force
balances the force of gravity and cancels it.out during orbital
flight. This means that just 3§ soon as the, spacecraft goes into .
orbit, it becomes "weightless, as wéll as the passengers and every-

" thing else in it. Fluids break up intd d.rqpleté and float ,about,in .
the spacecraft if not kept in closed coatainers. The astronauts . °
float as they move about, whether in the - spacecraft ,or in
extravehicular activity (EVA). Weiglitlessness. continues as \long
as the spacecraft is in orbit agd no thrust js, added to the vehicle. .
When propulsive power is ‘applied to the Spacecraft to mapeuver .
or to bring the spacecraft out of orbit,” gravity force is félt once
again._ .0 PR 5

Before man went into qrbital flight, there’ were fears abqut *°

what Would happen to the human body once it'became weight-
less. Some scikntists believed that man while weightless would
have "a .continual feeling of falling that would in tithe become un-,
bearable. Others believed that the vital organs would -stopg func-
tioning or would not function in a figrmal way, cadsing all kinds )

. of maladies.” - . o -
" 'The early fears about the weightless condition have been laid .
4o rest, but these fears were not groundless, All the organs and

* systems of the body have becpme adjusted to functioning in a, con-
dition of carth gravity'(1 G). "When the body is suddgnly sub-
jected to increased G-forces at (Jatnch and then, brought to a .

~ condition of weightlessnes$ in orbit, the central .nervous. system
must bring abbut' adjustments within the body ,cells and tissues
to ‘maintain them in a stable condition in order to sustain life.
Scientists havé obscrved that cgrtain changes séem “to take place

" within the body as it adjusts to the weightless condition in orbit, _
such as changes in, the circulatory systerh and in the muscles. Then
when the spacecraft drops, out of orbit and the astronauts come '
back to the earth, the body adjusts to earth gravity again. . °

. Extended expériments on the real weightless -condition cannot
be- duplicated on the earth, You may feel weightless when 'you -
drop quickly .in an elevafor or make a steep dive on a roller
coaster, but your ‘body ‘is being subjected tq gravity force all the

» -
.
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time. There is no counter force to cancel out the gravity force,
as there is dyring orbital fllght The only way that true weight-
lessness can be duplicated is to fly a. weightless trajectory, or a
parabohc arc,, in. a, high-performance aircraft. This is done by mak-
mg a power dive and then a stegp climb and a nose-ovér (Fig.
62). At the top of the trajectory, a condition of weightlessness”
(Fig. 63) is attained for a matter of 30 to 40 setonds. Pilots ac-
cidentally discovered the effects of this weightless trajectory durmg
World War~Il. Later, flight surgcons at the Air Force School of
Aviation Medicine reproduccd the’ fllght trajectory to study _the
condition of weightlessness in antncnp;mon of spacefllght Persons
who flew the WClghthSS trajectories reportcd varying reactions,
“Soriie found the ' condition ‘pléasant and' relaxing, but others ex- .
perienced nausea and disorientation during .weightlessness. .

~ Just before the first spaccfllghts were made, scientidfs used
“qests with Sub]CCtS confined in bed to approximate the Welghtlcss

* condition. Later, after the astronauts had some difficulty in per-

forming . space work during EVA, they began to experiment with
underwater workouts with scuba diving equipment to simulaté
conditions. in orbit. They foynd that the condition of the body in
neutral byoyancy underwater’ is similar to that in space. Confine-
_ment, in bed gld underwater pragtice still leave the body subjected
“to the carth gravn;y force, Weightlessness can only be approxnmatcd
on the ground

Figure 62. Weightless flight trajectory. After making a power dive, the aircraft "
noses upward and shen coastd through a weightless arc. 2
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Figure 63. Astronaut experiencing weightlessness. Astronaut David R. Scott is training
with @ maneuvering unit during a weightless flight trajectory.

’
.

~ being wcightli:ss in orbit for periods up to two weeks,! and t
“have readjusted to normal ecarth’ gravity again after their flights.
The question still remains as to what will happen to the body
during longer® periods of weightlessness. : = *

The Soviet cosmonauts have reported some experiences with
nausca during welghtlessness, and they have experienced some
difficulty in readjusting to carth gravity after longer flights. After
the Soviet cosmonauts returncd from the new world record flight
of 18 days in the Soyuz 9, in June 1970, they had to be helped
from their spacecraft. The weightless condition appeared to have
affected their coordination, and: it took about five days for their
bodies to return to normal after the fliéht.

.
American astronauts have successfully overcome the effects o£>

-

'After this book went to press. the Shylab 1 astronauts made 2 new* American recogd  with
théir successful 28 day flight 1n orbit Time in ordit should be increased “even more on later
vitits to the Skylab
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Fhe experiences that some pilots have),haq during wclght'lcss-

hess, mighy help toeexplain’ the déath “of the monkey Bonny.
“In June 1969 Bonny was placed in osbit for a scheduled 30-day

about weightlesspess. Aftér about 9 days in orbit, .Bonny became
sluggish, and then, after being brought back:to carth and safely
recovered, died about 12 hours later. An autopsy showed that
death was caused by heart failure, which was probably brought
on by a cambination of weightldssness, immobility, and cold.

““ The principal means proposed for countering weightlessness is
to rotate the ‘spacecraft and in this way create artificial gravity.
Engineers have suggested that modules of a space station that
are to be inhabited .could be rotated. At present there are no
"plans for rotating US spacecraft. The Skylab witl ‘be orbited with-
out rotation, permitting scientists to collect data on the reactions.
of the human body to_longer periods of weightlessness.

)- flight in the American Biosatellite 3 in order to collect data

"+ ' Perhaps we have tended.to overemphasize the unknown ‘in

spaceflight and 'have overJooked the importance of known stresses.,

‘Conseqiently, spacc scientists continue to study the effects on

man of such known stresses as increased G-forees, heating, noise
. and vibration, .and lack of atmosphere.

5 - LT _Increased G-Forces . ,
L ., . &
As man went into spaceflight, speeds .increased % super- :
sonic to cosmic speeds. ‘All vehicles that orbit finally reach a
speed of at'least 17,500 mph. The Apollo spacecraft, launched
on a free-return trajectory to the moon, reached a speed of
moré than 24,000 mph as it left the carth and as it returned to
" “the earth. As a result of rapid acceleration and deceleratiork
astronauts have béen subjected to ammew order of G-forces.

When the rocket booster accelerates at launch, G-forces reach
a level varying from 3 to.8 G. At reentry the astronaut i$ again |
subjected to increased G-forces when the spacecraft impacts with
the' atmosphere_and then by the opening of the parachutes, A
profile of the G-forces felt by astronauts is shown in Figure 64.

“When the Mercury spacecraft reentered _the atmosphere, -, it
dropped like a ballistic body. The Mercury astronauts reported
some shock as they impacted the atmosphere and as the large

parachute opened, Considerable lifting abilily was built into the

Gemini and Apollo reentry modules. These modules usually re- T

entered at greater speed than the Mercury spacccraft, but be-
“caus¢ of their lifting abilities, they came down more gradually.
. This kept the G-forces at regntry within. tolerable limits., .
Lo . N
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SURVIVING AND LIVING IN SPACE

Even thoungh increased G-forces experienced in spaceflight
have, been considerably lower than at first estimated, they are far
greater than .those experienced in aircraft maneuvers. In space-
flight the greatly increased G-forces at launch and reentry can be
tolerated by the astronaut because he is' lying down. In this
position the G-forces act across the body, not from head to foot
as with the seated pilot (Fig. 65). G-forces acting across .the
bodl~ are known as tiansverse G-forces. For years engineers
have tried to find ways for placing the pilot of an aircraft in a
reclining position so ghat he could take the G-forces across his
body, but it is impossible for a pilot to control an aircraft while

. lying down., .

Q

On the Mercury spacocraft a form-fitting couch was used for
thé astronaut, but this was .found to be too corfining. On the
Gemini and Apollo spacecraft the astronauts use a seat that allows
them to recline with head and legs slightly raised. In this reclining

N

position the 'length of the critical blood column, or the distance °

that the heart must pump blood to reach the brain and eyes,._ is
greatly reduced, as shown in Figure 65. Thus the strain on the

’

. N ’ T . . 3
. ~100 200 300 400 © ; g 100 200 300
‘ TINE {in seconds)® ¢ U
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Figure &84, Typical G‘f.mcu' during different periads in_flight of spacecraft lounched

by a three-stage badster. At ceentry the G-farces Increase as fhe reentry madule

impacts the atmosphere *and again as the parachutes angn.
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'~ Apparent distance at HECLINING ASTRONAUT
106 ° e .

~ ]
Acmalm

" heart to brain

. ~

"~ . Apparent distance at} . :
\ 106 - .
. . > _ "

. 300 CM

L

) Actual distance from
heart to brain

e Lo
“Blood cannqg reach braio,
would become unconscious

O .- ’ LY ‘
\ Figure $5. Direction of G forces on body of reclining astronaut and seated pmal.
For the astronaut, the G-forces are transverse. They act aerpss the body “from chest
to buck. For the seated pilot, they are vertical (positive). They act from head to
* féefFor the astronaut, the vedical distance between the heart and the brain and
eyes i3 about 10_cm. For the seated pilot, it is about 30 em. A farce of 10 G is
. equal to increasing the vertical distance 1Q times.

heart is likewise reduced, and the astronaut is able to take forces
as high as 20 G for a~Yrief period. o
. The astronaut’s arins and legs become immobile when subjected |
-» to high G-forces, however. The arms cannot be effectively con-
trolled if the G-forces reach wmore than about 4 G. The hands .
@ and fingers can tolerate forces of 7 to 9 G, but they cquld not
) operate conventional aircraft controls under such heavy loads, For
this reason side-stick controls are used on a spacecraft for control- -
ling pitch, roll, and yaw, and on the spacecraft the position of
these controls &has been 6hanged from that used in an aircraft. .
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SURVIVING AND LIVING IN SPACE
Heating

When the reentry module, or the module of the spacecraft in
which the astronauts travel, is ready to be launched, it rests at
the top of the. stack on the launch pad, with the small end upper-
most. As the module is launched, the small end impacts the

. atmosphere (Fig.

66), offering the least amount of resistance

and therefore causing the least amount of aerodynamic heating.
At reentry the large blunt end of the reentry module impacts

the atmosphere,
intense frictional

thus slowing down the ‘spacecraft but causing
heating as it does so. The heating is so great

#hat ﬂzgﬁ:s envelop the module (Fig. 66). “When the reentry
M module of the Apollo spacecraft (the command module) impacted

-
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Figure 66. Aerddynamic heating of Apolle command module. At lounch the peinted
ond of the module impocts the atmosphers, and heating is slight. At reentry the
lorge blunt end impacts, ond heating is intense, Flames snvelop the module.

RIC ;

e




HUMAN REQUIREMENTS OF FLIGHT

the atmosphere at speeds of more than 24,000 mph, some sur- .
faces on the module reached temperatures as high as 5,000 de-
grees F. The protective heat shield on the Apollo command
module covers not only the blunt end, as og the Mercury space-
craft, but the sides of the module as well. o

The fiery reentry is another feature of spaceflight that makes
it different from aircraft flight, and the need to protect the space-
craft at reentry complicates space rescue. A pilot can eject from
an aircraft at the very limit of the {light atmosphere and be saved,

. as demonstrated by the parachut¢ jumps of Captain Kittinger,
buit at present no astronaut could escape from a diabled space-
craft and reenter the atmosphere. He would be burned up like
a.meteor. . .

Besides frictional heating ‘on the outside of the spacecraft,
other heat builds up on the inside. The bodies of the astronauts |
give off considerable heat, a large anlount of heat is generated |

. by the electronics equipment, and heat rays are transmitted directly
from the sun. The total load of heat within the spacecraft is
usually quite large, and heat must generally be dissipated. There
are times, however, when additional heat may be needed, as when °

. the spacecraft is shielded from the sun's rays. To regulate the tem- ,
. perature within the spacecraft, a central environmental control
system is used, which js described later.

L

»
t

s Noise and Vibration = . . : *

The greatest stresses from noise and vibration in ‘spaceflight are
experienced when the rocket booster launches ‘the spacecraft into
orbit. When the thrusters on the spacecraft itself are fired during -
flight, the noise and vibration. they generate tepresent only dis-
traction or irritation. The rockets that fire at launch, however,
cause real physiological ‘stresses. P )

At launch' the successive firings of the stages of the large recket
boosters, produce noise levels of 145 fo 175 decibels. These are
‘well above the upper limits of man’s tolerance to noise, or the
levels of 140 to 150 decibels. The rocket engines of the Saturn V,
the largest space booster by far, produce the loudest noise.. For-
tunately, the Apollo astronauts were shiclded against dangerous .
noise levels by being placed. at a considerable distancé from the
rocket engines. At liftoff their module' rested near the top of the - ’
364-foot stack, just under. the. escape tower. They werc further
protected from the roar of the Saturn cngines by the double
walls of the command modul¢” and by their thick helmets. The
astroniauts it the Mercury and Gemini spacecraft were much closer -,
‘to the rocket cngines as they fired at launch, but these engines .
generated far less noise than the Saturn engines. .
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* With the earlief space boosters, the Atlas and the Titan II,
’ which* were used to boost the Mercury and the Gemini space-
craft, respectively, vibration rather than noise was the principal
problem The' Atlas booster was developed from a first-generation
ballistic missile, which generated considerable vibration as it fired.
, To manrate the Atlas missile, or make it safe for launching a
" manned spacecraft, the vnbrauons had to be dampened out or
. climinated. This was necessary because many of the vibrations in
the booster were in thie'low range of 1 to 10 cycles per second.
Vibrations in this range would have set up dangerous vibrations
in the spacecraft; causing certain vital organs in the astronaut’s
body, such as the lungs and the abdominal systems, to vibrate .
along with them Th1s would have- caused tearing of the tissues
holding the organs in place and could have produced fatal re-
sults. Since the Saturn boosters” were developed for launching a ~
manned spacecraft, dahgerous vibrations could be eliminated in the
design or early tests. '

. Noise "and vibratidn, intense frictional heating, “and greatly in-
creased G-forces are stresses felt during the powered phase of
spaceflight or at reentfy. All the time a spaceflight is in progress
the astronauts niust protect themselves against low , barometric

*

pressure. _ , . Ty
" . Lack of Atmospheric Pressure S
P «_;‘ ‘ N

3 Smce "a spacecraft must be designed to operate in the near

i vacuum Of space, it must be able to take the total pressure of
d the cabin atmosphere across its walls”as the pressure outside be-

i comes 2cro Up 1o the time of the Skylab launch, a pure oxygen

S cabin afmosphere pressurized at about 5 pst had been used in US
Z spacecraft Such an athosphere provided enough oxygen, pres-

Ik sure to™ “protect the astronauts against hypoxra a%‘l’_to\iivc ade-
%‘ " quafe Gounterpressure  against the body. Soviet engineers have .
_;-,3 _duplicated the natural atmospheric gases and mpintained a pres-
\3 sure of about 14.7 psi in their space cabins. S?Jﬁl\ an atmosphgre -
i . requrres a much heavier structure to contain it and withstand the -

A tremendous pressure across the cabin walls. From the beginning .
;:} the Sov:ets have built’ much heayier spaeecraft than we have-‘
‘f They were able to launch such. spacecraft because their spacc .
K boosters were much morgpowerfil than ours, s o
& " Regardless of, the atiosphert used, “the dadiger of decom- B
RN pression is an_gver Present hazard. It i unhfcely that a’large . =
i + meteoroid” would puncturf; the’ wa]t of. a spaeccraft and cause de- -7
3 compressnon byt therc “is real dangeL of za mcchamcaL It}rluro in .
¢ some eleri)ent of ﬂxe pressunzatxon system or m the sPacccraft””
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structure. For 3p110ts of hlgI!ﬂyrfrg aircraft the time of useful
consquusness, or the tn“'ﬂe allowed for taking emergency mea-

. -the astronqut in space, this time apptoaches zero,
w “«dn spité of the potentlal -hazards of -decompression in space,
., there had been no instancgs of such decompression up to June
1971; THen three Soviét cosmonauts 'in_the Soyuz.l1, after mak-
* ng w,hat would have betn .a new tecord stay of 24 days in
space, died.as they wefe reéntoring the atmosphere The module
' in which they' were tf'avehng devcloped a leak in a hatch as it
. separated from afiother .module. An autepsy .revealed that the
victims ‘probably died 6f arn air embolism, or the .injection of air
“into’ the™ bloddstreamy’ from their ruptured lungs. Their bodies
showed the most severe signs of decompression. Much of the blood
had “evaporated, or boiled away.

After US. space offrcrals received a report on the accident, they
took ,addéd precautions "to insure that the astronauts wore space
sut‘ts at Razdrdous times during the flight, Additional safety mea-

’ ¥ " sufes for American astronauts are .the warning signals built into the
. cnvrronmental control system in their spacecraft.

L
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In the spacecraft just §& in high-flying aircraft, a pressure suit
(space suit) is used as a backup for the space cabin. During the
greater part of the flight, the astronauts remove their space suits
. and enjoy the pressurized environment of the space cabin, or
what is called the shirt-sleeve environment. During the most haz-
ardous parts of the flight, the astronauts put on their space suits
to be in realiness for an emergency They also wear their space

suitojgwhien they are depressurizing the spacecraft in preparation

for EVA or iﬁ actually engaged in EVA. Whether the astro-
nauts are enjoying the shirt-sleeve environment or are wearing
their space suits, they are receiving-oxygen support from a cen-
tral system. .
-In a spaltraft, unlike in an arrcraft oxygen support is not
% parately. Instead it is part of a complex life-support
systemh, cdlled the environmental control system. Such an inte-
grated system is needed for controlling the environment during
spaceflrght becausc the astronguts must adjyst to living and work-
ing in the near cuum of space for extended periods. They cannot
return to the earth to_take on more axygen .or life-stipport sup-
plies or drop back to the ground qurcﬁly in case of an emergency.
In"a spacecraft the spacé suit and the space cabrn are, tied into
the larger. envrronmentar cantrol system

\)‘“ﬁ \ j« 92 . "\‘.

* sures when depnved of oxygen, becomes a matter of seconds For =~
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The' envirénmental control systém of the spacecraft is located
within the space cabin, ‘or the module in which the astrgpauts
ride during the flight. The system channels a supply of pressur-
ized oxygen to the space cabin, and it has warning signals to let
the astronauts know if a leak should develop in the system. This .
would be in addition to the small amounts of oxygen that nat-
urally scep through the walls of the spacecraft even though they
are tightly sealed. Since gas molegules are highly active, they con-
tinually try to move’from the pressurized area of the spacecraft
to the region of near zero pressure in space. Also, when the as-
tronauts left their module for EVA, they had to depressurize ‘the
spacecraft by allowing all the oxygen to “bleed out,” and they .
had to renew the’ oxygen supply when they returned. All the time
the astronauts were within the spacecraft, however, they depended
upon the environmeéntal control system for their oxygen.supply.

Besides providing the supply of oxygen for the space cabin, the
environmental control system removes carbon .dioxide, solid par-
ticles and .other contaminants, and water vapor from the cabin
atmosphere and provides a meass for cooling the cabin. The dia-
gram in Figure 67 shows how the,environmental control system
operates in the .command module of the Apollo spacecraft. The
oxygen enters the system from the sérvice module, where the oc‘;;y-_
gen supply”is stored. The surge tank in the command module

' carries reserve 'oxygen that is used at reentry after the command
module has separated frem the service module. A similar system ]
. was used on the Gemini spacecraff. On the Mcrcury spacecraft
"#the oxygen supplies, and the environmental control system were
both contained in the single module. L e,

Since the aspronauts fare closely confined in the space cabin, it
is vital that alf contaminants and noxious, gases and vapors be re-
moved from e atrmopphere and that it be copstantly purified,
NASA has devijoped @ small, reliable system for detecting harm-
ful'gases in the¥spacelcabin, and a simple but reliable means has
been used for purifyin the breathing atmosphere.

“ Carbon dioxide is-femoved from the cabin atmosphere by trap-
ping it in the chemical lithium hydroxide contained in metal
canisters_ (Fig. 68). These canisters were- also used in the lunar

* module. When the astronauts on the Apollo 13 were making use

.of the' lunar module as their “lifeboat,” they 'noticed that the
canister in the module was no longer effective and that carbon
dioxide was building up to dangerous levels. With the help of

ground cqntr%l, the astronauts rigged up a makeshift lithium . hy- g

droxide canister to purify, the “atmosphere.. The Tegular canister

3o
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e Flguu 57, Envlronrnontal confrol.syshm of the Apollo oomrnand module, ﬂ?fs
diagram shows pow water .and oxygen cre channsled In the fife-suppark system.
Jhe, Apollo quncrcﬁ rnalm use of @ ,,sornicloud llfo«support symm <,

o also contains charcOal flltcrs, wmcn absorb odors and: noxlous

&, gases; and_glass-cloth filters, which. txap small solid particles apd

" keep the lithium hydroxide from getting intd “the atmosphere. |
Large solid particles are caught by anotlier devxce, a debn ap. |
mad&o\ifme-mesh wirds, . S (‘\,?‘

The water vapor in the, _cabin atm05phere, whlch accumulatcs o
in Targe quantities from the astronauts’ breathing ard. perspiration,
is. removed from the. atmospher. and recovéted. The rgcoveied .,
water, mixed with a coolant (glycoﬁ' dan, be mrcu}ated throuiﬁ the -
space cabin. The circulating fluid picks up. héat from’ the princi- =~
pal heat sources and then flows.ta the Jadiator located on tife out-

.. side’ of_the spacecraf( On the flights to the maon the spacecraft  »
‘v was rotated slowly at mtervals (what’ the astronauts called Jhe.
“barbecue mode ") to altow’ even cxposure to space and. tq permxt .
more heat”to ‘éscape from the radiator. In space if is, mot @ sim- .
ple matter to lose the heat that: builds up within the ‘sttaled cabin.”
On earth therc are three means, of trgnst‘emng heat: raduahon, -
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«. ' radiatfon. * ‘

N

. M M . . 2 . r . ‘e
‘. “convegtion, and congdiction, In space there is only dne method;

e o *. . Just as it is difficult to rep;odpcé codling', me:thods in space, 'Et

« ‘is also difficult to' make up’an’ arificial atmosphere that is as
satisfactory as.the real earth atmosphere. The ideal atmosphere
,  + for a+space cabin would be a mixed gas pressurized at 14.7 psi,
- just @s the’ earth’s “atmosphere i, Using such an atmosphere for
US spacecraft” in t};e,be(ginning presentéd too many problems. On
the first thre¢ series of.US spaceflights (Mercury, Gemini, and
Apollo), a pure Oxygen atmosphere was used at much less than
,. atmiospheric pressure. Pure oxygen presents a fire hazard, as was
" shown by the tragic fire on the launch pad.during a test of the
Apolié cqmmand module in January 1967. This fire took the
“lives of Astronduts Grissom, White, and Chaffee. Affer the fire, .
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Flgur'o 68. Lithium hydro;zido conisters for purifying the breathing atmosphers. ‘Each
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the module and the space suits were medlfleri to make them
fire-resistant, but the danger of breathing pure oxygen for pro-

_longed periods still remained.

Purg oxygen can be breathed at reduced pressures at altitude
for periods up to }5 days without causing harm. Jf the astronauts
were to breathe pure oxygen far periods beyond this time, they
might begin to show some of the effects of oxygen pmsonmg,
the cause of which is not yet understood. In addition ‘to causing
poisoning, thie breathmg of pure oxygen for prolonged periods

causes other changes in the body, such as the drying of the quucpus -
membranes. Doctors have grven 30 days as the limit for astro-.
nauts to breathe pure oxygen in the spacecraft. Since the second

and third visits of, the astronauts to the Skylab are scheduled to
last longer, a mixed-gas atmosphere is to be used for the Sky-
lab. Nltrogen will be used to dilute the oxygen. The mixed gas
will be used in both the space cabin and the astronauts space

.- : " Space‘Suits - - -

The space suits worn by the astronauts developed from the

full- -pressure suit of the combat pilot. About two years after the
first full-pressure suit was_ ready for use,' spaceflight began. The
Mercury space suits grew out_of the Navy full-pressure suft, and
the Gemini and Apollo suits developed from the Air Force full-

pressure suit and from the, research fipdings made by the Air

Force. The. security, comfort, and mobility needed for use in
space for extended periods led to the design of a true space suit
(Fig. 69). As the Mercury, Gemini, and Apollo flights progressed,
the space suits designed for these flights were improved. Devel-
oping space suits for the, astronauts has required the same kind
of advances in engmbermg and biomedical knowledge as were
needed to develop the spacecraft itsclf. '

In the course of spaceflight the astronauts have acqulred a

" wardrobe of space clothing. There is the space suit that is worn

inside the vehicle and the space suit ﬂqat is worn outside, or the
EVA suit. In addition, the astronaut has a space undepgarment, or
space underwear. Each garment is fitted mdlvrdual]y and tagged
with the astronaut’s name. ‘

After the Gemini flights were underway, ‘a new hghtwelghf
easily removed space suit was developed (Fig. 70). Beginning with

the Gemini-7 flight, the astronauts have taken off their space suit.

inside the spacecraft and have $pent a large part of .the time in
their space underwear;L §njoymg the shirt-sleeve environm&t.
3 . - .
»
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. SURV]V‘ING AND LIVING IN SPACE

When the Gemini-7 astronauts returned to earth, they were ,in ex-,
cellent physical condition. Dr. Charles Berry, their flight surgeon,
stated that their improved condition might in part be explained
by the fact that they were more comfortable and sweated less
than "the astronauts' who wore their space suits throughout the
trip. ’

There, are two kinds .of space undergarments: the garment de-
signed for air cooling, which is worn inside the spacecraft, and the
garment with coils for water-cooling, which is used outside the
spacecraft. The water-cooling system must bé, used witlr the back-
pack and the small portable radiator. Both kinds of space under-
wear have attachments for a communication belt, equipment. for

,, collecting urine, and the. biomedical instrumentation belt. The un-
} ¢ dergarment acts as the bottom layer of the space suit. ot
« In developing -space. suits, Scientists and epgineers faced similar
. problems as in' perfecting pressure suits for combat pifots,” but. -

their problems were much moré difficult to solve. The space spits
are subjected to an even larger amount of ballooning when the
pressurized bladder is used in the vacuum of space. With the
space suit, as with the pilot's. pressure suit, another layer of ma-
-terial is used to hold the pressurized bladder in place. The prin-
- ciple of layering, used in Wiley Post’s first successful pressure suit,

, Figura 69, Astronout John Glenn in Mercury spoce suit. Glonn wos suited up for the
first US orbitol spoceflight: Note the pockets on the suit for holding® useful  items.
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HUMAN REQUIREMENTS OF FLIGHT 5

has been applied to the space suit. In the space suit there are more .

than two layers of material, and cach_layer serves a different pur-

pose. This is shown in the dxagram of the Gemini EVA suit

(Fig. 71). e
One' of the problems that plagued the , astronauts on the first

longer EVAs on the Gemini flights was inadequate ventilation of

theif EVA suits. Space work required the expenditure of more

. energy than first estimated, and the astronauts perspired freely

.

Figure 70. hgh!w;nght. space sult worn on 14 day Gemini flight. Astronauts Frank
Borman and James Lovall are shown as they want to the elevator in preparation for
. launch.
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Figure 71, Cutaway drawing showing layers of Gemini EVA space suit
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-, tion was not removed from .their EVA suits quickly enough, theic

. medr?al instrumentation, and provisions for urine dnd feces collec-

v PSS h -
3 . . * .
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. ~HUMAN REQUIREMENTS OF FINGHT

*while” doing space work. Shpe the moisture from their perspira-

-

helmets’ fogged over. Durmg EVA on the Gemini-9 flight, Astro-
naut Eygen¢ Ceinan’ hdd to stop his space work and return to
the spacccraft ‘because he was blinded. His helmet fogged over
and then frosted, since the spacecraff was on the dark side of the
carth. By the time the Gemini flights were coming to an end,
the EVA shit had been perfected, and fogging of the helmet was
no longer a problem

. The Apollo moon suit (Flg 72) was the most advanced kmd of
space suit developed up to this time. It was actually a miiniature
spacecraft for temporary use on the moon. When dressed in his
moon suit, the astronaut carried his oxygen supply in the back- -
pack, called* the Portable Life-Support Systent (PLSS), This made
the astronaut indepéndent of the lunar module during EVA. The °*
Gemini astronauts were connccted with the spacecraft durmg ¢ .
EVA, and they reccived oxygen through an umbilical/contained in
the tether, together with the comm‘umcatlon line. e moon suit
had its own comrunications equipment and oxygén supply, fo-
gethcr with' a sipply of drmkmg water and orapge juice, bio-

’

th the moon suit, gave protcctron ,
agamst diation and rmpact y meteoroids on the airless surface.
oi" the moon, The undergagmgnt worn with the moon suif con-

tion. overgarment wom

tained. the coils that,‘allowed water-cooling 'of the suit to protect,
tronaut against the tom ,er%t#;es of 250 egr&:,es F. or ’even“

n sunlit surface of the moon. -

in the helmet, of the moom suit ™
protectcd the. astronaut again glarc_ and harmful radxauon from4 o
the sun. A System of belleds in the arms gnd lggs of the surf/
allowed greater frecdém of movement than, the elastlclzcd lmk

#r» that he. encountere
The special gold-coated vis

. met, orfish net,” dsed in ‘the combat pllot s hlt and in the Gemi
EVA suit. y \7 |
The moon sfit was reSUpphed for the n¢xt EVA when the, gs-

tronauts returned’ to-the lunar module. Af this time fhey picked
up new oxygen tanks, water reservoifs; batteries for clfctnc pover, |

- and lithium hydroxide elements for the canigters. e T

When the oXygen supply in the enviropmental con rol system is
channeled to the suit, either in the spaccfraft or during. EVA, the s
pressure of the oxygen is stepped ,dow from the cabin pressurc |
of about 5 psi to a pressure of about 3.5 psl Lowcrmg the pressure 1
prevents the space suit from balloonmg too much and thus allows .
the astronaut greater frecdom of movémcm The lower preslfure

still provides adequate counterpressur against the body { .
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Flguro 72. Apollo moon suit. Inkide the white coverolls of the moon suit (Integroted
Thermol Micrometecrold Gorment) wos the basic spoce suit. The Portoble Life Support
System (PLSS) cooled ond cleoned the oxygen thot the ostronouts brooghod
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Ll\ ING IN SP*\CE

. The environmental control system, which regulates the oxygen

art of the larger. life-support plan. On ‘the long

space voyagés envisioned for the future, all the hfe-support sup-

" plies—the food. and water, as well as the
of a smgle system and ds to be recycled or r

xygen—is to form part
laimed for use again,

just as IS done in nature on the earth. Such a system, patterned
after the“earth’s ecology, or the relauonshlp between living things
and their environment on the earth, is known as a closed ecologl-
cal system, or simply ‘g closcd system. The other extreme is the
open life-support system usgd in aircraft. In the open system all

supplics needed for life support—oxygen, water, and food—are

put on board for each flight and replenished for the nextd Every-
thing is 'brought in from the outside; nothing is recycled.

From the beginning of spac hght both the Americans and the

/ Soviets have used & systefn that is somewhere between the open

and closed system or what is called a semiclosed life-support
system. They hayé recycled. 'some of their llfe-suppol't supphes

¥4

Life-Support Suppnes

To understand why a semiclosed life-support system is used in '
t js only necessary to consider the large daily require-

‘ment that Jeach astronaut has for essential oxygen, water, and
food. In
/ a minimu

/

completely open system, each astronaut would need *
of “about 28.7 pounds of life-support supplies each

day, andf this would & gonverted ifto 28.7 pounds of waste,
sonje of {which would hav¥“ta be stored on.board. The amount
of fnputfof each item of lifc support and the output of this item
is estimgted as follows:

' ' Input
1b. per day
Oxygen ' 22.7
Water 47
" Food - 13
Total supplies +28.7

‘Output

Oxygen waste

Water waste
Water yapor
Urine

Food exchange
Carbon dioxide
Solid waste

1

1b. per day

20.7
5.2

L 2.2
.30

2.8

22

0.6

Totalj L. 28-"{
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For three men on a 14-day flight, a total of 4,205.4 pounds of
life support supplies would have to be stored on board if nothing
were recycled. Additional oxygen would be . needed if the cabin
were depressurized. Because the werght of life-support supplies
must be kept to a minimum on a‘spacecraft, measures are being
taken .to recycle more of these supplies. Oxygen is already par-
tially recycled. Here only the water and fo¥d supplres are con-
sidered. -

WATER.—The second largest welght requirement for life-support
supplies is that for water. The minimum requirement for drink-
ing and hygrene is 4.7 pounds per man per day. Some progress
has been made in the reuse of water supplies. Water.'vapor from
the atmosphere is”condensed and can be used in the cooling
system, as noted earlier. On the Apollo spacecraft this additional
water had to be used only when the heat \in the space cabin
reached a high level. On the Apollo spacecraft water was plen-
tiful by space standards. g

A supply of water was provrded by the fuel cells. These cells,
developed especially for use in space, caused some problems on the
Gemini flights when they were being tested, but they have worked
well on the Apollo spacecraft. The cells combipe oxygen and hy-
drogen to produce electricity and drinking water as a byproduct.
The three fuel cells used on the Apollo spacecraft normally pro-
duce a total of about a gallon of water every 5.5 hours. This water
is stored in tanks and used for drinking and for preparmg food.
In addition to the recycled water, a supply of water is brought on
board in storage tanks.

Water was plentiful on the Apollo fltghts beCause it was care-
fully managed and ,was used sparingly. Only small amounts were
allowed for washin4 and hygiene, and no clothes were washed on
{board. The Skylab,'will allow more space for catrying water, and
the allowances fot personal hygiene will be mué¢h larger, but no
taundry will be done on board. All fresh changes of clothmg wm
be brought tilong, and the soiled clothing will be placed in con-
/| tainers ar}d st'orcd on board. .

Foop.—The daily requrrement for fooé is tée smallest qf the
three life- -support supplies. At present fopd is mot recycled, but a
special rcffogrzdms been made to kgep the, food s¢rved on the, space-

SURVIVING AND. LIVING IN SPACE

craft as lighfweight, compact, and nutritious ag possible.
The wei

and consu ing food. Ordinary dry foods would crumble when

less environment creates special problems in storing |
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foods and beverages for space diets are especially pi_g'pared_ag . '/
. packaged. - : P - PO

In addition, the calSries allowed in thé diet take ‘the astropaut’s -+ |
scheduled activity inta account. An astronaut who spgnds all his -
time in the cramped quarters of the spacecraft is forced to be M
relatively inactive, but the astronaut who performs EVA burng. |
* up much more energy and reqifires more food calories. . Amer-

ican space menus have provided 2,800 to 3,200 calorics per man -
. daily. - - . . . . - . '
For the space diet, foods are selected that arc low in crudé /

fiber and that are not likely to cause gas in the stomach and in-
testines. The test pilots who went to very high altitude$ soon
learned to watch their diet carefully before a flight, avoiding foods
that tend to form gas, The astronauts have their traditional steak
bréakfast on the morning of takeoff. =« .

On the Apollo flights the diet was made up of a wide variety
of freeze-dried foods. With the water removed from the food, an
80-percent weight reduction was possible. Water guns loaded with
fuel-cell water were used to replace the water that had been
removed; hot tvater was used to prepare hot food® cold water for
‘cold foods. To make housekeeping easier, the freeze-dried foods
were packaged -in spbon-and:bowl containers. Liqﬁid; were taken
from closed squeeze containe;g.'Cookics apd dry foods were pack-
aged in containers that were edible. Space foods were attractively
prepared. '

’ . ‘Improved new methods have been. used for processing and

L b packaging space foods, and greater variety has been provided in
\ the menus. On the early flights, foods in paste form were squeezed
\ from a container. ) ;

The paste foods wére not too palatable and did not offer much
\varicty, Both bite-sized foods and freeze-dried foods were tried on
the carly Gemini flights. “ghcn the astronauts showed a decided
preference for the freezé-dried foods, these were adopted ‘for the
remaining Gemini' flights and for the Apollo flights. On the Appllo
{lights foods such as sandwiches and dried fruits were added.

, Oi thie SKylab, the spice and weight allowapce for food for
cach astronaut has been more than doubled over that on the
Apollo flights. Meals on the*Skylab feem more like thosg sctved by
the commercial airlines, Hot food \§ served at the tabl¢ and caten
with knjves and forks (Fig. 73). ’ . .

Y
~ % Waste Ma agement ' o

» . . @ \
n ¢ 4 . P ’ j
For flights planned in the immedjate future, no attempt .will be |
made fo recycle human wastes to produce food. Research on ‘such

. .
k-3

. Q - s . 134 . .
EMC ' . 1/11 A
B . ) . o




.t SURVIVING AND LIVING IN SPACE SRS

recycl/ﬁ continues, however, as described in "Chapter 6, and ef-
OO fox/‘ls are bemg made to lmprovc waste management.

 Up to the present time the gal in waste management has ‘been
sxmply to reduce the wastes stored on board a spacecraft to the
smallest amouhts and make them as harmless as possible. quuxd
wastes can be dumped overboard and allowed to dissipate in
, space, blit no solid, waste§ are” dumped, as these would continue
to Orbit and wbuld polluté the environment.

«  After the medtcal samples ‘were taken, feces from the space-
craft’s crew were colletted in special plasuc bags, in whlc}l a packet |

. of germicide was dissplved.~ The urine was collected in plastic .
bags fitted into the space suit or in the spacecrafts urinal. After |

the urine samples Were set aside;. the remaining urine was dumped
-overboard In spacc the urine first freezes and then evaporale§

* Other solid wastes that accumulated * ‘on the spacecraft ‘were -

sealed in bags or other contamer& Leftovcr food was first treated

", « with a gemmjcide to kill bactena ca)usmg decay and odars. ‘!‘he
. . Apollo astromauts had to work qspemaﬂy hard to keep the com-
mand module clean.’ The dust’ from the moon, which. clung to

.

LI

'
Figure 73. Skylob ;eg« food. Tho fond ';r:;y j'; to be used/ for servinp both hot.and )
_ cold foodt.
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]

Y cvcl/ythmg it touched, had to be removed from the moon suits,
% ' the sample boxes, apd all items brought from the lunar module
N . m.to the command module. )

On the Skylab modified toilet* fa(éﬂmes provided in the waste .
. Gompartment . (Fig. 74), arc especially designed to allow for the
.. régular collection of urine and fecal samples. The samples will be .
. analyzed in an cffort to find out how the :body adjusts to ex-
tended penods of weightlessness. All, remaining fecal material,
trash, and otheh wastes are placed in a large tank below the first
A . floor of the Skylab. Access to the tank is obtained through an
.. airlock located in thc middle of the floor, - .

£ .§ o

o N . Sl oA, -

anuu 74, Wash comfrattment on mo:kup of Skqub Note the handholds ghd other
restrdints for keeping thl astrdnauls in position during waightl un 8,
. '
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" SURVIVING AND LIVING IN SPACE . > ° '
Day-Night Cycle ‘2 .

As the astronauts adjusted to the new routmes of life in space,
they could not anchor their living to the normal sunrise and sun-
set, or the familiar 24-hour dayspight cycle of the earth. In the
lower earth orbits the complete day-night cycle lasted only 90
to 100 minutes, as the astronauts made a complete revolution of
the carth during this time. On the” moon the astronauts saw day-
light continuously during their stay because their landings were
made during the two-week daytime period.

Since the earliest spaceflights were brief, little %]ustment' had to
be made to the changed day-night cycle. By the_ time- the Gemini
flrghts began, the astronauts settled down to ae}outme for- lrvmg
in space in preparation for the endurance flight, which’ .was to
a&; -twp weeks. At first the two Gemini astronauts took turns

ding watch and sleeping, but the plan did not.work well. In |
the close confines of the spacecraft, sleep was disrupted by every .
* movement or sound against the background of the deep silence of
. space.
Following the astronauts’ suggestrons, space offrcrals decided that - .
. it was best to keep.all members of .the flight crew on the same
' schedule insofar as possible. This ‘schedule matches the day-night
»  cycle at the Lyndon B. Johnson Space Center (formerly Manned
Spacecraft Center) near Houston, Texas, which is the home of the -
- «» astronauts. - t
’ The astronauts’ adjustment‘*&'thej day-mght cycle when removed .

A \

from the earth continues to inate biologists. Since ancient times
. it has been known that living things on earth adjust their physiol-
gy to the, 24-hour day-night cycle. The adjustments go far be- .
yond the famijliar ones of wakefulness and sleep A mysterious bio-
logical, clpck) seems to regulate basrc changes in physiology, such as
the pulse and respiration rate, oxygen consumptlon, and the se-
_cretion of the glands. So far the astfonauts’ bodies scem to have
retained the 24-hour day-night cycle of the earth no matter where
they have been in space. Apparently the astronuats can get by with
¢ less sleep in orbit, but this is probably explained by the relaxed
condition of the body during weightlessness rather than by any
change in thelr normal 24-hour day-night cycle.

.ﬁ. - . LY
4 . ' Medical Monitoring
v Because there were many unknowns about the way in which
¢ the human body would adjust to.spaceflight, each astronaut has

been fitted with instrumentation for biorhedical monitoring. The
sensors for the system are attached to the skm (Fig. 75). No

\\\ \‘ ' o i Y
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" SURVIVING AND LIVING IN  SPACE -

'§ensor§, are .allowed to pEnctra;e below the skin. bechuse of the
" danger of infection. Readings from the skin sensors are trafismitted
to miniaturized radio equipment contained in the biomedical instru-

mentation belt worn by the astronauts. Biomedical data is then

telgmetered, or transmitted by radio, to the earth. Biomedical in-
strumentation has allowed doctors on the earth jo, m segular

dirget, ‘or real-time readings- of the fstronaut’s heart and res- .

pitatory rat®. Using the same equipment, ground control can
receive readings of blood pressure, body temperature, and electro-
cardiograms (electrical recording of heartbeat). When .the astro-
nauts ar¢ subjected to added mental or physical stresses, doctors
closely monitor the biomedical instrumentation. )

The primary purpose of biomedical instrumentation i§ to assure
the astronaut’s safety and well being. If biomedical data telem-
ctered” to the earth were to show that an astronaut’s health is
endangered, the flight would be terminated. Biomedical data
servés another purpose. The vast amount of such data already col-

" lected will enable scientists to reach a better understanding of .

spaceflight. Medical monitoring of the Skylab astronauts will add
to this knowledge. : .

The astronauts have another means of keeping in ,touch with
their doctors during flight. A private communication line is kept
open for medical consultation should this become necessary.

In spite of all the precautions taken before flight time, the as-
tronauts have developed colds and other minor illnesses during
flight. Germs spread quickly within the closed confines of the
spacecraft, as was shown during the early Apollo flights. Amer-

. ican medical authorities discourage use of drugs during space- .

flight, as evet theé commonly used drugs may have strange side
effects in the alien environment of space. But when the astro-
naut’s doctor advises medication, the astronaut takes the pre-
scribed dosage from the medical kit. The contents of the kit are
varied according to the estimated ngeds of the flight. There will
be a doctor in the first crew to visit the Skylab.

¢

N

Mental Stresses .

When animals were rocketed into space, they had to éndure
severe stresses, but they were unaware of the possible dangers.
Each astronaut takes off on his flight with full knowledge of the
dangers that lic ahead. Colonel Stapp, in describing the stresses
faced by the astropaut in his small spacecraft, points out how well
Shakespeare’s Hamlet speaks for himi: “O* God! I could be

bounded in a nutshell, and count myself king of infinite space, '

were it not that 1 have bad@dreams." Al'thopgh the astronauts
- * . /' [
!39 ) 4 '
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have great confidence in their spacecraft and in the ground crews
that_support them, they arc naturally subject to the bad dreams
‘and fears thrat anyone would be who faces the unknown. -

- Before spaceflight began, scientists were concerngd that the as- '
. - .. tronauts,. inclosed. in. their space capsule and ‘shut off from all’
sense perceptions from the outside, would suffer from isolation.

The first astronauts, who orbited 'in the Mercury, ‘were alone in

. the spacecraft. To get some idea of how astronauts might react
to isolation and confinement in space,.scientists made simulated

cabin tests on the earth. I these tests, subjects frequently suffered

from mental stress and experienced hallucinations. . .

In spite of the many mental stresses.to which the astronauls. ‘

have been subjected, they have been able to adjust to them. .
They have remained calm and in tontrol of the situation even t
under the threat of serious danger. A doctor assigned to ground ,
control monitors the circuit to be able to judge the mental =
~ condition of hn astronaut by the tone of his voice.w ° 't
. One cause for mental stress during\spaceflight is the fact that
an astronaut knows that he cannot escape from a disabled space- [
craft during flight. To reduce the hazards of spaceflight, scien- |
tists and engineers are trying to develop some means for space

<. rescue. . .
\ roor

SPACE RESCUE,_

3

*

After the oxygen tank in the' service module exploded on the ~.

... .. _Apollo:13 flight, the astropauts were able to make a_safe return
""" "to earth by using the lunidr module as a “Jifeboat,” but the as-
tronauts .could have been stranded in space. This realization chused

- the United States and the Soviet Union to renew their efforts to
for space rescue and prompted them to work to-
gether toward Yhjs end. In order to cooperate in space rescue, .

, both nations must™ge the same or similar kinds of breathing at-
mosphere, and their cecraft must be equipped with docking
collars that fit together aitd\work interchangeably. This need for
cooperation has' led to a freerwxchange of information on space |
biology and midicine. It has also resulted in a plan to have a joint ) ‘

docking of a'Soyuz and an Apollo spasecraft with an intercon-
necting airlock module. The linkup will n
Skylab visits are completed.

The' American spacecraft have been equipped with escape de-
vices to rescue the astronauts in case trouble should develop in
the booster at launch time. The Gemini spacecraft was equipped -  *
with ejection seats similar to those used on jet aircraft. The Mer-
cury and Apollo spacecraft had a launch escape tower attachéd to |

be made until the




' SURVIVING AND LIVING IN SPACE
. "’

the astronaut’s module, or the reentry module (Fig. 76).. The es-
capc tower was powered.with a rocket engine that could be fired
automatically. to  take . the réentry module ~out' off a 'trajectory
ever”the Atlantic Ocean downrange from the launch pad. The
module could be recovered by use of a parachute and then
splashdown in the ocean. Rescue teams go through drills to
prepare ‘them for recovering the astronauts from the occan should
this be necessary. The launch escape devices developed for the
astronauts have provided engintering know-how for making im-
provements in zero-level. recovery devices for pilots of jet air-
craft. "o . '
For agded protection, all astronauts are thoroughly trained in
emergency procadures, and the. spacecraft is cquipped with re-
dundant systems, or extra systems, for use in case one system mal-
functions. On the Gemini-8 flight, when the spacecraft threatened  °
to go out of comtrol, an emergency reentry and splashdown was
made with ease, using procedures’ that had been partially worked

-

. ~

.
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Figure 76. lounch escops system for Apollo commond module. The sscope system
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HUMAN REQUIREMENTS OF FLIGRT

out in advance. On the first m:oon landing, Astronaut Neil Arm-
strong was able to override the automatic systems of the lunar
module and delay until he could find a smoother place for land-
ing. .
On the first three scries of US spaceflights, the emergency pro- ‘
cedures worked well when needed, and all spacecraft parachuted
down safely for splashdown and recovery in the ocean. The tragic
fire that took threc astronauts’ lives occurred on the launch pad
during a preflight test, not during an actual launch. '

On the Skylab, procedures for rescuing astronauts from space
are to be in effect for the first time. After the modified Apollo
spacecraft (combined command and service modules) is launched
for each visit, an identical Apollo spacecraft is to be placed in
readiness for launch. Should the astronatﬁ "become strarided in
the Skylab during their stay there, the reserve Apollo spacecraft .
can be equippéd with two extra seats by making use of a special
kit. Two astronauts would go on the rescue mission to the Skylab,
and the spacecraft would return for splashdown with five astro-

.. .nauts (Fig. 77). If the feServe spacecraft is not nceded for rescue,
it is {0 be used for the next scheduled visit. For the third and Yast
visit, an additional Apollo spacecraft will be placed in readiness

. . - \-
for launch, just as for the other visits, even though the spacecraft

v}; L
$fANoARD couch
mg.‘nsmgw

- EXPERIMENT
RETURN
PALLEY

N ,

Figure 77, Apollo command module modified for roscue mission. The medule' could
bring back five astronauts.
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, SURVIVING AND LIVING,IN SPACE .

has no flight scheduled for it at that time. The plan will provide
for rescue from the Skylab only, bit it should take care of emer-
gencies most likely to develop. - "

Before considering what we might expect to learn about space- .
flight from the Skylab visits, it would be well to review the find- .
ings about man in space made ‘on the first three series of spacg-

flights. This is done in the following chapter.
1 * )
) TERMS TO REMEMBER °
4 '
radiation environment EVA suit - ¢
ionizing radiation . space undergarment oo
particle radiation moon sit b
\solar-flare patticles Portable. Life Support System :
. “charged particles trapped in the (PLSS)
Van Allen radiation belts umbilical :
galactic cosmic rays open life-support system : .
shielding against space radiation semiclosed Tife-support system .
rad C e Mot O difetsiipport supplies
- " meteoroids " - ; fuel cells )
micrometeoroids space diets -
< meteorite bumper * .~ freeze-dried foods
weightlessness "paste foods ' ~
weightless trajectory bite-sized foods ' LS
artificial gravity . waste management R
transverse G-forces . day-night cycle J
heat shield : biomedical monitoring *
manrate (2 missile) biomedical sensors ] Y
shirt-sleeve environment biomedical instrumentation bélt .
senyironmental control system telemetered medical data -
lithium-hydroxide canisters . mentatl stresses  * - .
| radiator {in a spacecraft)\ : space rescue K %‘
radiation (of heat) . - lautich-escape tower
oxygen poisoning ' . - redundant systems CJ
mixed-gas atmosphere ’ emergency procedures .
. spdce suit o ‘, '

N\ QUESTIONT <

1. A\qwlwt altitude might space be said to begin for man? What are some
of thé characteristics of the space-equivalent zone?nWhaK\causes the

utter ilence and darkness of space?

. ~ -

2. What are the three new’.stresses encountered in spaceflight?
- . . i
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3. What are the principal sources of harmful radfation in space? What is
believed to be the most dangerous source of radiation?

4. How dogs .the body appear to be affected by weightlessness? What ques-
[N tiong_ ut weightlessness are still unanswered?

. . [ .
« 5. How does the astronsut’s reclining position eriable him to resist G-forces
ft launch and reentry? . ‘ -

., 6. What causes heating of the mnu"y module? 'ﬁoﬁ is the heat counte cfeé

N or con'trolled'.’ . f
. /
7. What is the principal source of noise in spaceflight? How are nauts
protected against this noise? { .l

A f <
“8. What is meant by manrafing a ml{s,si!e'.’ .

< 94{ What is meant by the ‘shirt-sleeve f';nvironment?

10. What is an environmental control&_vstem and how does it functj;)n in a
T | spacecraft? e - - ;-

l,'t. What were some of the new fea ure of the moon suit? .How was it ¢ooled?
12. How is water supplied tg the Apollo spacecraft?”¢ . '

+ /
13 What kins bf foods have bien sed for US spadeftights? Why
foods been égecuuy prepared? What kind of food seryice will /be used
¥4 .

» o on the, ‘§kyla

147 How ddctlrs on earth mogitor the ystronauts during their flights2

. { ' - =
15. What measures lmve been taken to asfure the astronsuts’ lifety during
, flight? Can an\nstronaut ﬂ'ejésf from a spacecraft? ' -

’

- . 1 FNrNGs 1o DO

o R

1. Make a stud of& a§cc radiation. Name the three sources\of spice radia-
tion that present the greatest potential danger to man in\space. Explain
what a-splar\flare \is. If information is available,’ descritle the findings
made from thé expetiments carrjed on Apollo 16 and 17 thal exposed mice
and other hvi\sg magter to the light flashes obsérved by the astfonauts.

. Secure the publicatopd of the US Atomic Encrgy Commistion' listed in

the “Suggestions for ¢

\ urther Reading” listed” beldw fg

.o 2. Make a study of wci% tlessness. Describe your o
\ e
{

* most closely resembied weightléssness, Summari ¢ mosi important '
observations made on the Mercury, Gemini, and Apillo flights koncerning

s weightlessness. How has underwafer, practice helffed the astronauys peiform

\ space work morg efficiently? What expetimentd co i

*are planned g"thc Skylab visits? -

) . .. . .
/‘ 3. Compate the ¢ffects of t G—forccx cxerted on a jcated pilot dnd of a
PR reclining astronput, Use si plé diagrams or modelsjto explain the acfon °
. of the blood as it 15 pumped from the heart to thp brain and' the ed.
Show the approximate location of the pcart and of thé column/of blood
that gocs frork the heart to) the brain and cyes, also he main branches
blood, flowing to the legs. Compare the
\hcart nd the brain in both cases. In which

of red blood, or oxygena
\ vertical distance between the

PAruiitex: provided by ERiC
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suny(r«b AND LIVING IN SPACE
case does the blood heve to be pumped a greater distance? Under /hc

effect of 10 G what happens to the pilot and to the astronaut?

4 Make a study of the environmental control system of the Apolo space-
craft. Concentrate on the’ oxygen supply. How was oxygen purified?

If you have studied chemistry, do some research and explain how the
lithium hydroxide canister {is able to trap the- carbon dioxide. At .what
times during the Apollo flights was the space suit worn? (For suggestions

on setting up an experiment on_removing carbon dioxide frgm a spacecraft,

see Activities in Stience Related fo Spaces page 23, publis} d,by NASA

. and listed in the references below.) .

5 Make a study of the Apollo moon suit. Use a simple diagram or model
1o demonstrate the operation of the suit. Show the white coveralls (the
Integrated Thermal Micrometeoroid Garment—ITMG). What was wotn
under ‘the coveralls? How Mas the moon suit cooled? How was 1t supphied
. with fresh oxygen?

6.\ If you are interested in fpods and nutrition, make a study of the kunds
* lof foods used on US spaceflights to date. Which kind of food has been
) sed most often ang has drovcd most palatable? What kinds of new foods

ere introduced on the Apollo flights? Make up a set of sample menus
r the astronauts for two or three days during an Apollo flight. Why
as potassium added to the astronauts’ diet on Apollo 16 and 17? How
did if affect the astronauts? Find out what you can about the food service
on the Skylab. : .

’-Q -
')_‘ Make a study of waste managemgnt on the Apollo flights and on the
« | Skylab. How is research on wasle management in space related to pollu-
\tion problems on the earth? NASA 1s doing research that should help small
ommunities improve. their handling of sewage and thus help to prevent ~.
olution of rivers and streams. -

8. Make"a study of medical monitoring. Describe one or two of the medical
rs used for telemetering biomedical information. Esplain how the
system collected biomedical data and relayed it to the earth. Use a
simple bloch diagram to explain the system. (Concentrat¢ on the bio-
medical information obtained rather than the engineering of the system.)
_How was the biomedical instrumentation belt used? Why were all the
medical sensors kept on, the skin and not implanted? :

9, Describe the plans made for rescue from the Shylab. How' can five
astronauts be accommodated in the Apollo command module? What

. progress has been made in jont Amencan-Soviet efforts to develop a
means of rescuing” astronauts and cosmonauts from space?

SUGGESTIONS FOR FURTHER RFADING
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Air University, Institute’ for Professional Deyelopment. Spave Handbook

% (AU-8), Chapter 11, “Rioastronautics.”" Maxwell Air Force Base, Ala..
Air University, 1972, , )

"CLARKE, ARTHUR C, Man and 3pace. Life. Science Library. New York. Time,
Inc., 1964. , . - . .

CoruiSS, WiLLIAM R. Space Radwnon. Understanding the Atom Scries. Qak
Ridge, Tenn.. US Atomic Energy Commussion, Division of Techmical In-

formation, 1968. L %
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OBERTH, HERMANN Man Into ‘Space. New Yérk. Hirper & Bros., 1957.
SHARPE, MrrcHELL R. Living in Space. Doubleday Science Series. New ?or?.

Doubleday & Co., 1969. | [

1

.\1 o

|

pifly

-
Aruitoxt provided by Eic:

wan




.

-

THIS CHAPTEK oullinés the biomedical findings made en the ﬁm,thm seties
of Americon. manned spacefiights (Mercury, Geminl,cand Apollo flights), and
It explaing hew the Skyleh visits shovld enable us te learn mare-cbeut man's
ability 18 Hve ond work in spece. After you have_sfudied this chopter, yeu
sheuld be cble te do the follawing: (1) describe the most imporiant biomedical
finding made #n the Mereury flights; (2) sxplajp twt ways in which. the
Gemini-7 astronputs’ bedies wers kept In geed cendition. during thelr T4-day
Hight; {3) teit Kow the Apollo ostrensuli were pretected during EVAS en the
moon; and {4) name the most Tmpotiant Arene of spaceflight to be studied in
the Skylab, and describe three of the blomedicel experiments 1o be conducted, .

T e

LY

¥

' IN SLIGHTLY more \than a decade of manned spaceflight,
| American astronauts have made a total of 27 spaceflighis during’
the Mercury, -Gemini, and Apollo programs. During these flights
they have progressed from earth orbital flights to moon orbital
flights and landings on the moon. Now that the first three series |
of spaceflights have been completed, American astronauts have
turned their attention to earth orbital flights again. With the launch
of the Skylab into earth orbit, the United States has.a tempotary
'space station in which astronauts cdn exténd the time spent in
spdce. While in the Skylab, the astronauts will conduct- bio-
medical experiments designed top givd us some answers to ques-
tions raised .on, the first .three series o flights.

FIRST THREE SERIES OF FLIGHTS

Sirice astronauts are subjected \to {much greater flight stresses
than aircraft pilots are, the sclection 'standards for astronauts are

even higlier than those for pilots. All astronauts have to be jet

(o 1A 04
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pilots, and they have to meet ever more rigid physical re-
quirements than aircraft ‘tést pilots. In considering how well the
astronauts have met the requirements of spaceflight, one must re-
member that they are men who have .¢xceptional. mental and
*-- physical qualifications. " T N
In the course.of the spaceflights, many astronauts have made
more than one spaceflight, and some havé made as many as three
or four such flights, As a result, US _scief’nis'ts have accumulated a
body of data about individua] astronauts and ‘a variety of data
about man’s physical and mental responses to spaceflight. .

spaceflight came during the 'Apollo flights when the astronauts .

first landed on the moon.,From a biamddical standpoint, thé

climax of the flights came during the Gemini flights when the .

. American astronauts spent theis record 14 days in space, A period.

' of 14 days would allow a margin of safety for the trip t¢ the moon

and stay-time on, the mogn for exploration.. As the astronauts

. progressed from the Mercury flights through the Gemini. flights

and to the Apollo flifhts, they were gradually meeting the human

requirements for a trip to the nsfon' .and for a longer stay-time
-1d8d extended EVA on Lthe moon. - 3

(Mel:alry ‘F‘“ghts ¢ R ~ ) ¢

-

>

\
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The Mercury flights showed that man could survive| the high
" G-forces and other rigors of launch and reentry and| that he
could eat, drink, and sleep during the weightless condi ion. The
first \fears about man’s reactions to spacéflight were laid, to rest,
_and i} was shown that man has a place ‘as a pilot in spaceflight.
On thy first orbital flight when threc Systems in the spacecraft
malfunctioned, Astronaut-John Glefin took over manual control,
and perrgission was givent to continue the flight for three orbits
lasting about four hours., Time in flight was gradually increased .

h - until, on the last Mercu ﬂight, Astronaut Gordon Cooper re-
mained in {rbit for a day and ‘a half.
On his flight Astronaut Cooper made remarkable observations

of the earth \from orbit. He reported that he could see whiffs of
smoke coming from’ chimnek in Tibet, trace roads, and observe
the wake of sicamers on the Nile River. Cooper's medica] record '
shows that he \had extremely high visual acuity, but later other
astronauts’ also Ynade acute observations of the earth, and photg-
raphs taken 'in\space confirmed their feports. Away from the
bscuring effects \of the earth’s atmosphete, a man in low earth
orbit can easily’ spot mountain ridges, grc%t rivers, forest stands,

an\{'occan shoreﬁ&es with the naked eye.

\
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The Mercury" astronauts had” little rime For making , observa-

tions during most of their flight. They had maxfy tasks assigned

to them, and . other tasks deveioped@n entergengi¢s. Simce thero,
was bnly dne astronaut on each flight, he had to exert himself :

and was, often too absorbed in his duties to'eat and drink regu-
larly Sometimes the’ environmental control system did not channel

off the heat rapidly enough as it built up. Corsequently, the Mer-..

cury astronauts returned from their flights tired and dehydrated.

All astronauts lost weight on their flights, At first this wds be- -
lieved to be caused by loss of body fluids, but the loss in weight .

continued through the Gemini flights and .even on .the Apollo
flights when there, wa§ an abundance of drinking water, indicating
that it is probably a reaction to the stresses of spacefli%ht.
During the last two Mercury flights, which were! longer, the
astronauts began to show the effects of continued | confinement
. (Fig. 78) and .exposure to the weightless condition in orbit.
The circulatory system appeared to be affected most, but there
was also a peneral deconditiofiing of he muscles. While in the
weightless condition, the aStronaut’s circulatory system was .not
" subjected to, the normal gravity force. When the astronaut re-
turned to the carth and thé normal gravity. condition, . his heart
: . . ”

Fing_ 78, M;rcury astroriaut confined in spocecraft. The first sub-orbital flight of
Asironauf Shepard (abave) losted only T5 minutes. On the fost Marcury flight Astropaut
Coopér was in the cramped quarters of the spaceeraft during o flight lasting a day

and o holf. : ,
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* HUMAN REQUIREMENTS OF FLIGHT

and c1rculatory system scegxyd to be affected. Astronaut Cooper v
» ' staggered noticgably when he tried to walk after bfmg recgvered. )
All Mercury agtronauts were normal agdin within about 2dhours

. after recovery, however, and their flight surgeon ,could gwe the v
< [ §q-ahcad signél for longer fhghts , ‘ / ‘
.-‘ . ~ ¢ ) . ;

y . * o Gemini Flights /

- On’ the Gemini flights, time in orbit was increased from about
- . . 4 days on Gcmlm 4 until finally, on Gemini 7, Astronauts Frank
) Borman and James Lov;ll made the 14-day American endurance
. record. The most extensive biomedic expcnments were made on
“the Gemini 7. . *+- a{
experiments that_ flight, surgeons conducted aboard
1 7 was designed to find jout whether the astronauts
gtadu y lost small amounts of calcium from their bones during
. wel tlcssnessq ‘Such, a loss of calcium jis known to occur in sick™
_ persons. who are confined to their beds for a period ?f time. The
. condition is accOmpamed by general weakness and a loss of mus-
... . cular tene. To study calcium loss during wenghtlessnes% the astro-
.- nauts” heel bones and one bone in the right little finger were used.
I These bones’ were X-rayed beforc and after the flights. After a
careful study of the medical data, flight surgeons concluded that
the ‘astronauts did lose small amounts of calcium ; \helt bomes =’

.~ during ‘weightlessness. ,
. "To keep their hodies in condition whnle in Orbit, Astronauts
. » Borman and Lovell exsrcised three times dfly by pulling on
”," rubber cords. This exercise was adequate io stimulate the flow of
., blood_and make the circulatory system work in splte of weight-
lessuess With exercise, the miuscles were also kept in tone. Later
* the asttonauts readjuste.d more readily to normal earth gravity.
. ,° When' Astronauts’ Borman and Lovell were recovered after
their IMay fllght (Figs 79), they scemed to be in .even bester \
( condmon tian the astronauts were after the 8-day flight on the Ge- N
" mini 5. It was évident that the measures the Gemini-7 astronayts had |
taken to keep theit, bodies in condition during weightlessness’ |
“Had' been successful. The excellent physical condition of the as-
tronauts on, the recgrd flight was also believed to bg duc to the
* greatergcomfort théey enjoyed when they removed their space suxts
‘. and're qd thg shirt-sleéve enviromment. .
Even with®he exetcxse program followed on the Gemini flights, . ‘
_ ‘there was some a!pdatauon that the astronauts’ heart and cnrculatory R
system  were ted by weightlessness. None of the Gemini
. astronauts experienced dxzzmess ot staggercd upon leaving the

)
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' c,é'sule, howe /r, even though they had spent a longer time .in
orbit than tthIfAercury astronauts. ‘ :

The Gemini astronauts cduld adjust better|to the weightless con-
dition and to spaceflight in general because ' they had the experi-
eiices of the Mercury flights to build upon, and they had more
time in which to sel{ up a regular routinefor living in space.
When the \astronauts Iwere able to get regular periods of sleep,
enjoy regular meals, and take plenty of drix‘ ing water, they did
not become fatigued and dehydrated during flight. Also, the.en-
vironmental control system worked more effic tly on the Gemini
than on the Mercury- flights. As a result, {\{ astronauts’ space
suits did not overheat as long as they' werel nside the GeFaini
spacecraft. Then, too, since two astronauts were on board, | the
Gemini astropauts could take turns at pilotid;\ and share other

: : 1.

»

[} v

-

,*“Figure 79, Gemini ostronouts after recovery f.ollowing 14-day flight. Astronauts Frank

Borman (right) and james lovell are shown as,_ they walked on the deck of the
recovery, ship,
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i . *.  HUMAN REQUIREMENT§ OF FLIGHT
}Ef(s Consequent]y the workload was more tealistic, and emer- '

gencjes could be handled better. Onf the Gemini flights ‘the ‘as-

. . tronauts seemed to be well on t

. hvmg\m space 2
As was to. be expected the dstronauts’ heartbeat increased
. \ du,rm times of stress and ex}:rtmn, such as at takeoff and ze-
. entry ‘and during EVA. What was not expected was that the

.y heartbgat of normal, well persons would reach the high levdls

that tfe, astronauts’ did at times during the flights. Astronauts
Eugéne Cemnan and Richard Gordon, during extended EVA, ex-

* erted themselves so much that their EVA suits overheated and _
water vapor accumulated in their helmets. "More realistic goals
were set for the space work on the last Gemini flight, Gemini 12.

' ‘ The great amount of energy required to perform space work
arises partly from the need to establish a firm position to give the
astronaut leverage. When he pushes on & lever or turns a screw

. in orbit, he ‘ereates a reaction force. According to Newton’s third

law "of motion, for e\'ery action there is an equal and opposue

. reaction. In orbit there is no gravity force to offset the reaction

force and hold the astronaut in position. Astronaut Michael Col-

. lins, who performed EVA on the Gemini-10 flight, said: “A con-
siderable part of my attention was devoted to holding ‘my body
in the proper position to do the best work. I found I usually .
overshot or swayed back and forth. I was never absolutely mo-
tionless. I was contipually moving whether I wanted to or not.”

Astronaut .Edwin Aldrin, wearing a much improved EVA suit
on the Gemini-12 flight, was able to complete his space tasks
successfully (Fig. 80). Aldrin also had more handholds, and they
were better placed. Further, he had gled skill by simulating

1

fir way toward adjustmg\to

spacc work while training underwater. g1l his cfforts pointed to
the need for special training for -space” work,. for special tools,
and for experiments to study the processes that take place in
the body as space work is performed
The Gemini fhghts showed that the goals for EVA on the
Apollo flights could be met, and’ the changes that occurred in the ’
[ body during the Gemini fhghts were not latge =enough to cause .
" concérn for the astronauts’ safety.

Apollo Flights o
During the Apollo flii;hts the astronauts continued to show
physnologlcal changes even though they cpuld move about more +
freely in the command module, but the crews in general adapted v
better to the wcightless condition. In fact the Apollo astronauts |
scemed to have learned how to use welghtlessness to their ad-

ERIC Yo
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o :)Jantage. The schedules for work and slecp were improved sgme-
¢ {mt, but losses in body weight continued. <

' On the Apollo flights man for the first time loft the protedtive

' cover'of the carth’s magnctosphere ‘and was exp sed to the radfia-
v tiohs from siacc. The astronauts who \I ndef on

reported that {they saw light flashes, which
\ . .
' been caused cosmic rays, The astronauts|cquld sce the Ii
‘ flas%cs cven ‘When they experimented with' phtting masks, or
blinds, over thcir cyes. The high-energy cosmid rays seemed to
have penetrated the wall of the spacecraft and the eyes of the
astronauts and registered as light flashes' on the retina of the eye.

Apparently no harm was done by the radiation because it was not
abunda

. Some eX
the presence

\
rimenters on the carth report that they can sense
ionizing radiation by an itching of the skin, but
ther¢ is no reliable way to detect harmful radiation through the
senscs. To take adyantage of the unique opportunity for ob-
serving what are believed to be cosmic rays while outside the

1]

/

-

« Figure 80. Astronaut Edwin Aldnn during EVA on Gemini-12 fhight. Aldrin s carrying

a m'igromnooro:d package to the spacocréﬁ. He removed the package from ,ho
. outside of, the spacecraft.
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1e Apollo 1 d
expose to the radia-
ot expect to sce the

took with thém samples bf living matter
tion. The /astronauts on \the. Skylab do
light flasl{cs because the
viet cosmonauts have no
but they have nof as yet gone beyond earthprbit.

Fortunately for the Ap lo astronauts, e of them wWas ex-
posed to intense dosages of solar-flare particles. Althoygh the
.flights were made close to a period of peak sunspot Activity,
no flights were made at dangerous times. Doctor Berry Jreported
that the astronauts on Apollo 15 were cxposed to a minor solar
flare, but they received a radiation dosage of only -about 0.5
rad, a harmless’ amount. NoMc\asat;g?auts received * signifi-
cant amounts o, radlatlon in passing throtyghs the \’27n Allen radia-
tion belts. i . Coe

The astronauts were also spared any impacts by meteoroids
while they were on the moon. The scismographs that the as-

, tronauts left on the moon have recorded some mctcorond im-
pacts since the first landing.

During the Apollo flights the astronauts gradually cxtended total
stay-time and the time spent in EVA on the moon. Fromi the *
single EVA lasting about 2.5 hours, made by Astronauts Neil
Armstrong and Edwin/ Aldrin on the first moon landing, the astro-
nauts progressed to three EVAs totaling 22 hours 5 minutes on
the Apollo 17, the final flight. During .the final three EVAs on
the moon, Astronauts Eugene Cernan and, Harrison Schmitt, came
cloge to the llmllﬁ of the life-support gupplies provided by thc
mobn suit and backpack,

On the Apollo-17 flight the lunar rover worked well, and the
astronauts followed carefully scheduled periods of work and rest.

In addition, some, potassium was added to their diet; JuSt as on

the Apollo-16 flight, in order to kccp the body flunds in better

balance.

. During EVA ‘on the mioon (Fig. 81), astronauts cxpendcd large

’ ‘amounts of cnergy, just as they did during EVA in space. Al- -
though they had gravity to help. them on the moon, they per- .
formed hecavier work. For this reason the astronauts gvcn, care-

carth’s mai tosphere, the \astronauts on,

fully monitored. on the moon to make sure that their{expenditure

of energy did not’ exceed safc limits. Energy cxpcndc was mea-

sured either by recording heartbeats or by taking into. account the .
amount of heat gencrated within the moon suit. Although Astro-

nauts Cernan and Schmitt, on the final flight, made the most
cxtensive exploration and gathered the largest supply of rock N
samples, they did not overexert themselves and were in excéllent .
physical condition when recovered.

-
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Figure SI.’A‘stroInaut Ja‘mos frwin cl‘un'ng EVA or;Amoon. vai:}, is collecting.rock samples. ) '
. As the astronauts moved about on the moon, they learned
to adjust to the reduced gravity force, which is about one-sixth
/ that of carth gravity. In’' making the kind of lcaps or long strides
allowed by the reduced gravity, the astronauts were at first
prone to losc their footing on the slippery surfaces. This caused
some concern because a fall could have resulted in rupturing
the moon suit and bringing about fatal decompression. In time the
astronauts learned to right their movements, regain their balance,
and prevent falls. ' . '
Although the possibility was remote that the astronauts might ~
become infected with an glien organism on the moon, theré was ,.
some fear that this might happen and that the astronauts would f
bring the organism back and infect the” carth. For this reason the.
s astronauts were ccarefully quarantined after the first three moon
landings. The ‘most rigid restrictions were observed. The swimmer
who entered the command module upon recovery wore an isola-
tion garment to protect him against infection, and ‘he handed
similar garments to the astronauts for them t6 put on. When the .
astrohauts came aboard ship in their isofation garments, they went - . ‘

o
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into a box called a mobile quarantine facility (Fig. 82). This was
airlifted to the Lunar Receiving Laboratory near Houston, Tcxas
Here the astronauts remained for 14 days of quarantine, along
with any pers accidentally exposed. Only afte? their quarantine
period, was over could the astronauts, receive the welcome’ that
awaited them. After careful testing revealed no signs of even the
smallest living organism, quarantine was no longef enforced. *

Besides providing a body of unique biomedical data, the US
spaceflights have had a much wider influence on the. study of
physiology and medicire.

.. Results of the Findings.

o

As a result of the 27 American spacefllghts, it 'is evident that
man can successfully adjust to flights in space{for periods of at”
Jleast two weeks. Many questions still remain unanswered, how-
ever, about the two’ stresses of radiation and weightlessness. Since
radiation is not likely to become a problem until man again ven-
tures beyond the earth’s magnetosphere and attempts longer trips,
into space, attention in the iminediate future will be focused on
finding out more about the effects of weiglitlessness.

M w

Figure B2. Astronauts in mobile quarantine facility. President Nixon greeted the

quarantined astronavts through o closed window. The astronauts who made the

first moon landing are (left to right). ’Ndil A. Armstrong, Michael Collins, and Edwin
E. Rldrin. Astronauts were quarantined after the first three moon landings.
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. ! Certain changes have taken ;SIE(Te in the body during. orbital
flight that are believed to be caiised by weightlessness, or zero
gravny These changes were largely in the circulatdry system,
the ‘mustles, and the bones. THe changes were not large enough
to cause alarm, and even on the longer flights the body rdadjusted
to.earth gravity within about 50 hours after recovery.

Man's ability to adjust successfully to flight at the higher alti-
tudes in the earth’s atmosphefe,\has led to a revolution in trans-
portation. Aviation grew by leaps and bounds until Lit became
one of the most common means of transportation. It is unllkely\
that thcre will be a similar movement to *$pace transportation in_
the immediate future, but man's efforts t0 cope with the stresses,
of spaceflight have led to significant developments in areas other
than transportation. - .

The stimulus glven to aerospace medicine by qucefllght has
. led to a revolution in thg study of human biology and medicine.
Never “before in the history of medicifie have such detailed
,studies been made of well persohs. By studying the body as it
is exposed to the weightless environment, new insight has been
obtained ixito man's physiology. Further‘,,the sensers and jnstru-
ments developed to monitor the. astronauts during spaceflight
' have opened the way to all kinds of new medical sensorg to .
new methods of treatment, to entire hospitals built around auto-
matic monitoring of patients, and to the development of artiﬁmal’
organs and implants of/them in the human body.

As ‘the Apollo flights progressed, American astropauts began
to visit Soviet training facilities, and Soviet cosmonauts were in-
vited to come to American facilities. These visits, together with
the need. to develop, joint methods for space rescuc,e have led,
to'a much freer exchange of biomedical data between the two
countries. Such an exchange has greatly increased the knowledge

- that both nations have about spaceflight.

In general, Soviet scientists have used the same methods: fér
heélping their cosmonauts adjust te the rigors of spaceflight as .
Jave our scientifts, but there have been’ lmportant differences
‘between Soviet and American ,spaceflights, both in methods and
in biomedical findings. One of the }mst important differences is-
that the Soviets have not used pire oxygen pressyrized at lower.
than atmospheric pressure for  their spacecraft Instead they have
ysed a mixed gas resemblmg the earth's atmosphere, which ig
pressunZed at about 14.7 psi. Then, too, Soviet cosnionauts have
« experieniced some nausea and disorientation during weightlessness,

and the cosmenauts have required longer periods before returmng
| to normal after their IOnger flights. ' ’
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The big. questi that now faces scxenusts is, What wxll happen

lab should provi

Question. :
. //\ * THE SKYLAB )

As the |Apollo fhghts were completec{ the Skylab was put

stage of jthe St turn 'V booster, ig the laggest space s|
c ed IE is, four times larger 1than thi first Soviet Salyt
) l ‘\_ .
‘ Skylab /was launched into a. nearly fircular orbx}
A 1973 at 4 distance of more than|270 mils from the qanh an
\‘;lm iog, of 50 degrees the equator. The orbit
ih frbm the earth to maintgin stability ahd close enough

to t o be clear of harmful Jadiation from the Van Allen
belt tq launched, the Skylab, cpntained all the food, water,
and Paiye éeeded, to support the entire mlssion ‘

Al thel Skylab was M orbit, the two large solar panels for
develdping ‘tlectrical power for the workshop failed to, deploy, and
it w undpthat the. meteoroid and heat shield had been torn off at
launchi; As ga result, thy Skylab heated. Temperatures inside the
spacgh raft aperaged 120 Hegrees F. and even reached 190 degrees.

Becduse of the high temperatures and loss of power, faunch of the
first crqw was delayed until 25 May. Time g41ned by. the delay was
used to design a substitute shield and test procegures for deploying

‘it. Plans{wete mide to have the astronauts mdneuver around the

damaged work hop to inspect it, and then perform EVA to deploy

new
the loss of er, the astronayts could perform fewer experiments,
but they would pave an oppo:tunity to demonstrate how well men

could work in spate. The Skylpb missions would prescnt a real test

of both men and systems. !
1

! / Living Quarters and Laboratory '

' The main unit of the Skylaby thie combined living quarters and
laboratory (the workshop),. tontains aboyt as much space as a
three-bedroom house. With the largc ount of room 4llowed,

28-day period in the workshop Dunink ther stay the astropaufs deployed an umbrelislike

SAftet® this book went to press. the ‘Skylab 1 !strona\ds de their usnt and, comp)eticl: a
d

shield to Protect the workshoptfrom the| sun, and the temper@ures in the worksop drb
The astronauts were also able deploy johe of the large sola nels. ancrcasing the ampunt
of electgical power {pr the workshop. th o(\m large solar d had beon sheated off] By
successfully miking dirs, the Skytad i lsqunauu left the woqéshop in a satsfactory ondi
tion (ot futurce visits

EKC' st \l ¢

! |

leld/, Because of The thme- required fof making repairs and *

-

R

-




N . THE' ‘SPACEFLIGHTS = ,
o vthée three astronauts in ca%h crew can live more nearly as they
do under earth conditions.” e Skylab contains a dining room
(wardroom), individud sleepy,cOmpartments, ‘and toilet facilities
. (waste compartment), as shown “tit, Figure 83.‘ ) ,
* Moving abou} in the Skylab-is miich casier)’ than moving, about
during EVA in space. Many handrails are proyided in the |Skylab
) to control the, motion. Als the -astronauts’ can walk ¢h the
floor or ceiling by making 3¢ of kpecial cleats on theid shoes
/ that fit into the open meshes jjj the flpor and ceiling. 1
The astronduts have restraifits, or “hold-downs,” to kéepjfthem
in position while cating in the] m or while using the pwaste
compartment| or sleeﬁing, The'; ts Stand at the table “are
" held in place by fodt and ghig aints (Fig. 84). Their |trays
are ! secured |with pand they fuse ‘knives and forks.*The
slcc?ing rest{'aints leeping bpgs placed on the wall] and
. . g :
]
S
A\
|\

. \\lguu}& Mockup of o portien
dombines fiving quorters ond o lobore! ory. Shown obove ore the crew’s qubriers.
is oro provides occommodotions for 3 eping, preporing ond eoting food, hygiene,

. \‘ woste monogemant, and perf rr?ﬁrlg some medicol experiments,

'
. N \
i . .’

- i .
of the Si:ylob orbitol’ workshop, The weorkshop ©
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.figure 84. Toble in, mockup. of Skylob The !a):h is- mgde up pi {
for unung fcod to ﬁn ostuncun

ﬁlut koy; und,‘, R

_ wash with moxstc.m:d

)
.

. the astronauts slecp . ¢

position while’ lhiy ‘sof. B

| vertical posmon. Usually thc astmnauts

Noteghe . restrounts for bo}d{f\g the osironovts in

is 4d-

telfry cloth washéloths, but a show%

vailable for use once a Wweck. The astronauts ~lsmgncd to t

lab are askcd to mainaﬂ:

¢ Sky-

its habitability, Theis obscryvations will.

"t conduct scient:hé fescarch in obit. The Skylab. &d mnpof,’afy
:,pa..c s!anont or what mxghl

,guide gngmccrs in dcsnbn;ng {uturc spacc vchicics and cquxpmcn"{

. The caqamg annusphem m -thc Skylab :s pQ longer- purc
Qxygcn but’ o)ggm difyted with Ritrogen. (about 30° pcrccnt mtro-
gcn to 70 &)crcem oxygen? The total speessure, oI 1hc o gases
i the same as that of the_atmosphere used i thie’ Apollo sp‘ac»cra&
for the moon fhghtb,\or about .5 gsx..Unllkc the Apolia space- .
ctaff, the "Skylab has,a spccnal airfock modulc ﬂmf allows ﬁ‘:ci v o]
astrenauxs to go outsxda far EVA wuhout depn.ssummg, thg sga c\

Y

By [

'f‘ 5!

m-
cabm The Sky]_ab space su;t resembles ﬂrc moon. suil {F:g 85 s
_ 1” ‘Q.\;}\_ . Qt\ﬁssloh PerK lm}?edlqnl Exptrfmeﬁls~" wt :'-.\ :;\“; "}’s, a8 ' °
Thc lapnch of zhe "Skylab, ma{g e lﬁ:gmnmg of. Usscﬁor(&“ . z,

,.,quxd ;‘m bxpsrfmental sphce smﬁon. .
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Exj)erimelh $ are being conducted in the Skylab in tv{o other
areas bcsifles: e lifé sciences: astronomty, or mostly studiés of the
sun; and !applications, principally studjes ‘or surveys of arth re-
sources from orbit and of manufacturigg’ processes in zeto gravity..
Of more than 50 experiments, some §6 experiments will
voted {0 the life” Sciences, but in a lafger sense the subje
experiments in the Skylab. is man in space, r

L SEr s I BRI R R -
_ﬂg‘uu‘ 83" $Skylob Wpute §suit - and morkkuyering ?n., This :pm‘nuvnhg vnit s
L r Zschiluled 1o be Jegted ?mid*w Skylob workihop. _ .
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. }Vﬂile Ahe astroratnts “are ‘conducting othet ‘experiments in .the .
"+ Skyldb, they themselves are producing data about man's physiologi- .
., €3l dnd mental reactions i living“and working in space for longer
‘J " periods. The "earfiér spaceflights pdinted up the. fact that duting -
- perjods up to 14 days in space cer‘aln, basic changes took place in [ . °
the body, These changes| were smal but measutable. During longer
"Periods.int space will other changes become eyident that were too
- °f small 't be measured during a '14-day fli(%\t? The hows and
whys of varieus chan, s now becc}‘m,e important questions. .
“The Skylab rep’résen%sianp'th‘ex‘"‘importax{t,steb‘. in_studying man's
adaptation to flight. Sbme Cconditions of spaceflight can be simu-
' ~ated on the ground, it there is o way to duplicate all the condi-
tionf of space exceptiin space. Weightlesshess can be..produced on.”
the ¥arth £or"oply 3 imatter of secondsT during a weightless trajec-
_ Jtory, as explained earlier, and this amount of time does not permit
. condiiéting the kind f experiments now called for.
....On the Mercury, Qémini, and Apollo flights, scientists could col-.

‘1éct biomedicdl data through telemetry, but these {lights had an .. .
"opefational misgion. When riiedical data was not needed 10 ure
the astronauts® safety, it could not be collected if doing, this §n-
lterfered with the operatiofial mission. The Skylab has no .me: . .
siont other than“to conduct experiments in. orbif, N

To achieve longer periods.in space, time will be at first doubled.

" The Tirst rﬂis§i01_1 in 'the Skylab is scheduled for 28 days, or twiée
the time spent in Space during the Gemini-7 flight. On the second
and third Skylab missions the astronauts are to spend more than - .
dquIt_: ‘the time ofithe first mission. R

Ay

i

>

Of the{16 life-écicnces experiments planped for the Skylab, .
6 .arp to bonsist of detailed measurements made on’ the ground
before ang after -the flights to the Skylab, thus pdinting to the
changes that occurred during orbital flight. The other 0 'expeti-
ments concern living, in space itself, and one set of experiments
is reldted to the other. The circulatory system, musclés, bones, .
and body fluids wilt tic studied. Changes in these are.to be_ .
compared with weight losses and with changes in the body's
metabolism, or the procl:ss of building up tissue tind using food.
. The studies &f metabolism should help fo explain \why astronauts
*  have (ﬁffereri_ 'myftritional needs in space than they, do on earth. o
Finally, there\wifl be a scries of experiments condjcted on the =
"balance fechdhidm in the inner ear (semicircular canals and oto-
o lith organs). Tjihe and motion studies of the body's balance

mgchanism madg on the Skylab will be the first studies made of . .o
this mechanism when the gravity stimulus is absent. The bicycle .
ergometer (Fig. 86) aid the lowet body negative-pressure cham- -
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to test mcn'a\of‘ﬁcﬁvoniu while doing meclianical work after astay .in space,; The
equipment can also be used for axercise 1o keep the body in condition during
R . eightlessness. r

‘.
w
v

Ber (Fig. 87) aré special equipment for conducting medical ex-
# periments on the Skylab. . .
To help students and teachers appreciate the jmportance of the
\ space environment for scientifid. rescarch jn the future, NASA in-
vited high school students to shbmit ideas for experiments to be
carried out on the Skylab. Moe, than 3,400 students responded,
and 25 yexperiments were selecfed. As many student experiments
as time. and space permit ar¢ tal be carried on the Skylab. *Among
eriments selected wasthat of Cadet Lyndon D. Long, an

q{ms for the Skyjab\ ° -

" Each créw for the Sky]:lb is made up of dpe scientist-astronaut

and two pilot-astronauts from the active asttonaut corps. Astro-

nguts in"thc_ corps have been selected on_ two bases. as pilot-

astronauts and as scientist-asgronauts, The scicntjst-astronaut has

‘16 meet the same high physical standards as the pilot-astrongut.
.-

o oA

Aruitoxt provided by Eic . s

-

A, N e . 2 .
":‘ Figf:}g&ﬁ. Astronaut Joseph Kerwin on bicycle ergometer. The ergometer can be used .

Juhior ROTC cadet. from Southerh High School, in_




Fuquro 87. lower body negdtive- .pressure chamber for use on Skylob, The vacuum

in the chamber produces the effects of gravity and stimulates the flow of blooed in

the lower part of the body. The equipment can be used for medical experiments
and for keeping the body in cond;tzr: during weightlessness.

EMC-"

Aruitoxt provided by Eic:
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4 He must also have a bachelor’s degree plus a doctorate, or its equivac
7 lent in experience, in the natural sciences, medicine, or engineet-
ing Scientist-astronauts who are not qualified pilots when selected
must take jet training and become proficient pilots. "' 4
The first crew for the Skylab is ogmmanded by Cha‘les Conrad.’
! “. The pilot is Paul J. Weitz, and the Scientjst-astronatit}is Dr. Joseph
P. Kerwin. Astronaut Conrad commanded Apollo| 12, and he -
flew on the Gemini 5 and 11. .
The second créw will also be commanded by ap experienced
astronaut, -Alan L. Beah, who flew on sApollo 12. [The -pilot will
be Jack R. Lousma, and the scientist-astronaut will' be Dr. Owen
K. Garriott. o »
For the third crew, the commander wijll be Gerald P. Carr, the
pilot William R. Pogue, and the scientist-astronaut Dr. Edwat‘ '
G. Gibson. * , . A T
» Ay
Training for Skylab Visits © !
L - ! 1
Trairing continues for the Skylab visits. Special mission simu- '
lators for these flights areflocated at the Johnson Space Center,
and both prime and backup crews are at work on the simulators. !
The [iastronauts are, becoming familiar with the hardware on the

S I m g v
wa. P T

[

o0,
o

*
M
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Figure 88. Astronauts and engineers working undegrwater with Skylab mockup,
Conditions underwator resemblagthose encountered difiag weightlessness in space.
The full scale mockup is locate X

Aruitoxt provided by Eic
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o HUMAN REQUIREMENTS OF HUIGHT

Skylab, especially with the equipment for the biomedical experi-
ments and for routine living. In ‘preparation for Skylab experi-
ments requiring EVA, the crews are practicing underwater (Fig.
88) because conditions underwater most\n)early resemblé those of
weightlessness. Each crew member is to spend at least 1,500 hours
in mission training.

As part of their training for the Sk lab, crew members take
three days, of medical instruction at ‘the regional hospit
Sheppard Air Force Base, Texas. Here they learn how to
Skylab medical kits and make simple examinations, If, the Sky-
1ab crews can solve their own minor medical problems, they may
prevent, an emergency return to the earth. The scientist-astronaut
on the first crew is a medical doctor(

Wherl the three Skyldb visits have been completed, aétronauts
will be! trained to fly the space shuttle and the reusable space

vehicles. of the future. Findings made on the Skylab should tell
us much about spaceflight in the future.

TERMS TO REMEMBER

-~

mobile quarantine facility pilot-astronauts
experimental space station " scientist-astsonauts
!
I (_‘ « /"
e

QUESTIONS

1. What important findings were made about man's ability to live in
space on the Mercury flights? What did we learn about rhan's ability
to pilot a spacecraft? R

2. Why were the Gemini flights Important In' adapting to ' spaceflight?
What was the American record of endurance made during the Eemlni
flights? How did the astronauts counter the effects of welghll*ssne 7

3. Why did the Apollo astronauts expend large amounts of energy diyring
EYA on the moon? Explain how the astronauts received life support on
the moon. '

1‘ .
4. Whit is the Skylab? Name three importani ways in which living condi-
tionk In the Skylab differ from those existing in the Apollo spacecraft
during the moon flights:™ ™\ , >

1

5. What Is the most important sttess of spmeﬂlﬁh( to be studied in the Skylab?
Describe some of the biomedical experiments. What Is the purpase of these
experiments? b

Aruitoxt provided by Eic:
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. THINGS TO DO C

1 Make a study of the Gemini-7 flight. Describe the experiment.conducted
on the loss of bone calcium. Tell how Astronauts Borman and .Lovell,
- counteracted the effects of we)ghtlessness, Explain the advantages of re-
,moving the space suit during dlight. This practice was Nollowed on subse-

* quent flights. .

v

2 Malke a study of life support during an EVA on the moon. Select ohe of
the Apollo flights during which stay-time on.the moon was extended. How
did the astronauts get life support during EVA? What were some of the' .
K ) tasks that required large expenditures of energy?

N ¥
Keep a notebook on the Skylab. Were the three visits made? Were space  *
officials able to correct the problems that developed 1n the Skylab at launch .
and duging the first orbits? How did they do this? Which of the biomedical
experiments were carried through as planned? What changes were made?

|

¢ : .,
’ SUUGGESTIONS FOR FURTHER READING
R d EN
MisENHIMER, TED G. Aecroscience, Unit VII “Man 1n Space.” Culver Cuty, .
Calif.: Aero Products Research, Inc., 1970. ” ’
National Aeronautics and Space Admunistration. Pruject Gemim. Washington, P
D.C., 1966. . . . A

- " SHARPE, MITCHELL R. Living in Space. Doubleday Science Series. New ‘York.
Doubleday & Co., 1969.. :
THOMAS, SHIRLEY. Men of Space, 7, vols. Philadelphia. Chilton, 1960-65.
Vol. 3, Alan B. Shepard and Yuri Gagarin .
Vol. §, Jehn H. Glenn , 4
Vol. 7, Virgil I. Grissom.
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THIS{:HAPTER attempts to predict'some of the human Fequlrements of alrerafs,
flight and spaceflight It the future. It considers humun requitements of two .
advanced "aircraft: the Air Force SR-7) {clready In operation) and the com.
“merdal” supersonic- fransport, 1t describes _how life support ds- to. ba: given..
on the 4pace shuttle uhd how the space shofle might be uied to, davelop-o-~
ipace statlon, Finally, the chopter considers thtes problems of prolonged spaces
Hight: the’ dloged life-support system,” preyention. of s contamination,..and. the. .
. iﬁtﬂiﬂ"&p?ﬁi_ﬂqnfof e passengers ond craw. After you have studied this
* chapter, you ihduld bé able to da the folloWing: (1) desctibe some-of-1he_human..
Problets that must be solved” when. flying. future circroft; (2)-trame -two
advancements In _fife sypport likely to be made on’ the spave _shuttley (3)
" exploln what is ‘mecnt by & closed life-sypport system jood tell how it-relateg . &
1o solying pollution problems on the eorth; and  (4) tell what you thipk mig
. _be the two most serious Bumon.pmb!cﬂﬁﬂ@qq d spmﬂlghfg‘{, LA
T .:," }’ :.-NN i~ ‘, K"::, . ";A'i . ',‘.\\‘ 7 -;»:);/ ﬁ:~,

\ -

MAN HAS BEEN FLYING aircraft for only about seventy
years and spacecraft for about a dozen years. In this relatively

' bfief time he has learned how to adjust to increasingly severe
- flight stresses and to keep his body stable during flight. The
question that now suggests itsdlf is. H\Yw will man continue to
counter more severe flight stresses '

.
n‘
"

- DN

ADVANCED WIRCRAFT |

; e

In th¢ development of future-airdraft, cm;ghasis is being placed

. upon performance, and versatility, To get somd idea of the human

« requircments for flight in future aircrafy, consider two advanced.

aircraffan Air Foxce reconnaissance plghe (the SR-71, already 1n
operafjon), and the \supersonic transport. (SST).

' \)‘( \ . - P snaaianinaines S VSN,
Y S




HUMAN REQUIREMENTS OF FLIGHT

*

The SR-71 (Fig. 89) cruises at mach 3 (three times the speed
of sound) and can reach an altitude higher than 80,000 feet.
Because of the great speed at which it travels, acrodynamics heat-
ing can, cause the skin of the aircraft to heat to temperatures of

500 to 600 degrees F. The aircraft must decelerate and make
" several turns in a Holding pattern to allow the aircraft to cool
before making a larifing. To descend for a landing, the pilot must
begin making his instrument approach many miles away. If the
pilot shopld make a calculation érror of even a few seconds at
altited®, the aircraft would probably overshoot the approach by
any miles. As the SR-71 touches down for a landing, a drag
arachute is deployed to help slow down the aircraft. Crew mem-
rs of the SR-71 wear Gemini-type full pressure suits with heavy

foptgear The pilot must use caution in applying the brakes because

it fis difficult to get the “feel” of the brakes with this footwear.
The SR-71 has a crew of two: the pilot and another officer
ho acts as both copilot and navigator. The second officer op-
erates the advanced inertial navigation system, which is linked with
a star-tracking system. )

Two commercial supersonic transports, the Soviet Tu-144 and
the British-French Concorde (Fig. 90), cruise at about mach 2 and
at altitudes L above 50,000 feet. At that altitude, in’nlthe lower
limits of the spacc-cquivalent zone, a space cabin is nebded. Pas-
sengers in supersonic transports will be traveling underlconditions

-

Figure 89 Air Force SR-71 The pilol and navigator of this ircroﬁ must have skills

and meot flight stresses much like those that will b¥ expegigheed in arircraft ow .

future
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- FLIGHT IN THE FUTURE

Figure® 90 British French Concorde. This is ohe of the supersonic transports 'bemg

tested for commercial flight.
\ .

much like those under which_the astronauts travel. When., the Con-
corde reaches an altitude .of 50,000 feet, the space cabin has a
pressure altitude of 6,000 feet.” The combined heating and air- _
conditioning systeth can keep the cabin comfortable. .
As_supersonic transports reach the speed of sound, they create

a sonic boom, but this will not be_heard by the passengers, be-
.cause the shock wayes do not travel Jtoward the cabin. To aveid
creating, sonic booms over population centers, these aircraft are
ot to beflawn at supersonic speeds untjl they are far out over the .
eans. ’ , .
Flight simulators uSing advanced dvionics (aviation clectronics)
arg being used, to assist pilots in trangitioning to supcrsonic trans- |
potts These snknulators yealistically reproduce many of the con-
ditions that will be encountered, during flight. One condition that ’
i floticeably different between flying a supersbnic transport and a

« s}bsonic jet is that cxperienced when making the highespeed take-
off and rapid clirpb to recach the cruisc altitude of 50,000 feet.
Like the SR-71, the Concorde has an incrtial navigation sys--

. tem, which permits highly accurate navigation. The aircraft: also
. has autopilots, which tan control the aircraft not only during cruis-

ing but also during climb and descent.

o 171 ' ‘
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HUMAN REQUIREMENTS OF FLIGHT -

The high speed of the supersonic. transport should greatly re-
duce passenger fatigue during long-distance flights. Fatigue from
flying usually does not become pronounced yntil 3 ta 4 hours after -
the aircraft is underway. The Concorde can fly from New York to
London in about 3 hours 30 minutes. :

FUTURE SPACEF[.IGHT

¥

-

While astronauts are conducting expefiments in the Skylab,
work will continue on the space shuttle and the permanent space
station Biomedical specialists and engineers will develop the space
cabin and protective equipment neéeded for the space shuttle,
which is to be used for constructing a space station in orbit.

-

Space Shuttle nn/‘ Space Station

N

The first space shuttle is to have two stages: an unmanned
booster stage and a manned orbiter stage. The shuttle is being
designed so that it can be reused for more than 100 flights.
-The orbiter stage of the shuttle (Fig. 91) is to be a deita-winged
vehicle about the size of a medium-range jet airliner. It will

v

»

Figure 91, Interiér of orbiter stage of the.space shuttle, This drawipg shows one,

design for the interior of the shuttle.
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SIMPLE MOBILITY JOINT
SYSTEMS [ELBOW,
SHOULOER, KNEE)

TORSO PRESSURE SEALING
. + CLOSURE -

& EXTENOEO PULLOVER POUCH
(WAIST GUSSET) 7

, POUCH CLOSURE X

" MANNED SPACE CRAPT CENTER

4 ” P

dugum 92. Space it for pilots,of space’ shuttle. The drawing shows 1ho design o(
, o lightweight suit thot could be worn unpressurized for Yong perods inside the
shuttle. The suit could be pressurized .quickly in an em rgtn:y

, .
" descend from rbit aud then fly through the atmosphere like an
aircraft.’
Thc;orbltcr is to ‘carry a four‘man crew consisting of a pilot,
a copilot, and two spchl assistants. In addition to the four-man
.. crew, the shuttle could carry as many as 12 passengers, or it
L could be used entirely for cargo. ‘
When the space shuttle is ready fo opcrauon as it is exy&d
. to be in the carly 1980s, passengers who travel into orbit wil
no 1ongcr have to r{ccnve rigorous training as a;?onauts The or-*

.~

biter stage of the shlittle will have a space cabim,/and its maneuv-

- cring ability will allow the passengers to cnjoy fety and comfort
similar to that of thg comercial airlincr. : ¢ '

Work is néw procccding on a space suit (Fig. 92) for gilots

. ., who wjll test the shuttle. This ‘space suit is intended as a ba kup
for the space cabin. The whole csgape system, of” which the sdit is
a part, is being designed 'to allow the crew to deorbit and lantl n
case of accidental, decompression. The suit, made of fabric, 15 to
~Wc|g11 only about 1Q pounds. It wn!l be prcssunzcd at about 5
psn as compared with about .3.5 psi for present space suits. With

| ‘ . S T LN
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ts, pressurization of the new sui ut 8 ,psi |
should He possible. Even with the "higher presstrization, Tthe st {

rovide a high degrec of mobility and comfigyt. The fhel-
an be folded and stored inside the.suit at the necklue. 'The
prégsurization in the cabin of the space shiittle will be adjygled ’
to/the higher levels in the space suit, and a mixed-gas atmogfhere . /
ill probably be used in both suit-and cabin. _ >~ - :
Engineers are also planning a laynch ewgm_stemA for the*
space shuttle, If trouble should de in the unmarned booster
stage at launch, a reckkt engine would ‘propel the orbiter stage
away from the Booster stge, and thg external fuel tank and solid
rocket motors of the bodster stage ould be jettisoned. The, or-
biter stage would ascend to a highl enough altitude o allow it
wto glide back to the earth: T )
) To assure the safety of the shuttle’s passengers and créw during
flight, the .pilot-astropauts will be prbvided with adyanced _bio-
™~ medical insgn;gentation, This instrumentation should give doctors
on the groun® information to enable them to predict medical
. problems ipstead 6f merely recording abnormal Funcuoning as*it

N
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Figure 93 Mockup of crew sfation ' spoce shuttle showing position pf the instrument .

ponel}. 4 : . i N
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. hgun 94, .s?lb con ?ho dnlgn Equnrg dw\a/; . unorch mod’nlc *1bot :ould
«unod -intq, orbnrby the spo« chuﬁl. - /

-, ' ,\.r ‘- - ~

. Makmz, thc best u’se of the'lnmte;i vag spacc wﬁl be an im- .
. portant Tactar in. des:gmng the ¢abin of the space shuttle. En- | .
gineers at the Johmson Spacc Center, near Houston, are pre- S
paring mockups of fire cabin ‘that prowide arcas for food storage, . .
waste manag, ment, gallcy ikitchen), and a work section.”A
small compatiment czﬂcd .& covoon will alfow. privacy for ea )
astfonaut. The, cocoon, whnch is ng 'longu that a couch, Mds a .
buﬂt -in radia’ ﬁnd tapc deck, and 2 small mlcws;on set. A mockup
f' the" crew station with itstiyment pafiels is showa in F‘igure 93.
) ‘Since fund? fof future space’ programs. have_béen iy, cfforts
\ re bexng. conee trated on -the” space _shuttle. It w;ﬂ proéabfy bc =
/use for’ carryi moduTcs mto sp cc to buﬂd a Spaee stgtmp m 4
orbi}. . .
,v The first mod(.dc o bg takm in Ol’b,lt by the shuule is likely -:
to bie the sorfletan (Fig 94), a clam/ely N Flc laboratory. Ut .
{

would, be pressurized and have’ airlbcks. A pall - attached to .thy =

sortic' can would be used for cen uc‘lmg expdrigients | in.-space,
“The first sipall module would gradually enlarged into g

iabomon called a rescarch and ap lxcatlons podule (RAM). A

181
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RUMAN REQUIREMENTS OF FLIGHT

number of RAMs i;light be docked to make up a modular space
station (Fig. 95). ' )

N : Prolonged Spaceflight

A US space statioh might one day be used for preparing as-
tronauts for trips 46 the planets, especially Mars. With present-day
propulsion systpfns, a flight to and from Mars, with some time al-
lowed for exploration, would take about two years.

Modern” technology should be able to solve the problems of
humgn “adjustment encountered on a two-year' interplanetary voy-
;ge‘ In the days of sailig ships, Europeans were able t& circum-
, fiavigate the globe in about two years, For such trips enough food
and water were ‘stocked for the Ioi&v overwater stretches.

" As soon as,spacetravel passed from the realm of science
fiction to that of scince, man began to study the possibility of
making long space voyages. We might take a 100K at three areas

of study concerning long spate voyages. the closed life-support

system, contamination in space, and niental qualities needed by
men confined in the space ship, * . .

- AT o~

¥igure 95 Modulér space slation. A space Atation like the one shown above could
. .. be assendled piece by giece frorym modulgA corried into orbit by the space shuttle

. -t . »

Aruitoxt provided by Eic:
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. . CLOSED {IFE-SUPPQRT 5YSTEM.—If four astronauts were to store

‘on board a1l the water, onygen, and food nceded for a two-year

trip in space, they would have to carry almost 44 tons of life-

support supplics. This.rough estimate of 11 tons per astronaut,

computed actording to figures given in Chapter 3, would make
the totgl weight prohibitive.

The first step in solving the problem would be to reuse the
water and Oxygen. Scientists and engincers have\{r;a? begun
the process of recycling water and oxygen. NASA njsts are
presently working on more” advanced water and waste mandge-
ment systems. These would make it possible to recover and re-

. use water from urine, wash water, and water vapor condensed
, / . from the space ship's atmosphere, they would recower water and
gases from solid biological wastes, and they would decompose and

burn the solid wastes.

Waste management systems being déveloped for use on future
"spacc ships may have direct application for use on the ecarth.
NASA is cooperating with the Departmept of Housing and Ur-

, ban Development to sec if simil;l/ systems could be used by
small communitics for recycling sewage and thus help to prev
pollution of streams and rivers.

The sum total of all relationships between the organi
their environment makes up an ecology. Space biologj ¢ to
reproduce a complete ecology in miniature, or a e-stp-
port system (Fjg. 96), within a space ship. Recyclifig hupfan waste
into food and water through 4 waste mana ent sfstem woul
compléte the closed life-sypport system. T undepsfand how such
asystem might operate on Xuture space ships, n;: must go to the

world of nature on the car ! . /
|g'I‘hc key to an ccolog’ywi\ nature is found ip the balance main-
taindd between living plants and animals. By using the radla?t
niziy of the sun and chloréghyll (green tissue), plan& produce
nthesis, or a bringm'g\{lgcthcr, of clements known jas photo-
ynthesis. Through photosynthesis, plants produce glucose and

oWarbon dioxide exhaled by animals. Theh ammals
u glucose and oxygen from plangs fdr,food and cathing,
giving off carbon dioxide. Plants afain co ert the carban diox-
‘gdc\into glucose and oxygen, and the cycle continugs. By \mhkmg

£ usc of photosynthesis, astronauts on futur space voydges might.
.l obtain food apd oxygen from green plants| grown on |board the
i . space ship. | :

o (\ As ea y as 1949, when the space deparfment .was, stabhshcc{

2 at the Air Force School of Aviation Melicine, Dr.! Hube
Strughol#{| began ciperiments on a closed hfc-suppprt/‘s/ystcm
for space|khips Fo his first experiments he used C hlor7la algae

ic ' 53




HUMAN REQUIREMENTS OF FLIGHT

and mice. The alga, the plant most often used for expenments . |
to create a closed life-support system, is a simple green plant 1
without true roots, stems, or leaves. Algae vary all the way from
the 200-foot-long occan kelp to sumple one-cell algae. The Chlo-
rella alga, the one-cell alga found in pond scum, contains enough
protein and fat to supply man’s daly dictary requirements Un-

"Vfortunately. Chlurclla algae do not make an appetizing dict. Higher
plant forms, such as mushrooms, corn, and tomatocs, might be
introduced both as gas-exchangers and as a means of varying
the ‘diet. .

NASA scientists at the Ames Rescarch Center, 1n cooperation
with the US Departmgnt of Agriculture, are cxperimenting with a
systeth of water culture and plant nutnents to grow fresh vege-
tables rapidly under spaceflight conditions. «

l Oistiliation 1
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Figufe 98, A sed [ife suppoit system Such o syst might be u:;!"for prolonged
spaceflight in the futu
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FLIGHT IN THE FUTURE

The plants or animals that are to be used in the life cycle in
space ships must grow rapudly to produce an abundance of oxy-
gen and food. In nature the source of radiant cnergy is the sun.
In the artificially created cnvironment of a space ship, the sun’s
adiant energy would be used as much as possible, but ut would
ave to be supplemented with electric power or other cnergy.

PREVENTION OF CONTAMINATION —Space shientists and cngineers
who arc looking far into the future ate concerned about pre-
venting contamination, or the ac umula(non of dirt and discase-
producing organisms in the closed space ship.

Stct  precautions  are  taken o heep precent-day | spacecraft
and space boosters from becoming contaminated All space equip-
ment is handled under clean- -room conditions. Workers coming
into contact with the equipment wear white umiforms like those
worn by doctors and nurses (Fig. 97). .

Space hardware is kept from contamination for both engi-
neering and health reasons The rocket engines would not operate
properly if cven small amounts of contaminants got mto the pro-
pellants or parts of the engine. Further, spacecraft must be kept
in a hygienic condition to protect the health of the as(ronauls
When the spacecraft becomes weightless in orbit, any lon; de-
bris or dust would float about in the cabin, creating unsanitary
conditions. Within the closed space cabin, astronauts are eaposed
to contamination from the cabin atmosphere and from each other.

On longer flights into space, astronauts and scicntists would be
traveling in much larger space vehicles than the Apollo com-
mand module and would bg able to move about more freely.
Long periods of weightlessness would probably cause decon-

gitioning, nevertheless. The astronauts, in their weakened condi-

tion, would then become infected more readily as they were ex-
poscd tp contamination for long periods of tme inside the closed
space shyp. Contamination may well be one of the %nalcsl haz-
ards of prplonged spaceflight. -

MENTAN (QNDITION OF PASSENGERS AND CREW -—Yhe mental
condition of Space voyagers in the future will probably be cven
more amportant than theit physical condition. After two pilots
replaced the single astronaut on the Gemimi fhights, the astronauts
found that they had to work closely as a tcam within the close
confines of the spacccraft Although the large space ships of lht,
future will allow more freedom of movement. there will be an cvu
greater need for tcamwork. Many men will hve and work closely
together for as long as two years at a time. B

Because scientists are concerned about the reactions of men to

cach other on long space voyages, they have continued with their

-
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Figure 97 Cleon raom As'&s{ou' Jomes Lavell is shown entering the cleon room on
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stu&cs of then in close con cmcnt/ Onc of thesc studies, called
Project Tcktite, .was conducted urderwater by “the Navy (Fig.
98), and NASA cooperated. In the underwater. cnvironmenl of
Project Tektite conditions are similar to tbosc in a space cabm
. During Projact Tcktite, NASA sc:ent)sts checked on the mixed .
" nitrogen-oxygen ‘breat ing atmosphere, and thc. obtained data for
designing the cabin Af the space shuttle. T were also able to

»
' judge the reactions/ of men confined for a pmod of .two months.
" Contrary¥ to results obtained from previous studies, the crew
ruembers in Project Tc ite dwc.l’opcd no hostnlmcs to cach other. .
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FLIGHT IN THE FUTURE

developed, they got together and talked over their problems,
‘T reaching some solution. Sleep patterns gave no clue to tension.
; The members of the arew slept well and adjusted to their work.
. The key to the successful adjustments of the crew members in

Project Tektite was found in their high degree of &muvanon, or .
~ ¢ inspiration to act in order to achieve worthwhile goals . '
! ' Astronauts of the future must be men with emotional stability

dnd a High degree of motivation. They must be dedicated to the
advancement of spaceflight, whether in, astrdnomy, space biology,
aerQSpace quncme or some other field. In the future, physical
qualifications for scientist-astronauts may be relaxed somewhat
but mental qualifications cansot be.

\a,

e

anuro 98 Sub]om during!Project Tektite. NASA coopcroud with the Navy in studying
. “Lh‘: behavior of persons living unduwo’gr for extended periods. The ssalanon of
) spaceflight ruénblu that in an underwater chamber.
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HUMAN REQUIREMENTS OF FLIGHT ‘ ;
TERMS TO REMEMBER . '

a

space shuttle ecology
orbiter stage . closed life-support system
sortie can photosynthesis "~ .
research and applications mod- contamination ,

ule (RAM) ! clean-room ¢&onditions
modular space station motivation !

Ql'és‘noms

1. What are some qf the human requirements of the SR-71? ’

_ 2. What are the two supersonic transports? Will they create sonic booms? Hc;w
can these be handled (if created)? What comforts will the supersonic trans-
ports provide for passengers? . |

3. What are the two parts of the space shnttle? Which part will be manned?
How will the shuttle be different from spacecraft flown up to the present
time? .

S

4. How cm the space shnttle be used for building a space station?*

5. What is meant by a closed life-support system? How Is it related to an |
ecology on earth? What basic chiemical process in plants makes a closed .
life-support system possible? -

6. Why must special measdres be taken to prevent ﬁonhmlnation of the
space ship during prolonged voyages? N

7. What kind of mental stresses miéht astronauts be subjected to on pro-
longed spaceflighgs? » ’ .

1Y ' P : . t
8. In terms of meeting’ buman requirements, do you think a flight to Mars
will be possible within. the present century? Why or why. not? \
- t-' Pl v
) : _ .
\ 1‘!155.({:9-1‘01)0_

b}
.

i \hkc a sfudy of one of the military aircraft under development, such as
the B-1 bomber Determine the special human requirements i terms of
controlling and piloting the aircraft and of providing life support for the
pilot,

2 Make a study of the British French Concorde and it4 human requirements
What special demands dogs it make of the pilot? ‘Will 1t be .difficult td
flyl What measures must be taken 10 protect passqngers at the altitude
at which the Concorde cruises? Will the pascngc?' disturbed by sonic
booms? .

3 Make a model or diagram of the interior of the orbiter stage of the space
shattle How many crew members 1s the orbiter to have? If it were to
carry only passengers, how many passcngers mught it accommodate? What
plans are being made to provide life support for the shuttle crew?

FRIC PR (%6 A .

.
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' FLIGHT IN THE FUTURE

With the help of your biclogy teacher. try to create a simulated ecology.
or closed environment, demonstrating the prinuiples upun which the Josed
life support system is based How could you use the product of photo-
- synthesis? What kind of plants would you use for gas exchange? What
amimals might you use? Write but the plan for your experiment, heeping
your objectives in inind.

v

. Make 4a study of contamination on prolonged spaceflights. If astronauts
were to take a two-year trip to Mars, what problems of gontamination
would need to be solved” Why would germs spread easly among the
members of the crew? Do you think Jthe crew should include a medical
doctor?

[y

- o
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ablation cooling, 34 -
acceleration and deceleration, effect of
body, see G-forces
kuerodynumlc heating, 34, 55-56, 119-12p,
170
aerospace medicine, 44-51, 157
air-conditionin
of pressure suit, 36, Y27
of pressurized cabin, 33, 78, 171
of space cabih in dircraft, 33, 78, 171.
see also environmental control system
aircraft cabin “see pressurized cabins,
space cabing
alcohol, effects on body dunng flight,~
12, 36-37
Aldrm\ Edwin, 152, 153, 154
algae yn life support system, 177-178
altitude chamber, 13, 48, 91-95
alveoli, 9-10
Ames Research Center, 178
Andcuon,oCupt. Orvil A., 57
. anemia, relation to hypoxia, 12
dnimals used for testing spaceflight,
89-82
Apollo flights’
aerodynamic heating of spacecraft, 34,
M 119~120
biomedical~ findings summunzcd, 152-
156
() environmental control system for, 123,
- 124, 160
extravehicular activity (EVA) dunng,
130-131, 154-155
foods used on, 134 ¢
heat shield on spacecraft, 120
' (hﬁmg ublllty of’ spacecraft, 116 |
Armstrong, Gen. Hhurry G.] 49, N
Armstrohg, Ngil, 154
antificial grayity, 136, 1
astronavts
. biomedical monnonng of 137-139, 140,
157
pilat-astranauts, 163
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qualifications for, 147—148 163, 165
K stientist-astronauts, 163, 165\
* see glso_Apello flights, Gemuni flights,

" stc.
atmosphere

composmon of, 2

layers of; 34
. o pressure ‘reduced with altitude, 1, 2,

4-5, 6,7, 18, 21, 12]-122

- .temperature of, 4

see also nitrogen, oxygen
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aviation ' medicine see aerospace medi- *
cine
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bailout from aircraft,’ 81
bailout oxygen botffs, 84, 92,'93
balance-sensing organisms, 15, 26-29-
balloonists and flight physiology, 4449, «
57-59
Baver, Dr. Louis H. 50
bends, 18, 92, 93
see also decompression s.cknns
8erry, Dr. Charles, 127, 154 B
“Bert, Paul, 46, 4849, 77
biaxial “stimulator,” 96, 98
bicycle ergometer on Skylab, 162-163
biomedical monjtoring of umonuun, 137-
139, 140, 157
Biosatellite 2, 109~110
Biosatellite 3, 116
bite-sized foods for spuccfhght, 134
Blanchard, Jean-Pierre, 45-46
blind “ spot, 23
blood see circulatory system
body fluids, loss during spaceflight, 149
l')one;, offects of weightlessness .on, 150,
- 15
8orman, Frank, 138, 150, 151
Boyle's taw, 7, 14 .o
breathing see respiratory system
tronchi, 8, 9 | <~

C

cabin$, pressurized, see pressurized cabins,
« space cabins
calcium loss during spaceflight,
capillaries, 9, 10
carbon dioxide
blood contest of, 11, 14
exhalation of, 8, 11-12, 68, 70
part in photosynthesis, 177-179
presence_in pressurized cabin, 6, 35-36,
57, 12)}-124
removoh{jom body, 8, 9-10, 11-12
removal from pressurized cabin, 6, 36,
123-124
curboq monoxide
*in blood, 35, 38 ’
in pressurized cabin, 35-36
in tobacco smoke, 38
centrifuge, human, 95-96
Cernun, Eugene, 130
Charles, Jacques, 45
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Chlotella algde, use in life-support sys.
_tem, 177-178
chokes, 18
see also decompression sickness
circulatory system
blood vessels, 9, 10
boiling of blood, 20-21, 22,
o carbon dioxide content of blood, 11,
14
carbon dioxide' removal from body
cells, 8, 9-10, -
carbon monoxide in, 35, 38
effect of G-forces on, 75
effect of weightlessness on, 113, 117-
118, 149-150, 157, 1464
function in cooling body, 34
heart’ as a pump, 10-11 <
heartbeat during spaceflight, 139, 152,
154 R
nitrogen in, 2, 7, 93
axygen carried by, 2, 8-11
relation to respiratory system, 8-11
stimulation by negative-pressure cham-
ber, 164
clean-room conditions, 179
clased life-support system, 132, 176-179
cald during- flight, 1, 4, 33-35
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decompression sickness
cause of, 18. ‘
different forms of, 18-20
protection against, 78, 93
tréatment of, 19-20
demand oxygen system, &6, 67, 68, 49
denitrogenation, 93
diaphragm, action in respirahion, 11-12

“disorientatiop, spatial, 26-29, 96, 97, 114

drugs, effects on pilot and astrenaut,
36-37, 111, 139 -~
use against space radiation, 111 .

E
'

EVA see extravehicular activity (EV‘A):
ear

balance organs in, 26-29

blockage of, 14-16

otolith organs in, 27-29

semicirculgr canals in, 27-28

thiee parts of, 14-15
ecology in spaceflight see closed life-

support system
ejection seat, 83-86
emergency oxygen cylinder, 84, 92, 93
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Collins, Michael, 152 - Enas on Mercury flight, 61-62
 Cancorde, human requirement for, 170~ "‘8"6P' equipment, for aircraft pilats, 81~
172

canes in eye, 23-25

contaminahian of spacecraft, 139, 174, 179

continuous-flow oxygen system, 44, 67, 68

controls, in aircraft, 52-53

< in spacecraft, 118

coolant used ih space cabin,” 124

cooling space cabin see environmenta
contral system .

cooling space svit, 127, 130, 131

Cooper, Gordon, 148, 149

Cariolis chair, 96, 98

casmic rays, effect an body, 57, 106, 107-
109, 153-154 .
protection against, 109, 111

Coxwell and Glaisher, balloon flight of,
46, 47

Croce-Spinelli and Sivel, ballaan fhghts
of, 47, 28-49
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D

Daltan’s” law, 7

dark adaptation, 24-25

darkness af space, 104,

doy-night cycle during

decibel scale, 31-32, 33

" decompression, hazards
80-81, 121-122

105
spaceflight, 137

of, 20-21, 22,

far dstranauts, 140143
environmental control system
in Apollo spacecraft, 123-126 B
in future space ships, 177-179
in Gemini spacecraft, 125, 151
in Mercury spacecraft, 125, 151
n space cabin, 34, 35-356, 120, 122~
131, 132
see also Ypressure suits, space suits
ergompter on Skylab, 162-143
escape \gystems, for aircraft, 81-86
for spacecraft, 140-143, 173-174
eustachian tube, 15-16
Excelsiar flights, 57-59
exhalation see respiratory system
exosphere, 4
experimental space stotion see Skylab
extravehicular activity (EVA)

Apollo EVA, 130-131, 154-155
depressunzing spacecraft before, 123,
160 ’ \
energy requirements for, 134 h

Gemini EVA, 128-130, 152, 153
meteoroid hazards during, 111-112
moon landings, 130-131, 154-156
overbeating during, 152 .-
practice for, 114, 152, 165-%66
restraints ind holds used during, 152
Skylab EVA, 160, 185-166
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extravehicular activity (EVA) (cantinued)
suits far, 112, 126, 128-131, 152

weightlessness during, 113, 114, 159
eye
canes in, 23-25 ’
dark adaptatian of, 24-25
parts of, 23-24
. physialagy of, 23-24
rods in, 23-25
F
|
feces, callectian of, 130, 135, 136, 159,

177
flatus during flight, 17-18, 92
fliers, care of, 50~51
see alsa asrospace medicine
flight physialogy, 1-41, 4449, 57-59,
157
flight simulatars 3ee simulatars
flight surgeans, 50-51
foadafor spaceflight, 132, 133-134, 135,
150
freeze-dried foods, 134
frastbite, 34
fuel cells, use in praducing water, 133

full-pressure suits, 56, 71-72, 73, 126,
170 .
see also space suits '

/ ‘ - -
G
G-farces v *

effect an circulatary system, 31 75, 118

generated during awrcroft flight, 30,
74-76, 118
generated during spaceflight, 30, 113,

116-118, 121, 148
generated in human centrifuge, 95-96
methads far caunteracting, 30, 61, 95-
96, 117-118
nature of, 29-30, 34
negative, 30N74-75

¢+ positive, 30, 74, 75-76, 118

resistance ta, 30, 34 R
" transverse, 30, 117, 118
G-svit, 30, 72, 75-74
gases, lows af, 7-8
trapped bady during flight, 14-18,
77, 92
Gaver, Dr. Otta; 74-75
Gemini fljghts
biomedical . findings summarized, 150~

152 .
endurance recard an (Gdmini 7), 126-
127, 137, 148, 150,” 151-152

enviranmental cantral system, 123
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Gemini flights (cantinued)

extravehitulor activity during, 128-
130, 152, 153 .
faads used an, 134
lifting ability of spacecraft, 116
physialagical data far, 56
removmg space suits during, 126-127,
128, 150
space svits far, 126-130, 152,
Glaisher and Caxwell, balloan flight of,
46
Glenn, Jahn, 62, 148
glaves far pressure suit, 72
glycol caclant, 124
gandala, pressurized, 57°
gravity, artficial, 116, 1us
zera see weightlessness
gravity farce
opparent increase during f‘ught see

G-farces
effects an maan, 155
simulatian of, 116, 1\64 -
H ”
handwriting os'test of hypexia, 13, 94
Harris, Lt. Harald, 81

3

heart, patts af, 10-11 -
sew alsa circulatary system v
heartbeat during spuceflight, 139, 152,
154 -

heat barrier, 55-56

‘heat during flight, 33-35, 120, 124-125

sde alsa aeradynamic heating

hooz' shield an spacecraft, 34, 120
heliom, use far breathing atgasphere, 57
helmpt, for aircraft gilat, 72
faf astranaut, 25, 130 .
Hengy, Dr. James P.,,55, 59, 70-71, 74~
7 ¢ .

Henry's law,. 7, 18

human engmnnng, 44, 51—54
hyperventilatian, 13-14
hypoxno
causes of 1
definitian af;
handwriting test far, 13, 94
resistance ta, 34, 91
symptams aof, 13, 14, 91,
|
> {
illusian, visual, 25—26
inhalants, nasal,
inhalation’;’
|nnor ear, 15,

21, 38, 75
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nspnrotory systtm
6-29

mjrumcntuhon far biamedical momtor-

ing, 127, 157, 174
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instruments in oircraft, positioning of,
52-53

ionisphere, 3

ionizing rodiotion, 57, 104, 106-111,
153-154, 156

J

Joffries, Dr. John, 43-46
Johnson Spoce Center, 137, 165, 175

K

Kittinger, Copt. Joseph W,, 57-59, 120
L

Loika, 60-61 .

Ltombert, Sgt. lqwunco, 83
lounch escops system, 140~141, 174
loyering in pressure suits, 70, 72, 127-
128, 129
life-suport systems
closed, 132, 176-179
open, 132
semiclosed, 132-135
lighting of cockpit, 25
link troiner, 98 Q
liquid oxygen for predlurized cobins, 35,
79

lithivm-hydroxide conisters, 123124, 125,
130

Loveloce Il, Dr. Williom, 83

Lovell, Jomes, 150, 151

low-oltitude chomber, 13, 48, 91-95

»lungs, 8, 9, 10-11, 68, 70
ses olso respirotory system

Lyster, Gen, Theodore C., 49

M

Mon High flight, 57
Monned Spacescraft Center see Johnson
Space Center

.

- monroting missiles, 121

Mors, monned flights to, 176
Morsholl Spoce Flight Center, 165
moxillory sinuses, goses tropped in, 17
medicol monitoring of ostronouts, 137-
139, 140, 157 .
mento! stresses, on airceaft pilot, 50-51
on ostronout, 139-140, 176, 179-181
Mercury flights
bollistic reentry of spocecraft, 116
biomedicol findings summarized, 148
150
Enos’ test of orbitol flight, 61-62
environmentol control system for, 123

Mercury flights (continued)
heot shield on spocecroft, 120
physiological date for, 56

meteorite bumpers, 112

meteoroids, hozords of, 104, 105, 104,
111-112

micrometeoroids, effect on spacecraft,
11-12

middle eor, 14-15, 16

mobile quorontine focility, 155-156

Montgolfier brothers, 44—45

moon svit, 112, 130, 131

motivotion, for spaceflight, 181

muscle sense of bolonce, 26

muscles, effects of weightlessness on, 113,
115, 149, 150, 157, 162

k N

novigotion, of SR-71, 170
of supersonic transport, 171
novigotor troining, 88
negotive-pressure chomber on Skylob, 164
nervous system, disturbonces due to
tropped goses, 18-19
Newton’s third low of motion, opplication
during EVA, 152
night vision, 24-25
nitrogen
~ content. in .atmasphare, 2
evolving of, 2, 7, 18-20, 21
mixture with oxygen for breothing ot
mosphere, 57, 126, 160
removing from body, 93
solution In blood.ond body fluids, 2,
7, 18, 19
noise, during oircraft flight, 30-32, 33
during spoceflight, 32, 33, 120-121
nose
function in respirotion, 8-9
holding to cleor sors, 16
inholonts to cleor, 16, 38
sinus block, 16~17
noxious goses ond vopers, in conventionol
pressurized cobin, 35-36, 78
in space cobin, 35-36, 57, 78, 123-124,
125

o]

off-center vision, 24

One ond Zero System, 85

optic nerys, 23

otolith drgons, 27-29

overheoting of pressurized cobin, 33, 78,
120, 124-125
100 olso osrodynomic heoting

outer eor, 14, 15
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axygen
brecthing afmasphere, 7, 57, 121, 125,
126, 130-131, 140, 174
contamination of brecthing otmasphere
cantaining, 35-36, 57, 123-124, 125
cantent in atmasphere, 2
emergency oxygen cylinder, 84, 92, 93
fire hozard from, 125-126
function in physialogy, 2
see olso circulotory system, respira-
tary system
toss during spaceflight, 123
masks for dispensing see oxygen sys.
tems
mixture with other gaoses for breath-
ing, 126, 160, 174"
partiol pressure of, 7, 48
poisaning from use in pure form, 126
pressure reduced with altitude, 1, .2,
< 3,4, 6 7-8 122, 2
supplementary use of, 5, &
supplies far life, support, 57, 60, 79-
80, 123, 130, 131, 132-133, 177179
use in pressure suits tee pressure suits,
spoce suits
Use in press
surized cajing
visual acuity offectefl by lack of, 25
axygen mosks see axygen systems
axygen systems
continuous-flow—systhm, 66, 47, 68
demand system, 66167, 68, 49
moslu used in, 6, 55, 66-70, 93-94, 95

cobins see pres.

. pressure-demand system, 66, 68 49,
70, 93 \
v p
porachute .

parts of, 81-82
practice in use of, 88, 89
use by aircraft pilats, 58, Bie8d
use of astronauts, 116, 117, 141,

parosail, 88, 89

. Partial-pressure suits, 55, 71, 72, 74

see alse pressure suijts

porticle radiation in space, 106-111

poste faods, 134

phatosynthesis, use in life.support system,
177-179

physiclagjcal zanes, 4-7

physiclogy of flight, 1-41, 44-49, 57-59,
157
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Piccard, Auguste, 57
pilat-astranauts, 168, 1465
pilats, training of, 65, 87-100
poison in body, 12 R
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poisonous goses and vapars, 35-36, 57,
78, 123-124, 125 \
Partdble life-Suppart System.(PLSS), 130-
13 .
Past, Wiley, 70, 127
patassium, added ta astranout’s diet,
pressure brecthing, 48, 70, 93
pressure differential of cabin, 77-78
pressure suijts
bollaanists pratected by, 47, 57-58
breathing otmasphere in, 7, 173-174
develapment of, 70-71 ’
full-pressure suits, 56, 71-72, 73, 126,
170 '
G-suit fitted in, 72, 75
layering principle of, 70, 72, 127-128,
129
need for, 6, 22, 44, 66, 70, 75
porticl-pressure suits, 55, 71, 72, 74
parts of, 72, 74
see also space suits
pressure-demand oxygen system, 66, &8, N
69, 70, 93
pressurized cabins
canstruction of, 77-78
decompression  hozords
80-81, 121-122 N
develapment of, 66, 77
heating ond cooling of, 33, 34, 35-36,
120, 122-131, 132
kinds of, 78-79
naxious goses ond vapors in, 35-36,
57, 78, 123-124, 125
axygen supply far, 57, 60, 79-80, 123,
130, 131, 132-133
sae also space cabins'
pressunized gandala, 57
Project Tektite, 180-181
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20-21,

in,

Q

quarantine of astranauts, 155-156

R
rad unit, 110
radiotion, ionizing, \jn spoce, 57, 104,
106-111, 153-154
rodiotion of heat frpm spocecroft, 120,
124-125
radiations in space, 57, 104, 106-111,

153-154, 156 .
red in dark adaptatian, 24-25
red-aut, 74-75
redundant systems an spococroﬂ 141-142
research ond applications module (RAM),
175-176

189

194




E

- .

rescue of pilots and astronauts see escape
JSystems o
rnplrptory system
breathing monitored dunng spacsflight,
139,
bnuthmg under pres 68, 70, 93
inhalants for docnng‘;\lé 38
inhalation phase of brocthlng, - 12
* 68, 70, 93
exhalation phuu of breathing,«11-12,
68, 70,
. parts of, 8, 2, 1617
physiology of, 2, &9, 11-12; 21, 68,"
, 93
sinuses blocked, 16~17
retina of eys, 23N24, 25
rods in eye, 23- . A\
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SR—?‘, human roqu‘iumonu for, 169-170
scientisf-astronauts, qualifications for, 163,
165
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Scott, Deyid R., 115 “

self-imposed stresses, 84-38
semidireular canals in ear, 27-28
sensors for biomedical monitoring, 137-
139, 157 .
servomechanisms, effect on mpilot, 54
Shepard, Alon, 62, 149
shielding against space radiatior!, 109
, shint:sleeve environment, 122, 126-127,
150 *
see also space cabins
silence of space, 104, 105 °
Simons, Maj. David G., 57, 58
simulators, for tralning aircraft pilots, 13,
48, 91-100, 171
for training astronauts, 99, 114-115,
159, 185-166
sinus block, 16-17
Sivel and Crocé-Spinelli,
of, 4849
Skylab
airlock module on, 160
biomedical experiments on, 147, 1461-
163, 164, 166
breathing atmosphere for, 126, 160
crews for, 163, 165
experiments other than biomedicol, 181
extravehicular activity (EYA) from, 160,
165166
food service on, 134, 135, 159, 160
hygiene on, 133, 159, 160
launch of, 158
medical kits used on, 139, 166
radiation exposure on, 154
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Skylab (continued) .
tepairs to, 158
tescud from, 142-143
restraints and holds vsed on, 159—-130
. sleeping facilities on, 159-160
space suit and ‘maneuvering unit for,
160, 161
wuxh management on, 136, 159
. water supplies for, 133 -
skin disturboncas due to trapped gases,
18-19
solar-flare purﬂcln, offnix on body, 104,
107-108, 154

sonic bOOm, 32, S - R

sortie can, 175
sound, barrier, 32, 55
Soviet biomedical fihdings, 60-61
122, 154, 187
Soviet spacecraft, breathing atmosphere
vsed for, 121
see also Soyvz 9 and Soyuxgll
Soyuz 9, endurance recosd on, 115
Soyuz' 11, death of cosmortiuts on, 122
space cabins
breathing atmosphers for, 7, 57, 121,
123-126, 160, 174

115,

decompression hazards in, 20-21, 22,
8081, 121122 .
definition of, 6, 79, 80 -

environmentak control system in, 122,

12326

noxious ghies and vapars in, 35-36,
57,78, 123-124, 125

protection from lonixlng radiation in,
109, 111 .

structure of, 77-78 5

supersonic Irz\xpon cabins, 170-171

seap aho pressurized cabins .

space capsules, 60 ,

space environment, 4, 6, 104-105, 121-
122

space foods, 132, 133-134, 135, 160

space helriets, 25, 130, 152

space rudigﬁon, 57, 104, 106-111,-153~
154, 156

space rescue, 140-143

space shuttle, life auppert for, 172-175

space station, 175~176 . A
see also Skylab

space suits
animol astronauts ‘prohdod by, 61, 62
breathing atmosphere for, 7, 130-131
developmeént of, 126, 127
extravehleulor activity (EVA) suits, 112,

126, 128-129, 130-131, 152

helmets used with, 25, 130, 152
moon sult, 112, 130, 131 -
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space suits (continued) . .
) - . part of envirpnmental contral synom.
122, 12613 v Van Allen belts, radi
N removal during spaceflight, 122, 126~ 't 109, 110, 158 )
127, 328, 150 vonmcln in hoon.

" Skylab suit, 360, 161
space shuttle suit, 173-174
undergarment used with, 126, 127, visibili'y in space,

~

130 vision
o see also full- puuuu suits , dark adaptatiog; 24-25
space underwear, 126, 127, 130 ", factors affecting vison, 25-26, 32, 38 )
space work, 152 154-156 ‘ nead for h:gh/vuuol acvity for flying,
see olso extravehicular qctivity’ (EVA) . 21-26, 38 /. . C
spatial digorientation, 26-29, 96, 97, 114 . see also eye
‘Spatial Orientation Trainer, 96, 97 Y visual illusions, , 25-26 . .
Stapp, Col. John Paul, 83; 139 . .
. Stevens, Capt. Albert W., 57 .
PR stomach and intestines, gases hoppod m, N w
17-18, 92

8 ' i ight,
L. stratosghere, 3, 4 . waste .monagement during spaceflight

127, 130, N134-)36, 159, 177, 178
. Strughold, Dr. Hubertus, 49, 177-178 || ater fi,p““,aﬁ 132-133
supersonic transport (SST), human require- 149, 177-178 ’ ‘ ’
ments for, 169-172 weight loss durmg spaceflight, 149, 153,
162
) T e ’
) p \ adaptatjon to, 150-151, 152-153, 156,”
T-2 trainer, 90 [ I ’
r-gs e o0 conditign of, 106, 113-116, 150-151

bones, 150,
1-37 jet.tiainer, 87-88, 89 n bones, 150, 157

temperature of atmosphere, 4
o ., thorax, 11, 12 < offe

time of useful consciodsness, 13, 21, 122 '
Tissandier, balloon flight of, 48-49°
tobacco, effects on pilot, 36-37, 38
tooth pain due ta trapped goses, 17
training

of aircraft navigators, 88

oY aircraft pilots, 65, 87-100

of astronauts, 99, 114-115, 159, 165—

166

transverse G-forces, 30, 117, }18
trapped gases, 1418, 77, 92
troposphere, 3, 4

.

, 149, 150, 157, 164
on muscles, 113, 115, 149, 150, .
, 162

raints and hc;lds used during, 134
52, 159-160

Tu-144, 170 o X T
tumbling during free fall, 58, 84 .
. X-1, 54-55 .
' X-2, 54, §5-56 ' i
U X-15, 54, 5, 103
4 \nbilicol used dufing spaceflight, 130 ~ ‘
Undergraduate Pilat Training (UPT), §7-89 .Y ) !
-, underwater practice to simulate weight-
lessness, 114, 152, 165-166 Yeager, Capt. Charles E., 54-55
Py uripe, collection of, 127, 130, 135-134
159, 177 . Z
see olsa waste management during .
o spaceflight ' ; 1010 gravity see weightlessness
US Standard Atmosphere,” 4 | * Zeto-Zero System, 85-86
o /
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