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SECTION I - PHYSIOLOGICAL OXYGEN REQUIREMENTS IN
NORMAL AND HYPOXIC ENVIRONMENTS

An understanding of at least the elementary facts about respiration is a
prerequisite for everyone having responsibilities in connection with oxygen
equipment for civilian, military, commercial or genera] aviation aircraft.
Respiration is the process by which a living organism acquires the oxygen
necessary for its essential cellular functions ?metabo]1sm) and discharges
gaseous products of those functions (primarily CO2). In man this process
consists of ventilation (inhalation/exhalation), d]ffus1on of 02 from lungs
to blood (and CO2 from b]ood to lungs), c1rcu1at1on of blood between lungs
and tissues,
tissues to bflood). The following is an introduction to this subject,
expressed (ipsofar as possible) in an easily understood manner ((For
reference, spe Figure 1 and Table 1.)

Definitions| and Goals: Although the work of breathing represents only a
small fractfion of the total energy expenditure of thé body, any pdditional
load imposefd upon the physiologic mechanics of breathing by the pxygen
equipment w[ill not only disturb the normal breathing patterns but may also
cause discomfort and fatigue of the muscles involved in breathing, as well
as impose ppsychological impediment on an almost automatic repetitive
physiologicpl function. Every effort must-be exerted to minimize impairment
of normal bpeathing.

Lung Volumep During Breathing: The quantity of air breathed in pne minute

is referred| to as the minute volume (V) and is 6-8 Liters in an pverage
healthy norjppal man at rest. However, respiratory flow is bidirectional
within the pirways, flowing in‘(inspiration) and out (expiration|) with peak
instantaneolis flow rates of ‘20 to 40 liters per minute (LPM) at prest, 80 to
100 LPM in mild exertion. It will increase as exertion and/or a xieties
expand peak flow to a maximum of about 500 to 800 LPM (e.g. sneege or
cough). Eure 1 indicates regular evenly spaced respiratory cycles which

under normall conditions of respiration is unusual. The normal respiration
rate is known as eupnea. Eupnic Respiration is genera]]y irregu
volume, although it may be regular on occasion. There is a norm
expiratory pause fol]ow1ng the act1ve-pass1ve cycle of respirati
Ordinarily,Li whi
expiratory per1od is 1.2 seconds. Breathing at a rate of 12 times per
minute would thus result in a 3 second post expiratory pause. As the
respiratory rate increases these three intervals will decrease with the post
expiratory pause showing the most marked decrease.

Each breath, in a 70 kg average ngrmal man, has a tidal vg]ume (vr)
(Table 1) of approximately 500 cm® (Figure 1) (about 8 cm®/Kg body
weight), which at a resting frequency of 12 to 16 per minute (R) results in
a total ventilation of 6 to 8 liters in one minute. This is a respiratory

minute volume (V). Moderate activity such as walking leisurely requires
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more than twice the resting ventilation. The capacity of oxygen equipment
should be designed to accommodate the transient peak inspiratory flow rates
of 20 to 40 LPM (quiet relaxed breathing) but instantaneous flow rates of
500 to 800 LPM during coughing, strenuous exercises, acceleration or anxiety
and excitement (associated with aircraft performance failures or
misadventures) can occur and should be considered in system design.

Breathing Mechanics: Active, vigorous inspiratory respiration is

accomplished by muscular expansion of the chest rib cage, contraction of the
muscular diaphragm and accessory muscles of respiration. Quiet inspiratory
breathing is mainly due to lowering of the diaphragm muscle by contraction.
More vilgorous breathing recruits not only the intercostal muscles but other
accessory muscles of respiration (strap muscles of the neck,| shoulder
girdle,| abdominal muscles). The work performed in this phas~ has to
overcome (1) the resistance to air flow in the oronasal passpge, larynx,
trachea, bronchi and bronchioles; (2) the elastic recoil of [the Tungs; and
(3) in rtia of the chest wall, abdominal contents {intestine|, 1iver, spleen,
etc.) and the abdominal wall. Subject position(standing, sfitting or
supine)|, i.e. gravity, G-forces, and tissue densities, influpnce the
importance of these factors. Expiration duting normal breathing on the
other hand, does not require active muscular respiratory effprt since the
elastiqg forces of the lungs and relaxation of the chest wall| suffice to
expel the inspired tidal volume. This relaxation of the respiratory muscles
reverts| the chest volume to the initjal resting exhalation ppsition. During
positivie pressure breathing, the normal pattern is reversed pnd active
effort [is required to exhale while mask pressure assists in [inflating the
lungs during inspiration. It is due to this balance of forces and the
cyclic pature of the act of breathing that pressure-demand eguipment with
"safety pressure" requires-the least effort and is at the same time the most
economilcal (physiologically, mechanically and for energy). However,
transmural airway preSsures above 19 mm Hg (10 in Hy0) are apnormal and

tax the recipient physiologically and psychologically. His passive

exhalat|i i K in ~rder to

Respi raltg pressure is

around 101 kPa (14.7 pounds per square 1nch) wh1ch is equivalent to the
pressure exerted by a column of mercury 760 millimeters high (in the earth's
gravitational field). One of the laws describing the behavior of mixed
gases is the law of partial pressures. This simply means that in any given
mixture of gases, such as air, at any given total barometric pressure, the
partial pressure exerted by each one of the components in this gas mixture
is proportional to the volume percent (%) of each component present. Since
air (for practical purposes) consists of about 21% by volume oxygen and 79%
by volume nitrogen, oxygen exerts a partial pressure of 21% of 760 mm Hg or
160 mm Hg, and nitrogen 79% of 760 mm Hg or 600 mm Hg. Here the term mm Hg
refers to the partial pressure (expressed as the height in millimeters of a
column of mercury) exerted by each major part of the two gases composing air.
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(See Section VI, parag. 6.8 Composition of the atmosphere, p. 71.) A small
part of our atmosphere, actually around 1% of the air, consisting of the
rare gases--argon, krypton, xenon, and a few others in trace amounts--has
been included in the nitrogen portion. There is also a varying amount of
water vapor in the air giving rise to the humidity. This is expressed in
terms of percent of saturation or in millimeters of mercury partial pressure
exerted by the water vapor present, at a given temperature. Ordinarily the
amount of water vapor in inspired air is extremely small and will detract
only slightly from the inspired oxygen component. When calculating oxygen
partial pressure in the expired or alveolar air, carbon dioxide (normally
about 40 mm Hg) and water vapor partial pressure at 37°C (47 mm Hg)--(which
have been added by the lungs to the total alveolar gas volume)--must be
included ay part of the total alveolar pressure. Thus these gades must be
subtracted |[from the breathing barometric or mask pressure priopr’[to
calculating alveolar oxygen tensions (mm Hg) from inspiredcgased (air for
example).

Respiratory Gas Passages: The air we breathe passes into the tnachea or

windpipe and from there into the lungs (Figure 2).. It undergoeg
considerablle changes in composition as it passes through the trdgchea, mixes
with the gases and water vapor already in the lungs, and is again exhaled.
First, the [inspired air becomes fully saturated with water vapon at body
temperature in the nose (passing by the nasal turbinates) and throat so that
the delicatle tissue in the Tungs will not.be damaged by drying. | It then
mixes with [the air already in the lungscthat contains carbon digxide and
perhaps smalll amounts of other gases which, 1ike the rare gases{ are of
jnsufficient amounts to be of importance here. Sea level, avergge figures
are given below for a sample of air from the trachea (called trdcheal air)
and from the lungs (called pulmonary or alveolar air), to show the
difference [in composition. These are typical values measured in young,
healthy, non-smoking, disease free individuals. The proportiong of these
gases are expressed in millimeters of mercury partial pressure, |as well as
in percent |(%):

Partial Pressure, mn.of Hg (and per cent)

Dry Air Tracheal Air Alveolar Air
Inspiratory (Static) or End Exgiratory
Oxygen 160 (21) 149 (19.6) 104 (13.7)
Water Vapor - 47 (6.2) 47 (6.2)
€02 - - 40 (5.2)
Nitrogen 600 564 569
TOTAL 760 760 760

Tracheal Partial Pressures: For practical purposes the inspiratory tracheal
partial pressure is generally used as the criterion of oxygen availability
to the body because it can be accurately predicted if the barometric
pressure and the fraction of oxygen in the inspired gas are known. The
figure 149 mm Hg oxygen partial pressure in the tracheal air is derived from
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the total pressure, 760 mm Hg, minus 47 mm Hg water vapor pressure
(saturated air at body temperature), multiplied by the fraction of oxygen

(0.21).

Alveola

r Partial Pressures: The alveolar partial pressure o

f oxygen cannot

be predicted precisely since it is subject to individual variations in
oxygen consumption, pulmonary ventilation and associated pulmonary disease.
It must be measured directly from end expired gases by sophisticated
instrumentation such as a recording mass spectrometer programmed for
expiratory gases.

Physiol

pgic Oxygen Transport: OUxygen 1n the alveol1 diffuse
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partial pressure (mm Hg) while breathing air at various altitudes:

Sea 1524 m 3048 m 4267 m
Level (5,000 ft) (10,000 ft) (14,000 ft)
Air Oxygen Inspired
(dry) 160 132 109 93
Tracheal Oxygen 149 122 100 84
Pulmonary or
Alveolar Oxygen 104 82 60 44
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Chart II is referenced for altitude and oxygen partial pressures. (See
Chart II, p. 83-86.)

It is important to keep in mind that the partial pressure of water vapor at
body temperature (37°C) is 47 mm Hg regardless of altitude. The higher the
altitude, the greater is the effect of the water vapor component in
decreasing the usable oxygen component.

Hypoxic Recognition: Normally, individuals living at sea Tlevel may become
aware of the effects of altitude at about 1524 m (5000 ft) where the
diminishing partial pressure of oxygen results in lessened ability to see
at low levels of illumination (night blindness). Decrements in other
physiologipal functions are demonstrable under controlled test.conditions
at around [1829 or 2438 m (6000 or 8000 ft). Red blood cellsare no longer
uire a full load of oxygen. However, these altitude| effects ebb
adjusts and acclimates itself so that after a few days the mild
isappear. Nonetheless most individuals going as highl as 3048 m
will notice definite symptoms of altitude sickness,| such as
umbness, tunnel vision and night blindness. These w[ill be

Yy evident with exercise. Pilots flying at this altitude or

tingling,
particular

above for any length of time should have oxygen-enriched air to| breathe in
order to mpintain the partial pressure of oxygen in the tracheal and alveoli
sufficient| to allow the red cells to take. up a nearly normal complement of
oxygen.

Hypoxia: Mild conditions of oxygen want are called hypoxia--megning
insufficiept oxygen. The symptoms*usually increase in severity as time of
exposure ipcreases. MWhen the oxygen partial pressure in the lupgs falls to
30 mm Hg o Tess, oxygen supply-to the tissues (brain in particuiar)
becomes totally inadequate to maintain consciousness.

Results of| Hypoxia: Whenever the body tissues fail to receive adequate

oxygen frop the red blood cells, essential life functions are djisrupted.
Earliest apd most apparent are the severe changes in mental fungtion., Even
with minor|decreases in oxygen supply (as results from 3048 m (10,000 ft)
over a perfjod oftime) the brain responds with muddled, confusef,
uncoordinated _thinking, euphoria, and poor judgment. Further dpcreases in
arterial okygen partial pressure will produce mental symptoms off increasing
severity ¢ i i i i ' i level
becomes sufficiently low. Early onset of these altered mental functions,
which are not recognized by the individual, represents serious hazard to
aircrew, and may be the direct or indirect cause of many accidents,
particularly in the "pilot error” category. Even small amounts of alcohol
can aggravate and intensify these deleterious effects. For those flying at
night it should be noted that there is a moderate loss of night vision at
the altitude of 1524 m (5000 ft). Aircrew are recommended to use
supplemental oxygen above this altitude during dusk, night flights and
night landings.

1 Beards: Airmen who sport beards, mustaches, and/or side burns of the
size and type which interfere with mask-to~face-skin contact cannot be
adequately protected from hypoxia because of improper mask fit, During
inhalation, "inboard" air leakage dilutes the oxygen enriched inspiratory
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gases. "Safety Pressure" regulator setting will tend to obviate these
beard leaks. The presence of a beard will tend to defeat positive
pressure ventilation. Consequently, the low tracheal oxygen
concentration during aircraft cabin decompression will significantly
reduce the airman's time of useful consciousness. In addition a beard
can be a fire hazard, especially in oxygen enriched atmospheres. A beard
together with smoking is an extreme fire hazard in an oxygen enriched
atmosphere and must be prohibited whenever oxygen is in use.

Chronic Hypoxia and Adabtation: People 1iving at high altitudes adapt to
the Tower pressure and. thus become acclimatized. For altitudes above 1524
or IBZE m (5000 or 6000 ft) acclimatization requires a few.days to two

weeks for healthy, young individuals, and longer for oldén-persons or those
exposeg§l to higher altitudes. It is important to know dthat qcclimatization
to altjtude does not take place as a result of flyingy, even|with daily
flying}, because continuous exposure is required.

Oxygen|Requirements Between Flight Levels 340 @nd 425: When one reaches an
altitude of 10,363 m (34,000 ft), the standard atmospheric pressure is only
187 mm|{Hg. Even if 100% oxygen is breathed at this pressure, there will be
an oxygen partial pressure of 100 mm Hg or-less in the lungs, after
allowance is made for the 87 mm Hg partial pressure exerted|by the combined
water yapor and carbon dioxide. This\ s the minimum level ¢f alveolar
oxygen|partial pressure in healthy s non-smoking persons whi¢h will provide
a full|oxygen load to the red cells. To maintain full oxygenation at
higher|altitudes, more pressure'must be applied to the oxygén which is to
be inspired. Pressure breathing masks accomplish this by rgising the
pressure in the lungs above that of the surrounding atmosphere.

Oxygen|Requirements Above Flight Level 425: As still highey altitudes are

reachefl using pressure breathing, the mask pressure required to maintain
full okygenation of.the red blood cells becomes increasingly unbearable
becaus¢ of the jincreased internal pressure inside the chest{ At that
point,[counterpressure to the chest wall and remainder of the body must be
applied to make such breathing pressures tolerable, to maintain balanced
unimpegled blood flow and to prevent actual physical damage to the lung
tissue} “Part1a1 pressure“ and “fu]] pressure“ a1t1tude sujts prov1de this
counterpre d E $ ment using
1nf1atab1e b]adders on most v1scera] and muscular areas of the body, and
the second by containing the body in a gas pressurized enclosure. As long
as these measures are able to maintain adequate counterpressure, the
internal pressure of the oxygen to be breathed can be kept at a level which
will ensure adequate oxygenation of the red blood cells and corresponding
adequate vital tissue function. With this type of protective equipment,
man can continue to function at altitudes where essentially no ambient
pressure exists, as in the vacuum of outer space. The airman is able to
perform this feat only by carrying the equipment necessary to maintain
adequate oxygen pressure within his lungs while external counterpressure is
applied to make normal breathing possible. An alternate approach, of
course, is to pressurize the cabin at an altitude equivalent to 1829 to
2438 m (6000 to 8000 ft) which diminishes the need for highly specialized
oxygen equipment. The great danger then arises from loss of pressurization
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whereupon severe hypoxia, as well as decompressipn sickness, will occur.
Decompression sickness occurs in a large number of people after a few
minutes' exposure to low ambient pressures and is aggravated by exercise as
well as by prolonged exposure. (Discussed and expanded later in Parag.
1.17 et. seq.) .

The advent of aircraft with pressurized crew and passenger compartments for
flying above 4572 m (15,000 ft) altitude introduced the additional hazard
of decompression in the event of airframe failure. The speed of the
decompression depends on the cabin volume (see ARP 1270), the area of the
failure orifice (cabin or cockpit window, door or wall area), and the
altitude qr-presstre—di efrttatbetween—the—cabinand—ambiert air. From
such data |it is possible to estimate the area of the Teaking-ofifice for a
given cabin volume to decompress from 2438 m to 12,800 m (8000|to 42,000 ft)
altitude in a given period of time. Orifice size for ten‘second
decompresgions between these altitudes for cabin volumesrof 7.4 m3

(265 ft3) |and 17.8 m3 (630 ft3) with compressors inoperable can be

computed. | The orifice size producing the decompression profile (8000 to
39,000-40)000 ft altitude in ten seconds) for thelarger cabin|(17.8 m3)

is approximately 25% of the area of a single cabin window. In|wide body
aircraft With enormous cabin volumes, small leaking orifices pg¢rmit
adequate fime to respond to the slowly dropping’ pressure by suj
suppl emental oxygen and initiating a safé.rapid aircraft desce
rupture on structural failure is large {such as door failure,
sq. ft) afea, or bomb damage, etc.) in~the wide body aircraft,|the effects
will be a|very rapid to explosive decompression.. Rapid decompyesgsion is
observed in small aircraft 'decompressing through a single 650 mé

(100 in) [cabin window failure. O Experimental data indicate thqt such
failures Will produce rapid decompressions of less than a secopd in smaller
volume aifcraft, ranging up to 30 seconds in larger volume wide-body
aircraft. | In the smaller volume aircraft decompressions, many|passengers
initially |breathing air,at 8000 ft altitude may Tose useful comsciousness
at flight[level 390 _to 400 even if successful in donning the presented
oxygen magk in les$-than 3 seconds and inhaling the supplemental oxygen
provided.

To prevent severe hypoxia following decompression to FL5560, the crew must
breathe 100% oxygen at a positive mask pressure of 40-60 mm Hg|(21-32 in
Hpo0). Torso restraint vests or chest counterpressure garments enable
aircrew to tolerate such high breathing pressures for a short time with
1ittle hazard of incapacitation or lung damage. Emergency descent must be
initiated as soon as possible fo]]owing decompression because even these
extreme measures provide only 1imited "get-me-down" protection.

Decompression Lung Damage: During very rapid decompressions (less than one

second) tears through the lung tissue may occur. This event may occur in
some individuals if they hold their breath or close their glottis (as in
coughing and some speech) at the instant of decompression. As gas held in
the alveoli and airways attempts to expand very rapidly, it can rupture

. Distributed under license from the IHS Archive
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tissues and enter the potential space between the inner chest wall and the

lung itself. The trapped gas in the chest cavity collapses
occluding pulmonary blood flow, and preventing oxygenation
Carbon dioxide produced by the body cannot be dissipated, a
hypoxia and hyperca§n1a (elevation of carbon dioxide) resul

condition (asphyxia) can become fatal if not treated quickl
Decompression Performance Decrement Prevention: Despite th

diffugion into the alveoli, increasing alveolar CO» partial

availability of 100% oxygen from quick donning masks, crew
cabin airplanes experiencing rapid decompression undergo su
performance decrements. due to hypoxia. Alveolar oxygen was
revergal phenomenon) which occurs during such decompression
deoxydgenation unless a high concentration of oxygen is bé&in
to thd decompression. Rapid decompression also accelgrates

which [further lowers alveolar oxygen partial pressure. Cun
experimental data clearly show that moderate or severe perf
decrenjents are virtually inescapable under such ‘circumstang
for flights at or above flight level 350, the pilot in cont
cabin |volume aircraft must wear a demand.oxygen mask suppli
oxygerl or an oxygen-air mixture as determined by a properly
dilution regulator. Should cabin presSure altitude exceed
390, tthis will assure his continued.§kill and judgment by p
hypoxia in these excessively low oXygen partial pressures.

The higher the final altitude and the longer the -interval b
of a napid decompression and the inspiration of 100% oxygen
the mggnitude of the hypoxia. This is minimized by a highe
oxygerl partial pressure -existing at the start of decompress
resulting higher alveelar oxygen partial pressure remaining
complgtion of the decompression. Therefore, the partial pn
oxyger} in the gas breathed by the aircrew in routine flight
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approjimate breathing air at ground level. However, the eq
to prqvide such a cabin pressure at altitude would impose

weight penalties on aircraft performance and operation. B
an altitude of 2438 (8000 ft) would provide an alveolar ox
pressyne (PA02) of 70 _mm Hg (assum1ng alveo]ar COZ pressur-

Hg),
routine f11ght.

When the crew wears demand oxygen breath1n
ground level PAO; (109 mm Hg) can be easily provided.

Beards:

breathing equipment from functioning properly. The inabi

uipment required
nacceptable
eathing air at
gen partial

of 40 mm

g air crew during

g equipment,

Beards on operational aircrews usually prevent protective

1ity to provide

a tight oxygen mask fit on the bearded face prevents supplying the

airman-crew member with suitably oxygen enriched breathin
preclude hypoxic decrement in performance. The dilution
hypoxic ambient gases to the 100% oxygen mask supply is g
in the decrement of airman operational performance.
breathing provisions should, in the event of a loss of ca
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prevent any resultant hypoxia from impairing the performance of aircrew
members having essential duties to perform immediately following
decompresssion.

Aeroembolism: Rapid decompression experienced with failure of the

pressurized aircraft cabin, especially in the smaller aircraft can rapidly
lead to aeroembolism (sma]] gas bubbles in the blood vessels). The
multiple bubbles found in aeroembolism impair and block blood flow to body
parts supplied by the obstructed blood vessel (similar to a vapor Tlock).

If the organ or body part supplied by the occluded vessel is vital (brain,
spinal cord, and/or heart), sudden loss of oxygenated blood perfusion would
be rapidly fata1 In other body parts, such as muscle, bone, liver,
kidney, spleen, teeth, and joints, disabling pain may well be initiated
such thdt the airman is totally non-functional although stil] alive.
Correction of aeroembolism by rapid recompression is successful if time
permits.

Decomprgssion Sickness: By definition decompression.sickness includes all

ailmenty, excluding hypoxia, associated with baremetric pressure changes.
Aeroembqlism is a form of decompression sicknesS)discussed in 1.19. These
ailmentq manifest themselves as ear pain, sinus blockage and|pain,
abdomingl gas expansion, toothache, bends, chokes, skin sensations or
paresthgsia, and other neurological symptoms.

Consideration of these effects of barometric changes may be divided into
the gendral topics of trapped gases.@nd evolved gases. (See|Table II)

Trappdd Gases: The gases trapped in the middle ear, sinuses, teeth, and
gastrdintestinal tract expand-or contract (increase or dectease in
volumg) in accordance with;Boyle's Law, which states that the volume of a
gas ig inversely proportional to the pressure of the gas if the
tempernature remains censtant. This means that as the pressure decreases,
as it [does when we_dgo)to higher altitude, gases expand or jncrease in
volumg. Applied to’a dry gas, approximate values for increase in volume
will be as multiples of the denominator of the fraction of|the atmosphere
considered. For example, at 1/2 atmosphere (5,486 m = 18,000 feet) the
volumg of a_gas will be twice that at sea Tevel: at 1/4 atmosphere
(10,363 m<=.34,000 feet) the volume will be four times that at sea

level. However, in ca]cu]at1ng expans1on of gases saturatrd with water
vapor 2 d : sts s 2 olume is greater
than that g1ven for dry cases. The fo11OW1ng equat1on will explain how
expansion for wet or saturated gases occurs. Let Vi represent the
initial volume; Vo the final volume at any altitude; Py the initial
pressure; and P2 the total pressure at the final altitude concerned.
Water vapor exerts a constant pressure of 47 mm Hg in saturated gas at
body temperature. You then solve the volume change equation

(v;)
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to calculate the expansion of a wet gas at 5,486 m (18,000 feet) from
initial conditions at sea level.

_ 760 - 47 _
The gas expansion of 18,000 feet would then be 2,14 times the volume at
sea level. This ca1cu1at1on shows that a wet gas will expand slightly
more than a dry gas.

The Ear: Of all the body cavities, the ear can be expected to cause
trouble most often in flight. Training in clearing the ears will
alleviate most of these conditions. With an infection-or inflammation
of |the naso-pharynx, difficulty may be experienced and the airman or
pagsenger should avoid flying.

Th¢ middle ear is a closed cavity except for am opening| called the
Eugtachian tube, which connects with the nasopharynx. With ascent,
de¢reasing atmospheric pressure results in_the expansion of the air
trapped in the middle ear and the ear drim bulges slightly. Such
prgssure is normally equalized by escape of some air out of the
Eugtachian tube. This escape will be noticeable to the|individual by a
faint popping sound in the ear as the drum snaps back. |Because of the
structure of the Eustachian tube,\ €qualization of pressure in the ears
on|descent is more difficult than on ascent. The opening of the
Eugtachian tube in the naso-pharynx is similar to a flutter or flap
valve and although the air*is readily forced out of the|middle ear, it
is|more difficult to force the air back in on descent. |A cold or
sipilar infection may cause the opening of the Eustachian tube to
be¢ome inflamed, thereby blocking the passage of air. [Increasing
pressure of the atmospheric air pushes the ear drum inward so that a
retracted drum résults. Continued pressure irritates the membrane and
it [becomes red,.swollen and painful. This interferes wjth hearing and
if|the drum _jis\'Stretched far enough, rupture of the membrane may
regult. The pressure differential may also affect the jnner ear
meg¢hanism.and produce vertigo.

open1ng the

: : ssure in the middle
ear. If these act1ons fa11 the Va]Salva or Frenze] maneuver will
often cause equalization to take place. This maneuver consists of
closing the mouth, holding the nose shut and gently blowing to force
air up the eustachian tube. If the ears are so completely blocked and
this procedure does not aid the condition, ascend several hundred feet
and try to clear the ears again. The important thing is that the ears
be cleared frequently upon descent. If clearing is delayed until pain
and discomfort are felt, the task becomes more difficult. Use of nose
spray and drops is often beneficial. All sleeping personnel should be
awakened upon descent since clearing of the ears is not automatic.
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1.20.1.2 The Sinuses: As in the ear, air-filled spaces in the skull usually

1.20.1.3

1.20.1.4

1.20.2

ventiTate freely except in cases of a cold when the membranes become
swollen and prevent passage of air from the ducts that open into the
nose. Be sure the nose and throat are clear before takeoff and again
before letdown. Here again, nose spray or drops may be of great value.

Gastrointestinal Tract: Gas taken into or evolved in any part of the
gut behaves 1in accordance with the same laws that affect the ears and
sinuses. Gas will escape readily at either end of the alimentary canal
but expansion in the rest of the tract may cause pain and discomfort,
Trapped gas in the intestine will expand in accordance with Boyle's law
and at body temperature th1s expansion may become severe enough to
cause such nain & 0D aleBlaY NOCK alala 814 ne on re for‘
trapped [gas expansion is to descend to a Tower altitude. Prgvention is
more important and care should be taken not to eat or drink foods that
are known to cause gas in the digestive tract.

Teeth: Pain in the teeth, occurring as a result of-exposure|to Towered
barometric pressures, is called aerodontalgia. Some cases of tooth
pain arel actually due to pain referred from the\sinuses. The mechanism
which is| responsible is somewhat obscure. Semé cases of tooth pain and
Toss of [fillings at altitude are believed to)be due to the sybjects
unconscijously increasing their biting force and grinding their teeth
together|, particularly during the emotional stress. A pocket of gas
trapped under a faulty filling and logcated very near the tooth pulp
cavity might cause tooth pain by expanding and creating presgure on a
nerve (pulpitis).

Evolved Tissue Gases: The amount of any gas dissolved in the Blood and

tissue flufids of the body is directly proportional to the presgure of
that gas (Henry's Law). With the decreasing pressure that occyrs at
altitude spich gases come_out of solution. These gases are normally
transported by the blood.passing the alveolar membrane of the Jung. The
gases comel out of solution at the alveolar boundary, pass into[the lung,
and thencel to the outside atmosphere. When one ascends to altitudes

. above 9,14#f m (30,000 feet) while breathing air, the fluids of [the body

release their dissolved gases more rapidly than the blood can garry them
off.

Bubbles may—atso—form—i re—body—tisstes—foltowing—rapid—decompression.
Such bubbles outside the blood vesse]s espec1a11y in poorly perfused
areas such as joints, can produce pain. Recurring decompression exposure
can lead to degenerative tissue changes.

Treatment to correct these bubble~produced dysbaric episodes is
recompression to one atmospheric pressure. Sometimes, in decompression
shock, recompression to 2 to 3 atmospheres is required and will be 1ife
saving. Decompression shock results from bubble formation in
extravascular (outside the blood vessels) tissues (brain especially) and
is resistant to resolution when reexposed to sea level recompression.
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Nitrogen bubbles fall into this category, requiring increased pressure
(2-3 atmospheres) to drive the n1trogen bubbles back into solution.
Their evolution in this situation is most likely from fat tissue cells
throughout the body where nitrogen is most soluble but only with a very
sTow solubility time constant.

L
Bends and Chokes: These conditions are brought about by decreasing
barometric pressure which results in the release of gases, primarily
nitrogen, from the various body fluids and tissues. Bends were first
encountered by caisson workers and deep sea divers. The reduction in
pressure that occurs when a person comes up to the surface of the water
(1 atmosphere pressure) from a depth of 10.3 meters = 33.9 feet (2
atmogpheres), is similar to that which occurs when one gogs from sea
level to 5,486 m = 18,000 feet (1/2 atmosphere).

The exact mechanisms that produce the symptoms arernot fully understood.
It i$ known that the inert nitrogen is a primary-factor ahd that it is
diffjcult to dispose of the excess gas rapidly, with decrgase in pressure
favoring its release from solution. This is particularly|true of tissues
which are poorly suppiied with blood vessels and that disgolve large
amounts of the gas (i.e., fat tissues).. A1l the gases evplved or
released from solution may be disposed,of by passing into|the blood and
then|diffusing through the lung alvedli for loss by expiration. The
release of gases in excess of whatican be readily disposefl of in this
manng¢r results in the formation of gas bubbles in the tissues and blood
stream. The first symptoms rarely occur below 9,144 m (30,000 feet) but
increase above that level with prolonged exposure. At fiprst there is
migratory pain in an extremity or joint. This symptom is|associated with
the bends. With increased altitude, the pain usually becpmes more
intefse and may lead to vascular changes indicating shock|conditions. 1If
despjte increasing pain the subject remains at altitude or ascends
higher, he will probably eventually collapse.

The best cure~for bends is immediate descent to ground leyel and
conciirrent treatment with 100 percent oxygen. Perhaps compression
therapy may~also be employed until all symptoms disappear. Breathing 100
perc¢nt_oxygen for one-half hour before takeoff and using|100 percent
oxyg‘n throughout the f]1ght w111 a1d in prevent1ng the bends by allowing

Another symptom of decompression sickness, "the chokes," occurs when
escaped gases involve the lung vessels. There is a deep substernal
burning, a nonproductive cough arising from deep within the chest, and a
sense of suffocation and apprehension. As in bends, descent to lower
altitudes (6096 m = 20,000 feet) usually gives relief, but symptoms may
persist to ground level and should be treated until they disappear.
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Remember that while bends rarely occur below 10,363 mp = (30,000 feet),
incidence increases with rapid rate of ascent, prolonged duration at
altitude, exercise, age and obesity. Very slow ascent (30 m/min,

100 ft/min) and breathing 100 percent oxygen on the flight will help
prevent most symptoms of evolved gases.

1.20.4 Paresthesia and Skin Rashes: Paresthesia (burning or itching sensations)
and skin rashes are mild symptoms which occasionally occur and are made
worse by exercise and scratching. They are assumed to be due to small
gas bubbles in subcutaneous fat or in tissue adjoining nerve endings in
the skin.

1.20.5 Flying F9llowing Scuba Diving: Evolved tissue gases (1.20.2)|become more
medically significant and symptomatic to airmen at hypobaric altitudes
following Scuba diving. The National Qceanic and Atmospheric
Administifation (NOAA) recommend in their diving manual; safety rules for
divers who intend to fly as passengers. Any diver who has coppleted any
number of dives on air and decompressed foliowing«U.S. Navy standard air
decompregsion tables should wait at sea level breathing air for the
computed|surface interval that is specified for{Group D diver$ in U.S.
Navy Rep¢titive Diving Table. The aircraft cabin atmosphere qust not
exceed 8000 feet altitude.

While de¢ompression sickness may, in some rare cases, occur up to

24 hours|after exposure to pressure; &he vast majority (95 percent) will
be evident within 3 hours; one percent will be .delayed over 6|hours. It
is therefore important that a diver who is flying .an aircraft|delay his
flight for 24 hours to preclude/symptoms and signs of decompression
sickness
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TABLE I - THE LUNG VOLUMES AND CAPACITIES

VOLUMES - There are four primary volumes which do not overlap (Fig. 1):

Tidal Volume, or the depth of breathing, is the volume of gas inspired or

expired during each respiratory cycle.

Inspiratory Reserve Volume (formerly complemental or complementary air

minus ti
the end-[inspiratory position.

inspired from

Expiratdry Reserve Volume (formerly reserve or supplemeftal afir) is the
maximal [volume of gas that can be expired from the end-expiratory level.

Residual| Volume (formerly residual capacity or residual air)

is the volume

of gas remaining in the lungs at the end of a maximal expiratfion.

CAPACITIES - There are four capacities, each of which includgs two or more

of the grimary volumes (Fig. 1):

Total Lyng Capacity (formerly total.Yung volume) is the amount of gas

containdd in the lung at the end of'a maximal inspiration.

Vital Capacity is the maximal (volume of gas that can be expel
lungs by forceful effort following a maximal inspiration.

Inspiratory Capacity (formerly complemental or complementary

led from the

air) is the

maximal [volume of gas-‘that can be inspired from the resting expiratory level.

Functional Residual: Capacity (formerly functional residual ailr, equilibrium

capacity or mid=capacity), is the volume of gas remaining in

the lungs at the

resting expiratory level. The resting end-expiratory positign is used here
as a bage line because it varies less than the end-inspiratony position.
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Aerodon-
talgia
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TABLE II

SUMMARY OF TYPES, SYMPTOMS, OCCURRENCE AND TREATMENT
OF DECOMPRESSION SICKNESS

Symptoms Occurrence Treatment
Tingling, itching, cold During ascent Descend

and warm sensations of
skin

Descend and refer
to Flight surgeon

Pain in and about the
jojnts: possible
cojlapse

During ascent

Déscend and refer
to flight surgeon

Burning sensation

bepeath sternum; nonpro-
dugtive cough; sensation
of| suffocation; collapse

During ascent

Hepring becomes dull; Usually during Swallow, yawn

fulTness in the ear; descent; occurs cough.| Valsalva*

pafin; severe cases: during_ ascent when and ascend to

damage and possible ear individual has upper higher| altitude;

drum rupture. respiratory infec- spray with vaso-
tion or other constrlictors.
similar infection.

Pajin; frontal sinus; During ascent and Level faircraft and

pajin in forehead; cheek descent descend; vaso-

sipus; pain in cheek- constriictors

bopes, may be referred descend slowly; if

to[ teeth. occurs on ascent,
return to ground
level.

Discomfort, pain, inter- During ascent Descend. If
ference with respiration usually above 25,000 marked,1level air-
se ; +—i i and massage

blood pressure, possible ascent may occur as area. If ineffec-

collapse and shock. low as 15,000 feet. tive, individual
should return to
ground level.

Level aircraft and
(usually between descend. Refer to
5 to 10 thousand dentist after
feet). Occasionally flight.

during descent.

Pain in the area of the
affected tooth.

During ascent

*Valsalva's maneuver is an attempt to forcibly exhale with the nose and mouth
closed in order to equilize the atmospheric pressure over the middie ear tympanic

membrane.
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STATIC LUNG VOLUMES

Toto! Lung Copacity Vital Capocity

inspiretory Reserve

Volume Volume

Inspiratory Capacity Functional Residuo! Caopacjty

n ‘r‘."m.: inspiratocy Lpve!

b
dad

Seilodi

Reference:

FIGURE T - LUNG VOLUMES

—Above: the large central diagram illustrates the four primary lung
volumes and approximate magnitude. The outermost line indicates the greatest
size to which the lung can expand; the innermost circle (residual volume), the vol-
ume that remains after all air has been voluntarily squeezed out of the lungs.
Surrounding the central diagram are smaller ones; shaded areas in these represent
the four lung capacities. The volume of dead space gas is included in residual vol-
ume, functional residual capacity and total lung capacity when these are measured
by routine techniques. Below: lung volumes as they appear on a spirographic tracing;
shading in vertical bar next to tracing corresponds to that in central diagram above.

Year Book Publishers, 156Z.

Comroe, J. H., et al., THE LUNG (Second Edition) Chicago:

The
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FIGURE 2

THE RESPIRATORY SYSTEM:

Pharyngeal opening
of Eustachion tube
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Philadelphia:

Resplrotory
bronchiote

Terminol bronchiole

N o l.
%
N 0

MAN

Left woll of
nasal cavity and
turbinotes

Ant, pul. plexus

1 L. bronchus

3 )

and ;. phrenic nn.

Alveolar saccule

“Dorland's Illustrated Medical Dictionary," 23rd ed., p 1355,
W. B. Saunders Co., 1957,
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FIGURE 3

= PULAMONARY
SN\ CAPILARIES
V=N N

SYSTEMIC
CAPILLARIES

—Schematic representation of the pul- ~0, and CO, tensions i
atic | ] . S in pulm
monary and systemic circulations. RA=right atri- ‘and systemic blood. Figur’es in circles are coontaer:-
um:t (./'4=Ieft atrium, RV=right ventricle: LV=left sions: others are O, tensions. !
ventricle,
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SECTION II - GASEQUS OXYGEN AND OXYGEN EQUIPMENT, INTRODUCTORY

or liquid oxygen.
A. Gaseous 0xygen:
and tasteless.

about 10% heavier than air.

Current aircraft breathing oxygen systems may utilize either gaseous

Gaseous oxygen in the atmosphere is colorless, odorless,
It comprises about 21% of normal air by volume and is
Above its critical temperature of -180.4 F

(=118 C), oxygen can exist only as a gas regardless of the pressure

exerted upon it.
MIL-0-27210.

Breathing oxygen quality is specified by Mil

itary Spec.

B. Liquid Oﬂygen: For information on liquid oxygen, see Sectiom|V.

Oxygen Equipment:
aircraft fallls into two general categories, fixed and portable,
equipment 1is| generally provided in those aircraft in which oxyge
frequently required or many passengers are involved,
have portable equipment in addition depends on FAA-requirements
and passengers supply and whether there is a requirement to move
fixed oxygen station to another.

Cockpit fixed equipment is mounted on the centrol console or any
convenient lpcation within easy reach.
regulators are placed together and located in the pilot's or co-g
normal field of vision so that he can-readily see -the gauges when
normal flight position and with minimum interference to his other
duties.

Portable oxygen equipment consisting of a cylinder of oxygen, a g
valve and rejgulator, and mask are provided for one or more of the
members where movement of the crew to various stations is involve
Portable equlipment is also required for passengers on aircraft ng
fixed oxygen| installations for first aid use.

Both portabl
flow, deman

and~fixed oxygen equipment can be obtained for cont
flow, diluter-demand and pressure-demand types of oX

Oxygen equipment to fulfill man's physiological needs in

Fixed
is

Whether thdse aircraft

or the crew
from one

other

Gauges, indicating instruments, and

ilot's
in a
flight

ontrol
crew
d.
t having

inuous
ygen

systems.

Continuous Flow Equipment:
equipment provides a continuous flow of oxygen to the mask.
several types of continuous flow systems ranging from the simpl
complex systems which afford varying degrees of oxygen economy.

As its name indicates, continuous flow oxygen
There are

est to more
At lower

altitudes where pure oxygen is not required, air can be added to the

mixture of gas delivered into the mask by a controlled means.

During

inhalation, oxygen flow from the regulator is supplemented by the air

which enters through these ports.
depends on the rate of oxygen flow and the rate at which the us
inspires. A more complex system would include a gas reservoir
to the air ports.

The amount of air entering the mask

er
in addition
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The reservoir is used to collect oxygen during the exhalation phase and
permits a much higher inspiratory rate of flow before air dilution takes
place. Some systems are designed to collect a fraction of the expired
gases for use during the following inspiration. These systems are known
as rebreather or economizer circuits. The primary disadvantage of the
constant flow system is its inability to adjust itself automatically to
various levels of physical exertion of the aircrewman in aircraft. The
regulator output for various altitudes can be controlled automatically or
by a manual adjustment. This system has been used for many years. It is
probably the simplest from a design, cost, weight, and maintenance
standpoint and offers reasonable safety for brief periods at altitudes as

2.2.2

2.2.3

high|as 40,000 ft (12192 m). For prolonged protection,.c
equipment is generally regarded to be adequate up to 2530

Demapd Flow Equipment: Demand flow equipment can be stra
systpim which delivers pure oxygen) or can be obtained wit
feathire (diluter-demand) to conserve oxygen.
of the demand system is the outlet control valve in the r
resppnds to minute changes in pressure. JThe slight negat
(refprenced to ambient) created within the mask at the on
inspiiration opens the valve and permits oxygen flow to pa
until the end of inspiration. At this point the mask pre
slightly positive and the valve shuts off the flow. In t
demaphd system operates as the name implies, on demand, su
the pate required by the user_and conserving the oxygen §
entire exhalation phase of each breathing cycle.

Presgure-Demand Equipment: Pressure-demand equipment var

en equipment previously discussed which provides an o
The technique of increasing th

Pure oxygen delivered at this altit
same effect as breathing air at 5,000 ft (1524 m). B
(106p8 m), however, it becomes necessary to increase the
oxygen delivered to the mask in order to provide a 5,000-
equipjalent altitude. This is the purpose of the pressure
Pressure-demand regulators function very much like demand
They-eanr—be—obtained—withor—withoutprovisions—for—air—d
altitudes below 34,000 ft (10363 m) where a mixture of ai
tolerated for reasons of economy.

A regulated positive pressure of 100% oxygen is delivered

ontinuous flow
D0 ft (7620 m).

jght demand (a
n an air mixing

The distinguishing feature

bgulator which
jve pressure

set of

5s into the mask
5sure has become
nis manner the
pplying flow at
ipply during the

ies from other
kygen enriched

b concentration
pproximately

ide will produce
pyond 35,000 ft
pressure of the
ft (1524 m)
+demand system.
regulators.

flution at

r can be

to the outlet

and carried to the mask through appropriate tubing and connections. In
this manner the lungs are in effect supercharged by the differential
pressure between the mask and the surrounding barometric pressure. At

lower altitudes the same differential pressure would be more noticeable
due to the higher total absolute pressure, but in rarefied atmospheres the
total density of the gas even with supercharging is sufficiently low to be
tolerable. However, there are disadvantages. The pressure difference is
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not counterbalanced as would be the case in a+pressurized compartment, and
this lack of counterbalance does present the possibility of a decrease in

cardiac output.

In addition, there is an increased effort in breathing.

Under normal conditions, the body exerts an effort during inhalation only,

and exhal
pressure

inhalation occurs as the muscles relax.

ation merely involves relaxing the breathing muscles. During
breathing, the reverse is true; exhalation requires effort and
Between these two extremes it

would seem that a mid-point could be established which would involve Tess

work than either of the extremes.
produced.

Effortless breathing could then be
In actual practice such a condition has not been reached, but

in comparing the effort involved in breathing between the demand and the

pressure-demand system it can be said that breathing under sTi

ght positive

pressure |is certainly close to effortless.

According to Fenn|(see para.

2.4), thdre is an intermediate pressure of 3.5 mm Hg where ‘both expiratory
and inspiratory work occur; the sum total work, however,7is” 1gss than the

inspiratdry work experienced under normal conditions.

As mentigned in para. 2.2.2, oxygen flow in straight-demand oxygen
equipment does not occur until a negative pressure is created |by the

process qf inhalation.

between

into the
the regul
the surfs
required
this lag
regulatoy
character
from the
more ofte
maintain,
pressure-
modern oX
using min

The time lag and suction should be mirfimized
he instant that inhalation commences.and new oxygen is forced
user's mouth. This depends on the Tength of connecting hose from
ator, the inside diameter and the number of bends in |the hose,
ce condition of its internal bore and the pressure differential
to open the oxygen delivery valve in the regulator. |Obviously
in response can be reduced by shortening delivery hoges and using
designs which possess extremely sensitive valve operjing
istics. It is not always possible to shorten the delivery lines
regulator to mask, and a regulator with extreme sensitivity will
n than not be unstable in its operation and difficult to
Although not designed primarily for this purpose, the
demand system (offers a neat solution to this problem|also. In
ygen systems'the connecting hose problem has been eliminated by
jature man=mounted demand regulators,

e

FIGURE I - TYPICAL DEMAND REGULATOR

Figure I shows a schematic diagram of a typical demand regulator and its
associated controlling mechanism.
facepiece.
differential pressure created across the diaphragm.

The outlet is connected to the aviator's
On inhalation, the diaphragm "a" is displaced downward by the
Appropriate vent holes
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"b" in the top of the chamber "A" permit a free exchange of air in and out
of the chamber as required when the diaphragm is displaced. Through an
appropriate valve linkage "c" diaphragm movement is translated into a
reduced linear movement of the valve stem, opening the valve "d" which
communicates with chamber "C" and allows a controlled flow of oxygen through
chamber "B" into the outlet.

The application of a fixed downward mechanical force at point "X" would have
the same effect on the valve as suction applied to the outlet. The pressure
of gas deve]oped 1n chamber "B" will depend on the force applied and the
area of[the dtaphragm. sXampte, a force of one pound (4.4 N) applied
to point "X" will be d1str1buted equa]]y over the e fectlve area of the
diaphragm. An effective area of 5 sq in. (32.26 cm ) would,|[therefore,
produce[a pneumatic pressure of 0.20 psi (1.4 kN/m2) at‘the gutlet. This
example|and the pressure resulting would only hold under static conditions
as occul* during exhalation. In the inspiratory part of the aviator's
breathifig cycle, however, the pressure developed @t the outlet or within the
mask wil1 depend on the capacity of the valvedand the composjte resistance
of the pntire gas flow passages from the valve to the mask. |This method
which djistinguishes the pressure-demand system from the strajght demand
system fan be used to produce a slight positive pressure within the face
mask; the normal lag in regulator response to inhalation is eliminated with
comnencing simultaneously at the onset of inhalatiop. Details of
vary considerably; howevery the principle described s common to all
b-demand systems. The force applied on the diaphragm|is usually
ished by use of a spring or pneumatic loading. The pressure-demand
therefore, serves the-purpose of producing a flow of|oxygen
ely on demand without the attendant lag of the suctipn demand

This system is by far more comfortable for breathing and the
tion of positive pressure eliminates all inward leakpge of air into
and its connecting tubing.

accompl
system,
immedia

Bibliography: _Fenn, W. 0., Pressure Breathing: Summary of g talk given at
a confefrence held at the Aero Medical Laboratory at Wright Fjield, October
16, 194b; published in Air Force Technical Report No. 6528, Studies in
Respiraftory-Physiology, prepared by Fenn, Otis and Rahn, Aughst 1951,
Wright-Patterson Air Force Base, Qhio, pp 128-129.
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SECTION III -~ CONTINUOUS FLOW OXYGEN SYSTEMS

3. Principal Components of Continuous Flow System: This type of system is that
by which a continuous flow of gas is metered to each mask through a fixed
orifice. Flow is controlled by regulation of the gas pressure. Refer to
Fig. I and II in Section VI and paragraph 2.2.1.

The principal components are: (a) Supply system; (b) Distribution system;
(¢) Dispensing equipment; (d) Sensors, displays and controls.

3.1 Supply System: This comprises a container or containers for Tiquid or
gaseous oxygen, s enishment.
Replenishing|of a gaseous supply can be accomplished either by exgernal
filling points on the aircraft or by the manual replacement of empty
containers wjth fully-charged units which have been refilled-at sfites other
than on the gircraft.

For a description of liquid oxygen supply systems refér to Sectiop V.

3.1.1 High Presslire Cylinders: These cylinders storeigas at 1800 to R100 psi
(12.41 to }14.48 MPa) and are available in a variety of shapes apd sizes.

3.1.1.1 Steel Cy}inders: Steel cylinders of regular shape with hemispherical
ends are[commonly in use. Table I, Section VI, illustrates tphe weights
sions of those cylinders used by commercial carriers{ DOT
tion 3AA covers the design and manufacture of regulap
erable cylinders. DOT/Specification 3HT covers "lightweight"
of the same basic sizes which show a saving in weight of 15 to
t of the weight of'‘the equivalent 3AA type.

Disadvantages of the 3HT type compared with the 3AA type are:

(a) Lower resistance to shattering.

(b) Greater susceptibility to damage.

(c) More stringent service testing is required.
(d) Limjtedscalendar life.

3.1.2 Low Pressure_Cylinders: These cylinders are intended to store pgas at 400

to 500 psi (2.76 to 3.45 Mpa). They are used mainly in military
applications where the smaller energy release on bursting is considered a
useful characteristic. For commercial application and use, DOT approved

cylinders are available.

Tables I through III, Section VI, illustrates the weights and dimensions
of those cylinders widely used by commercial carriers.

3.1.3 Supply Accessories and Components: This section includes items and
appurtenances required to provide a complete and workable system. Refer
to 3.1.3.1 through 3.1.3.9. The components referred to herein may be
optional in some system designs, not applicable or mandatory in others.
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3.1.3.1 Gauges: Gaseous systems require pressure gauges as contents
indicators. Such gauges may be graduated in psi or contents, i.e.,
"Full," "Empty." They may be direct or remote reading.

Generally, since an oxygen system requires oxygen lines on the flight
deck, a direct reading gauge can be used provided that the lines carry
cylinder pressure. If a reducer is installed before the piping reaches
the flight deck so that the lines do not carry cylinder pressure, a
remote reading indicator is sometimes used with a pressure transmitter.

When the installation allows for the removal of the cylinder for
chgrging off the aircraft, the cylinder valve (see parai| 3.1.3.6)
indorporates a pressure gauge to prevent the re-installation of partly
chdrged or leaking cylinders. If the cylinder can/be mounted on the
flilght deck, a second gauge is unnecessary.

Prgssure gauges in liquid systems serve 1ittle purpose other than
indicating the state of the pressure closing valve. Sonle contemporary
inqtallations have no pressure indication: Contents are measured and
indicated electronically. A probe iscinstalled in the top of the
corltainer extending down into the liguid. The capacitance of the probe
is [dependent upon the liquid levely.thus a conventional jpbridge circuit
and meter can be used to indicate‘quantity. (Refer to Section V)

‘ 3.1.3.2 MWarning Devices: Various dewvices are used to give warning of low
corftents:

Liquid content gauges @re available with flags or illuminated windows
buillt into the dial, ' .Gaseous pressure gauges may have the lower end of
thgq scale colored-red. Audible or visual warning devicgs are also used
to |show loss of pressure or flow in gas lines. Devices |used are
medhanical blinkers or pressure switches used with light.

3.1.3.3 Valves: Line valves are installed at strategic points in the system so
as [to enable the distribution lines to be isolated for servicing. The
vallveor’valves are located as close to the supply as adcessibility
requivements will allow so that in the event of a rupturled 1ine as much

of the system as possible may be isolated.

3.1.3.4 Check Valves for Crew: In systems where both crew and passengers draw
oxygen from the same supply source, it is mandatory to reserve a
quantity of gas for the exclusive use of the crew in F.A.A. certificated
aircraft. In multi-container installations, check valves may be used to
prevent the container carrying the crew supply from feeding into the
passenger system while allowing the crew to draw off the passenger
supply when necessary.

In addition, the check valve installation usually provides:a means of
‘ preventing losses from good cylinders to those which are damaged or
leaking.
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In single container installations, the normal method of reservation is

by use of a line valve to the passenger system.

A form of pressure

limiting valve may be used which automatically cuts off the passenger
supply when the pressure has reduced to a predetermined value.

In 1iquid oxygen systems the same type of valving applies.

Safety Devices:

DOT regulations require that all high pressure

cylinders be provided with a safety device to guard against bursting due

to excessive pressure.

incorporated in the cylinder valve.

This generally takes the form of a rupture disc

DOT-3HT
device,
disc sha
cylinder

A thread
such a d
Tines sh

In gaseo
accident
systems.,
from hig
connect

exercise

In the ¢
the fill
systems

pressure
pressure
fill., 1
the syst
on earli
mounted

handle prevents connection to the "Fill Valve" when the syste

ylinders must be equipped with a frangible disc safe
ithout fusible backing. The rated bursting pressure
1 not exceed 90% of the minimum required test pressu
with which the device is used.

d outlet is provided on some designs of cylinder val
scharge may be piped overboard if desired. Stainles
uld be utilized for this overboard piping.

s filling operations, care must be ‘exercised to avoi
s particularly interconnection. of high and low press
Low pressure filling points are of a quite differen
pressure filling points, and theoretically it is im
ifferent pressure systems together, provided good co
over ground handling equipment.

se of 1liquid oxygen filler valves, there is no ambig
ng pressure. Both 70 psi (0.48 MPa) and 300 psi (2.
re filled with<the container vented to atmosphere an
in the transfer cart is the only critical factor. A
of 30 to 40 ‘psig (0.21 to 0.28 MPa) will provide the
additionsthe fill valves are either automatic in o
m automatically going on "Vent" when the connection

r systems the "Build Up and Vent Valve" and "Fill Va
djacent to each other so that the "Build Up and Vent

ty relief
of the
re of the

ves so that
5 steel

d
ire

t design
possible to
ntrol is

ity about
D7 MPa)

1 the

cart
maximum
peration,
is made; or
Ive" are
Valve"

m is on

"Build Ups*

Cylinder Valves: A variety of cylinder valves are available with pipe

threads on the body for screwing into the cylinder neck.

For commercial carrier use, the outlet thread on the side of the valve
is a .903-14 Compressed Gas Association No. 540 and an adapter is needed
to convert to a standard tube fitting.

The rupture disc outlet mentioned in para. 3.1.3.5 can be provided in
any desired thread form or capped for inboard discharge.
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Modern cylinder valves are available with a "slow-opening" feature.
This feature decreases the heat build-up due to adiabatic compression
and thus protects downstream non-metallic components from reaching their

ig

Autdmatica]]y opening cylinder valves are also available.

nition temperatures.

Upon

installation to system 1line, the cylinder supply is turned on.

Cylinder Gauges: These are desirable when cylinders ére to be recharged

away from the aircraft (see para. 3.1.3.1) and are incorporated as part
of the cylinder valve in most designs,

Hi

h Pressure Lines: The diameter of lines is dictated

to
in
5/
on
oc
to
vi

Va
Wi
pr
en

In
di
di
su
z20
du

Al
pr
re
or

be carried and the acceptable pressure drop. Immul
stallations the intercylinder lines are of small diam
16 in. (4.76 to 7.94 mm) 0.D. with suitable wall thic
b coil is formed between each cylinder tocavoid perma
curring during cylinder removal and to _prevent load b
relative movement between cylinders under the influe
bration. Use of high pressure Tines should be kept a

rious materials are used: copper; copper alloys or s
th such small diameters, bursting is hardly a problem
pximity of adjacent cylindersimakes it acceptable to
d fittings for support of the 1ine.

the case of main system take-off, the higher flow th
Etribution line fed(by multiple cylinders may necessi
hmeter. Convenient Tocations for line supports may n
fficient frequency. In addition, such Tines are boun
nes where other equipment is installed and they are s
Ping servicing.

uninum alloy tubing may be quite satisfactory in resp
Bssurey.but stainless steel tubing is commonly used u
ducer_or continuous flow regulator. Sizes in common

5/Y6 in. (6.35 or 7,94 mm) 0.D. x .028 in. (0.71 mm)

by the mass flow
ti-cylinder

pter, 3/16 to
kness. At least
hent set

ping applied due
nce of

t a minimum.

tainless steel.
and the
rely on the tube

rough a single
tate a larger

pt occur with

i to pass through
ibject to damage

bct to burst

b to the pressure
hse are 1/4 in.
wall thickness.

Refer to ARP 1532 Oxygen System Installation and Fabrication for further

de

Hi

tails on tubing practices.

gh Pressure Fittings: The comments of the preceding

paragraphs

illustrate the considerations dictating the selection of fittings.

Inter-cylinder connections are made with brazed-on nipples and loose
coupling nuts (copper and copper alloys) or regular flared or flareless

tu

be fittings with stainless steel.

For the main system take-off, flared or flareless fittings are used.

Us

ually fittings are of the same material as the lines.

Some systems

have incorporated mild steel or aluminum alloy fittings with stainless
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steel lines. However, the aluminum alloy fittings have a wide
divergence in electrolytic potential with stainless steel and the
cadmium plate necessary on mild steel fittings oxidizes rapidly in
contact with the gas, forming a toxic compound. Mild steel fittings
also present the possibility of a fire hazard. Loose steel filings or
particles dislodged from the inside surface of an oxygen cylinder can
travel at fairly high velocities. An impact with a steel fitting could
result in an oxygen fire.

Titanium fittings must never be used in oxygen systems because of a
possible chemical reaction and resultant fire.

3.1.3.10 Fire Safety: The preceding paragraphs illustrate the considprations
concernfing the selection of components in the system. Fire pafety is
one other important factor which merits serious consideratiop. Oxygen
by itse]f is stable and non-flammable. However, it dpes support and
accelerate combustion. Once a fire starts, oxygenwill causg adjacent
substan¢es to burn rapidly or even explosively. <A fire withfin an
oxygen system will require an ignition source to) start and fuel to
support|the combustion.

Fuel actumulation would be best eliminated by the use of compatible
materials and by keeping the system clean. Material compatipility may
be estaplished by analysis based on test data. However, carg must be

taken tp assure that the test conditions accurately reflect [(or exceed ‘
in sevepity) the environment in which the material is to be psed and
that operational effects are inctuded in the testing procedupes.

The other crucial point, elimination of the ignition source,| requires
control]ing temperatures in the system including that of the| gas.
Oxygen gas temperatureitends to increase because of the internal energy
changes|during compression. This is known as compression hepting. The
peak tepperature of the gas is a function of initial temperafture,
compression ratio, ‘rate of compression and rate of cooling. | In an
aircraft oxygen system, the highest temperatures of compressfion heating
will octur at-the downstream dead end of the 1ine where the pgas is
subjectpd tothe highest compression ratio. If heat is devefloped
during the'compression at a rate greater than the head dissipation rate
the tem e ignition
point in oxygen of any combustlb]e material which may be present, rapid
chemical decomposition (pyrolysis) and ignition of the chemical matter
will take place. This internal fire will contaminate the oxygen with
combustion gases and may burn through the system tubing or components
to cause an external fire.

Compression heating may be minimized by incorporating thermal
compensators or heat sinks at the inlet ports of all high pressure
control components. The thermal compensator may be constructed in many
ways depending on its configuration and application. In any case, it
should consist of non-combustible materials having high heat capacity .
and high thermal conductivity. This heat sink material should be

housed in a section of tubing or in a long and narrow container with
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appropriate fittings to permit installation into the system upstream of
and adjacent to any high pressure control components 1ikely to be
exposed to compression heating. In practice, the thermal compensator
should be designed to absorb and dissipate the heat energy rapidly as
it is generated thus minimizing the gas temperature rise during
pressurization of the system. The required mass of the heat sink
material used in the thermal compensator would depend on the upstream
pressure and volume, system flow rate, pressure drop characteristics,
etc. Design of the thermal compensator should facilitate its removal
for cleaning of accumulated debris. The unit should be designed to
preclude shedding of pieces during vibration, flow or servicing.

uch thermal compensators, by precluding gas temperature rising to
jlynition temperatures during compression, will remove fa major potential
jlgnition source within the oxygen system.

3.2 Continuous Flow Distribution System: The high pressure lines from the
supply source continue to either a reducing vdalye or a regulator.
3.2.1 Regdlator: The regulator controls the pressure upstream pf the mask

oriflices.

Basically, all regulators function\in a similar manner.
contirolled by controlling the flow through a valve. (Se¢

Pressure is
Section II.)

3.2.1.1 Preset Regulator: Strictly-speaking, these are not regulators but

simple pressure reducing valves. They reduce the supplly pressure to a

3.2.1.2

filxed pressure set for'some optimum or maximum altitude.

maintain a relatively constant reduced pressure, this n
wi[ll vary slightlylas the cylinder pressure or contents
control may be ing¢orporated in which an alternative rat
sgdlected. They may turn on automatically on reduction

on be turnedion manually as required.

Manual Regulator: This is the simplest form of regulat

Although they
educed pressure
are depleted. A
io may be

of cabin pressure

or in use,
diaphragm. A

krob_‘adjusts the bellows position, providing a method o

f setting the

cansisting of a valve held off its seat by a bellows onr

r qn'i red pressure.

A gauge registers pressure downstream and is calibrated
operation, the user rotates the knob until the gauge in
altitude at which he is flying. The resulting pressure
calculated to supply the correct oxygen flow through th

Some manual regulators incorporate an on-off valve and
indicating pressure gauge.

Such regulators may supply from one to fifty outlets.

in altitude. In
dicates the
is that

e mask orifice.

a contents
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Basically, this type i's that in which t

he knob

(see para. 3.2.1.2) is replaced by a barometric pressure sensing device
which preloads or positions the pressure regulating bellows or diaphragm

according to altitude.

Thus, once the system has been turned

on, line

pressure is automatically controlled to the design value for the

altitude,

Almost any configuration of the altitude/delivery

pressure

ratio can be provided, but the simplest regulator evolves when the

altitude

pressure/delivery pressure graph is a straight line.

As with the preset regulator, an automatic or manual turn-on valve, or
both, may be provided. Some automatic regulators discharge a small

quantity
relative
gaseous

Automati
5 outlet

Single S

y unimportant when the supply is liquid, but when th
it may not be tolerable.

C regulators are available in various capacityliranges
5 to 1 to 200 outlets.

tage Regulator: Single stage regulators-are those wh

one pres

oxygen p
lines.,

sure reducing stage. The one valve reduces cylinder
ressure to that required in the low<pressure distribu
Some single stage units will not operate above, say,

(3.45 MPa) inlet pressure, and when used>in an 1800 psi (12.4

system r
of the s

Multi-St

aquire an upstream pressure reducing valve to be adde
ystem,

age Regulator: This type regulator has two or more s

pressure
regulato
necessar
outlet p

Low Pres

reduction built in.. . The term "multi-stage" is also

rs constructed with'several identical units in parall
y sometimes to obtain very high flows with tight cont
ressure.

sure Tubing%.- Pressure in the distribution lines from

regulato
orifice

Variatio
a large

drop in the lines can be critical.

rs 1s dependent upon the flow required and the mask o
charactepistics.

s are of the order of zero to 80 psig (0.55 MPa). M
transport aircraft can reach 700 liters per minute, s

. This is
e supply is

from 1 to

ich contain
pr 1iquid
tion

00 psi

| MPa)

d as part

tages of
applied to
el as is
rol of

the
r outlet

ss flow in
pressure

To cater to pressures and

flows of

this order, the aircraft capable of carrying 150 passengers requires
lines of at least 5/16 in. (7.94 mm) I.D. if outlets at the end of the
system are to deliver comparable flows with those close to the regulator.

Thus, metallic lines in 1ar?e low pressure distribution syste

commonly
aluminum

of 3/8 to 1/2 in. (9.52 to 12.7 mm) 0.D. x 0.028 in.

alloy. In systems for small aircraft of, say, up to

passengers, 5/16 in. (7.94 mm) 0.D. lines are sufficient.

ms are
(0.71 mm)
20

Where routing is complicated or distribution points are movable, various

types of

synthetic hose are used. Such hose is selected on t

weight and creep characteristics at elevated temperatures.

he basis of
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It should be noted that plastic hoses may weigh slightly more than their
equivalent metal counterparts due to the necessarily heavy wall
thicknesses. Refer to ARP 1532 Oxygen System Installation and
Fabrication for further details on tubing practices.

3.2.1.7 Low Pressure Fittings: Fittings for metallic low pressure lines are
flared or flareless, similar to high pressure lines (see para. 3.1.3.9).

Fittings for p1ast1c hose are fabricated by welding aluminum alloy
tubing (T's, Y's, etc.) with standard beaded ends. A hose clamp secures
the joint w1th a means of preventing the clamp from cutting into the
plastic.

3.2.1.8 Digpensing Outlets: A dispensing outlet is located at~¢ach station,
providing one or all of the following, depending on-maxjmum operating
altitude of the aircraft:

(a}] A metering orifice;
(b] A means of connection for the mask; and
(c] An automatic presentation capability.

A yariety of units is available from proprietary source$ with orifice
sizes ranging from 0.012 to 0.018 in; (0.30 to 0.46 mm)|diameter.
Or{fice size used is dependent on.the design of the system.

Bayonet-type connectors to the.'outlets are most common.| They may be
‘ fitted with dust caps which spring closed on disconnectjon.

Various considerations dictate the selection of such outlets;
appearance, installation requirements, pressure drop in|cases where
lines have to by-pass beyond to further fittings, etc.

3.3 Dispenging Equipment‘(Masks): Continuous flow masks differ|in two basic
ways: [{a) the shape’of the facepiece, and (b) the method by which the gas
is fed|into the-facepiece.

The simplest-method of supplying the facepiece with oxygen §s a flexible
hose from_the dispensing outlet which feeds directly into the facepiece
througf a non-return va]ve Exhaled gases return to ambient through the
porous ‘ e—opt e j 3 ece—An—indeterminate
amount of dilution is available v1a the same dev1ce Th1s type of mask has
limited use.

Such masks are highly uneconomical in consumption because in an operating
system the gas flows continuously. Thus, during exhalation, some gas is
bound to be wasted. As normal exhalation accounts for nearly half the
period of a breathing cycle, a flow of nearly double that actually required
must be provided.
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Oxygen economy is effected when a flexible plastic or rubber reservoir is
-incorporated
between 500 and 1000 cm3 capacity, and stores gas during the exhalation

period to be

between the facepiece and the supply hose.

withdrawn rapidly during inhalation.

This is typically

If the non-return valve

into the facepiece is omitted, a proportion of the exhaled gas passes back

into the reservoir on exhalation.

A large proportion of this gas

unused air/oxygen from the "dead" spaces of the mouth and throat.

such as this are termed "rebreather types."
exhalation valve are built into the facepiece.

Normally, a dilution

will be
Masks
valve and

A variation in continuous-flow types is a mask similar to the above but with

3.3.1

3.3.2

3.3.3

3'3.4

a non=return

dilution val
established,
from the res
is empty, th
drawn from a
exhalation v
re-entry of

Nasal Mask

mask is in
through th
chief adva
conversing

Oronasal Mask:

e. With this type, once a breathing pattern has bee
the required quantity of 100% oxygen is drawn into't
rvoir at the beginning of the inhalation. Whealthe

dilution valve opens and inhalation is completed wi
bient. On exhalation, used gases are vented through
lve in the facepiece with the nonreturn 4¥alve preven
ases to the reservoir.

The nasal mask should fit snugly.around the nose.
ended for flights below 16,000 ft, (4877 m) where air
mouth would not result in excessive dilution (hypox
tages of the nasal mask are (1) light weight and (2)
without the use of microphones and earphones.

This type of mask, fits completely over the mout

nose. Mas
molded to

commonly u
supplied w
be made fo
communicat

Some facep
the valve
at lower ¢

Facepieces

ks to be used by crew members are equipped with facep
suit the shape of the face. Such masks are available
sed sizes: "small," "medium," and "large." A harnes
th the mask to<hold it firmly against the face. Pro
~ the inclusien/in the facepiece of a microphone for
on purposes.

eces are detachable from the body of the mask which
ear,This enables each crew member to maintain a pe
st.and it provides for easy sterilization.

n
he lungs
reservoir
th air

the

the

ting

The nasal
intake
ia). The
ease of

n and
ieces

in

5 s
vision may

contains
rsonal item

ptrical so

that the correct position in which the mask is to be donned will be

obvious.

Permanent Masks:

Masks with facepieces as described above are generally

considered to be "permanent"; i.e., they may be used repeatedly as long as
it is possible to sterilize them between each usage.

Disposable

Masks:

described, or a simple cup and hose with no valves or reservoir.

These may be similar in design to the masks previously

In

either case, the design is so inexpensive that it is economically

reasonable

to dispose of them after one use.
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3.3.5 Fullface Masks: Fullface masks as the name implies cover the mouth, nose
and eyes. MWhile such a mask can be used to meet protective breathing
equipment requirements, it cannot at the same time meet requirements for
supplemental oxygen at altitudes where pressure demand masks are necessary
(above 35,000 ft). As a result many users have opted for goggles and an
oronasal mask.

3.3.6 Continuous Flow Gaseous Oxygen System Limitations: The continuous flow
passenger gaseous oxygen system 1s designed to provide oxygen when cabin
altitude does not provide sufficient oxygen to satisfy passenger needs.
Adequate oxygen quantity is provided only for a descent from cruise
alty i i ired. en deployed,
pasgenger oxygen masks provide a Timited amount of oxygen which is mixed
with cabin air. Under normal cabin conditions, oxygen sypplied by the

paspenger masks can be as low as 3% of total air intake.| Figure 1 depicts
the|approximate flow of oxygen in liters per minute (L.P{M.) for different
cablin altitudes.
6
5 A
b ¥4 L) //
© w4 v
—Q NOMINALEFLOW 7/
‘ EE’ 3 )
=54 MINIMUM' FLOW /
=% 2 :
i “~~—FAA
3 REQUIREMENT
= R y/
0
Sk 10 20 30 40
FIGURE 1 CABIN ALTITUDE - 1000 KT.
As shown on the chart, for normal cabin altitudes below 10,000 feet, less

than one L.P.M. (NTPD) is available from the passenger gaseous oxygen
system. A passenger will normally breathe 10 to 12 L.P.M. (ATP) when calm
or at rest. When excited or during heavy exertion, the breathing rate
could reach 30 L.P.M. (ATP). This means that the majority of air breathed
in through the mask is from the cabin which could be contaminated with
heavy smoke.

When fire conditions exist, dropping the masks and pressurizing the oxygen
manifold may contribute to combustion.

If masks are donned by passengers, the length of the oxygen hose may
' restrict their ability to Tower their heads down to a lower level where
less dense smoke may exist.
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In summary, recommended procedures specifically exclude the use of
passenger oxygen masks during smoke conditions, because the passenger
gaseous oxygen system was not designed for such use. Instead, instructing
passengers to breath air from areas where the smoke is least dense, such
as near the cabin floor, should be considered. Passenger oxygen masks
should not be deployed when there is smoke in the passenger cabin unless
cabin altitude is above 14,000 feet. If loss of cabin pressure has caused
masks to drop, passenger masks should be used during descent and removed
as soon as practical when cabin altitude is below 14,000 feet. Chemically
generated oxygen systems provide a flow of oxygen directly from the local
source to the adjacent passenger based on a fixed, predetermined flow
schedule and—are—therefore—not—included—in—this—recommendedlimjtation for
gaseous oxygen systems,

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=baac438d001c51785845630f26a1130b

pERR———, - - __________________________________________
SAE AIR*A25B AL EE 8357340 0008759 &4 =W

- 35 -

SECTION IV - DEMAND AND PRESSURE DEMAND OXYGEN SYSTEMS

4. Principal Components of Demand and Pressure-Demand Systems:

Demand: A demand type of oxygen system supplies oxygen to the mask only upon
inhalation. The oxygen flow stops during the exhalation phase of the
breathing cycle. A demand type system generally requires an oxygen regulator
for each user which may be panel-mounted, man-mounted, or seat-mounted. A
blinker may be incorporated to indicate when gas is flowing. Figure III,
Section VI, shows a typical demand oxygen system in general use on present
modern aircraft.

Pressurje Demand: A pressure-demand type of oxygen system-supplies oxygen
under positive pressure to the mask on demand. The flow '0f pxygen enters the
mask immediately as inhalation begins and stops during the eixhalation phase
of the preathing cycle. The principal components are”a mask| which will
retain |positive pressure and a positive pressure oxygen regullator which is
either [panel-mounted, man-mounted, or seat-mounted. A blinker may be
incorpdgrated to indicate when gas is flowing.“ The demand system shown in
Figure [III, Section VI, illustrates the necessary components| for a
pressurje-demand system.

A11 demand and pressure-demand oxygen systems contain the fpllowing basic

‘ components:

1. Oxygen supply.

2. Distribution manifold.

3. Demand or pressure-demand regulator.
4. Demand or pressure-demand mask.
Additijonal components)are required for some systems, dependent on the type
of oxygen supply and regulator used in the system.

4.1 Supply System: <The oxygen supply containers for the demand| and
pressufre-demand type of oxygen system are the same as used [in continuous
flow slystems. The oxygen supply containers are discussed ih more detail in
Sections I1I and V of this Aerospace Information Report. Iph general, the

1. Supply bottles for compressed gaseous oxygen.

(a) Low pressure (400-450 psi (2.8-3.1 MPa))
(b) High pressure (1800-2100 psi (12.4-14.5 MPa))

2. Liquid oxygen converters.

(a) Low pressure (70 psi (0.48 MPa))
(b) High pressure (300 psi (2.07 MPa))
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Supply Accessories and Components: Refer to Séction III, paras. 3.1.3.1

4.3

through 3.1.3.7 for typical equipment used and available for demand and
pressure-demand systems.

Distribution System: The distribution system consists of one or more lines

4.3.1

of metal tubing with suitable fittings and outlets to distribute the oxygen
to various stations. Pressure in these lines may be directly from the
gaseous supply cylinder or from the liquid oxygen converter, or it may be
reduced by a reducing valve to some uniform low pressure.

Those lines passing through a potential fire zone should be of stainless
steel, (Ref i nd 3.2.1.7
for further data.)

Demand, Diluter-Demand and Pressure-Demand Regulators:

Demand: This type of regulator is generally used in aircraft for specific
applications such as smoke or fire-fighting. Operation and desjgn
features of regulators of this type are describedyin Section II{ The
regulator 1s the basic design for a group of regulators which are more
commonly uged; diluter-demand or pressure-demand.

Diluter-Deand: This demand regulator with oxygen dilution capabilities
1s commonly used. Control of the air-oxygen ratio may be automatically
accomplisheéd by an aneroid. The purpose of air dilution is to conserve
the aircraft oxygen supply and still-maintain a safe partial pressure of
oxygen in the lungs. For safe operating conditions, dilution o¢curs up to
approximately 32,000 ft (9754 m)Caltitude. At this altitude the dilution
port, whichh is automatically ¢ontrolled, is shut off and the regulator
delivers 100% oxygen. These regulators have manual lever provigions to
obtain 100% oxygen delivery throughout the dilution altitude rapge and
some modelg are also provided with a manual lever which when actuated,
will deliver a limited amount of positive pressure (safety pressure) for
emergency toxic atmosphere protection.

Pressure-Dgmand:~"This demand regulator can be obtained with or{without
diTution cHaracteristics. As described in Section II, this regulator is
required fqr-operation at altitudes above 35,000 ft (10668 m) to maintain
safe partial pressure for the user. Ihe regulator is obtainable with
varied output pressure schedules which meet the military minimum pressure
requirements. Pressure-demand oxygen regulators supply oxygen under
pressure to the mask, and when used with the proper combination of mask
and exhalation valve maintain a positive pressure within the mask
throughout the entire breathing cycle. As mentioned previously, dilution
characteristics can be supplied with the pressure-demand regulator and are
physiologically safe for use to altitudes of approximately 32,000 ft
(9754 m). At this altitude the dilution port, which is automatically
controlled, is shut off and the regulator delivers 100% oxygen typically
with safety pressure.
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Single Stage: The single stage demand or pressure-dema
operates directly from the oxygen supply. The regulato
designed to receive low supply pressure (in the range o
at the demand valve without requiring a built-in pressu
single stage demand regulator is intended to conserve o
and cost as compared to the multi-stage type. However,
distribution lines are generally restricted to length a
control the pressure drop. :

Multi-Stage:
operates from a high, medium, or low pressure oxygen su

p )

down to the operating pressure for the demand valve of
The multi-stage regulator has the advantage of operdati
range of supply pressures.

ijmitations and Recommendations: If loss of Cabin pres
sult in cabin altitudes exceeding 25,000-ft (7620 m),
ew members from hypoxia (resulting in dmpairment of ¢

d by assuring that the minimum pre-decompression bred
ovides an oxygen concentration of‘hot less than that
aph 5 in Section VI. This can be accomplished by use
gulators or regulators mounted sufficiently close to
that the volume of that part of the breathing system
gulator air port and the mouth/nose is limited so tha
livered in not more than 2 seconds after the regulato
tput. The panel or_remote mounted regulators, requir

eathing hose to_connect to the mask, are Timited to 4
25,000 ft (7620-m). This requirement can be waived

t on 100% .oxygen delivery. Reference may be made to
gen Requirements Up To A Maximum Altitude of 45,000
ditional 'data and recommendations.

B ON~O0 TS0 QATTV ITOT IO S|
st

r_regilator requirements SAE has published a standard:

nd regulator

r should be

f 40 to 100 psig)
re reducer. A

n size, weight,
downstream

nd I.D. so as to

The multi-stage demand or pressure-demand regulator

pply. A built-in
supply pressure
he regulator.
n over a wide

surization can
protection of
onsciousness)

st be provided by supplying 100% oxygen immediately on decompression

thing mixture
required by

of mask mounted
the user's head
between the

t 100% oxygen is
r shifts to 100%
ing a length of

latively large diameter (approx. 7/8 in. (22 mm)) low pressure

maximum altitude
above 25,000 ft

620 m) when the crew member wears and uses his mask with the regulator

AIR 1069 (Crew
Feet) for

AS 1194,

~ m

gubator Oxygen, Diluter Demand, Automatic Pressure Br

eathing.

A breathing mask which will retain t

he positive

pressure of oxygen delivered from the regulator is necessary for use in the

pressure-demand system.

The mask should be close-fitting a

round the mouth

and nose to prevent outward flow of oxygen around the sealing edges of the
mask. o

For the demand system, the mask should be close-fitting around the nose and
mouth because oxygen is obtained by suction demand, and loose-fitting mask
would impair the delivery of oxygen when a suction demand is registered.
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Oronasal Mask:

eyes.

Demand:

The oronasal mask is intended to cover the nose and mouth only

and should fit snugly so that oxygen can be obtained by suction means.
Small internal volume should be the design goal of the oronasal mask in

order to minimize the rebreathing of carbon dioxide.

An exhala

tion valve

is provided, and a microphone is usually provided with this type of mask

when used

Pressure-Demand:

by the crew.

The oronasal mask for use with this system di

the demand mask in several respects.

withstand

edges whi
still mai
of the ma
compensat
Without s
the valve
employ a

pressure

begins, t
pressure

to increa

Fullface

positive pressures as well as to resist collapse. Th
h contact the face are designed to prevent outward. }lg
taining a leaktight seal when suction is applied to{
k. In addition, a special exhalation valve is fequir

for the positive pressures delivered from the reguld
ch a valve there would be an uncontrolled flow of oxy
throughout the entire cycle of operation.,, Typical va
ensing diaphragm which automatically adjusts the valy
lightly above the regulator pressure., “(As the exhalat
e user raises the pressure within the'mask cavity. T
tops flow from the regulator, and.as the mask pressuy
e, the exhalation valve opens.

asks:

Demand:

Si
snugly to
should be
dioxide.

microphone
emergency

Pressure-{]

he fullface mask is intended to cover the nose, mouth
ce oxygen is obtained by suction demand, the mask mus
the face so that it-is leaktight. Internal volume of
as small as practicable to minimize the rebreathing o
An exhalation valve is provided with this type of mag

is usually provided. The fullface mask is generally

ask to protect against smoke and other fumes.

emand: ~AC fullface mask intended for use with this sy

differs fr
described

om the demand system application in the same respects
above for the pressure-demand oronasal mask.

ffers from

The mask must be constructed to

e sealing
akage while
he inside
ed to

tor.

gen through
Tves in use
e opening
jon phase
his

e continues

, and
t fit

the mask
f carbon

k, and a
used as an

stem
as those

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=baac438d001c51785845630f26a1130b

I T TS
SAE AIRx8258B AL WM 3357340 000873 T M

-39 -

SECTION V - LIQUID OXYGEN SYSTEMS

Liquid Oxygen: Oxygen may be supplied from either gaseous, 1iquid, solid or
chemical block sources or concentrated from air by on-board oxygen
concentrators for use in aircraft systems. (However, the solid state source
is considered to be impractical for this since it is almost impossible to
provide in practice (with a freezing point of -377 F (-227.2 C)) and its use
offers no further advantage when compared to the Tiquid state.) Gaseous
oxygen has been commonly used in aircraft installations ever since flights
were made at altitude requiring supplemental oxygen for occupant survival.

A

practics . d as the result
of past|U.S. and foreign military aircraft design programs.O|Liquid oxygen
supply pystems are installed in many of the new U.S. milditary aircraft;
active gonsideration has been given to these systems intthe gurrent
commercfial jet transport aircraft designs. Refer to AS 1304(Continuous Flow
Chemica] Oxygen Generators for further details on chemical okygen generation.

5.1 Liquid| Oxygen Properties:

5.1.1 Liquid oxygen is a light, blue, transparent, waterlike fljid, produced by
the fractional distillation of purified 1iquid air. MIL-D-27210
promilgates the requirements for 1iquid oxygen.

. 5.1.2 At ska level, atmospheric pressure (760 mm Hg. or 14.7 psfia), liquid
oxygen has the following properties:
Boilfing Point: -297 F (-183 C)
Densfity: 71.2 1b/ft3 (1140.5 kg/m3) at
-183 C (-297 F)
2.5 1b/liter (1.14 kg/dm3)
9.54 1b/gallon (U.S.)
11.32 1b/gallon (Imperial)
Volume Expansion: 1 liter Tiquid oxygen = 860 Titgers
gaseous oxygen at 70 F (21.1 [)
(14.7 psia (101.3 KPa))
T Titer Tjquid oXxygen = 30.36 Ft3
(0.86 m3) gaseous oxygen at
70 F (21.1 C) (14.7 psia (101.3 KPa))
Latent Heat of
Vaporization: 50.9 cal./gram (91.7 BTU/1b (213.1 J/g))
At higher pressures, the boiling point of liquid oxygen will increase.
The critical temperature of -180 F (-118 C) is attained at a pressure of
735 psi (5.07 MPa) (50 atmosphere). Regardless of pressure increase,
oxygen will not remain in a 1iquid state above this temperature.
‘ 5.1.3 Pure liquid oxygen does not produce irritating vapors but absorbs various

types of odors.
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Liquid Oxygen Converters and Ground Servicing Eéuipment: The utilization of

T1quid oxygen in airborne installations has been facilitated by the
development of a practical system for the conversion of cold Tiquid oxygen
to gas at an acceptable ambient temperature for breathing. This system
based on a proposal of the U.S. National Bureau of Standards, depends on no
external source of energy other than the surrounding atmosphere for
converting tie liquid oxygen to gas. Ground storage and airborne containers
operate on the same basic principle of Tiquid to gaseous state conversion
for their respective purposes, Operation of a typical liquid oxygen
converter and component parts of the system to provide gaseous oxygen to the
aircraft supply line is shown in Figures 1 and 2.

Liquid Oxylgen Converter Assembly:

.1 A converjter assembly is a self-powered system for the ‘storage of liquid
oxygen and for its conversion to gaseous oxygen as and when pequired.
Major parts of the assembly package are:

a. A dguble-walled container Item A

b. A prlessure build-up coil Item C

c. An gvaporating coil (or coils)* Item B

d. Pregsure control valves Item D & H Refer to
e. Pregsure relief valve Item I Figures
f. LiqWid check valve Item G 1 and 2

g. Volume gauging probe

h. Hounting brackets

i. Economizer circuit (optional design)

Jj. Builld up and vent valve Item
k. Filller valve Item

mm

*Can be |remotely Tocated.

.2 Two addiltional assemblies must be provided with the convertery assembly
as part |of the over-all system; i.e., the filler valve assembly, and the
build-up and vent valve assembly. In portable converter designs, these
assembliles may be part of the converter assembly. Some designs are
availablle that combine the functions of the two assemblies into one unit.

.3 The principal part of the converter is a vacuum insulated container. It
consists of an inner and an outer shell with an evacuated air space
between the two walls. Connections for filling and removing the liquid
oxygen, and for venting the gaseous oxygen are provided between the two
concentric containers. Heat transfer from outside the converter to the
inner shell can be reduced by the following design features:

a. Evacuated space between the shells.

b. Use of insulating powder between the walls, silvered and/or highly
polished surface treatment of the walls forming the evacuated space.

c. Use of Tow thermally conductive materials in the assembly and a
minimum number of support and/or assembly points between the two

shells.
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5.2.1.4 Despite the low heat transfer through the walls and assembly points of
the converter assembly, there will always be some heat transfer and some
evaporation of liquid oxygen. Pressure relief valves must be provided
to allow the escape of gas and to prevent dangerously excessive pressure
build-up when the oxygen in the oxygen converter is not being expended

to the supply line.

5.2.1.5 In present day equipment, losses of 1liquid oxygen from a converter

assembly range from 5 to 20% per 24 hours depending on size of container.

5.2.1.6 Most airborne converters of the past and present designs deliver gaseous

5.2.1.7

5.2.1.8

5.2.2

0
b4
as
re
Sy
in
a
ra

Ca
at

L1
ay

g4
0}

Liqu

yrger—ata—pressure—of70-psig {048 MPar—A ntumber—
en produced that deliver 300 psig (2.07 MPa) gas.. TN

semblies are installed in bomber-type aircraft to)per
fill their portable oxygen bottles directly from- the
stem. The higher pressure assemblies have also been
the commercial jet transport aircraft wherg“long suf

f converters have
e high pressure
mit the crew to
aircraft's oxygen
proposed for use
ply tubing runs

e required (with increased 1ine pressure’drop), and where high flow

tes are required during emergency use of/the system.

nverter assemblies may be filled at the aircraft or v
a remote location depending on_c@nverter design.

quid quantity indicating equipment utilized with conv
ailable in three types using-different design featurg
uging, electro-mechanicaltransducer indication or di
essure type of indication.

id Oxygen Ground Sérvicing Equipment: Ground servici

5.2.2.1

airg
trar
leveg
to o
refy
0Xyd
simi
cony

obts

raft liquid oxygen-.-systems is provided by special stq
sfer cart assemblies. Liquid oxygen can be stored in
1 as long ascit’ is kept at a temperature below its bg
aintain a_temperature below -297 F (-182.8 C) by mecH
igeration.is expensive and generally impractical. Th
en is Usually stored and handled in a vacuum-insulate
lar An general design and operational principles to t
erter assembly. Since pressure buildup within the cq

emoved and filled

erters is
s: Capacitance
fferential

ng equipment for
rage tank and
definitely at sea
iling point, but
anical

erefore, liquid

d container

he airborne
ntainer is

ined by vaporization of the liquid oxygen and regulaf

ed by control

valves, this energy can be used to provide the optimum pressure
(30-40 psig) for transfer of 1iquid oxygen from the ground equipment to an
aircraft converter installation or to another storage tank.

A typical liquid oxygen ground servicing assembly consists of a
double-wall container with the space between the walls filled with an
insulating material such as silica-aerogel and evacuated to a very low

pressure.

An adsorbent "molecular getter" such as acti

vated charcoal or

activated alumina may also be placed within the evacuated space to

supplement the mechanical evacuation process.

Component equipment in

the assembly such as pressure buildup coils; vent, check and relief
valves; and capacitance gauges serve the same function as similar units

in the airborne converter assembly.

Multiple safety devices are

incorporated in this equipment to assure safe and proper operation.
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The USAF type TMV-27/M storage and transfer cart assembly is a unit
commonly used for servicing aircraft liquid oxygen converters when
installed or not installed in the aircraft. The Navy type TMV-70/M
storage and transfer cart is used for servicing liquid oxygen converters
not installed in the aircraft. These carts are mobile assemblies
mounted on steerable three wheel trailers and have a capacity of 50
gallons (189 liters). The cart is a complete self-contained liquid
oxygen transport, storage and servicing unit with a total empty weight
of approximately 720 pounds (327 Kg).

Liquid oxygen storage tanks having capacities of 400, 500 and 2000
gallons (114, 1892 and 7570 liters) are generally used at military
aircraft bases for bulk storage. The 400 and 500 gallon tanks can be
skid molinted and semipermanently installed or trailer mounted on four
wheel steerable trailers, for the purpose of receivingsrholdjing,
transpopting and dispensing 1iquid oxygen. The 2000 gallon tanks are
permanently installed. Currently there are different configurations of
%hese t ?ks, each configuration requiring a different type designation
See 6.

vaporating Gail Assembly,
e LL: i Oxygea Filler Here

Atrcral 1] ®
FIGURE 1. CONVERTER FILLING PROCEDURE

Liquid Oxygen System Operation Details: Liquid oxygen is supplied to

the container through the springloaded Filler Valve (F) from|the service
cart. As ¥iquid oxygen flows into the warm container (A), it vaporizes
very rapidly and cools down the inner area of the container leventually
to the liquid oxygen temperature of -297.4 F (-183 C) at atmospheric
pressure. The oxygen gas created by the cool down process is forced
through the top of the container into the Build-Up-Vent Valve (E), which
is set on the "VENT" position during the filling operation. This valve
setting permits the escaping gas to flow overboard through the vent
line. This procedure continues until 1iquid oxygen flows overboard in a
steady stream from the vent Tine which indicates the container is full
of 1iquid oxygen. After a 15% filling loss, evaporation losses do not
exceed 5% per 24 hours.
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During -the filling operation, some liquid oxygen could flow into the
pressure Build-Up Coils (C) and through the Check Valve (G) into the
Supply Evaporator Coils (B). The minor quantity of liquid oxygen so
trapped will remain in these lines until a demand for gaseous oxygen is
created in the supply line. If the trapped gas (vaporized liquid
oxygen) does build up a pressure exceeding the relief valve settings, in
the respective systems, the relief valves will open and vent the gas
overboard.

rrrrrrr

SYSTEM SUPPLY PROCEDURE
FIGURE 2

Pressure Bald-Up
Coit Aszembly ©

b develop pressure within the container and permit the Converter
5sembly to supply breathing oxygen to the aircraft system, the
hild-Up-Vent Valve (E) is manually set in the "Build-Up" position.

nis action blocks the line from the -top of the container to the
verboard vent and connects the 1iquid oxygen supply to the gaseous side
f the container. \The liquid oxygen flows by gravity jnto the Pressure
1i1d-Up Coils (C) and vaporizes because of exposure t¢ ambient
bmperature surrounding the coils. The gas flows throyugh the Pressure
osing valve (D) and the Build-Up-Vent Valve (E) into|the top of the
pntaineriwhere it collects and assists in a higher pr
evelopment. This cycle continues until the working p
ystem  is reached; the Pressure Closing Valve (D) clos
hrther flow of liquid oxygen from the container. Pre

s and prevents
sure in the

. iner Pressure
Relief Valve (H) which will reduce excessive pressure levels by venting
the gas overboard.

Q- OOt WO O W

When oxygen is required in the aircraft system, 1iquid oxygen flows into
the supply system, through the Check Valve (G) into the Supply
Evaporation Coils (B), where it is vaporized. The gas then flows into
the aircraft system until the demand is shut off. Pressure source for
the flow is the pressure on the gaseous side of the container. If this
pressure value drops below the required system pressure, the Pressure
Closing Yalve (D) opens and admits more vaporized 1iquid oxygen into the
gaseous side of the container, raising the pressure level and continuing

‘ the cycle operation.
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Purpose of the Check Valve (G) is to prevent gaseous oxygen in the
supply system from backing up into the liquid oxygen within the
container and increasing the vaporization rate of the Tliquid oxygen by
exposure to the gas. This condition can develop during a period of
large oxygen demand on the aircraft system with a high flow rate and
then encountering a sudden cutoff in oxygen delivery to the aircraft
system. A relief valve (I) is installed in the system to prevent
excessive build-up of system pressure.

5.3 Precautionary Measures: The general precautions to be observed in the
handling, storage and use of compressed gaseous oxygen shall also be
observed wi et i i e ection
Association [Standard No. 410 B. Listed below are precautions pedquliar to
liquid oxygen which should be followed:

5.30]

Due to theg extremely low temperature of liquid oxygen, proper s
should be [taken by all personnel working with the product. Sev
frostbite which produces lesions identical with a_burn will res
liquid oxygen comes in contact with the skin during any handlin
operation. Burns will also result if a non-insulating containg

afeguards
ere

ult if

g
r, tubing,
without the

valves and other equipment containing liquid‘oxygen is handled
minimum priotection specified in paragraph 5¢3.2.

5.3.2 Personnel jhandling liquid oxygen should-be protected by loosefitting,
clean coveralls of tightly woven material with cuffless trousens, a cotton
helmet, gauntlet-type gloves of leather or rubber with loose-fiftting
cotton inner liners, high-top shoes under the trouser legs and [a face

shield.

oxygen is spilled on the clothing, the garments shoulld be shed
as quickly as possible. ~Liquid oxygen trapped in a pocket, glove, or boot
can cause [serious frostbite injury, in addition to the fire hazard created
by the compination oficoncentrated oxygen and a combustible material.

5.3.3 If liquid

5.3.4 If liquid pxygen s spilled on exposed skin, wash it off immedijately with

cold water, apply cold compress to the affected area and get immediate
medical attention.

5.3.5 MWhen transferring liquid oxygen from one container to another, the

receiving container should be filled very slowly until it has been cooled
to a temperature comparable to that of the 1iquid oxygen. Rapid filling
might, besides causing boiling or splashing, result in damage due to
thermal shock.

Caution must be exercised in introducing any material or object at normal
room temperature into liquid oxygen. This action will cause violent
ebullience and evolution of gaseous oxygen with considerable boiling and
splashing.

5.3.6
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‘ 5.3.7

In filling liquid oxygen systems, the liquid should not be allowed to
spill on the ground, especially on a ramp .surface contaminated by oil or
grease. If spillage does occur, the area should be isolated until all the
liquid oxygen (especially that trapped in cracks or crevices) has
evaporated.

5.3.8 Liquid oxygen equipment and the aircraft being serviced must be
electrically grounded during the servicing operation to prevent an
accumulation of static electricity and discharge.

5.3.9 It is emphasized that no lubricant shall be used on liquid oxygen system

male—pip ady sealant may be

60 atmospheres

5.3.11 Bulk liquid oxygen storage containers should be located in a
wall-ventilated area to prevent-high concentration of gaseous oxygen in
. the atmosphere. Outdoor storage is recommended. Indooj storage area

5.3.12 Leakage of 1iquid oxygen-into the space between the inner and outer
cogntainers of storage vessels or converters can result [in a pressure
build-up and fracture of the safety "rupture" disc.

5.4 Comparison of Liquid'vs. Gaseous Oxygen Supply Installations:

5.4.1 AdJantages ofLiquid Oxygen:

5.4.1.1 weight and space savings will be obtained by the usel of a liquid
xygen supply installation compared to a gaseous system that provides an
qual volume of oxygen to the aircraft system. For the same weight as a
gaseous system more oxygen can be supplied to the aircraft by a liquid
oxygen supply. For a given volume of a gaseous oxygen to the system, it
is estimated that a 1iquid system will require 60 to 80 percent less
weight and 50 to 70 percent less space than an 1800 psi (12.4 MPa)
high-pressure gaseous supply.

5.4.1.2 Safety aspects of the liquid oxygen installation are enhanced by the
lower supply and system pressure. Present liquid oxygen converters
operate at 70 psi (0.48 MPa) and 300 psi (2.07 MPa) pressures compared
to the standard gaseous oxygen supply pressures of 400 psi (2.76 MPa)
and 1800 psi (12.4 Mpa).
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5.4.1.3- A.70" psi (0.48 MPa) liquid oxygen supply sdurce in some installations

eliminates pressure reducing regulator assemblies.

The elimination of

these assemblies further reduces weight, cost, comp]ex1ty, and
maintenance of the installation.

5.4.1.4 Problems and hazards in the handling, storage and use of h1gh pressure
gaseous oxygen are eliminated.

5.4.2 Dlsadvantages of Liquid Oxygen:

5.4.2.1 A Tiquid oxygen supply is constantly being reduced by evaporatlon
- Whereas a :constant volume of gaseous oxygen can be stored in cylinders

for an i
Evaporat
period.

must, th

5.4.2.2 See péra

5.4.2.3 During f
transfer

ndefinite period, available for use whenever required
ion Tosses generally range from 5 to 20 percent in“a
A regular rep1en1shment'schedu1erof’the liquid @xyge
braefore, be ma1nta1ned

;raphs 5. 3 through 5 3.12: for other problems and haza

1111ngwopehat1onr1nqu1d 1osses~can be_encountered dur
or filling if not carefully controlled. -

5.5 Referenced»Pub]ications:

MIL-1-19326
Tr-56-260 Vo

. I & II Air Force Handbook oeriQUid=0xygen Systems

5.6 Liquid Oxygen System Description: ~(Refer to Figs. I.and I1.)

24 hour
n converter

rds.

ing
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SECTION VI - CHARTS, TABLES AND SYSTEMS- SCHEMATICS.

Def1n1t1ons and Abbrev1at1ons

ATPD = Amb1ent temperature and pressure, dry (PH2 0 = 0)
BTPS =.Body temperature pressure saturated
(37°C, ambient pressure, saturated with water
vapor at 37°C-PH20 at 37°C = 47.00 nim Hg.)
BTPD = Body temperature, pressure dry (37°C ambient
pressure, PHp 0 = 0) = :
STPD = Standard temperature pressure dry
(0°C pressure = 760 mn Hg, and PH2 0 0)
NTPD = Norma1 temperature, pressure dry |
(70°F, pressure = 760 mm Hg, and PHp 0 = 0)
PHo 0 F Partial pressure of water‘vapor o
o * (PHp 0 at 37°C =.47.00 mm Hg.)
P02 = Partial pressure of oxygen
B or Pg F Barometric pressure
B-47 or F Sum of partial pressures of dry gases in- an ‘environment
Pg-47 | ‘saturated with water vapor at 37°C, expressed in mm Hg
%09 = Parts of oxygen in ;100 parts of dry gas by volume gxisting
‘ in a mixture saturated with water vapor at 37°C.
0°C  [= 273.16°K =,32% F = 491.69°R h
(21.11°C = 294.27K5=70° F = 529.69°R e
37.00°C = 310416°K = 98.6°F = 558.29°R
We1ght of Oxygen in Supply Cylinders:
W=Pxdx %7,where( P = gauge“pressure"‘atmbspheresflif
: W = weight of oxygen; in:pounds: . -
d = density of oxygén pound: per: cub1c 1nch (See 6.2)
v = Volume  of cylinder;zCubic:=inches . .
k = compressibility:factor (tabulated: below)
Pressure e
psi (MPa) Atmospheres . K at 32°F’(0°C) -~ . K at 68°F (20°C)
450 (3.1) 30.6 " 0.973 | ©0.981
900 (6.2) 61.3 0.945 0.962

1800 (12.4) 122.5 0.915 (approx.) 0.938 (approx.)
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6.2 Density of Oxygen at Sea Level:

Grams/ Pounds/
Degree F (C) Liter Cu. Ft. Pounds/Cu. In,
-40  (-40) 1.67 0.705 0.602 x 10-4
-20 (-28.9) 1.60 0.100 0.576 x 10-4
0 (-17.8) 1.53 0.095 0.552 x 10-4
20 ( -6.7) 1.47 0.091 0.530 x 10-4
32 ( 0) 1.43 0.089 0.515 x 10-4
40 ( 4.4) 1.40 0.088 0.507 x 10-4
60 ( 15.6) 1.35 0.085 0.487 x 10-4
80 ( 26.7) 1.30 0.081 0.470 x 10-4
100  ( 37-8) .26 0,078 0453 X 1o+
6.3 MWeight in Pouphds per Hour of an Oxygen Flow of one Titer per Minutle at 32 F
and Ambient Pressure:
Altitude-
Thousands of Ft. -0 10 20 25 30 35 40
(Meters) (-0) (3048) (6096) (7620)(9144) (10668) (12192)
Oxygen-
Pounds per Hour: 0.189 0.130 0.086 .-0:070 0.056 0.044 0.035
(kg per Hour) (0.086) (0.060) (0.039)°(0.032) (0.025) (0.020) (0.016)
6.4 Oxygen from Tank Supply to Produce Required Mixtures of Oxygen and Air at
Mask:
Percent of Oxygen
at mask: 21 30 40 50 60 70 80| 90 100
Percent of total volume
which is drawn from tank O 11 24 37 49 62 75| 87 100
Percent of total volume
which is drawn from ambient 100 89 76 63 51 38 25| 13 0
6.5 Supplemental Passenger Oxygen System Design Calculations: This section
presents an apalytical method for calculating the oxygen requirements needed
to provide for ajcontinuous-flow, passenger oxygen system and evaﬂuating the
component performance requirements. The oxygen system is designed to

provide all passengers with the minimum tracheal oxygen partial pressure
specified by the Federal Aviation Administration Federal Aviation
Regulations Parts 25.1441 through 25.1453. These regulations supersede CAR
4b.651 dated September, 1962, Although the analysis is based on
regulations, the system is based on a hypothetical airplane, and on
hypothetical oxygen system components.

Briefly, the system analysis will begin with the requirements of the
system's most remotely located passenger, where the oxygen distribution Tline
pressure drop is maximum. The specific mask performance characteristic will
determine the flow requirement to the mask. This in turn, on the basis of
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outlet performance, will determine the pressure schedule re
outlet. The pressure schedule required at the outlet, plus
pressure drop will determine the pressure schedule of the p
regulator.

The choice as to which system components are to be the syst
variables, and which are to be dependent variables, is some
For our purposes, the performance of both the passenger mas
passenger outlet are considered to be the independent varia
performance will be determined empirically. The establishm
values will allow the calculation of the dependent variable

quirement to the
the system Tine
assenger

em's independent
what arbitrary.
k and the

bles; their

ent of these

s, the regulator

perforilance curves and an oxygen requirement curve. The 0X
curve [is then used to evaluate the oxygen quantity requitem
requirpd cylinder oxygen flow is that quantity of oxygen fl
the syptem to insure that all passengers will have atileast
oxygen| design requirement.

Once t
overal
The ov
flow r
requir

e required quantity of oxygen has beenestablished,a

value of system oxygen utilization efficiency can b
rall efficiency utilization is equal to the minimum
quirement (or design flow requirement) per passenger
d cylinder oxygen flow per passerger.

Requji
25.1
appl

rements: The basis for thefollowing calculations i
43(c) of Part 25 of the Federal Aviation Regulations
ies to Transport Category'airplanes.

"For
oxygen required for each-person at various cabin pressure
not pe less than thatiwhich will maintain during inspirat
mean| tracheal oxygen“ partial pressures when using the oxy
proviided, including masks:

(i) | At cabin—pressure altitudes above 10,000 ft (3048 m
including 18,500 ft (5639 m), a mean tracheal oxyge
préssure of 100 mm Hg. when breathing 15 liters per

(body temperature pressure, saturated, i.e. 37°C, ap

= 47.00 mm Hg.) and

ygen requirement
ents.  The

bW required by
the minimum

l

D

average or
determined.
average oxygen

, divided by the

5 Section

(FAR). Part 25

passengers and cabiniattendants the minimum mass flow of supplemental

altitudes shall
ion the following
gen equipment

) to and

n partial
minute, BTPS
bient pressure,

2
having a tidal volume of 700 cm3 with a constant time interval

between respirations.

(i1) At cabin pressure altitudes above 18,500 ft (5639 m

) to and

including 40,000 ft (12192 m), a mean tracheal oxygen partial

pressure of 83.8 mm Hg. when breathing
and having a tidal volume of 1,100 cm
interval between respirations."

30 liters pe

r minute, BTPS,

with a constant time
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6.5.2 Calculations:

A.

Variables:

Independent Variables -

1. Passenger mask performance determined by performance testing.

2. Passenger outlet performance determined empirically.

3. Design safety margin.

4. Oxygen system line pressure drop by analysis or by previous tests.

Dependent Variables -

1. The s 1€y
rgquired per passenger versus altitude.
2. The supplemental oxygen line pressure regulator performance curve,

flow

Deternjination of the Theoretical 0xygen Requirements:

Although the theoretical oxygen requirements bear no direct relation
to thg actual cylinder oxygen-flow requirements, they will |be
evalugted first since they will be needed subsequently to ¢valuate the
"overdll efficiency of the passenger oxygen utilization" and serve to
establish "ball park" figures of the actual needs. These $a1cu1ations
are based on the Federal Aviation Regulations as quoted under design
requirements. Table A indicates the procedure used.

1. Cdlumn "A" shows altitude .in increments of thousands of feet from
19,000 to 40,000 ft (3048-to 12192 m).

2. Cdlumn "B" indicates the’barometric pressure in mm Hg for each of
tHe thousand-foot increments.

3. Cqlumn "C" calculates the conversion factor for reducing BTPS to
NTPD (normal temperature, pressure, dry, i.e. 70°F, 760 mm Hg and
PHo = 0). This factor is equal to Barometric Pressur¢ at Altitude

2
(QoTumn "B"%)-minus the water vapor, 47 mm Hg divided b
760 mm Hg.’ The ratio is then corrected for temperature:
C = (B - 47) (459.69 + 70.000)
760 (459,69 + 98.6)
_ (B - 47)

where
B = the numerical values in Column "B"

C = the numerical values in Column "C"
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Column "D" is the flow rate in NTPD LPM (liters per minute)
required to maintain the following regulator minimum mass flow of

supplemental oxygen.

a. 15 LPM in BTPS titers from 10,000 to 18,500 ft. (3048 to
5639 m). :
b. 30 LPM in BTPS Tliters from 18,500 to 40,000 ft. (5639 to

12192 m).

These values are obtained by multiplying Column "C" by 15 from
10,000 to 18,500 ft (3048 to 5639 m) and by 30 from 18,500 to

40,000 ft (5639 to 12192 m).

Column "E” is the percent of total oxygen concent
gas trachea necessary to maintain the regulatory
of oxygen (0p) of:

a.
b.

100 mm Hg from 10,000 to 18,500 ft (3048 to 5
83.8 mm Hg from 18,500 to 40,000 ft (5639 to

The values in Column "E" are calculated as follows$:

100
B - 47

100 (B is the value in column "B" up
(5639 m)).

83.8

b g—a7

40,000 ft.{5639 to 12192 m)).

Column "E" shows-the percent of total oxygen requ
FAA regulations ‘or requirements for tracheal oxyg
pressure at .cach altitude indicated in Column "A.
of added oxygen theoretically required will now b

ration in the dry
partial pressure

539 m).
2192 m).

Lo 18,500 ft

100 (B is the value in column “B" from 18,500 ft up to

jred to meet the
bn partial

['  The fraction
b determined:

oxygen mixture.

Basis
a, . bry gases.
b Air is 20.95% oxygen.
¢c. F = Fraction of air added.
d Er = Total fraction of oxygen in the nitrogen
e. Fp = Fraction of oxygen added
- oxygen added
total mixture air + oxygen
F+Fp=1 F=1-Fp

Fr = Fa + 0.2095 F = Fp + 0.2095 (1 - Fp)

FT = Fp + 0.2095 - 0.2095 Fp = 0.2095 + 0.7905 Fp
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FT - 0.2095
FA = —0.7905
or on a percent basis, where O = % total oxygen, this is:
0. - 20.95
Fp = —
A 79.05

The above equation is now evaluated at each altitude for Fp, the

fraction of added oxygen.
evaluating the numerator, Oy - 20.95, shown in Column

This is accomplished by first

"F."  The

values of Column "F" are then divided by 79.05 and recorded in

Column "G."

The values in Column "G" thus represent the

theoretical fraction of added oxygen (TabTe B).

The theoretical oxygen requirements for each altitude
Golumn "H" of Table B. These values were obtained by
the required minute volume (Column "D") by the“theore
fraction of added oxygen (Column "G").

Oxygen Flow Schedule to the Mask:

During the initial development of jet transport passenger
perfgrmance specification, it was commen practice to give
oxygen flow requirement (f) and minute volume (MV) as a r

plotted against percent total oxygen (% 02). By mu

are shown in
multiplying
Eical

mask
the added
itio

tiplying these

MV
F

MV
requirements were obtained: for the particular mask.

values by the minute voltume, the minimum oxygen-mask-flow

Preséntly, however, the minimum oxygen-flow requirements,|established
during passenger-mask-qualification tests are presented djrectly as
minimum oxygen-mask-flow requirements. The results of these tests are
analyzed and presented as "guaranteed Minimum Performance|Curve," with
the g¢oordinates "Added Oxygen Flow to Mask in LPM-NTPD," &nd "Cabin
Altitude in 1000 Feet." For specific details see Federal|Aviation
Agengy Technical Standard Order No. C64, Oxygen Mask Assembly,
Continuous Flow, Passenger.

For our purposes we shall assume hypothetical performance which we
will assume meets the above TSO specification. These guaranteed
performance values, given in Column "I", Table B, form the numerical
basis for the entire system design.
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NOTE: Only masks which qualify to the particular TSO dash number may
be used with this particular hypothetical oxygen system. Any mask
which falls below these minimum required tracheal oxygen percentages
fails to meet the mask type specification and cannot be used with an
oxygen system which has been designed to this particular mask type
specification or better.

D. Determination of Qutliet Flow and Pressure Schedule Requirements:

1. Column "J" of Table C is computed by multiplying Column "I" by
1.05. This is to allow a design safety margin of five percent.

— IT 15 extremely wise to include a safety margin npt only as a
buffer for future production and equipment desdgn| problems but
also because it allows tolerance in the measuring| devices used for
checking out the system. Five percent is considered minimal.
Column "J" is then the minimum flow required from| the outlet.

The calculations from this point forward become mpre graphical in
nature. The reason for this is thatvan outlet performance curve
is best chosen empirically. In other words, sevefal outlets are
built and tested. These may be“orifices and/or ppcked restrictor
materials which will give a.particular test curve| as shown in
Graph 1. The important thing is to be sure that [the outlet
restrictor performance is easily reproducible within reasonable
‘ tolerances, because once the outlet performance ([i.e. the outlet
flow versus inlet preSsure) is established it willl form the basis
for the regulator performance requirements.

2. Column "K" is the design upper 1imit of the outleft flow. Column
"K" has been'calculated by multiplying Column "J"| by 1.06. This
established)a six percent outlet design tolerancel. As is the case
with most_oxygen system components, the design performance
tolerance can be made larger or smaller. Inevitaply the initial
costiof equipment manufactured to close tolerances will be high
when./compared to those manufactured to more libergl tolerances.
There is, however, a "trade off" since the parts with wider
tolerances will require more weight in cylinder ojkygen to cover

|~ excessive oxygen flow.

Column "L" gives the mean design flow of all outlets and is
calculated by adding Columns "J" and "K" and dividing by two or
multiplying Column "J" by 1.03.

Curve "A" is constructed on Graph 1 from the data in Column "A"
and "J" of Table C. This curve represents the required minimum
outlet flow rate of oxygen at each altitude. The flow rate is
plotted along the ordinate while the altitude is plotted across
the top abscissa.
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Curve "B" has been drawn in arbitrarily as the hypothetical

performance curve.

As mentioned previously, in actual practice

the curve would be established by tests, forming performance

specification.

Although the outlet performance may be presented numerically in

the form of tables, sufficient data must be given to
accurate interpolation. Where the graphical method i
the case in this example, it is recommended that the
done using a fairly large scale to insure accuracy.

per liter flow and fifty inches per hundred psi were

example. To reduce the paper sizes two ranges were \

From Curve "A" minimum flow rate - altitudes are-mark
"B", (In altitude increments of 4,000 feet or Tess.
pressure values from Curve "B" are read from abscissa
in Column "M" of Table C. These pressure values are
pressure in psig (at altitude) required at the inlet
outlets.

Curve "C" is constructed from the values shown in Col
plotting at corresponding altitudes with the identicg
pressures. This then provides .the maximum (Curve "C
(Curve "B") oxygen outlet flow. performance at each
pressure-altitude.

Curve "D", the average outlet flow curve is construci
same manner as Curve. !"G" by using the data in Column

ulation of Passenger Regulator Performance:

Graph 2 shows line pressure drop from the regulator {1
remote outlet/as a function of pressure.

Although this curve is hypothetical, such a curve car
at by-a-straight-forward, step-wise, system-pressure-

allow

s used, as is
plotting be
Ten inches
used in the
sed.,

ed on Curve
The

and recorded

the minimum

of the oxygen

umn "K" by
1 Curve "B"
) and minimum

ted in the
IlL.|l

o the most

be arrived
drop

caléulation. It is recognized that pressure drop is

drop is ploited here against regulator pressure, with

both weight flow and density (Darcy's equation). Hoyever,
eeﬂveﬂ4eﬁee——aﬂd—s4nee—$+ew—%s—a—#ane%#eﬁ—eﬁ—pFessa¢z, pressure

a function of
for

flow rate at

a maximum.

The pressure drop will depend on the piping configuration and on
line sizing. Here again, there is a weight trade off. Smaller
lTines and fittings will weigh less and be easier to install, but
the increase in pressure drop will mean an increase in regulator
pressure. The higher the upstream pressure the larger the
excessive flow of oxygen from outlets upstream of the most remote
outlet will be, thus increasing the weight of required cylinder
oxygen. A system pressure-drop flow test is strongly recommended.
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2. The maximum system pressure drop values shown in Column "N", Table
D are read from Graph 2.

3. Column "0", the minimum regulator pressure output
required outlet input pressure (Column "M") and the system
pressure drop (Column "N").

4, Column "P", is equal to minimum regulator pressure output (Column
"0") plus five percent for regulator tolerance.

5. Column "R" indicates the barometric pressure in pounds per square
lllbh.

6. To evaluate regulator feasibility, Graph 3 Regutat

schedule, is drawn. Column "0" and "P" the reguld
minimum and "minimum plus 5%" pressures are plottg
altitude in barometric pressure Column "R", and ar
Curve "0" and "P" respectively.

While not necessarily true of allialtitude compeng
regulators, usually the output pressure varies dif
changes in atmospheric pressure. Thus, for conver
regulator design, Curve "S" "is added as the maximy
This curve is composed of two straight 1ine functi
graphically as close as.\reasonably possible to Cur
values recorded in Column "S" are read from Curve
Columns "0" and "S" and Curves "0" and "S" represd
pressure performance requirement.

Calculation of Required Cylinder Oxygen Consumption Pg

tor Pressure

tor outlet

d against

e designated as

ating

rectly with
jence in

m tolerance.
ons laid out
tve "P", The
"S"*., Thus

nt the regular

r Passenger:

We must aSsume that the system regulator output wi
shown in.Column "S" since this is an allowable sif

Colamn "T", the average pressure at the average ol
Golumn "S" minus half the system pressure drop shg
N". For an average type system, this is considey

11 be maximum as
uation.,

tlet is equal to
wn in Column
ed to be very

close to the actual average pressure conditions; |

owever, where

manifolds are unbalanced or there is a long length of plumbing to
the most remote outlet, an average pressure drop calculation may

need to be performed by standard pressure drop cal
procedures.

cutation

Once the average pressure at the outlet has been calculated for

each altitude as shown in Column "T", the average
each of these altitudes can be determined.
accomplished by either of 2 methods:

flow rate at

This evaluation may be
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(1) The direct approach uses the average outlet flow curve, Curve
"D", Graph 1. The pressure values of Column "T" are plotted
on Curve "D" and flow values (the average oxygen consumption)
are recorded in Column "V",

(2) Where it is desired to use a single curve to represent the
outlet flow performance, Curve "B", Graph 1 (the minimum flow
at a given pressure) can be used to calculate average flow or
maximum flow by multiplying the value by 1.03 or 1.06
respectively. Using this method the pressure values of
Column "T" are plotted on Curve "B", Graph 1 and the minimum
flow values are recorded in Column "U". The values in Column
"0™ are then muTtiplied by T1.03 giving the averdge outlet
flow Column "V",

The use of the average outlet flow is justifiable where there
is a large number of outlets.

WARNING: It should be emphasized that where the population
of outlets is small, Curve "C" must be used, or|Column "“U"
should be multiplied by 1.06 or possibly a figure between
1.03 and 1.06.

Column "“V" from Table E is ‘plotted as Curve "V"|on Graph 4.
The average flow value may be calculated by graphical
integration of the area below the curve from 10|to 40
thousand feet, or by~ averaging the values in Column "V".

This value, approXimately 2.01 LPM NTPD, will be valuable in
calculating the oxygen required for even descents from 40,000
to 10,000 ft. (12192 to 3048 m).

G. Sysftem Efficiency¢

1. |Column "I%,the required minimum oxygen flow to the mask, from
Table B-3s plotted as Curve "I" on Graph 4. The average flow
value 'of Column "I" is found to be 1.6578.

2. |The'system efficiency to the mask then equals:

_ 1.6578 .. _
Es . = —5-g7 100 = 82.48%
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3. The overall system efficiency is equal to the average theoretical
required minimum oxygen, that is, the average of Column “H"
divided by the average system flow: '

1.5732
Es = o1 100
Eg = 78.27%

H. Minimum Quantity of Emergency Oxygen Required Per Cabin Occupant:

TLe minimum quantity of emergency and sustaining supplimenta] cylinder
okygen (Reference FAR 121.333) must be sufficient,to provide each
cabin occupant (passenger or cabin attendant) for:

1} Emergency descent at maximum demonstrateddescent rate, to

emergency cruise altitude and to provide at cruise
sustaining supplemental oxygen for the’ duration of
flight. (For 100% of the passengers above 15,000 1
from 14,000-15,000 ft (4267-4572w) and to provide
10,000-14,000 ft (3048-4267 m)Cruise altitude.)

altitude
decompressed

Ft (4752 m), 30%
for 10% from

A uniform ten-minute emergency descent (from maximym certificated

cruise altitude to 10,000 ft (3048 m)).

It is not the intentlof the regulation to provide
item 2 but to provide for the largest value so thaf
of oxygen can meet either condition. Item 2, in a

for item 1 plus

. the quantity
sense, can be

exceeds that actually required for the demonstrate

emergency

considered the.absolute minimum, and the quantity }foxygen which

descent rate may be considered to be used to parti
requirement for sustaining oxygen.

11y meet the

(1) The Absolute Minimum Required Quantity of Oxy

en

Let Q = Required quantity of emergency and sugtaining
supplemental oxygen in L-NTPD (liters of normal temperature

pressure dry, 70 F, 760 mm Hg and Py o = 0).
: 2
Qpm = Minimum quantity Q per FAA regulations in L-NTPD
T = Time in minutes of flight after decompression.
F = Flow rate in LPM-NTPD

The General Equation

Q=1.03T (F)
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The value "1.03" is used to include a 3 percent margin for

infants-in-arms.

Qp = 1.03 T (F)

1.03 (10) (2.01) = 20.70 L-NTPD

The value "2.01" is the average flow in LPM from
thousand feet. (Column "V", Table E.)

40 to 10

The "20.70 L-NTPD" of oxygen is the minimum (required FAA
regulations) per passenger and cabin attendant specifically

for this particular hypothetical oxygen system.

2)

NOTE: This system evaluation and calculation‘hay
included an analysis of the required first aid o)
and cylinder oxygen required for air carrier airc
operating under Part 121 of the FAR.

Example 1, Available Oxygen for Sustaining Supplg

As stated above, the oxygen provided by the minin
quantity which exceeds that oxygen actually requ
demonstrated emergency descent rate may be used s
oxygen.

not
tygen system
raft

mental Oxygen
um required

red for the
s sustaining

An example of actual emergency oxygen needs will |now be
calculated based on‘the hypothetical performance [capability.
a. Basis:
(1) Decompression at 40,000 ft (12192 m) with emergency
descent to 14,000 ft (4267 m).
(2)-°40,000 ft (12192 m) maximum demonstrated descent
rate of 240 seconds to 14,000 ft (4267 m) (assuming
descent can be made to 14,000 ft (4267 m)).
(3) Emergency cruise at or below 14,000 ft (4267 m).
b. Basic Formulas:

Q=1.03T (F) Qe = Qp * Q40 - 14

where following required quantities of oxygen are:

actual needs

Qe
Qp

delay of 20 seconds at 40,000 ft (1

2192 m)

Q40 - 14 = descent from 40,000 to 14,000 ft (4267 m)
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c. Total Emergency Oxygen per Passenger:

Delay:

Qp = 1.03 ég-x 4.135 = 1.420 L-NTPD Descent

Qo-14 = 1:03 (Tgg_14) Fgo - 14

Fap-14 is essentially the average flow from 40,000 to
14,000 ft (12192 to 4267 m) and may be determined by
graphical integration of the area below the Curve "V" on
Graph 4 from 14 to 40 thousand feet. Thils value, 2.28
LPM-NTPD, may also be obtained numerjcallly from Column
"V, Table E.

240
1.03 50 228

Qo - 14
9.39 Uiters NTPD

Qe QD+Q40— ]4=1-42 + 9.39

Qe 10.81 L-NTPD

d. Available Sustaining Supplemental Oxygen: The quantity
difference-between the minimum required quantity and the

actual needs may be used for sustaining qupplemental
oxygen (Qgp).

= Qm - Qe
20.70 - 10.81 = 9.89 L-NTPD

Qsm

Qsm

€. Determine the duration in minutes for thg minimum
sustaining supplemental oxygen: Where emergency cruise
is made at 14,000 ft (4267 m).

The FAA requirement at 14,000 ft (4267 m) and below is
for " . 10 percent of the number of passenger cabin

occupants . . . .
The general equation would be:

Qsm]4 = 0.1 (1.03) (F]4)
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1

QSm quantity of minimum sustaining supplemental
14 oxygen at 14,000 ft (4267 m)

Flow at 14,000 feet in LMP-NTPD

-

p—

-
1

Time at 14,000 feet

—

—

S
Ui

If Qg = 9.89 L-NTPD, then

(3)

9.89 = 0.103 (.449) Ty4
O 00 — N NAG2AT T a
o 8T S e VTVLV T Ilq.
Tig = a0 - = 213.85 minutes = 3.560h

14 - 0.046247 - . minutctes = . ourgy
NOTE: Where the duration of minimum sustaining
supplemental oxygen is insufficient, additional

suppl

emental oxygen must be carried.

Example 2, decompression at 40,000 ft (12192 m) with
emergency descent to 18,000 £t (5486 m), sixteen minute
emergency cruise at 18,000<ft (5486 m) and one Hour cruise at

14,000 ft (4267 m).

a. Basis:

(1)

(2)

40,000t (12192 m) maximum demonstratdd descent
rate 01203 seconds to 18,000 ft (5486 m) (assuming
descent can be made to 18,000 feet). |

At an emergency cruise at 18,000 feet (jabove 15,000
feet) the FAA requires oxygen for 100 percent of the
number of cabin occupants.

Descent from 18,000 to 14,000 feet is ogne minute
(assumed 100 percent).

E , eet and below, FAA
requires oxygen for 10 percent of cabin occupants.

b. Calculations:

1.03 (T) (F)

Q
Q
Qe = Qp * Q40-18

Qe *+ Q18-14 * g
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Qe = Quantity of oxygen actually required for

emergency delay (Qp) of 20 seconds and
emergency descent ?040 18).

Qe = 0Qp + Q40-18

F1g = 0.910 LPM-NTPD,

F1g = 0.449 LPM-NTPD

F40-18 = 2.56 LPM-NTPD,

F1g-14 = 0.6783 LPM-NTPD
Delay:

0y = 1.03 &3 4.135 £1.420 L-NTPD

Descent:

- 203 _

Emergency Delay Descent:

. Qe =Qp + Q40 - 18 = 10.34 L-NTPD
Qyg = 1.03 (0.910) (16) = 14.996 L-NTPD

Q18-14 = 1.03 (F18 - 14) (T18 | 14)
= 1.03 (0.6783) (1) = 0.599 L-NTPD
Qra = (0.1) (1.03) (0.449) (B0) = 2.775 L-NTPD
Q=0Q + Qg+ Qg - 14+ g
= 10.34 + 14.996 + 0.699| + 2.775
Q = 28.81 L-NTPD

It can be seen that this value of "Q" (28.81 L-NTPD)
exceeds the "absolute minimum requ1rement" (Qm = 20.70
L-NTPD) and in so doing becomes the minimum required
quantity of emergency oxygen per passenger or cabin
attendant.

6.5.3 Selection of Cylinders: 1In the selection of cylinders no more than about
90% of the rated capacity should be considered available to meet the
oxygen requirements. This will allow about a 10% service margin for

. topping.
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NOTE: This system evaluation and calculation has not included an analysis
of the required first aid oxygen system and cylinder oxygen required for
Air Carrier Aircraft operation under FAR 121.333 (e) (3).

6.6 Crew Oxygen System Duration Determination: FAA Regulations prescribe oxygen
use based on the type of operation and whether the airplane is pressurized
or unpressurized. The types of operations are as follows:

FAR 91, the General and Flight Operating Rules, govern flights not carrying
passengers for hire. Such flights may be conducted in Transport, Normal,
Utility and Acrobatic Category Airplanes.

FAR 121, t e i jers and
Operators ¢f Large Aircraft, govern flights only in Transport:Category
Airplanes where passengers are being carried for hire.

FAR 135, the rules for Air Taxi and Commercial Operatorsy govern flights in
Transport Category Airplanes of 30 passengers or less@s well as flights in
Normal and|Utility Airplanes where passengers are carried for hjre. This

includes sjngle-engine airplanes. '

In unpressyrized airplanes, crew members are ¥equired to use oxygen in
FAR 91 operations above cabin altitudes of 12,500 feet and in FAR 121 and
FAR 135 operations above cabin altitudes of 10,000 feet.

In pressurjzed airplanes, crew member_oXxygen use is also dependent upon
whether or|not quick-donning oxygencmasks are used. Inasmuch as almost all
operators Ise quick-donning masksy only those aspects will be considered.
When airplanes are flown at altitudes of 18,000 feet or more, the altimeter
barometric|reference is set t0.29.92 inches Hg. and the altitud¢ is called a
flight level (FL) i.e. 29,000 feet is called FL 290, 33,000 feet is FL 330,
etc.

If both pilots are seated at the controls and have quick-donning masks, the
airplane c3n be operated up to FL 410 under either FAR 91 or FAR 121 rules,
or up to FIL 350 under FAR 135 rules without either of the pilot§ wearing
oxygen masks. For flights above these altitudes the pilot wearijng the mask
does not needito be breathing oxygen but oxygen must be automatjcally
supplied if the cabin altitude goes to 10,000 feet or above.

Duration is based on flow of oxygen per minute versus time at altitude
multiplied by the number of crew. However, the FAA in FAR 121 and 135
specify a 2 hr minimum.

Where conventional demand equipment is used duration may be calculated using
flow rates from Table F. For new or unconventional demand equipment, data
should be obtained from the manufacturer. Where continuous flow equipment
is used for crewmen, oxygen flow rates versus altitude should be obtained
from the manufacturer of the oxygen regulator and mask metering orifice.
Also FAR 23.1443 prescribes oxygen flow rates for continuous flow systems.
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Oxygen Duration requirements are determined on the basis of cabin pressure
altitudes and flight duration. The requirements for airplanes with
pressurized cabins are determined on the basis of cabin pressure altitude
and the assumption that a cabin pressurization failure will occur at the
altitude or point of flight that is most critical from the standpoint of
oxygen need and that after the failure the airplane will descend in
accordance with emergency procedures to a flight altitude that will allow
successful termination of the flight with the cabin altitude considered the
same as the flight altitude.

Duration can be computed using the following equation.

Q
Whgre Q

quantity required in liters - NTPD.

N = number of crewmen affected.

R = rate of flow for each crewman in liters per minute (from
Table).

T = time at unpressurized cabin altitude above 10,000 ft (3048 m).

Exgmple No. 1

A pressurized Transport Category airplane with 2 crewmen flying above
25000 ft (7620 m) without quick-donning masks on a 6 hr overwater
fl11ght, using demand equipment.

Ry = 2.4 LPM - one crewman on oxygen above flight altitude of
25,000 ft (7620 m), cabin altitude below 10,000 ft (3048 m).

T1 = 3 x 60 =180 minutes - time to point of no return and
assumed loss of cabin pressurization.

R2 = 3,3.LPM - rate for each of 2 crewman on oxygen at
25,000 ft (7620 m) altitude to continue flighy after loss of
pressurization.

To = 180 minutes, time to continue flight at 25,000 ft (7620 m)
to terminationof F1ight

Q = MRiT1 + N2RpT?

Q=1x2.4 x180 +2 x 3.3 x 180

Q =432 + 1188 = 1620 1iters NTPD

or, Q =1620/28.32 = 57.2 cubic feet NTPD

Note: This is slightly conservative since the times to ascend to and
descend from 25,000 ft (7620 m) have not been included, and
25,000 ft (7620 m) is the altitude of maximum oxygen
consumption, whereas flight after loss of pressurization would
normally be at much lower altitudes because of low ambient
temperatures at the higher altitudes and the susceptibility of
the occupants to the bends.
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Example No. 2

A pressurized Transport Category airplane with 2 crewmen flying at
38,000 ft (11582 m) with quick-donning masks using demand equipment on
a continental 4 hr flight with enroute capability to make an emergency
descent to 14,000 ft (4267 m) or lower and continue flight to
destination.

Since oxygen is not required prior to loss of cabin pressurization
except for the possible short time either pilot would be away from his
duty station and oxygen used after decompression would be only for the
few mpi i hr minimum
would| be required. This minimum should be based on the anticipated
flight profile to be used after Toss of cabin pressure: - Assume a
maximum descent time of 10 minutes and continued flight at| 14,000 ft
(4267| m) for a total of 2 hours.

3 LPM -~ using average rate for 10 minute descent|.

—
]

10 minutes - descent time.

-
i

Ro = 2.4 LPM - continued flight at,14,000 ft (4267 m)|.
To = 110 minutes - continued flight at 14,000 ft (426] m).
il = (NR1Ty) + (NR2T2)
D = (2 x 3 x10) + (20x 2.4 x 110)
Q = 60 + 528 = 588 LPM, NTPD
or, Q = 588/28.32-= 20.8 cubic feet, NTPD

Examplle No. 3

An unpressurized FAR 23 airplane (under 12,500 1b (354.4 kg) gross),
not flying for hire, one pilot on a 1-1/2 hr flight at 18,000 ft
(5486( m)'using demand equipment.

Since the airplane is not carrying persons or property for hire the
2 hr minimum supply required by FAR 135 is not applicable. To be
conservative ignore the time to climb to and descend from altitudes
requiring oxygen.

Ry = 2.7 LPM, by interpolation of Table F to obtain rate for
18,000 ft (5486 m).

Ty = 1-1/2 hours = 90 minutes.

Q@ =NRTy =1 x2.7 x 90

Q = 243 liters NTPD

or, Q 243/28.32 = 8.6 cubic feet NTPD
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6.7 Conversion Factors:
‘ To Obtain From Multiply by To Obtain From
Standards of Volume
PB
BTPS BTPD Cubic Feet Liters
PB -4 Cubic centi-
meters
862.94 Cubic inches
STPD Py = 47 Gallons (lig.)
Gallons (liq.) Liters
801.04 Cubic centi-
NTPD P meters
Pg = 47 Cubic inches
. Cubic feet
PB - 47 Volume Flow Rate
BTPD BTPS > Liters/Minute Cubit fget/hour
B Cubic Feet/hour ‘lLiters/minute
Pressure
STPD 862.94 mn Hg @ Q°C Inch Hgl@ 0°C
P Inch H_ 0 @ 4°C
B ZT
Cme. H20 @ 4°C
801.04
NTPD 2 Lb/Ft2
Lb/in2
STPD BTPS 0.0011588 (PB -.47) Millibaxs
‘ BTPD 0.0011588 (P,) ) Atmosphres
NTPD 0.92826 Lb/in ';':C:QH ;ogoc
NTPD BTPS 0.0012484(P_ - 47) Inch K4 @ 4°C
BTPD 0.0012484 (PB) on. H0 8 4oC
STPD 1.0773
Volume Lb/f't2
Liters Cubic centi- Millibans
meters 0.001 Atmosphjres
Cubic 2 . 2
inthes 0.01639 t:ﬁ gth Lb/in
Cupic feet 28.32 Feet Inches
Gallons (lig.) 3.785 Meters |
Cubic Centimeters
Centimeters Liters 1000. Millimeters
Cubic inches 16.39 Inches Feet
Cubic feet 28320. Meters
Gallons (liq.) 3785. Centimeters
Cubic Inches Liters 61.02 Millimeters
Cubic centi- Meters Feet
meters 0.06102 Inches
Cubic feet 1728. Centimeters
Gallons (liq.) 231. Millimeters
Millimeters Feet
Inches
Meters
Centimeters

Multiply by

0.03531

0.00003531
0.0005787
0.1337
0.2642

0.0002642
0.004329
7.481

0.4717
2.120

25.40
1.868

0.7354

0.3591

51.71
0.7500
760.00

0.01934
0.4912
0.03613

0.01422

0.006944
0.01450
14.696

6.8948

0.08333
3.281
0.03281
0.003281
12.
39.37
0.3937
0.03937
0.3048
0.0254
0.01
0.001
304.8
25.4
10000.
10.
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TABLE A
(B) (C) (D)
BAROMETRIC VOLUME TOTAL
PRESS IN RATIO LPM-
mm Hg. * (NTPD) NTPD

(BTPS)
At 15 (LPM BTPS)

10  (3048) 522.76 0.5939 8.909
1 (3353) 502.79 0.5690 8.535
12 (36571 449 8. 173
13 (3962) 464.77 0.5215 7.823
14 (4267) 446.63 0.4989 7.483
15  (4572) 429,08 0.4770 7055
16 (ag77) 412.09 0.4558 6.837
17 (51182) 395.66 0.4353 6.529
18 (5486) 379.78 0.4154 6.231
18.5 (5639) 372.01 0.4057 6.086
At 30 (LPM BTPS)
18.5 (56839) 372.01 0.4057 12.172
19 (5791) 364.39 0.3962 11.887
20 (60096 ) 349.53 0.3777 11.330
21 (6401 ) 335.15 0.3597 10.729
22 (6705) 321.28 0.3424 10.272
23 (7010) 307,87 0.3257 9.770
24 (73015) 294,89 0.3095 9,284
25 (76R0) 282.40 0.2939 8.816
26 (7905) 270.33 0.2788 8.364
27 (8280 ) 258.67 0.2642 7.927
28 (85p4) 247.43 0.2502 7.506
29 (88397 236.58 0.2367 7.100
30 (9144) 226.13 0.2236 6.709
31 (9449 ) 216.06 0.2111 6.332
32 (9754 ) 206.35 0.1989 5.967
33 (10059) 197.00 0.1873 5.618
34 (10363) 188.00 0.1760 5.281
35 (10668) 179.33 0.1652 4,956
36 (10973) 170.99 0.1548 4.644
37 (1278) 162.99 0.1448 4,344
38 (11582) 165,37 0.1353 4.059
39 (11887) 148.11 0.1262 3.787
40 (12192) 141.18 0.1176 3.527

*For conversion to m bar multiply by 1.33322.

(E)
% TOTAL
02
REQUIRED

2] 002
21.94
22.91

23.94
25.02
26.17
27.39

28.68
30.05
30.77

25.78
26,40
27.70

29.08
30.55
32.12
33.81

35.60
37.52
39.59
41.81

44.20
46.78
49.57
52.59

55.87
59.43
63.33
67.59

72.25
77.33
82.88
88.98
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TABLE B
(A) (F) (G) (H) (1)
REQUIRED MIN.
ALTITUDE IN (E)-20.95 (F) THEORETICAL OXYGEN FLOW
THOUSANDS OF 9.05 OXYGEN REQ. TO MASK IN
FEET (Meters) LPM-NTPD LPM-NTPD
At 15 (LPM BTPS)
10 ( 3048) 0.07 0 .00089 0 .0079 0.0178 -
11 ( 3353 099 86125 8—-10667 0.1137
12 ( 3657) 1.96 0.0248 0 .2027 0.2037
13 ( 3962) 2.99 0.0378 0 .2957 0.2916
14 ( 4267) 4.07 0.0515 0 .3854 0.3759
16 ( 4572) 5.22 0 .0660 0 .4722 0 .4582
16 ( 4877) 6.44 0.0815 055572 0.5379
17 ( 5182) 71.73 0.0978 0 .6385 0.6148
18 ( 5486) 9.10 0.1151 0.7172 0 .6891
18.5 ( 5639) 9.82 0.1242 0 .7558 0.7303
At 30 (LPM'BTPS)

‘ 18.5 ( 5639) 4.83 00611 0 .7437 0.7225
19 ( 5791) 5:45 0-.0689 0.8190 0.7940
20 ( 6096) 6.75 0 .0854 0 .9676 0.9336
21 ( 6401) 8.13 0.1028 1.1029 1.068
22 ( 6705) 9.60 0.1214 1.2470 1.204
23 ( 7010) 117 0.1413 1.3805 1.344
24 ( 7315) 12.86 0.1627 1.5105 1.48]
25 ( 7620) 14.65 0.1853 1.6336 1.612
26 ( 7925) 16.57 0 .2096 1.753 1.738
27  ( 8230) 18.64 0.2358 1.869 1.860
28 ( 8534) 20.86 0.2639 1.981 1.992
29 ( 8839) 23.25 0.2941 2.088 2,122
30 ( 9144) 25.83 0.3267 2.19 2.247
31 (9449) 28.62 0.3620 2,292 2.368
32 ( 9754) 31.64 0.4002 2.388 2.499
33 (10059) 34.92 0.4417 2.481 2.630
34 (10363) 38.48 0.4867 2.570 2.754
35 (10668) 42.38 0.5361 2.657 2.891
36 (10973) 46.64 0.5900 2.740 3.025

‘ 37  (11278) 51.30 0.6489 2.819 3.164
38 (11582) 56.38 0.7132 2.895 3.307
39 (11887) 61.93 0.7834 2.967 3.453
40 (12192) 68.03 0.8605 3.035 3.603
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TABLE C
(A) (J) (K) (L)
ALTITUDE IN MIN. OUTLET  MAX. OUTLET  AVG. OUTLET
THOUSANDS OF FLOW FLOW FLOW J+K
FEET (Meters)  1.05 (I) 1.06 (J) z PSTH
LPM-NTPD LPM-NTPD LPM-NTPD

At 15 (LPM BTPS)

10 ( 3048) 0.0187 0.049** . 0,034 4,2

11 ( 3353) 0.1192 0 .149%* 0.134

12 ( 3657) 0.2139 0 .244%% 0.229 17.1

13 ( 3962) 0.3062 0.336%% 0.321

14 ( 4267) 0.3947 0.4184 0.4065 25.3

16 ( 4572) 0.4811 0.5100 0.4955

16 ( 4877) 0.5648 0.5987 0.5817 32.4

17  ( 5182) 0.6455 0.6843 0.6649

18 ( 5486) 0.7236 0.7670 0.7452 38.35

18.5 ( 5639) 0.7668 0.8128 07898 40,0
_ At 30 (LPM BTPS)

18.5 ( 5639) 0.7586 0.8041 0.7813

19 ( §791) 0.8337 0.8837 0.8587

20 ( 6096) 0.9803 1.039 1.0096 47,2

21 ( 6401) 1.121 1.389 1.115

22 ( 6705) 1.264 1.340 1.302 86.3

23 ( 7010) 1.411 1.496 1.453

24 ( 7315) 1.555 1.648 1.601 65.4

25 ( 7620) 1.693 1.794 1.743

26 ( 7925) 1.825 1.934 1.880 713.4

27 ( 8230) 1.953 2.070 2.012

28 ( 8534) 2,097 2.216 2.154 g0.7

29 ( 8839) 2.228 2.362 2.295

30 ( 9144) 2.359 2.501 2.430 8.13

31  ( 9449) 2.486 2.636 2.561

32 ( 9754) 2.624 2.781 2.702 95,0

33  (10059) 2.761 2,927 2.844

34 (10363) 2.892 3.065 2.978 101.90

35 (10668) 3.036 3.218 3.127

36 (10973) 3.176 3.367 3.271 109.0

37  (11278) 3.322 3.522 3.421

38 (11582) 3.472 3.680 3.576 115.83

39 (11887) 3.626 3.843 3.734

40 (12192) 3.783 4,010 3.897 123.1

*At Cabin Pressure
**%(K) = (J) + .03

(kN/m?)

28.9
117.9

174.6
224.1

264.7
275.8

324.0

386.1
448.2

505.9
556.4

607.3
655.0

702.8
751.4

798.7
847.7
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TABLE D
(A) (N) (0) G . (R)
ALTITUDE IN MAX. SYS. REG. MIN. BAROMETRIC
THOUSANDS OF PRESSURE PRESSURE 1.05(0) PRESSURE
FEET (Meters) DROP IN PSIG* PSI

PSI
At 15 (LPM BTPS)
10 ( 3048) 0.02 5.72 4.3 10.108
12 ( 3657) 0.13 17.23 18.09 9.349
14 ( 4267) 0.24 25.54 26.82 8.636
16 ( 4877) 0.34 32.74 34.38 7.969
18 ( 5486) 0.46 38.80 40.74 7.344
18.5 ( 5639) 0.5 40.5 42.53 7.194
At 30 (LPM BTPS)
20 ( 6096) 0.64 47 .84 50.23 6.759
22 ( 6705) 0.86 57.16 60.02 6.212
.l 24 ( 7315) 1.12 66252 69.85 5.702
26 ( 7925) 1.34 74.74 78.48 5.227
28 ( 8%34) 1.55 82.25 86.36 4.784
30 ( 9144) 1.78 89.91 94.91 4.373
32 ( 9754) 2.02 97.02 101.87 3.990
34 (10363) 2.25 104.15 109.36 3.635
36 (10973) 2.50 111.50 117.08 3.306
38 (11582) 2.75 118.58 124 .51 3.004
40 (12192) 3.00 126.1 132.41 2.730

aTue k 3 : igure by
6.894757. Values of Barometr1c Pressure in m bars can be obtained
by multiplying psi figure by 68.948.
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TABLE E
(A) *(S) *(T) (u) (v)
ALTITUDE IN REG. MAX. AVG. PRESS. MIN. FLOW AT AVERAGE
THOUSANDS OF PRESSURE AT OUTLET PRESS. IN (T) FLOW
FEET (Meters) PSIG** PSIG** LPM-NTPD LPM-NTPD
At 15 (LPM BTPS)
10 ( 3048) 4.23 4.22 0.018 0.0185
12 ( 3657) 17.96 17.90 0.230 0.237
14 ( 4267) 27.10 26.98 0.436 0.449
16 ( 4877) 35.65 36.48 0.645 0.664
18 ( 5486) 43.60 43.37 0.884 0.910
18.5 ( 5639) 45.59 45.34 05925 0.953
At 30 (LPM BTPS)
20 ( 6096) 51.24 50.92 1.093 1.126
22 ( 6705) 61.86 61.43 1.425 1.468
24 ( 7315) 71.75 71.19 1.755 1.808
26 ( 7925) 80.97 80,30 2.075 2.137
28 ( 8534) 89.56 88.79 2.385 2.457
30 ( 9144) 97.54 96.85 2.693 2.774
32 ( 9754) 104.97 103.96 2,973 3.062
3¢ (10363) 111.86 110.74 3.255 3.352
36 (10973) 118.24 117.00 3.520 3.626
38 (11582) 124.10 122.73 3.762 3.875
40 (12192) 130.00 128.5 4.015 4.135
*At Cabin Prespure
**Multiply PSIG| by 6.894757 to get kN/m2
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TABLE F

ALTITUDE IN
THOUSANDS OF

OXYGEN CONSUMPTION
“NORMAL OXYGEN"

OXYGEN CONSUMPTION
"100% OXYGEN"

FEET (Meters) LPM-NTPD LPM-NTPD
0 (0) 13.1 2.4
5 (1524) 10.6 2.4
10 (3048) 8.4 2.4
15 (4572) 6.75 2.4
20 (6096} 5+4 .9
25 (7620) 4.1 3.3
30 (9144) 3.17 3.1
35 and above
(10668) 2.3 2.3
6.8 Compositjon of the Atmosphere:
Molecular Fraction Molecular |Weight
Constjtuent Gas Percent 0 = 16{000
Nitrogen (No) 78.09 28.106
Oxygen (02) 20.95 32.0000
Argon|(A) 0.93 39.944
Carbon Dioxide
(C092) 0.03 44.010
Neon {Ne) 148 x 10-3 20.193
Heliup (He) 5.24 x 10-4 4.003
Krypton (Kr) 1.0 x 10-4 83.7
Hydrogen (H,) 5.0 x 10-5 2.0160
Xenon | (Xe) 8.0 x 10-6 131.3
0zone | (03) 1.0 x 10-6 48.0000
Radon | (Rn) 6.0 x 10-18 222.0
6.9 Military|Specifications and Standards Applicable ) Aircraft Qxygen Systems:
DOD Document Preparing
Number Activity
Adapter, Compressed Gas Cylinder Valve MIL-A-16288/1 Army-ME
Connection, US Regulator to British
Oxygen Valve
Adapter, Compressed Gas Cylinder Valve MIL-A-16288/2 Army-ME
Connection, US Regulator to French
Oxygen Valve
Adapter, Compressed Gas Cylinder Valve MIL-A-16288/3 Army-ME

Connection, US Regulator to Japanese

Oxygen Valve
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Adapter, Compressed Gas Cylinder Valve
Connection, US Regulator to Dutch
Oxygen Valve

Adapter, Compressed Gas Cylinder Valve
Connection, US Regulator to German
Oxygen Valve

Adapter, Oxygen Servicing, -USAF Ground
Equipment to RAF Aircraft

Adapter, Oxygen Supply, Chemical

DOD Document
Number

MIL-A-16288/4

MIL-A-16288/5

MS27589
MIL-A-51306

Biologifpal Mask, ABC-M8

Adapter Pprtable Oxygen Recharging
Orifice

Adapter Okygen Filler

Adapter Ppessure-Reduce In-Line
CRU-43/

Air, Compfressed, for Breathing Purposes

Bonding, Electrical and Lightning
Protectjion for Aerospace Systems

Cap Assemply Liquid Oxygen Filler Valve

Clamp, Oxygen Hose

Cleaning Methods and Procedures for
Breathipg Oxygen Equipment

Cleaning Compound, Solvent, Trichlo-
roflurogthane

Concentrafor, Oxygen, GGU-7/A

Connector|, Bayonet 3 Pin, Oxygen Mask

Connector), Oxygen Hose to Regulator

Connector) Oxygen Hose ta. Regulator

Connector} Oxygen Mask Hose, Type MC-3A

Connector) Oxygen Mask_Hose, Type MC-3A

Connector}, Oxygen Mask to Regulator,
CRU-60/

Connector) Oxygen-Mask Hose, Non-Ejection
Type

Controller, Oxygen Flow Emergency Cylinder
Valve

AN6044

AND10070
MIL-A-27471]

BB-A<1034
MIL~B-5087

MS27566
MS22064
MIL-STD-1359

MIL-C-81302

MIL-C-85521
MS27796
MS22058
MIL-C-19064
MS22016
MIL-C-19246
MIL-C-38271

MIL-C-83867
MS29597

Converter, Liquid Oxygen, GCU-2A/A

Converter, Oxygen, Liquid to Gaseous,
General Specification For (Mechanical
Gaging)

Converter, Oxygen, Liquid to Gaseous,
Type MA-1 (20 Liter 300 PSI Mechanical
Gaging)

Converter, Liquid Oxygen, Capacitance
Type Gaging, General Specification For

Converter, Liquid Oxygen, GCU-12A/A
(5 Liter 70 PSI)

Converter, Liquid Oxygen, MB-5A (5 Liter)

MIL-C-25777
MIL-C-9082

MIL-C-25021

MIL-C-25666
MIL-C-25973
MIL-C-19328

Preparing

Activity

Army-ME

Army-ME

AF 11
Army-EA
AF 71

AF 11
AF 82

Navy AS
AF 1

AF 71
AF 82
Navy AS
Navy AS
Navy AS
AF 82
Navy AS
Navy AS
Navy AS
Navy AS
AF 82
AF 82
AF 71
AF 71
AF 71
AF 71

AF 11
AF 71
AF 71

°
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DOD Document

Number

Converter, Liquid Oxygen, GCU-24/A MIL-C-19803
(10 Liter 70 PSI)

Converter, Liquid Oxygen, GCU-3/A MIL-C-25781
(10 Liter 70 PSI)

Converter, Liquid Oxygen, GCU 10/A MIL-C-25974
(10 Liter 300 PSI)

Converter, Liquid Oxygen, GCU-11/A _MIL-C-25972
(10 Liter 300 PSI)

Converte s HE=3 MH=C=25674—
(25 L1ter 300 PSI)

Converter, Liquid Oxygen, GCU-17/A MIL-C-27336
(25 Lifter 300 PSI)

Convertear, Liquid Oxygen, GCU-20/A MIL-C-27652
(75 Lifter 300 PSI)

Coupling Half, Quick Disconnect AN6027

Coupling - Automatic Oxygen AN6009

Coupling Assemblies Quick Disconnect, MIL-C-21049
Aircralft Liquid Oxygen Systems

Coupling Assemblies Quick Disconnect, MS22068
Aircralft Liquid Oxygen Systems

Cylinder] Assembly, Emergency Oxygen MS22069

Cylinder], Oxygen, Low Pressure MS21227

Cylinder], Oxygen Low Pressure MIL-C-5886

Cylinder|, Oxygen, Nonshatterable, MS90389
Welded, 1800 PSI, Straight,. 0" and
Spiral| Types

Cylinder|, Compressed Gasjs Nonshatterable = MIL-C-7905

Cylinder|, Compressed Gas, Nonshatterable MS26545

Delamination Test Stand for Oxygen Hose MS22057

Design apd Installation of Gaseous MIL-D-8683
Oxygen| Systems Gin Aircraft, General
Speciflication( For

Design apd Installation of Liquid Oxygen MIL-D-19326
Systems in-Aircraft

Design apdoInstallation of On-Board MIL-D-85520
Oxygen Generating Systems in Aircraft,
General Specification For

Dummy Converter, Liquid Oxygen Indicator MIL-D-26392
System, 10 Liters, CRU-23A

Dummy Converter, Liquid Oxygen Indicator MIL-D-26393
System, 25 Liters, CRU-24A

Emergency Oxygen Supply Chlorate Candle, MIL-E-83252
Aircraft, CRU-74/P

Environmental Test Methods MIL-STD-810

Fitting End, Standard Dimensions for MS33656
Flared Tube Connections and Gasket :

Seal

Preparing
Activity

Navy AS
AF 71
AF 7
AF 71
AF 71
AF 71
AF N
Army-AvV
AF 71
Navy AS
Navy AS
AF 71
AF 7

AF 71
Navy AS

Navy AS
Navy AS
Navy AS
Navy AS
Navy AS

Navy AS

AF 71
AF 71
AF 71

AF 11
AF 82
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