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FOREWORD
Changes in this revision are format/editorial only.
INTRODUCTION

This report has been prepared as a revision of the previous Aerospace Information Report No. 825A
dated December 15, 1974, in order to bring that report up to date by including the latest information
available on the design and use of aircraft oxygen systems. Accordingly, it supersedes AIR825A. The
publication issue is broken down into six (6) sections as follows:

Section | Ph a;u:uy;ua: OAyHcll chu;lclllcllta i Normat-and :yp\u\;u Ervironments
Section Il Gaseous Oxygen and Oxygen Equipment, Introductory
Section Il Continuous Flow Oxygen Systems

Section IV Demand and Pressure Demand Oxygen Systems
Section V Ligyiid Oxygen Systems

Section VI Charts, Tables and Systems Schematics

NOTE: A proposgd Section VIl on Cabin Pressurization and Rapid Decompression|was transferred to

SAE Committee AC-9 for incorporation.into ARP1270, “Pressurization Contfol Criteria, Aircraft
Cabin.”
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1. SCOPE:

This report provides information on the design and use of aircraft oxygen systems. It explains the
physiclogical oxygen requirements of the human body in both a normal environment and in an hypoxic
environment.

It includes an overview of the continuous flow, demand and pressure demand, and liquid oxygen
systems. A basic understanding of how each system operates is then specifically addressed in its own
titled section.

The charts, tables, and schematics provide a specific example of a theoretical oxygen system design
and the calculations showing how that system would meet the regulations established by the FAR’s. A

comprehensive gverview ofthetheoreticatoxygerrreguirementsof- the-humarmbody at altitude is also
provided.

A detailed list of $pecifications and standards applicable to aircraft oxygen systems|is included.
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SECTION | - PHYSIOLOGICAL OXYGEN REQUIREMENTS IN NORMAL AND HYPOXIC
ENVIRONMENTS

1.

1.1

1.2

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 general
aviation aircraft. Respiration is the process by which a living organism acquires the oxygen necessary
for its essential cellular functions (metabolism) and discharges gaseous products of those functions
(primarily CO-). In man this process consists of ventilation (inhalation/exhalation), diffusion of O, from
lungs to blood (and CO- from blood to lungs), circulation of blood between lungs and tissues, and
diffusion of O, from blood to tissues (and CO, from tissues to blood). The following is an introduction
to this subject, expressed (insofar as possible) in an easily understood manner. (For reference, see
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Each breath, in a 70 kg average normal man, has a tidal volume (V1) (Table 1) of approximately
500 cm® (Figure 1) (about 8 cm3/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 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.
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STATIC LUNG VOLUMES
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~—Above: the large central diagram illustrates the four primary lung
voluntes and spproximate magnitude. The outermost line indicates the greatest
size fo-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

nme.tuncﬁonﬂresiduniapadtymdtmﬂlun;apuityvbenth«emmed
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 PublisShers, 19GZ.

FIGURE 1 - Lung Volumes

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

The
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TABLE 1 - The Lung Volumes and Capacities

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

1. Tidal Volume, or the depth of breathing, is the volume of gas inspired or
expired during each respiratory cycle.

2. Inspiratory Reserve Volume (formerly complemental or complementary air
minus tidal volume) is the maximal amount of gas that can be inspired from
the end-inspiratory position.

3. Exp
max
4. Res
gas
B. CAF
of th
1. Totg
con

2. Vita
lung

ratory Reserve Volume (formerly reserve or supplemental air) s th
imal volume of gas that can be expired from the end-expiratory le

idual Volume (formerly residual capacity or residual ait))is the volu
remaining in the lungs at the end of a maximal expiration.

PACITIES - There are four capacities, each of\which includes two ¢
e primary volumes (Figure 1):

| Lung Capacity (formerly total lung velume) is the amount of gas
ained in the lung at the end of a maximal inspiration.

Capacity is the maximal velume of gas that can be expelled from
s by forceful effort following a maximal inspiration.

e
el.

me of

r more

the

3. Inspgiratory Capacity (formerly complemental or complementary air) is the
maximal volume of'gas that can be inspired from the resting expiratory level.

4. Fungtional Résidual Capacity (formerly functional residual air, equilibritim
capacity okmid-capacity), is the volume of gas remaining in the lungs @t the
rest[ng expiratory level. The resting end-expiratory position is used hefe as a

bas

lihe because it varies less than the end-inspiratory position.
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1.3

1.4

Breathing Mechanics:

Active, vigorous inspiratory respiration is accomplished by muscular expansion of

the chestrib 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 vigorous
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 phase has to
overcome (1) the resistance to air flow in the oronasal passage, larynx, trachea, bronchi and
bronchioles; (2) the elastic recoil of the lungs; and (3) inertia of the chest wall, abdominal contents
(intestine, liver, spleen, etc.) and the abdominal wall. Subject position (standing, sitting or supine),
i.e. gravity, G-forces, and tissue densities, influence the importance of these factors. Expiration

during normal -
the elastic forcés of the lungs and relaxation of the chest wall suffice to expelthe

iratory effort since
hspired tidal

volume. This relaxation of the respiratory muscles reverts the chest volume' to the initial resting

exhalation position. During positive pressure breathing, the normal patterh.is rev

brsed and active

effort is required to exhale while mask pressure assists in inflating thelungs durinig inspiration. Itis
due to this balgnce of forces and the cyclic nature of the act of breathing that pregsure-demand

equipment with “safety pressure” requires the least effort and is_at'the same time
economical (physiclogically, mechanically and for energy). However, transmural

the most
hirway pressures

above 19 mm Hg (10 in H,O) are abnormal and tax the recipient physiologically and psychologically.

His passive exlalation now must become active and he is required to think in ord
expel his inspirptory air. As soon as he relaxes he is again inflated (inspiration).

discussed later
Respiratory Air
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gravitational fie
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purposes) cong
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600 mm Hg.

millimeters ofq

is helpful in this type of “reversed”-abnormal-respiratory cycle.
Composition:
atmospheric pressure is'atound 101 kPa (14.7 pounds per squar

e pressure exerted by.a‘eolumn of mercury 760 millimeters high (i
Id). One of the laws describing the behavior of mixed gases is the

er to forcefully
‘Torso Restraint”,

b inchy, which is
n the earth's
law of partial

5 simply means that in any given mixture of gases, such as air, at any given total

bsure, the partialpressure exerted by each one of the components
o the volume:percent (%) of each component present. Since air (
ists of about 21% by volume oxygen and 79% by volume nitrogen

in this gas mixture
for practical
oxygen exerts a

of 21%-of 760 mm Hg or 160 mm Hg, and nitrogen 79% of 760 mm Hg or
ereithe’term mm Hg refers to the partial pressure (expressed as the height in
é¢olumn of mercury) exerted by each major part of the two gases gomposing air.

(See Section VI, paragraph 6.8 Composition of the atmosphere, page 77.) 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
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1.4 (Continued):

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 alveclar gas volume) -- must
be included as part of the total alveclar pressure. Thus these gases must be subtracted from the
breathing barometric or mask pressure prior to calculating alveolar oxygen tensions (mm Hg) from
inspired gases (air for example).

1.5 Respiratory Gas Passages:

The air we breathe passes into the trachea or windpipe and from there into the lungs (Figure 2). It
undergoes considerable changes in composition as it passes through the trachea, mixes with the
gases and wat i - i i —First: i ired air becomes
fully saturated yith water vapor at body temperature in the nose (passing by thé_nasal turbinates)
and throat so that the delicate tissue in the lungs will not be damaged by drying. |t then mixes with
the air already Jn the lungs that contains carbon dioxide and perhaps smallamounts of other gases
which, like the fare gases, are of insufficient amounts to be of importahcé here. 3ea level, average
figures are givgn below for a sample of air from the trachea (calledtracheal air) and from the lungs
(called pulmonary or alveolar air), to show the difference in composition. These dre typical values
measured in yqung, healthy, non-smoking, disease free individuals. The proportions of these gases
are expressed jn millimeters of mercury partial pressure, as.well as in percent (%}:

Partial Pressurg, mm of Hg (and per cent)

TABLE 2
Tracheal Air Alveolar Air
Dry Air Inspiratory  (Static) or End Expiratory

Dxygen 160 (21y 149 (19.6) 104 (13.7)

Water Vapor -+ 47 (6.2) 47 (6.2)

CO, -- - 40 (5.2)

Nitrogen 600 564 569

TOTAL 760 760 760

1.6 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 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).
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FIGURE 2 - The Respiratory System: Man
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1.7

1.8

Alveolar Partial Pressures:

The alveolar partial pressure of 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.

Physiologic Oxygen Transport:

Oxygen in the alveoli diffuses through the thin permeable hydrophilic membrane into the capillaries
that envelop the alveoli and thence into the red corpuscles where it binds with hemoglobin. The
diffusion rate i i i i eoli, intracellular
fluid and plasmfa of the blood. The overall amount of oxygen reaching the blood depends upon
several additional factors. These include vascular shunting of venous blood tothe arterial side of the
circulation withput re-oxygenation, diffusion barriers to oxygen at the alvedlar membrane (silicosis,
pneumoconiosis, other causes of pulmonary fibrosis and/or alveclar membrane thickening -- e.g.
tobacco smoking), blood flow differences between the top and bottom-of the lung|because of
gravitational effects, non-blood-perfused alveoli, collapsed alveoli {(atelectasis), ete.

On their circuitfthrough the body the red cells, at the systemic capillary tissue level (Figure 3),
release a portign of their oxygen load to the body tissue for Use in the life sustaining processes
(metabolism). [This release is aided by the oxygen partial pressure gradient (O» h|gher in capillaries,
lower in adjacent tissues) and greater acidity (pH effects) in the adjacent tissues gue to CO, and
other metaboliq acids.

Many factors can reduce the efficiency of oxygen loading/transport/release by the blood. Among
these are anenjia, sickle-cell disease, acidosis, some genetic enzyme deficiencieg, and various toxic
substances (alg¢ohol, carbon monoxide,"many drugs, etc.).
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FIGURE 3
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1.2

Oxygen Partial Pressures Related to Altitude:

As one goes to higher altitude, the total air pressure diminishes and with it the pa

rtial pressure of

each of the various gases. The percentage relationship of the gases remains unchanged however.

The following table shows the approximate oxygen partial pressure (mm Hg) while

various altitudes:

breathing air at

TABLE 3
Sea 1524 m 3048 m 4267 m
Level (5000ft) (10,000ft) (14,000 ft)
Air Oxygen Inspired (dry) 160 132 109 93
Tracheal Oxygen 149 122 100 84
Pulmonary or
Alyeolar Oxygen 104 82 60 44

Chart Il is refer

It is important t
47 mm Hg regs
component in g

b keep in mind that the partial pressure of Water vapor at body tem
rdless of altitude. The higher the altitude, the greater is the effect
ecreasing the usable oxygen component.

Hypoxic Recognition:

(5000 ft) where| the diminishing partial pressure of oxygen results in lessened abi
levels of illumiration (night blindness). Decrements in other physiological functio
demonstrable ynder controlledtest conditions at around 1829 or 2438 m (6000 o

Normally, individuals living at sea level may become aware of the effects of aItitu::le
I

snced for altitude and oxygen partial pressures. \(See Chart Il, pages 91-94.)

perature (37 °C) is
of the water vapor

at about 1524 m
ty to see at low

s are

8000 ft). Red

blood cells are ho longer able.to-acquire a full load of oxygen. However, these altifude effects ebb as

the body adjusts and acclimates itself so that after a few days the mild symptoms

Nonetheless mpst individuals going as high as 3048 m (10,000 ft) will notice defin

altitude sicknegs, such.as tingling, numbness, tunnel vision and night blindness.
particularly evidentwith exercise. Pilots flying at this altitude or above for any len
have oxygen emriched air to breathe in order to maintain the partial pressure of ox

disappear.

ite symptoms of
These will be

gth of time should
gen in the trachea

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 -- meaning insufficient oxygen.
usually increase in severity as time of exposure increases. When the oxygen par

The symptoms
tial pressure in the

lungs falls to 30 mm Hg or less, oxygen supply to the tissues (brain in particular) becomes totally

inadequate to maintain consciousness.
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1.12 Results of Hypoxia:

1.12.1

Whenever the body tissues fail to receive adequate oxygen from the red blood cells, essential life
functions are disrupted. Earliest and most apparent are the severe changes in mental function.
Even with minor decreases in oxygen supply (as results from 3048 m (10,000 ft) over a period of

time) the brain

responds with muddled, confused, uncoordinated thinking, euphoria, and poor

judgment. Further decreases in arterial oxygen partial pressure will produce mental symptoms of
increasing severity culminating in unconsciousness and death if the oxygen 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, parti
intensify these
moderate loss
supplemental 9

Beards: Airm
interfere with
improper mas

gases. “Safeiy Pressure” regulator setting will tend to obviatethese beard leaks

a beard will t
concentratior
useful consci
atmospheres
atmosphere ¢

Chronic Hypox
People living af
altitudes above
for healthy, you
important to kn
daily flying, beq
Oxygen Requir

When one read

cularly in the “pilot error” category. Even small amounts of alcohol can aggravate and
i : i ight there is a
bf night vision at the altitude of 1524 m (5000 ft). Aircrew are reéommended to use

xygen above this altitude during dusk, night flights and nightlandings.

en who sport beards, mustaches, and/or side burns of‘the size and type which
mask-to-face-skin contact cannot be adequately protected from hypoxia because of
bk fit. During inhalation, “inboard” air leakage dilutes'the oxygen enriched inspiratory
. The presence of
nd to defeat positive pressure ventilation. Conhsequently, the low fracheal oxygen
during aircraft cabin decompression will significantly reduce the airman’s time of
bushess. |n addition a beard can be a fire hazard, especially in oxygen enriched

A beard together with smoking is afiextreme fire hazard in an oxygen enriched
nd must be prohibited whenever axygen is in use.

a and Adaptation:

high altitudes adapt to the lower pressure and thus become acclitnatized. For
1524 or 1829 m (5000 or 6000 ft) acclimatization requires a few days to two weeks
hg individuals, and longer for older persons or those exposed to higher altitudes. Itis
bw that acclimatization to altitude does not take place as a result of flying, even with
ause continlious exposure is required.

ements-Between Flight Levels 340 and 425:

hes'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 vapor and carbon dioxide. This is the minimum level of
alveolar oxygen partial pressure in healthy, non-smoking persons which will provide a full oxygen
load to the red cells. To maintain full oxygenation at higher altitudes, more pressure must be applied
to the oxygen which is to be inspired. Pressure breathing masks accomplish this by raising the

pressure in the

lungs above that of the surrounding atmosphere.
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1.15

1.16

Oxygen Requirements Above Flight Level 425:

As still higher altitudes are reached using pressure breathing, the mask pressure
maintain full oxygenation of the red blood cells becomes increasingly unbearable

required to
because of the

increased 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 unimpeded blood flow and to prevent actual physical damage to the lung tissue. “Partial
pressure” and “full pressure” altitude suits provide this counterpressure: the first by direct

mechanical containment using inflatable bladders on most visceral and muscular
and the second by containing the body in a gas pressurized enclosure. As long a

areas of the body,
s these measures

are able to maintain adequate counterpressure, the internal pressure of the oxygen to be breathed

cah be kept at
corresponding pdequate vital tissue function. With this type of protective equipm
continue to fungtion at altitudes where essentially no ambient pressure exists, as
outer space. e airman is able to perform this feat only by carrying the ‘eguipm
maintain adeqyate oxygen pressure within his lungs while external colinterpress
make normal bfeathing possible. An alternate approach, of course, is-to pressuri
altitude equivalent to 1829 to 2438 m (6000 to 8000 ft) which diminishes the neeg
specialized oxyigen equipment. The great danger than arises frem loss of pressur
severe hypoxial, as well as decompression sickness, will occluf:” Decompression si
large number o
exercise as we

seq.)

| as by prolonged exposure. (Discussed.and expanded later in p

The advent of aircraft with pressurized crew and passenger compartments for flyi
(15,000 ft) altityde introduced the additionahhazard of decompression in the event
The speed of the decompression depends.on the cabin volume (see ARP1270),
failure orifice (dabin or cockpit window, door or wall area), and the altitude or pres
between the cabin and ambient air. \From such data it is possible to estimate the

orifice for a given cabin volume _to decompress from 2438 m to 12,800 m (8000 tqg

lls and

nt, man can

h the vacuum of

nt necessary to

re is applied to

Fe the cabin at an
for highly

ization whereupon

ckness occursin a

f people after a few minutes’ exposure to low ambient pressures ar1d is aggravated by
a

ragraph 1.17 et.

ng above 4572 m
of airframe failure.
he area of the
sure differential
area of the leaking
42 000 ft) altitude

in a given periqd of time. Orifice’size for ten second decompressions between th
cabin volumes pf 7.5 m® (265 fts) and 17.8 m® (630 ft3) with compressors inopera
computed. The orifice size producing the decompression profile (8000 to 39,000-4
ten seconds) fgr the larger cabin (17.8 m3) is approximately 25% of the area of a
window. In wide bedy aircraft with enormous cabin volumes, small leaking orifice
time to respond tothe slowly dropping pressure by supplying supplemental oxyge

ese altitudes for
ble can be

10,000 ft altitude in
single cabin

5 permit adequate
n and initiating a

safe rapid aircraft descent. If the rupture or structural failure is large (such as door failure, 1.82 m?

(20 square ft) area, or bomb damage, etc.) in the wide body aircraft, the effects wil

I be a very rapid to

explosive decompression. Rapid decompression is observed in small aircraft decompressing
through a single 650 cm? (100 in2) cabin window failure. Experimental data indicate that such
failures will produce rapid decompressions of less than a second in smaller volume aircraft, 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 lose useful
cohsciousness at flight level 320 to 400 even if successful in donning the presented oxygen mask in

less than 3 seconds and inhaling the supplemental oxygen provided.
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1.16

{Continued):

To prevent severe hypoxia following decompression to FL550, the crew must breathe 100% oxygen
at a positive mask pressure of 40 to 60 mm Hg (21 to 32 in H,0). Torso restraint vests or chest

counterpressure garments enable aircrew to tolerate such high breathing pressures for a short time
with little hazard of incapacitation or lung damage. Emergency descent must be initiated as soon as
possible following decompression because even these extreme measures provide only limited “get-
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me-down” protection.

Decompression Lung Damage:

During very rapid decompressions (less than one second) tears through the lung tissue may occur.

This event ma
and some spe

ch) at the instant of decompression. As gas held in the alveolian

is (as in coughing
i airways attempts

to expand very(rapidly, it can rupture tissues and enter the potential space between the inner chest

wall and the lu
blood flow, and
be dissipated,
condition (asph

Decompressiof

Despite the rag
cabin airplanes
due to hypoxia
such decomprs

breathed priorl.]: the decompression. Rapid-.decompression also accelerates car

diffusion into t
oxygen partial

performance decrements are virtually inescapable under such circumstances. Th

at or above flig

g itself. The trapped gas in the chest cavity collapses thelung, oc
preventing oxygenation in the alveoli. Carbon dioxide ‘produced b
nd rapid, severe hypoxia and hypercapnia (elevation of carbon di
yxia) can become fatal if not treated quickly.

Performance Decrement Prevention:
id availability of 100% oxygen from quick donning masks, crew me
experiencing rapid decompression uhdergo substantial performar

Alveolar oxygen washout (the oxygen reversal phenomenon) wh

ssions causes brain deoxygenation unless a high concentration of

alveoli, increasing alveolar CO, partial pressure which further lo
pressure. Current experimental data clearly show that moderate o

it level 350, the pilot in control of the small cabin volume aircraft mu

oxygen mask
functioning dil
his continued
pressures.

The higher the

LZEon regulater;*Should cabin pressure altitude exceed flight level 3

pplied with 100% oxygen or an oxygen-air mixture as determined

ill and judgment by preventing hypoxia in these excessively low 9

final altitude and the longer the interval between the start of a rapi

cluding pulmonary
y the body cannot
pxide) result. This

:mbers in small

ce decrements
ch occurs during
oxygen is being
bon dioxide

wers alveolar

I severe

erefore, for flights
Ist wear a demand
by a properly

00, this will assure
Xygen partial

 decompression

and the inspira

ion of 100% oxygen, the greater is the magnitude of the hypoxia.

This is minimized

by a higher alveolar oxygen partial pressure existing at the start of decompression, and the resulting
higher alveolar oxygen partial pressure remaining at the completion of the decompression.
Therefore, the partial pressure of the oxygen in the gas breathed by the aircrew in routine flight
should approximate breathing air at ground level. However, the equipment required to provide such
a cabin pressure at altitude would impose unacceptable weight penalties on aircraft performance
and operation. Breathing air at an altitude of 2438 (8000 ft) would provide an alveolar oxygen partial
pressure (PAO,) of 70 mm Hg (assuming alveolar CO, pressure of 40 mm Hg), which is the
minimum value acceptable for an operating air crew during routine flight. When the crew wears
demand oxygen breathing equipment, ground level PAO, (109 mm Hg) can be easily provided.
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1.18.1 Beards: Beards on operational aircrews usually prevent protective breathing equipment from
functioning properly. The inability to provide a tight oxygen mask fit on the bearded face prevents
supplying the airman-crew member with suitably oxygen enriched breathing gas to preclude
hypoxic decrement in performance. The dilution effect of hypoxic ambient gases to the 100%
oxygen mask supply is quickly evident in the decrement of airman operational performance.
Adequate protective breathing provisions should, in the event of a loss of cabin pressure, prevent
any resultant hypoxia from impairing the performance of aircrew members having essential duties

1.19

1.20

to perform immediately following decompression.

Aeroembolism:

Rapid decompression experienced with failure of the pressurized aircraft cabin, especially in the

smaller aircraft

multiple bubbles found in aeroembolism impair and block blood flow to body patt
obstructed blogd vessel (similar to a vapor lock). If the organ or body parts.suppli
vessel is vital (prain, spinal cord, and/or heart), sudden loss of oxygenated blood
rapidly fatal. In other body pars, such as muscle, bone, liver, kidney, Spleen, tee
disabling pain may well be initiated such that the airman is totally non=functional g
Correction of agroembolism by rapid recompression is successfdl'if time permits.

Decompression Sickness:

By definition dgcompression sickness includes all ailments, excluding hypoxia, as
barometric pregsure changes. Aeroembolism is a form of decompression sicknes
1.19. These ailments manifest themselves as earpain, sinus blockage and pain,

essels). The
supplied by the

d by the occluded
erfusion would be
h, and joints,
Ithough still alive.

sociated with
s discussed in
abdominal gas

expansion, toothache, bends, chokes, skin sensations or paresthesia, and other neurological

symptoms.

Consideration ¢f these effects of barometric changes may be divided into the genjeral topics of

trapped gases pnd evolved gases.(See Table 4).
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TABLE 4 - Summary of Types, Symptoms, Occurrence and Treatment
of Decompressicn Sickness

Dysbaric
Condition Symptoms Occurrence Treatment
Paresthesia Tingling, itching, cold During ascent Descend
(Creeping) and warm sensations of
skin
The Bends Pain in and about the During ascent Descend and refer
joints: possible to flight surgeon
collapse
Chokes Burning sensation During ascent Descenghand refer
beneath sternum; nonpro- to flight'stirgeon
ductive cough; sensation
of suffocation; collapse
Aerotitis Hearing becomes dull; Usually during Swallow, yawn
fullness in the ear; descent; occurs cough. Vdsalva
pain; severe cases: during ascent whien and ascend to
damage and possible ear individual has upper higher altitude;
drum rupture. respiratory infec- spray with fvaso-
tion or othier constrictor.
similarinfection.
Aerosi- Pain; frontal sinus; During ascent and Level aircraft and
nusitis pain in forehead; cheek descent descend; yaso-
(Sinus Pain sinus; pain in cheek- constrictorg
bones, may be referred descend s|owly; if
to teeth. occurs on pscent,
return to gfound
level.
Gas Discomforty pain, inter- During ascent Descend. |If
Expansion ference-with respiration usually above 25,000 marked, leyel air-
(G | Tract) severe Gases; lowered feet; in rapid craft and massage
blood-pressure, possible ascent may occur as area. If ingffec-
collapse and shock. low as 15,000 feet. tive, indiviglual
should retdirn to
ground leviel.
Aerodon- Pain in the area of the During ascent Level aircraft and
talgia affected tooth. (usually between descend. Referto
(Toothache) 5 to 10 thousand dentist after

feet). Occasionally
during descent.

flight.

1 Valsalva's maneuver is an attempt to forcibly exhale with the nose and mouth closed in order to equalize
the atmospheric pressure over the middle ear tympanic membrane.
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1.20.1 Trapped Gases: The gases trapped in the middle ear, sinuses, teeth, and gastrointestinal tract

expand or contract (increase or decrease in volume) in accordance with Boyle’s Law, which states
that the volume of a gas is inversely proportional to the pressure of the gas if the temperature
remains constant. This means that as the pressure decreases, as it does when we go to higher
altitude, gases expand or increase in volume. 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 (5486 m = 18,000 feet) the volume of a gas will be
twice that at sea level: at 1/4 atmosphere (10,363 m = 34,000 feet) the volume will be four times
that at sea level. However, in calculating expansion of gases saturated with water vapor (as in the
body cavities), the actual increase in volume is greater than that given for dry cases. The following
equation will explain how expansion for wet or saturated gases occurs. Let V, represent the initial

volume; V5 tke—ﬁnﬁ-wfameﬂm—ahﬁderﬁhe-mmamnerandwml pressure at the
final altitude ¢oncerned. Water vapor exerts a constant pressure of 47 mm Hgpin saturated gas at
body temperature. You then solve the volume change equation
P, - 47

V., =
2 P,—47

(Vy)

to calculate the expansion of a wet gas at 5486 m (18,000 feet) from initial conditions at sea level.

_ 760 -4
2 380 - 4

; (V'I) =, 214 V1

The gas expgnsion of 18,000 feet would then bg& 2.14 times the volume at sea level. This
calculation shows that a wet gas will expand(slightly more than a dry gas.

1.20.1.1 The Ear: Jf all the body cavities, the\ear can be expected to cause trouble most often in flight.

Training in ¢learing the ears will alleviate most of these conditions. With an inEection or
inflammatign of the naso-pharynx, difficulty may be experienced and the airman or passenger
should avoid flying.

The middle|ear is a clesed cavity except for an opening, called the Eustachian tube, which
connects wjth the nasopharynx. With ascent, decreasing atmospheric pressure results in the
expansionc];f thedirtrapped in the middle ear and the ear drum bulges slightlyl, Such pressure is

normally equalized by escape of some air out of the Eustachian tube. This egcape will be
noticeable fo the individual by a faint popping sound in the ear as the drum sngps back. Because
of the structure of the Eustachian tube, equalization of pressure in the ears on descent is more
difficult than on ascent. The opening of the Eustachian 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 similar infection may cause the opening of the
Eustachian tube to become inflamed, thereby blocking the passage of air. Increasing pressure of
the atmospheric air pushes the ear drum inward so that a retracted drum results. Continued
pressure irritates the membrane and it becomes red, swollen and painful. This interferes with
hearing and if the drum is stretched far enough, rupture of the membrane may result. The
pressure differential may also affect the inner ear mechanism and produce vertigo.



https://saenorm.com/api/?name=2fe84fb7615ed328bb67a22eb9b1a3a7

SAE

AIR825D Page 18 of 104

1.20.1.1 (Continued):

Swallowing, yawning, and stretching the neck all aid in opening the eustachian tube and allowing
air to equalize the pressure in the middle ear. If these actions fail, the ValSalva or Frenzel
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.

1.201.2 The Sinuser—krh—ﬂmra#ﬁHe&spaterMhevhrHtsuaﬂyﬂrenﬁlateﬁeew except in cases of
a cold when the membranes become swollen and prevent passage of air fron 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.

1.20.1.3 Gastrointej;c]inal Tract: Gas taken into or evolved in any part ofthe’gut behaves in accordance

with the same laws that affect the ears and sinuses. Gas will éscape readily at either end of the
alimentary ¢anal but expansion in the rest of the tract may cause pain and dispomfort. Trapped
gas in the intestine will expand in accordance with Boyle's'law and at body temperature this
expansion may become severe enough to cause suchrpain as to bring on sho¢k conditions. The
only cure far trapped gas expansion is to descendto a lower altitude. Prevention is more
important ahd care should be taken not to eat ordrink foods that are known tq cause gas in the
digestive tract.

1.20.1.4 Teeth: Pain in the teeth, occurring as aresult of exposure to lowered barometric pressures, is

called aerogontalgia. Some cases of\tooth pain are actually due to pain referfed from the
sinuses. The mechanism which is responsible is somewhat obscure. Some gases of tooth pain
and loss of fillings at altitude are believed to be due to the subjects unconsciougly increasing their
biting force [and grinding theirteeth together, particularly during the emotional gtress. A pocket of
gas trapped under a faulty filling and located very near the tooth pulp cavity mlight cause tooth
pain by expanding and-creating pressure on a nerve (pulpitis).

is directly proportional to the pressure of that gas (Henry's Law). With the decreasing pressure that

1.20.2 Evolved TiSS})e Gases. The amount of any gas dissolved in the blood and tiSSU{ fluids of the body

occurs at altifude 'such gases come out of solution. These gases are normally transported by the
blood passing the alveolar membrane of the lung. The gases come out of solution at the alveolar
boundary, pass into the lung, and thence to the outside atmosphere. When one ascends to
altitudes above 9144 m (30,000 feet) while breathing air, the fluids of the body release their
dissolved gases more rapidly than the blood can carry them off.

Bubbles may also form in the body tissues following rapid decompression. Such bubbles outside
the blood vessels, especially in poorly perfused areas such as joints, can produce pain. Recurring
decompression exposure can lead to degenerative tissue changes.
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1.20.2 (Continued):

Treatment to correct these bubble-produced dysbaric episodes is recompression to one
atmospheric pressure. Sometimes, in decompression shock, recompressionto 2to 3
atmospheres is required and will be life 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.

Nitrogen bubbles fall into this category, requiring increased pressure (2 to 3 atmospheres) to drive
the nitrogen bubbles back into solution. Their evolution in this situation is most likely from fat tissue

1.20.3

cells throughout the body where nitrogen is most soluble but only with a very slow solubility time

constant.

Bends and C
results in the
were first eng
occurs when
of 10.3 meter
level to 5486

The exact mg
inert nitrogen
decrease in [
are poorly su
All the gases
then diffusing
what can be 1
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symptom is a
intense and N
the subject rg

The best curg
percent oxyg
disappear. B
oxygen throu

hokes: These conditions are brought about by decreasing barone
release of gases, primarily nitrogen, from the various body fluids a
ountered by caisson workers and deep sea divers. The readuction
A person comes up to the surface of the water (1 atmosphere pres
5 = 33.9 feet (2 atmospheres), is similar to that which,oecurs when
m = 18,000 feet (1/2 atmosphere).

chanisms that produce the symptoms are not\fully understood. It
is a primary factor and that it is difficult todispose of the excess g
ressure favoring its release from solutioh.” This is particularly true
bplied with blood vessels and that dissolve large amounts of the ga
evolved or released from solution\hmay be disposed of by passing
through the lung alveoli for loss by expiration. The release of gas
eadily disposed of in this manner results in the formation of gas bu
bam. The first symptoms.rarely occur below 9144 m (30,000 feet)
prolonged exposure. Atfirst there is migratory pain in an extremi
ssociated with the bends. With increased altitude, the pain usually
nay lead to vascular changes indicating shock conditions. If despi
mains at altitude-or ascends higher, he will probably eventually co

for bends)is immediate descent to ground level and concurrent tr
en. Perhaps compression therapy may also be employed until all
reathing 100 percent oxygen for one-half hour before takeoff and v
ghout the flight will aid in preventing the bends by allowing nitroge

ric pressure which
hd tissues. Bends
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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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1.20.3 (Continued):

Remember that while bends rarely occur below 10,363 m? = (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 nherve
endings in the skin.

1.20.5 Flying Followjmg-SctbabBiving—EvotvedHisstegases (202 becomemoremedically significant

and symptoniatic to airmen at hypobaric altitudes following Scuba diving. Thé National Oceanic
and Atmospheric Administration (NOAA) recommend in their diving manual, safety rules for divers
who intend tg fly as passengers. Any diver who has completed any number of dives on air and
decompressqgd following U.S. Navy standard air decompression tables‘should wait at sea level
breathing air for the computed surface internal that is specified for Group D divgrs in U.S. Navy
Repetitive Diving Table. The aircraft cabin atmosphere must notyexceed 8000 feet altitude.

While decompression sickness may, in some rare cases;occur up to 24 hours gfter exposure to
pressure, the|vast majority (95 percent) will be evident within 3 hours; one percént will be delayed
over 6 hours/| It is therefore important that a diver who is flying an aircraft delaylhis flight for

24 hours to preclude symptoms and signs of decompression sickness.
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SECTION Il - GASEQUS OXYGEN AND OXYGEN EQUIPMENT, INTRODUCTORY

2. OXYGEN:

Current aircraft breathing oxygen systems may utilize either gaseous or liquid oxygen.

a. Gaseous Oxygen: Gaseous oxygen in the atmosphere is colorless, odorless, and tasteless. It
comprises about 21% of normal air by volume and is about 10% heavier than air. Above its critical
temperature of -180.4 F (-118 C), oxygen can exist only as a gas regardless of the pressure
exerted upon it. Breathing oxygen quality is specified by Military Specification MIL-O-27210.

b. Liquid Oxyge

2.1

2.2

2.2.1

Oxygen Equipn

 Forif , — . R

Oxygen equipment to fulfill man’s physiological needs in aircraft falls itotwo gengral categories,

fixed and porta

ble. Fixed equipment is generally provided in thoseraircraft in whigh oxygen is

frequently required or many passengers are involved. Whether these aircraft havie portable

equipmentin a
whether there i

Cockpit fixed e

Hdition depends on FAA requirements for the crewv and passengers supply and
5 a requirement to move from one fixed oxygen station to another.

fiuipment is mounted on the control console or any other conveniept location within

easy reach. Gauges, indicating instruments, and regulators are placed together and located in the

pilot's or co-pilg
position and wi

t's normal field of vision so that he\can readily see the gauges whefn in a normal flight
th minimum interference to his_ other flight duties.

Portable oxygeh equipment consisting ofa cylinder of oxygen, a control valve and regulator, and

mask are provi
stations is invo
oxygen installa

Both portable gand fixed oxygen equipment can be obtained for continuous flow, d¢mand flow, diluter
essure-demand types of oxygen systems.

demand and pi

Continuous H

Hed for one or more of the' crew members where movement of the [crew to various
ved. Portable equipment is also required for passengers on aircrgft not having fixed
ions for first aid use.

low-EqUipment. As its name indicates, continuous flow oxygen equliipment provides a
continuous flpwof oxygen to the mask. There are several types of continuousm

ow systems

ranging from the simplest to more complex systems which afford varying degrees of oxygen
economy. Atlower 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. The amount of air entering
the mask depends on the rate of oxygen flow and the rate at which the user inspires. A more
complex system would include a gas reservoir in addition to the air ports.


https://saenorm.com/api/?name=2fe84fb7615ed328bb67a22eb9b1a3a7

SAE

AIR825D

Page 22 of 104

2.2.1

22,2

223

(Continued):

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. Itis probably the simplest from a design,
cost, weight, and maintenance standpoint and offers reasonable safety for brief periods at altitudes
as high as 40,000 ft (12,192 m). For prolonged protection, continuous flow equipment is generally
regarded to be adequate up to 25,000 ft (7620 m).

Demand Floy
delivers pure
oxygen. The
which respon
ambient) crez
flow to pass i
slightly positi
the name imy
oxygen supp

Equipment: Demand flow equipment can be straight demand.(a

distinguishing feature of the demand system is the outlet cantrol v
ds to minute changes in pressure. The slight negative fressure (r

nto the mask until the end of inspiration. At this pgint the mask pre

v during the entire exhalation phase of each breathing cycle.

Pressure-Demand Equipment: Pressure-demand-equipment varies from other

previously dis
of increasing
approximatel
effect as brez
necessary to
5000-ft (1524
Pressure-den
with or withod
air can be tol

cussed which provides an oxygen-enriched atmosphere for breathi
the concentration of oxygen cambe successfully used up to an alt

35,000 ft (10,668 m). Pureloxygen delivered at this altitude will g
thing air at 5000 ft (1524'm). Beyond 35,000 ft (10,668 m), howe
increase the pressure of-the oxygen delivered to the mask in orde

nand regulators flnetion very much like demand regulators. They

brated for reasons of economy.

system which

oxygen) or can be obtained with an air mixing feature (diluter-dergand) to conserve

Ive in the regulator
eferenced to

ted within the mask at the onset of inspiration opens the valve angl permits oxygen

ssure has become

e and the valve shuts off the flow. In this manner the demand sygtem operates as
lies, on demand, supplying flow at the rate required by the user and conserving the

pXygen equipment
hg. The technique
tude of

roduce the same
er, it becomes

I to provide a

m) equivalent altitude. This is the purpose of the pressure-demand system.

can be obtained

t provisions for'air dilution at altitudes below 34,000 ft (10,363 m) Wwhere a mixture of
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2.2.3 (Continued):

A regulated positive pressure of 100% oxygen is delivered 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 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 condlitions, the body exerts an effort during inhalation
only, and exhalation merely involves relaxing the breathing muscles. During pressure breathing,

the reverse ii#uereﬂﬁlaﬁchmefhn-and-mdﬁlanwmnﬁ?ﬂﬁ-mustits relax. Between
these two extremes it would seem that a mid-point could be established which would involve less

work than either of the extremes. Effortless breathing could then be produced. |In actual practice
such a condifion has not been reached, but in comparing the effort involved in Breathing between
the demand ¢

pressure is ¢
intermediate
total work, ho

As mentioneq
occur until a

should be minimized between the instant that inhalation commences and hew ox
the user's mquth. This depends on the length oficonnecting hose from the regy
diameter and|the humber of bends in the hose, the surface condition of its inter
pressure diffgrential required to open the vxygen delivery valve in the regulator.
in response dan be reduced by shortening delivery hoses and using regulator d

possess extr
delivery lines
than not be u
this purpose,
oxygen syste

mounted demand regulators.

2.3 Figure 4 shows

mechanism. T

nd the pressure-demand system it can be said that bréathing und
prtainly close to effortless. According to Fenn (see paragraph 2.4)
pressure of 3.5 mm Hg where both expiratory and inspiratory work
wever, is less than the inspiratory work experien¢ed under normal

in paragraph 2.2.2, oxygen flow in straight demand oxygen equip
negative pressure is created by the process of inhalation. The tim

mely sensitive valve opening characteristics. It is not always poss
nstable in its opefation and difficult to maintain. Although not desi

s the connecting hose problem has been eliminated by using mi

a scheématic diagram of a typical demand regulator and its associ

er slight positive
there is an
occur; the sum
conditions.

ment does not

b lag and suction
ygen is forced into
lator, the inside
hal bore and the
Obviously this lag
esigns which

ible to shorten the

from the regulator to'mask, and a regulator with extreme sensitivity will more often

jned primarily for

the pressure-demand system offers a neat solution to this problem also. In modern

niature man-

ated controlling

ne-outlet is connected to the aviator’s facepiece. On inhalation, th

e diaphragm “a” is

displaced downward by the differential pressure created across the diaphragm. Appropriate vent
holes “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.
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2.3

24

FIGURE 4 - Typical Demand Regulator
(Continued):

The application
valve as suctio

of a fixed downward mechanical force at point “X” would have the

applied to poin
area of 5 squa

n applied to the outlet. The pressure of gas developedin chamber
the force appligd and the area of the diaphragm. As an examplé, a force of one

same effect on the
“B” will depend on
ound (4.4 N)

“X” will be distributed equally over the effective ‘area of the diaphragm. An effective
e inches (32.26 cm2) would, therefore, produce a pneumatic presg

ure of 0.20 psi

(1.4 kN/m2) at the outlet. This example and the pressurezesulting would only hold under static

conditions as occur during exhalation. In the inspiratory:part of the aviator’s brea

hing cycle,

however, the pfessure developed at the outlet or within the mask will depend on the capacity of the

valve and the
method which glistinguishes the pressure-demand system from the straight dema
used to produce a slight positive pressure within the face mask; the normal lag in
to inhalation is eliminated with gas flow,commencing simultaneously at the onset

Details of designs vary considerably; however, the principle described is common|
demand systems. The force applied.on the diaphragm is usually accomplished by

pneumatic loading. The pressure-demand system, therefore, serves the purpose

mposite resistance of the entire gas flow passages from the valve

to the mask. This
nd system can be
egulator response
of inhalation.

to all pressure-
use of a spring or
pf producing a flow

of oxygen immediately on demand without the attendant lag of the suction demar|d system. This
system is by faf more comfortable for breathing and the introduction of positive pressure eliminates

all inward leakage of air(into the mask and its connecting tubing.
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Air Force Base, Ohio, pp. 128-129.

, Wright-Patterson
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SECTION Il - CONTINUQUS FLOW OXYGEN SYSTEMS

3. PRINCIPAL COMPONENTS OF CONTINUOQUS 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 Figures 15 and 16 in Section VI
and paragraph 2.2.1.

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

3.1

This comprises
and a means o
external filling {
charged units y

For a descriptiq

3.1.1

3.1.11

Supply Systemy

High Pressur
are available

Steel Cyling
Table 18, S
commercia
shatterable
sizes which

Disadvanta

(a) Lowerr
(b) Greaten
(c) More st
(d) Limited

a container or containers for liquid or gaseous oxygen, a contehts
F replenishment. Replenishing of a gaseous supply can belaccom
oints on the aircraft or by the manual replacement of eémpty conta
hich have been refilled at sites other than on the aircraft.

n of liquid oxygen supply systems refer to Section V.

b Cylinders: These cylinders store gas at 3800 to 2100 psi (12.41
in a variety of shapes and sizes.

ers: Steel cylinders of regular shape with hemispherical ends are
pction VI, illustrates the weights"and dimensions of those cylinders

cylinders. DOT Specification 3HT covers “lightweight” cylinders o
show a saving in weight-of 15 to 30 percent of the weight of the e

ges of the 3HT type compared wit the 3AA type are:

esistance to, shattering.
susceptibility to damage.
fingentservice testing is required.
calendar life.

indicating system,
blished either by
ners with fully-

to 14.48 MPa) and

commonly in use.
used by

carriers. DOT Specification/3AA covers the design and manufacture of regular non-

f the same basic
uivalent SAA type.

3.1.2 Low Pressure Cylinders: These cylinders are intended to store gas 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 18 through 20, Section VI, illustrates the weights and dimensions of those cylinders widely
used by commercial carriers.
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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.

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 charging off thg aircraft, the
cylinder valve (see paragraph 3.1.3.6) incorporates a pressure gauge to prevtnt the
re-installatipn of partly charged or leaking cylinders. If the cylinder canbe mounted on the flight
deck, a second gauge is unnecessary.

Pressure gauges in liquid systems serve little purpose other than indicating thie state of the
pressure clpsing valve. Some contemporary installations have no pressure inglication. Contents
are measuted and indicated electronically. A probe is installed in the top of the container
extending down into the liquid. The capacitance of the, probe is dependent upon the liquid level;
thus a conventional bridge circuit and meter can ba used to indicate quantity. | (Refer to

Section V)

3.1.3.2 Warning Dgvices: Various devices are used to give warning of low contents:

Liguid contént gauges are available with'flags or illuminated windows built into[the dial. Gaseous
pressure gauges may have the lower end of the scale colored red. Audible or visual warning
devices arel also used to show.loss of pressure or flow in gas lines. Devices Used are
mechanical blinkers or pressure switches used with light.

lines to be isolated fonservicing. The valve or valves are located as close to the supply as
accessibility requirements will allow so that in the event of a ruptured line as much of the system
as possible|may be isolated.

3.1.3.3 Valves: Line valves are'installed at strategic points in the system so as to ena’ible the distribution
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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.

3.1.35

In addition, the check valve installation usually provides a means of preventing losses from good

cylinders to

those which are damaged or leaking.

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 passen;
In liquid oxy

Safety Dev
safety deviq
of a rupture

DOT-3HT ¢
backing. T
test pressu

A threaded
be piped o\

In gaseous
interconned
different de

gen systems the same type of valving applies.

ces. DOT regulations require that all high pressure cylinders be p
disc incorporated in the cylinder valve.

vlinders must be equipped with a frangible disc safety relief device
ne rated bursting pressure of the disc shalbnot exceed 90% of the

e of the cylinders with which the devicelis used.

outlet is provided on some designs-of cylinder valves so that such
erboard if desired. Stainless steel lines should be utilized for this

filling operations, care must-be exercised to avoid accidents, parti
tion of high and low pressure systems. Low pressure filling points|
5ign from high pressure filling points, and theoretically it is impossi

different pressure systems together, provided good control is exercised over g

equipment.

In the case
70 psi (0.48
atmospherg
30 to 40 ps

of liquid oxygen filler valves, there is no ambiguity about the filling

g«(0.21 to 0.28 MPa) will provide the maximum fill. In addition, the

ret-stpply-wherrtirepresstrehasreducedtoapredetermined-vatye.

rovided with a

e to guard against bursting due to excessive pressure -~ This generally takes the form

, without fusible
Mminimum required

a discharge may
bverboard piping.

Cularhy

are of a quite
ple to connect
round handling

pressure. Both

MPa)ahd 300 psi (2.07 MPa) systems are filled with the containgr vented to
andihe pressure in the transfer cart is the only critical factor. A gart pressure of

fill valves are

either automatic in operation, the system automatically going on "Vent” when
made; or on earlier systems the “Build Up and Vent Valve” and “Fill Valve” are mounted adjacent
to each other so that the “Build Up and Vent Valve” handle prevents connection to the “Fill Valve”
when the system is on “Build Up.”

he connection is
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3.1.3.6 Cylinder Valves: A variety of cylinder valves are available with pipe threads on the body for
screwing into the cylinder neck.

3.1.3.7

3.1.3.8

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 paragraph 3.1.3.5 can be provided in any desired thread

form or cap

ped for inboard discharge.

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

compohent;

Automatica
cylinder suj

Cylinder Gz
(see paragt

High Press
acceptable
diameter, 3
is formed b
prevent loa
vibration. L

Various ma
bursting is
on the tube

In the case
multiple cyl

b

ly opening cylinder valves are also available. Upon installationto
pply is turned on.

uges: These are desirable when cylinders are to be recharged aw

ire Lines: The diameter of lines is dictated by the mass flow to be
pressure drop. In multi-cylinder installations the intercylinder lines
16 to 5/16 inch (4.76 to 7.94 mm) O.Dwith suitable wall thickness
ptween each cylinder to avoid permanent set occurring during cylin
H being applied due to relative movéement between cylinders unde
Ise of high pressure lines shouldybe kept at a minimum.

erials are used: copper.-copper alloys or stainless steel. With suc
nardly a problem and the-proximity of adjacent cylinders makes it &
end fittings for suppaott of the line.

of main system‘take-off, the higher flow through a single distributi
nders may necessitate a larger diameter. Convenient locations folr

system line, the

ay from the aircraft

aph 3.1.3.1) and are incorporated as part of the cylinder valve in most designs.

carried and the
are of small

.. At least one coil
der removal and to
the influence of

h small diameters,
cceptable to rely

n line fed by
line supports may

not occur with sufficient frequency. In addition, such lines are bound to pass through zones

where othe

Aluminum 3

" equipment is installed and they are subject to damage during ser

lley'tubing may be quite satisfactory in respect to burst pressure,

vicing.

but stainless steel

tubing is commonly used up to the pressure reducer or continuous flow regulator. Sizes in
common use are 1/4 inch or 5/16 inch (6.35 or 7.94 mm) O.D. x .028 inch (0.71 mm) wall

thickness.

Refer to ARP1532 Oxygen System |nstallation and Fabrication for further details on tubing

practices.
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3.1.3.9 High 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 tube fittings with stainless steel.

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

Usually fittings are of the same material as the lines. Some systems have incorporated mild steel
or aluminum alloy fittings with stainless 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 fifti jch feHy- i - i i round. Mild steel

fittings also|present the possibility of a fire hazard. Loose steel filings or paticles dislodged from
the inside surface of an oxygen cylinder can travel at fairly high velocities. An jmpact with a steel
result in an oxygen fire.

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

3.1.3.10 Fire Safety] The preceding paragraphs illustrate the censiderations concerning the selection of
components in the system. Fire safety is one other important factor which mefrits serious
consideratipn. Oxygen by itself is stable and non-flammable. However, it dogs suppotrt and
accelerate combustion. Once a fire starts, oxygenrwill cause adjacent substances to burn rapidly
or even explosively. A fire within an oxygen system will require an ignition solirce to start and
fuel to support the combustion.

Fuel accumulation would be best eliminated by the use of compatible materials and by keeping
the system|clean. Material compatibility may be established by analysis based on test data.
However, care must be taken to'assure that the test conditions accurately reflect (or exceed in
severity) the environment in which the material is to be used and that operatignal effects are
included in the testing procedures.

The other cfucial point, elimination of the ignition source, requires controlling témperatures in the
system including that of the gas. Oxygen gas temperature tends to increase because of the
internal engrgy.changes during compression. This is known as compression heating. The peak
temperaturg ‘ofthe gas is a function of initial temperature, compression ratio, rate of compression
and rate of cooling. In an aircraft oxygen system, the highest temperatures of compression
heating will occur at the downstream dead end of the line where the gas is subjected to the
highest compression ratio. If heat is developed during the compression at a rate greater than the
head dissipation rate the temperature will increase. If the temperature exceeds the ignition point
in oxygen of any combustible 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.
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3.1.3.10 (Continued):

3.2 Continuous Flo

The high press

321

3.2.11

3.2.1.2

Regulator: T

Basically, all
through a val

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 nhon-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 appropriate fittings to permit installation into the system upstream of and adjacent to any
high pressure control components likely to be exposed to compression heating. In practice, the
thermal compensator should be designed to absorb and dissipate the heat energy rapidly as itis
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 p
the thermal
unit should

Such therm
during com

Preset RegLJIator: Strictly speaking;-these are not regulators but simple press

valves. Th
altitude. Al
will vary slig
in which an

cabin presgure or beturned on manually as required.

compensator shouI;:I facilitate its remtl:'val for cleaning of accumuls
be designed to preclude shedding of pieces during vibration, flow
bression, will remove a major potential ignition source within the o
w Distribution System:

Ure lines from the supply source continue to either a reducing valv
he regulator controls the pressure upstream of the mask orifices.
egulators function in a similar,mmanner. Pressure is controlled by d

e (see Section ).

y reduce the supply pressure to a fixed pressure set for some opt
hough they maintain a relatively constant reduced pressure, this r
htly as the cylinder pressure or contents are depleted. A controlm
alternativetatio may be selected. They may turn on automatically

Manual Re

seat by a bellows or diaphragm. A knob adjusts the bellows position, providin

ulator” This is the simplest form of regulator in use, consisting of

s, etc. Design of
ted debris. The
br servicing.

al compensators, by precluding gas temperature rising‘to“ignition femperatures

ygen system.

b or a regulator.

ontrolling the flow

ure reducing

mum or maximum

bduced pressure

Ay be incorporated
on reduction of

a valve held off its

g a method of

setting the required pressure.

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

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

Such regulators may supply from one to fifty outlets.
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3.2.1.3

3.2.1.4

3215

3216

Automatic Regulator. Basically, this type is that in which the knob (see paragraph 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 requlators discharge a small quantity of gas to the atmosphere while they are in
operation. This is relatively unimportant when the supply is liquid, but when the supply is
gaseous it may not be tolerable.

Automatic 1 guiatwa areavattableimrvarious uapauify ramges fromtto-Souttets to 1 to 200
outlets.

Single Stage Regulator: Single stage regulators are those which contain one |pressure reducing
stage. The|one valve reduces cylinder or liquid oxygen pressure to that requifed in the low
pressure distribution lines. Some single stage units will not operate above, sgy, 500 psi

(3.45 MPa)|inlet pressure, and when used in an 13800 psi (1241 MPa) system require an
upstream pressure reducing valve to be added as part of the system.

Multi-Stage|Regulator: This type regulator has two orrmore stages of pressurg reduction built in.
The term “multi-stage” is also applied to regulators<constructed with several identical units in
parallel as iis necessary sometimes to obtain verghigh flows with tight control pf outlet pressure.

Low Pressyre Tubing: Pressure in the distribution lines from the regulators is|dependent upon
the flow required and the mask or outletjorifice characteristics.

Variations gre of the order of zero t0-80 psig (0.55 MPa). Mass flow in a large| transport aircraft
can reach 700 liters per minute, so pressure drop in the lines can be critical. To cater to

pressures gnd flows of this otder, the aircraft capable of carrying 150 passenders requires lines
of at least 3/16 inch (V.94 mm) |.D. if outlets at the end of the system are to d¢liver comparable
flows with those close tothe regulator.

Thus, metallic lines-in large low pressure distribution systems are commonly gf 3/8 to 1/2 inch
(9.52 to 127 mm)y0.D. x 0.028 inch (0.71 mm) aluminum alloy. In systems fgr small aircraft of,
say, up to A0-passengers, 5/16 inch (7.94 mm) O.D. lines are sufficient.

Where routing is complicated or distribution points are movable, various types of synthetic hose
are used. Such hose is selected on the basis of weight and creep characteristics at elevated
temperatures.

It should be noted that plastic hoses may weigh slightly more than their equivalent metal
counterparts due to the necessarily heavy wall thicknesses. Referto ARP1532 Oxygen System
Installation and Fabrication for further details on tubing practices.
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3.2.1.7 Low Pressure Fittings: Fittings for metallic low pressure lines are flared or flareless, similar to
high pressure lines (see paragraph 3.1.3.9).

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

3.2.1.8 Dispensing Outlets: A dispensing outlet is located at each station, providing one or all of the
following, depending on maximum operating altitude of the aircraft:

(a) A metering orifice;
(b) A meaTUf‘CUﬂ'ﬂ‘EEtiun for-themaskand
(¢) An automatic presentation capability.

A variety offunits is available from proprietary sources with orifice sizeés.ranging from 0.012 to
0.018 inch {0.30 to 0.46 mm) diameter. Orifice 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 disconnection.

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

3.3 Dispensing Eqgliipment (Masks):

Continuous flow masks differ in two basiciways: (a) the shape of the facepiece, gnd (b) the method
by which the gas is fed into the facepiece.

The simplest method of supplying the facepiece with oxygen is a flexible hose from the dispensing
outlet which fegds directly into the facepiece through a non-return valve. Exhaleq gases return to
ambient through the porous'walls of the open cell foam plastic facepiece. An ind¢terminate amount
of dilution is avpilable via'the same device. This type of mask has limited use.

Such masks arg 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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3.3 (Continued):

3.3.1

332

333

334

Oxygen economy is effected when a flexible plastic or rubber reservoir is incorporated between the

facepiece and the supply hose. This is typically between 500 and 1000 cm® capacity, and stores gas

during the exhalation period to be withdrawn rapidly during inhalation. 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 will be unused air/oxygen from the “dead” spaces of the mouth and

throat. Masks such as this are termed “rebreather types.” Normally, a dilution valve and exhalation
valve are built into the facepiece.

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

mounted in the facepiece loaded to open before the dilution valve. With this type, once a breathing

pattern has beq
reservoir at the

and inhalation
through the exh
the reservoir.

Nasal Mask:
flights below
dilution (hypo
conversing w

Oronasal Ma
crew membe
are available
the mask to K

beginning of the inhalation. When the reservoir is empty, the dilu
s completed with air drawn from ambient. On exhalation, used ga
alation valve in the facepiece with the nonreturn valve preventing r

The nasal mask should fit snugly around the nosé.) The nasal ma
16,00 ft (4877 m) where air intake through the mouth would not res

thout the use of microphones and earphones.

5k This type of mask fits completely-over the mouth and nose. M
s are equipped with facepieces molded to suit the shape of the fa
in commonly used sizes: “smally’ “medium,” and “large.” A harne
old it firmly against the face.[Provision may be made for the inclu

facepiece of & microphone for communigation purposes.

Some facepie
enables each
sterilization.

ces are detachable from the body of the mask which contains the
crew member tolmaintain a personal item at lower cost, and it prg

Facepieces gn masksto be used by passengers are generally symmetrical so t

position in wh

Permanent M

ich thesmask is to be donned will be obvious.

asks: Masks with facepieces as described above are generally ¢

the lungs from the
ion valve opens
5es are vented
e-entry of gases to

5k is intended for
sult in excessive

xia). The chief advantages of the nasal maskyare (1) light weight and (2) ease of

hsks to be used by
te. Such masks
55 is supplied with
Sion in the

valve gear. This
vides for easy

hat the correct

nsidered to be

“permanent’; i.e., they may be used repeatedly as long as it is possible to sterilize them between

each usage.

Disposable Masks: These may be similar in design to the masks previously described, or a simple
cup and hose with no valves or reservoir. 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

3.3.6

Fullface Masks: Fullface masks as the name implies cover the mouth, nose and eyes. While 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.

Continuous Flow Gaseous Oxygen System Limitations: The continuous flow passenger gaseous
oxygen system is 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 altitude to an altitude where oxygen is not required. When deployed, passenger oxygen
masks provide a limited amount of oxygen which is mixed with cabin air. Under normal cabin
conditions, oxygernsuppted-by-thepassengermaskscanmbeastowas3%of tofal air intake.
Figure 5 depicts the approximate flow of oxygen in liters per minute (LPM) for\djfferent cabin
altitudes.

6
5 Lot
g [y ////
o NOMINAL}F
= 52 , OMINAL LON-7/
a o '
o= MINIMUM-FLOW ~
sEE 2 /—-FAA
3 § Y REQUIREMENT
=7
0
S.L. 10 20 30 40

FIGURE 5 - Cabin Altitude - 1000 feet

As shown onlthe’ chart_for normal cabin altitudes below 10 000 feet less than ane LPM (NTPD) is
available from the passenger gaseous oxygen system. A passenger will normally breathe 10 to 12
LPM (ATP) when calm or at rest. When excited or during heavy exertion, the breathing rate could
reach 30 LPM (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.
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3.3.6 (Continued):

If masks are donned by passengers, the length of the oxygen hose may restrict their ability to lower
their heads down to a lower level where less dense smoke may exist.

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. Ifloss 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 g
the adjacent
included in th

etrerated-oxygensystemsprovidea-flowof oxygetrdirecty-fromrthy
bassenhger based on a fixed, predetermined flow schedule andate
is recommended limitation for gaseous oxygen systems.

e local source to
therefore not
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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 17, Section VI,
shows a typical demand oxygen system in general use on present modern aircraft.

Pressure Demand: A pressure-demand type of oxygen system supplies oxygen under positive
pressure to the ; ; f as inhalation
begins and stopg during the exhalation phase of the breathing cycle. The principalicomponents are a
mask which will rietain positive pressure and a positive pressure oxygen regulator which is either
panel-mounted, man-mounted, or seat-mounted. A blinker may be incorporated to jindicate when gas
is flowing. The demand system shown in Figure 17, Section VI, illustratés the necefssary components
for a pressure-dgmand system.

All demand and pressure-demand oxygen systems contain the. following basic components:

1. Oxygen supply.
2. Distribution manifold.

3. Demand or pfessure-demand regulator.
4. Demand or pfessure-demand mask.

Additional compgnents are required for some.systems, dependent on the type of oxXygen supply and
regulator used in|the system.

4.1 Supply System|

The oxygen supply containers for the demand and pressure-demand type of oxygen system are the
same as used In continuousflow systems. The oxygen supply containers are disgussed in more

detail in Sections Il andV'of this Aerospace Information Report. In general, the ¢xygen containers
may be of the fpllowing-types:

1. Supply botfles for compressed gaseous oxygen.

(a) Low pressure (400 to 450 psi (2.8 to 3.1 MPa))
(b) High pressure (1800 to 2100 psi (12.4 to 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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4.2 Supply Accessories and Components:
Refer to Section lll, paragraphs 3.1.3.1 through 3.1.3.7 for typical equipment used and available fro
demand and pressure-demand systems.

4.3 Distribution System:
The distribution system consists of one or more lines 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 pasgsing through a potential fire zone should be of stainless steel. (R(Lferto Section I,
paragraphs 3.1[.3.8, 3.1.3.9, 3.2.1.6, and 3.2.1.7 for further date.)

4.3.1 Demand, Dilyter-Demand and Pressure-Demand Regulators:

Demand: This type of regulator is generally used in aircraft for §pecific applications such as smoke
or fire-fighting. Operation and design features of regulators.ofthis type are described in Section ll.

The regulator is the basic design for a group of regulators.which are more commonly used; diluter-
demand or pressure-demand.

Diluter-Demalnd: This demand regulator with oxygen dilution capabilities is conmonly used.
Control of thg air-oxygen ratio may be automatically accomplished by an aneroid. The purpose of
air dilution is fo conserve the aircraft oxygen@upply and still maintain a safe pa)q(ial pressure of

I

oxygen in the lungs. For safe operating conditions, dilution occurs up to approXimately 32,000 ft
(9754 m) altitude. At this altitude the dilution port, which is automatically controlled, is shut off and
the regulator delivers 100% oxygen. These regulators have manual lever provisions to obtain
100% oxygen delivery throughout'the dilution altitude range and some models gre also provided
with a manugl lever which wheh actuated, will deliver a limited amount of positivie pressure (safety
pressure) forlemergency toxic-atmosphere protection.

Pressure-Demand: This'demand regulator can be obtained with or without dilution characteristics.
As described|in Section |l, this regulator is required for operation at altitudes abpve 35,000 ft
(10,668 m) tg maintain safe partial pressure for the user. The regulator is obtaipable with varied
output pressyre-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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4.3.1.1 Single Stage: The single stage demand or pressure-demand regulator operates directly from the
oxygen supply. The regulator should be designed to receive low supply pressure (in the range of
40 to 100 psig) at the demand valve without requiring a built-in pressure reducer. A single stage
demand regulator is intended to conserve on size, weight, and cost as compared to the multi-
stage type. However, downstream distribution lines are generally restricted to length and I.D. so
as to control the pressure drop.

4.3.1.2 Multi-Stage: The multi-stage demand or pressure-demand regulator operates from a high,
medium, or low pressure oxygen supply. A built-in pressure reducer is necessary in order to
reduce a high supply pressure down to the operating pressure for the demand valve of the
regulator. The multi-stage regulator has the advantage of operation over a wide range of supply
pressures.

4.3.1.3 Limitations pnd Recommendations: If loss of cabin pressurization can result in cabin altitudes
exceeding 25,000 ft (7620 m), protection of crew members from hypoxia (resulting in impairment
of consciousness) must be provided by supplying 100% oxygen immediately ¢n decompression
and by assliring that the minimum pre-decompression breathing mixture provides an oxygen
concentratipn of not less than that required by Graph 5 (see Figure 14) in Segtion VI. This can
be accomplished by use of mask mounted regulators or regulators mounted siufficiently close to
the user’s head so that the volume of that part of the breathing system between the regulator air
port and th¢ mouth/nose is limited so that 100% oxygen'is delivered in not mdre than 2 seconds
after the regulator shifts to 100% output. The panelor remote mounted regulators, requiring a
length of relatively large diameter (approximately:7/8 inch (22 mm)) low presslire breathing hose
to connect fo the mask, are limited to a maximum altitude of 25,000 t (7620 my). This
requirement can be waived above 25,000.ft(7620 m) when the crew member wears and uses his
mask with the regulator set on 100% oxyigen delivery. Reference may be made to AIR1069
(Crew Oxygen Requirements Up To-AsMaximum Altitude of 45,000 Feet) for ajdditional data and
recommendations.

For regulatdr requirements SAE has published a standard: AS1194, Regulatqr Oxygen, Diluter
Demand, Automatic Pressure Breathing.

4.4 Dispensing Eqliipment;
A breathing mask which will retain the positive pressure of oxygen delivered from|the regulator is

necessary for yse'in the pressure-demand system. The mask should be close-fitling around the
mouth and nose to prevent outward flow of oxygen around the sealing edges of the mask.

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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4.4.1 Oronasal Mask:

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 exhalation
valve is provided, and a microphone is usually provided with this type of mask when used by the
crew.

Pressure-Demand: The oronasal mask for use with this system differs from the demand mask in
several respects. The mask must be constructed to withstand positive pressures as well as to
resist collapse. The sealing edges which contact the face are designed to prevent outward
leakage whilgsti itrteritr i fotT i irside of the mask. In
addition, a spgecial exhalation valve is required to compensate for the positive pressures delivered
from the regulator. Without such a valve there would be an uncontrolled flow off oxygen through
the valve thrqughout the entire cycle of operation. Typical valves in uséemploy a sensing
diaphragm which automatically adjusts the valve opening pressure slightly aboye the regulator
pressure. Asthe exhalation phase begins, the user raises the pressure within the mask cavity.
This pressurg stops flow from the regulator, and as the mask pfessure continuep to increase, the
exhalation vallve opens.

4.4.2 Fullface Masks:

Demand: The fullface mask is intended to cover the nose, mouth, and eyes. Sjhce oxygen is
obtained by guction demand, the mask must fit snugly to the face so that it is leaktight. Internal
volume of thg mask should be as small as practicable to minimize the rebreathing of carbon
dioxide. An gxhalation valve is provided with this type of mask, and a microphone is usually
provided. The fullface mask is generallitsed as an emergency mask to protect against smoke
and other fumes.

Pressure-Demand: A fullface mask intended for use with this system differs from the demand
system appligation in the same respects as those described above for the pressure-demand
oronasal magk.
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SECTION V - LIQUID OXYGEN SYSTEMS
5. LIQUID OXYGEN:

Oxygen may be supplied from either gaseous, liquid, 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
liquid state). Gaseous oxygen has been commonly used in aircraft installations ever since flights were
made at altitude requiring supplemental oxygen for occupant survival. A practical liquid oxygen
system for aircraft use was developed as the result of past U.S. and foreign military aircraft design
programs. Ligquigroxygerrsupplysystemsare-instattedimmamyoftheew-S—military aircraft; active
consideration ha$ been given to these systems in the current commercial jet transport aircraft designs.
Refer to AS1304|Continuous Flow Chemical Oxygen Generators for further details pn chemical
oxygen generatign.

5.1 Liguid Oxygen Properties:

5.1.1 Liquid oxygen is a light, blue, transparent, waterlike fluid, produced by the fractipnal distillation of
purified liquid air. MIL-O-27210 promulgates the requirements for liquid oxygen,

5.1.2 At sea level, aitmospheric pressure (760 mm Hg or 14,7 psia), liquid oxygen hag the following

properties:
Boiling Point: -297 F (183 C)
Density: 71.2 Ib/ft> (1140:5'kg/m?) at -183 C (-297 F)

2.5 Ibfliter (1.14-kg/dm®)
9.54 Ib/gallon (U.S.)
11.32 Ib/gallon (Imperial)

Volume Expansion: 1 lifer liquid oxygen = 860 liters gaseous oxygenat 70 F (21.1 C)
(14.7 psia (101.3 kPa))
1 liter liquid oxygen = 30.36 fts (0.86 m3) gaseous oxygemat 70 F
(21.1 C) (14.7 psia (101.3 kPa))

Latent Heat of
Vaporization: 50.9 cal/gram (91.7 BTU/Ib (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 liquid 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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5.2

Liquid Oxygen Converters and Ground Servicing Equipment:

The utilization of liquid oxygen in airborne installations has been facilitated by the development of a
practical system for the conversion of cold liquid 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 the liquid oxygen to gas. Ground storage and airborne containers operate on the same
basic principle of liquid 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 6 and 7.
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FIGURE 7 - System Supply Procedure
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5.2.1 Liquid Oxygen Converter Assembly:

5.2.1.1 A converter assembly is a self-powered system for the storage of liquid oxygen and for its
conversion to gaseous oxygen as and when required. Major parts of the assembly package are:

a. A double-walled container ltem A

b. A pressure build-up coil ltem C

¢. An evaporating coil (or coils) * ltem B

d. Pressure control valves tem D & H Refer to
e. Pressure relief valve ltem | Figures
f. Liguid check valve ltem G 6and 7
d. Volume yaugilly plu'ut:

h. Mounting brackets

i. Econonpizer circuit (optional design)

j. Build up and vent valve Item E

k. Filler vglve ltem F

* Can be remotely located.

5.2.1.2 Two additiohal assemblies must be provided with the conyverter assembly as part of the over-all
system; i.e ), the filler valve assembly, and the build-upahd vent valve assemhly. In portable
conhverter designs, these assembles may be part of the converter assembly. $ome designs are
available that combine the functions of the two assembilies into one unit.

5.2.1.3 The principfil part of the converter is a vacuum insulated container. It consists|of an inner and an
outer shell with an evacuated air spacebetween the two walls. Connections for filling and
removing the liquid oxygen, and for wrenting the gaseous oxygen are provided|between the two
cohcentric ¢ontainers. Heat transferfrom outside the converter to the inner shell can be reduced
by the folloying design features:

a. Evacuajed space between the shells.

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

c. Use of Ipwithermally conductive materials in the assembly and a minimum jnumber of support
and/or assembly points between the two shells.

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.
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5.2.1.5

5.2.1.6

5.2.1.7

5.2.1.8

5.2.2

5.2.21

5.2.2.2

In present day equipment, losses of liquid oxygen from a converter assembly range from 5 to
20% per 24 hours depending on size of container.

Most airborne converters of the past and present designs deliver gaseous oxygen at a pressure
of 70 psig (0.48 MPa). A number of converters have been produced that deliver 300 psig

(2.07 MPa) gas. The high pressure assemblies are installed in bomber-type aircraft to permit the
crew to refill their portable oxygen bottles directly from the aircraft's oxygen system. The higher
pressure assemblies have also been proposed for use in the commercial jet transport aircraft
where long supply tubing runs are required (with increased line pressure drop), and where high
flow rates are required during emergency use of the system.

Converter mote location

depending pn converter design.
Liquid quantity indicating equipment utilized with converters is available in three types using
different depign features: Capacitance gauging, electro-mechanical transducer indication or
differential pressure type of indication.

Liquid Oxygeh Ground Servicing Equipment: Ground servicing equipment for ajircraft liquid

oxygen systems is provided by special storage tank and transfer cart assembligls. Liquid oxygen
can be stored indefinitely at sea level as long as it is kept at a temperature belofv its boiling point,

but to mainta|n a temperature below -297 F (-182.8 €). by mechanical refrigeration is expensive

and generally impractical. Therefore, ligquid oxygenis usually stored and handled in a vacuum-

insulated container similar in general design and-operational principles to the aitborne converter

assembly. Since pressure buildup within thecontainer is obtained by vaporization of the liquid
oxygen and regulated by control valves, this energy can be used to provide the [optimum pressure

(30 to 40 psig) for transfer of liquid oxygen from the ground equipment to an airgraft converter
installation onto another storage tank:

A typical liguid oxygen ground servicing assembly consists of a double-wall container with the
space betwgen the walls filled with an insulating material such as silica-aerogel and evacuated to
a very low pressure. Anvadsorbent “molecular getter” such as activated chargoal or activated
alumina may also be placed within the evacuated space to supplement the mechanical
evacuation|process> Component equipment in the assembly such as pressurg buildup coils;
vent, checkl and.relief valves; and capacitance gauges serve the same functio:lu as similar units in

the airborng eonverter assembly. Multiple safety devices are incorporated in this equipment to
assure safe and proper operation.

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).
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5.2.2.3 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 mounted and semipermanently installed or trailer mounted on four wheel
steerable trailers, for the purpose of receiving, holding, transporting and dispensing liquid
oxygen. The 2000 gallon tanks are permanently installed. Currently there are different
configurations of these tanks, each configuration requiring a different type designation (see 6.9)
5.2.2.4 Liguid Oxygen System Operation Details: Liquid oxygen is supplied to the container through the
springloaded Filler Valve (F) from the service cart. As liquid oxygen flows into the warm
container (A), it vaporizes very rapidly and cools down the inner area of the container, eventually
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-
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When oxygen is required in the aircraft system, liquid 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 Valve (D) opens and admits more vaporized
liquid oxygen into the gaseous side of the container, raising the pressure level and continuing the

cycle opera

tion.


https://saenorm.com/api/?name=2fe84fb7615ed328bb67a22eb9b1a3a7

SAE AIR825D Page 45 of 104

5.2.2.4 (Continued):

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 liquid
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 (1) 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
f ire Protectlon

5.3.1 Due to the eXtremely low temperature of liquid oxygen, proper safeguards should be taken by all

will result if liguid oxygen comes in contact with the skin duringiany handling operation. Burns will
also result if 3 non-insulating container, tubing, valves and other equipment containing liquid
oxygen is handled without the minimum protection specified in paragraph 5.3.2.

5.3.2 Personnel handling liquid oxygen should be protected\by loosefitting, clean coveralls of tightly
woven materfal with cuffless trousers, a cotton helfnet, gauntlet-type gloves of leather or rubber
with loose-fiting cotton inner liners, high-top shées under the trouser legs and g face shield.

5.3.3 If liquid oxygén is spilled on the clothing, the garments should 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 hazarg created by the combination of concentrated oxygen and a combustible material.

5.3.4 If liquid oxygén is spilled on exposed skin, wash it off immediately with cold water, apply cold
compress to the affected area-and get immediate medical attention.

5.3.5 When transfdrring liquithoxygen from one container to another, the receiving coptainer should be
filled very slovly untilit has been cooled to a temperature comparable to that of the liquid oxygen.
Rapid filling might, besides causing boiling or splashing, result in damage due tp thermal shock.

5.3.6 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.

5.3.7 Infilling liguid 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.
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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 Itis emphasized that no lubricant shall be used on liquid oxygen system male pipe fittings. Only
MIL-T-27730 Teflon tape thread sealant may be used on male pipe fittings when required.

5.3.10 Liguid oxygen must be stored in the containers designated for the purpose which will maintain the
vapor above the liquid at atmospheric pressure or at a low positive pressure level. The temperature
of the liquid will thus remain at or near its boiling point (-297.4 F (-183 C)). Evaporation of liquid
oxygen in a closed, unvented container could develop a potentially dangerous pressure condition

of 860 atmos
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p a gaseous system that provides an equal volume of oxygen to th

e weight as a gaseous system more oxygen can be supplied to the

m will require 60 to 80 percent less weight and 50 to 70 percent le
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resent liguid oxygen converters operate at 70 psi (0.48 MPa) and
pressuresS\compared to the standard gaseous oxygen supply pres
and 1800 psi (12.4 MPa).
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reducing regulator assemblies. The elimination of these assemblies further reduces weight, cost,

complexity,

and maintenance of the installation.

5.4.1.4 Problems and hazards in the handling, storage and use of high pressure gaseous oxygen are

eliminated.
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5.4.2 Disadvantages of Liquid Oxygen:

5.4.21 A liquid oxygen supply is constantly being reduced by evaporation whereas a constant volume of
gaseous oxygen can be stored in cylinders for an indefinite period, available for use whenever
required. Evaporation losses generally range from 5 to 20 percent in a 24 hour period. A regular
replenishment schedule of the liquid oxygen converter must, therefore, be maintained.

5.4.2.2 See paragraphs 5.3 through 5.3.12 for other problems and hazards.

5.4.2.3 During filling operation liquid losses can be encountered during transfer or filling if not carefully
controlled.

55 Referenced Puplications:

MIL-1-19326
Tr-36-260 Vol. | & Il Air Force Handbook of Liquid Oxygen Systems

5.6 Liguid Oxygen [System Description:

Refer to Figures 6 and 7.
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SECTION VI - CHARTS, TABLES AND SYSTEMS SCHEMATICS

6. DEFINITIONS AND ABBREVIATIONS:

ATPD = Ambient temperature and pressure, dry (PH,O = 0)

BTPS = Body temperature, pressure, saturated (37 °C, ambient pressure, saturated with water
vapor at 37 °C-PH,0 at 37 °C = 47.00 mm Hg)

BTPD = Body temperature, pressure, dry (37 °C, ambient pressure, PH,0 = 0)

STPD = Standard temperature, pressure, dry (0 °C, pressure = 760 mm Hg, and PH,O = 0)

NTPD = Normal temperature, pressure, dry (70 °F, pressure = 760 mm Hg, and PH,0 = 0)

PH,0 = Partial pressure of water vapor (PH,0 at 37 °C = 47.00 mm Hg)

P02 = Partiat pPressure of OXygen

BorPg = Ba’r.}:metric pressure

B-47 or = Sum of partial pressures of dry gases in an environment saturated with water

Pg-47 vappr at 37 °C, expressed in mm Hg

%05 = Paris of oxygen in 100 parts of dry gas by volume existing in a mixturg saturated with
water vapor at 37 °C

O °C = 273116 °K =32 °F = 491.69 °R

21.11°C =29427 °K =70 °F = 529.69 °R
37.00°C =310[16 °’K=98.6 °F = 558.29 °R

6.1 Weight of Oxygen in Supply Cylinders:

- v
W = dexk

where:

P = gauge pregsure, atmospheres

W = weight of ¢xygen in pounds

d = density of gxygen pound per{cubic inch (see 6.2)
v = volume of gylinder, cubic.inches

k = compressibility factor (tabulated below)
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TABLE 5

K at 32 °F (0 °C)

K at 68 °F (20 °C)

Pressure

psi (MPa) Atmospheres

450 (3.1) 30.6

900 (6.2) 61.3
1800 (12.4) 122.5

0.973
0.945

0.915 (approx.)

0.981
0.962
0.938 (approx.)

6.2 Density of Oxygen at Sea Level.

Grams/ Pounds/ Founds/

Degree F (C) Liter Cubic Foot Cubic Inch
-40 (-40) 1.67 0.105 0.602 x 10°*
-20 (-28.9) 1.60 0.100 0.576x 10*
0(-17.8) 1.53 0.095 0.552 x 10°%
20 ( -6.7) 1.47 0.091 0.530 x 104
32( 0 1.43 0.089 0515 x 104
40 ( 4.4) 1.40 0.088 0.507 x 10°%
60 (15.6) 1.35 0.085 0.487 x 10°*
80 (26.7) 1.30 0.081 0.470 x 10°*
100 (37.8) 1.26 0.078 0.453 x 10°%
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6.3 Weightin Pounds per Hour of an Oxygen Flow of one liter per Minute at 32 F and Ambient

Pressure:
TABLE 7
Altitude -
Thousands of Feet -0 10 20 25 30 35 40
(Meters) -0) (3048) (B096) (7620) (29144) (10668) (12,192)
Oxygen -
Pounds per Hour: 0.189 0.130 0.0886 0.070 0.056 0.044 0.035
(kg per Holur) (0.086) (0.060) (0.039) (0.03Z) (0.0Z5) (0.0Z0) (0.016)

6.4 Oxygen from Tank Supply to Produce Required Mixtures of Oxygen and Air at Mdsk:

TABLE 8
Percent of Oxygen
at mask: 21 30 40 50 60 70 80 a0 100
Percent of tgtal volume
which is drawn from tank 0 11 24 37 49 62 75 87 100

Percent of tgtal 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 analyticakmethod for calculating the oxygen requirements needed to
provide for a cgntinuous-flow, passenger oxygen system and evaluating 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 fviation
Regulations Parts 25.1441 through 25.1453. These regulations supersede CAR #b.651 dated
September, 1962. Although the analysis is based on regulations, the system is based on a
hypothetical aifplahe, 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 line pressure drop is maximum. The specific mask
performance characteristic will determine the flow requirement to the mask. This in turn, on the
basis of outlet performance, will determine the pressure schedule requirement to the outlet. The
pressure schedule required at the outlet, plus the system line pressure drop will determine the
pressure schedule of the passenger regulator.
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6.5 (Continued):

6.5.1

The choeice as to which system components are to be the system’s independent variables, and which
are to be dependent variables, is somewhat arbitrary. For our purposes, the performance of both the
passenger mask and the passenger outlet are considered to be the independent variables; their
performance will be determined empirically. The establishment of these values will allow the
calculation of the dependent variables, the regulator performance curves and an oxygen requirement
curve. The oxygen requirement curve is then used to evaluate the oxygen quantity requirements.
The required cylinder oxygen flow is that quantity of oxygen flow required by the system to insure
that all passengers will have at least the minimum oxygen design requirement.

Once the required quantity of oxygen has been established, an average or overall value of system

oxygen utilizati
minimum avers
the required cy

Requirement

nirefficiereycarrbedetermirred—Theoveraltefficiency utitization
ge oxygen flow requirement (or design flow requirement) per pass
inder oxygen flow per passenger.

5. The basis for the following calculations is Section 25:1443(c) of]

Federal Aviation Regulations (FAR). Part 25 applies to Transport Category airp)

“For passengers and cabin attendants the minimum mass flow of supplemental

for each pers|
during inspirz
equipment pr

(iy At cabinp
mean trag
BTPS (bg
water vaq
a constan

(i) At cabin g

mean trag

BTPS, an

respiratio

on at various cabin pressure altitudes shall not'be less than that w
tion the following mean tracheal oxygen partial pressures when us
pvided, including masks:

ressure altitudes above 10,000 ft (3048 m) to and including 18,50
heal oxygen partial pressure of 100 mm Hg when breathing 15 lite
dy temperature pressure, saturated, i.e. 37 °C, ambient pressure,
or at 37 C-PH-0 at 37 °C.=47.00 mm Hg) and having a tidal volur
t time interval between respirations.

ressure altitudes(above 18,500 ft (5639 m) to and including 40,00
heal oxygen partial pressure of 83.8 mm Hg when breathing 30 lit
d having atidal volume of 1100 cm?® with a constant time interval 4
ns.”

5 equal to the
enger, divided by

Part 25 of the
lanes.

oxygen required
hich will maintain
ing the oxygen

D ft (5639 m), a

rs per minute,
saturated with

he of 700 cm?® with

D ft (12,192 m), a
ers per minute,
etween
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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 okygen requirement curve, i.e., the cylinder oxygen flow required (¢
versus altitude.
2. The sppplemental oxygen line pressure regulator performance curve.

B. Determination of the Theoretical Oxygen Requirements:

Although the theoretical oxygen requirements bear no directrelation to the g
oxygen-flow requirements, they will be evaluated first since they will be nee
to evaluate the “overall efficiency of the passenger oxygen utilization” and s
“ball park{ figures of the actual needs. These calculations are based on the
Regulati:lns as guoted under design requirements. Table 9 indicates the pr

1. Colu
(3048|to 12,192 m).

2. Column “B” indicates the barometric pressure in mm Hg for each of the
increments.

3. Colunmn “C” calculates the conversion factor for reducing BTPS to NTPLC
tempgrature, pressure, dry;i.e. 70 °F, 760 mm Hg and PH,O = 0). This
Barometric Pressure atAltitude (Column “B”) minus the water vapor, 47
760 mm Hg. The ratio-is then corrected for temperature;

B - 47).(459.69 + 70.000)

'r passenger

ctual cylinder
Hed subsequently
prve to establish
Federal Aviation
bcedure used.

n “A” shows altitude in increments of thousands of feet from 10,000 to 40,000 ft

housand-foot

{normal
factor is equal to
mm Hg divided by

C = T760 " (459.69+96.6)
c - B247) 094877)

ol
where:

B = the numerical values in Column “B”
C = the numerical values in Column “C”
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TABLE 9
(C)
(A) (B) Volume (D) (E)
Altitude in Barometric Ratio Total % Total
Thousands of Press in (NTPD) LPM- O,
Feet (Meters) mm Hg * (BTPS) NTPD Required
At 15 (LPM BTPS)
10 (3048) 522.76 0.5939 8.909 21.02
11 (3333) 502.79 0.5690 8.535 21.94
12 (3657) 483.46 0.5449 8.173 22 .91
3 (3962) 464.77 0.5215 7.823 23,94
4 (4267) 446.63 0.4989 7.483 25.02
5 (4572) 429.08 0.4770 7.155 26.17
6 (4877) 412.09 0.4558 6.837 27.39
7 (5182) 395.66 0.4353 6.529 28.68
8 (5486) 379.78 0.4154 6.231 30.05
8.5 (5639) 372.01 0.4057 6.086 30.77
At 30 (LPM BTPS)
8.5 (5639) 372.01 0.4057 12172 25.78
9 (5791) 364.39 0.3962 11.887 26.40
20 (6096) 349.53 0.3777 11.330 27.70
21 (6401) 335.15 0.3597 10.729 29.08
22 (6703) 321.28 0.3424 10.272 30.55
23 (7010) 307.87 0.3257 9.770 3242
24 (7315) 294.89 0.3095 9.284 33.81
25 (7620) 282.40 0.2939 8.816 35.60
?6 (7925) 270.33 0.2788 8.364 37.52
27 {8236 25867 82642 7927 29:59
28 (8534) 247.43 0.2502 7.506 41.81
29 (8839) 236.58 0.2367 7.100 44 .20
30 (9144) 226.13 0.2236 6.709 46.78
31 (9449) 216.06 0.2111 6.332 4957
32 (9754) 206.35 0.1989 5.967 52.59
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TABLE 9 (Continued)

(C)
(A) (B) Volume (D) (E)
Altitude in Barometric Ratio Total % Total
Thousands of Press in (NTPD) LPM- O,
Feet (Meters) mm Hg * (BTPS) NTPD Required

33 (10,059) 197.00 0.1873 5.618 55.87
34 (10,363) 188.00 0.1760 5.281 59.43
35 (10,668) 179.33 0.1652 4.956 63.33
36 (10,973) 170.99 0.1548 4.644 67.59

A

37 (11,278) 162.99 0.1448 4.344 72.25
38 (11,582) 155.37 0.1353 4.059 77.33
39 (11,887) 148.11 0.1262 3.787 82.88

0 (12,192) 141.18 0.1176 3.527 88.98

For conversion to m bar multiply by 1.33322.

6.5.2 (Continued):

4. Column “D” is the flow rate in NTPD LPM{liters per minute) required to

follow

a. 15
b. 3(

These
(3048

ng regulator minimum mass flow-of supplemental oxygen.

LPM in BTPS liters from 10,000 to 18,500 feet (3048 to 5639 m).

values are obtained by multiplying Column “C” by 15 from 10,000

LPM in BTPS liters from~18,500 to 40,000 feet (5639 to 12,192 m).

to 5639 m) and by-30 from 18,500 to 40,000 ft (5639 to 12,192 m]}.

maintain the

to 18,500 ft

5. Column “E” is the percent of total oxygen concentration in the dry gas trachea necessary to

maint

hin the regulatory partial pressure of oxygen (O,) of:

a. 1
b. 8

The v

0 mm Hg from 10,000 to 18,500 ft (3048 to 5639 m).
.8 mm’ Hg from 18,500 to 40,000 ft (5639 to 12,192 m).

100

B

——— 100 (B is the value in column “B" up to 18,500 ft (5639 m)).

— 47

83.8

b =——=

B

—47 (5639 t0 12,192 m)).

100 (B is the value in column “B” from 18,500 ft up to 40,000 ft
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6.5.2 (Continued):

6. Column “E” shows the percent of total oxygen required to meet the FAA regulations or
requirements for tracheal oxygen partial pressure at each altitude indicated in Column “A”.
The fraction of added oxygen theoretically required will now be determined:

ttion of added
20.95, shown in
d recorded in

| fraction of added

mn “H” of

Basis
a. Dry gases.
b. Airis 20.95% oxygen.
¢. F =Fraction of air added.
d. F; = Total fraction of oxygen in the nitrogen-oxygen mixture.
e. F,=Fraction of oxygen added
_ oxygen added
total mixture air + oxygen
FprFa=1
FE1-Fa
F1=Fas+ 02095 F=F, +0.2095 (1 -Fpb)
Fq=Fa+0.2095-0.2095 F, = 0.2095 + 0.7905 F4
Fl - Fr-0.2095
0.7905
orlon a percent basis, where Ot = % total o6xygen, this is:
Fl - 0;-2095
79.05
The above equation is now evaluated at each altitude for F4, the frac
oxygen. This is accomplished by first evaluating the numerator, O+
Column “F”. The values of Column “F"” are then divided by 79.05 an
Column “G". The values in Column “G” thus represent the theoretica
oxygen (Table 10].
7. The theoretical exygen requirements for each altitude are shown in Coly
Table[10. TheSe values were obtained by multiplying the required minute volume

(Colu

mn “D7)by the theoretical fraction of added oxygen (Column “G").
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TABLE 10
()
(A) (H) Required Minimum
Altitude in (©G) Theoretical Oxygen Flow
Thousands of (F) (P Oxygen Req. to Mask in
Feet (Meters) (E)-20.95 79.05 LPM-NTPD LPM-NTPD
At 15 (LPM BTPS)
10 (3048) 0.07 0.00089 0.0079 0.0178
11 (3353) 0.99 0.0125 0.1067 0.1137
12 366H— 406 00248 Q2027 02037
13 (3962) 2.99 0.0378 0.2957 0:29(16
14 (4267) 4.07 0.0515 0.3854 0.37p9
15 (4572) 522 0.0660 0.4722 0.45p2
16 (4877) 6.44 0.0815 0.5572 0.53f9
17 (5182) 7.73 0.0978 0.6385 0.6148
18 (5486) 9.10 0.1151 Q7172 0.68p1
18.5 (5639) 9.82 0.1242 0.7558 0.73D3
At 30 (LPMBTPS)
18.5 (5639) 4.83 0.0611 0.7437 0.72p5
19 (5791) 5.45 0.0689 0.8190 0.7940
20 (6096) 6.75 0:0854 0.9676 0.93p6
21 (6401) 8.13 0.1028 1.1029 1.068
22 (6705) 9.60 0.1214 1.2470 1.204
23 (7010) 1117 0.1413 1.3805 1.344
24 (7313) 12.86 0.1627 1.5105 1.48/1
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 2.191 2.247
31 (9449) 28.62 0.3620 2.292 2.368
32 (9754) 31.64 0.4002 2.388 2.499
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TABLE 10 (Continued)

I
(A) (H) Requirecs ?\Ilinimum
Altitude in (@) Theoretical Oxygen Flow
Thousands of (F) (F) Oxygen Req. to Mask in
Feet (Meters) (E)-20.95 79.05 LPM-NTPD LPM-NTPD
33 (10,059) 34.92 0.4417 2.481 2.630
34 (10,363) 38.48 0.4867 2.570 2.754
35 (10,668) 42 .38 0.5361 2.657 2.891
36 (10,973) 46.64 0.5900 2.740 3.025
37 (11,278) 51.30 0.6489 2.819 3.14
38 (11,582) 56.38 0.7132 2.895 3:3Q7
39 (11,887) 61.93 0.7834 2.967 3.433
40 (12,192) 68.03 0.8605 3.035 3.603

6.5.2 (Continued):
C. Oxygen Hlow Schedule to the Mask:

During the initial development of jet transport passenger mask performance|specification, it
was common practice to give the added oxygen flow requirement (f) and mihute volume (MV)
as a ratio iV plotted against percent total' oxygen (% O2). By multiplying these —— values by
the minute volume, the minimum oxygen-mask-flow requirements were obtgined for the
particularimask.

Presently| however, the minimum oxygen-flow requirements, established dufing passenger-
mask-gualification tests.are presented directly as minimum oxygen-mask-flgw requirements.
The results of thesetests are analyzed and presented as “guaranteed Minimum Performance
Curve,” with the coordinates “Added Oxygen Flow to Mask in LPM-NTPD,” gnd “Cabin Altitude
in 1000 Feet.” For specific details see Federal Aviation Agency Technical Standard Order No.
C64, OxygeniMask Assembly, Continuous Flow, Passenger.

For our purposes we shall assume hypothetical perfformance which we will assume meets the
above TSO specification. These guaranteed performance values, given in Column 1",
Table 10, form the numerical basis for the entire system design.

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.
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6.5.2 (Continued):

D. Determination of Qutlet Flow and Pressure Schedule Requirements:

1.

Column “J” of Table 11 is computed by multiplying Column “I” by 1.05. This is to allow a
design safety margin of five percent. Itis extremely wise to include a safety margin not only
as a buffer for future production and equipment design 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 more graphical in nature. The reason for
this is that an outlet performance curve is best chosen empirically. |n other words, several

outletﬁmwilhsﬁﬂwmnd&ma&kﬂmmglor materials which
will give a particular test curve as shown in Graph 1 (see Figure 10). The important thing is

to be
tolera

is established it will form the basis for the regulator performancertequire

. Column “K" is the design upper limit of the outlet flow. Column “K” has K
multip

is the

be mg

tolera

There
weight in cylinder oxygen to cover excessive oxygen flow.

Colunmn “L” gives the mean design flow of all outlets and is calculated by

HJ!I an

Curve
Table

altitude. The flow raté is plotted along the ordinate while the altitude is g

top al

sure that the outlet restrictor performance is easily reproducible-wi
hces, because once the outlet performance (i.e. the outlet flow ver|

lying Column “J” by 1.06. This established a six_percent outlet de;
case with most oxygen system components, the design performan
de larger or smaller. Inevitably the initial cost of equipment manu
hces will be high when compared to those manufactured to more |
is, however, a “trade off” since the parts with wider tolerances will

d “K” and dividing by two o multiplying Column “J” by 1.03.

“A” is constructed on Graph 1 (see Figure 10) from the data in Co
11. This curve represents the required minimum outlet flow rate o

scissa.

hin reasonable
sus inlet pressure)
ments.

een calculated by
bign tolerance. As
ce tolerance can
actured to close
beral tolerances.
require more

adding Columns

umn “A” and “J” of
f oxygen at each
lotted across the
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TABLE 11
(L)
(J) (K) Average (M) (M)
(A) Minimum Maximum Outlet Flow Outlet Outlet
Altitude in Outlet Flow  Outlet Flow J+K Minimum  Minimum
Thousands of 1.05 (I) 1.06 (J) 2 Pressure  Pressure
Feet (Meters) LPM-NTPD LPM-NTPD LPM-NTPD psig * (kN/m2)
At 15 (LPM BTPS)
10 (3048) 0.0187 0.049 ** 0.034 4.2 289
11 (3353 0.1192 0.149 ** 0.134
12 (3657) 0.2139 0.244 ** 0.229 171 117.9
13 (3962) 0.3062 0.336 ** 0.321
14 (4267) 0.3947 0.4184 0.4065 253 174.6
15 (4972) 0.4811 0.5100 0.4955
16 (4877) 0.5648 0.5987 05817 32.4 224 1
17 (51182) 0.6455 0.6843 0.6649
18 (5486) 0.7236 0.7670 0:7452 38.35 264.7
185 (56839) 0.7668 0.8128 0.7898 40.0 2758
At 30 (LPMBTPS)
185 (56839) 0.7586 0.8041 0.7813
19 (57191) 0.8337 0.8837 0.8587
20 (6096) 0.9803 1,039 1.0096 47.2 324.0
21 (6401) 1.121 1.189 1.115
22 (67]05) 1.264 1.340 1.302 56.3 386.1
23 (7010) 14N 1.496 1.453
24 (7315) 1.555 1.648 1.601 65.4 448 2
25 (7620) 1.693 1.794 1.743
26 . 17934 880 734 505.9
27 (8230) 1.953 2.070 2.012
28 (8534) 2.097 2.216 2.154 80.7 556 .4
29 (8839) 2.228 2.362 2.295
30 (9144) 2.359 2.501 2.430 88.13 607.3
3 (9449) 2.486 2.636 2.561
32 (9754) 2.624 2.781 2.702 95.0 655.0
33 (10,059) 2.761 2.927 2.844
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TABLE 11 (Continued)

L
(J) (K) Average (M) (IVI)
(A) Minimum Maximum  OutletFlow — gyjet Outlet
Altitude in Outlet Flow  Qutlet Flow J+K Minimum  Minimum
Thousands of 1.05 () 1.06 (J) 2 Pressure Pressure
Feet (Meters)  LPM-NTPD LPM-NTPD LPM-NTPD psig * (kN/m32)
34 (10,363) 2.892 3.065 2978 101.90 702.8
35 (10,668) 3.036 3.218 3127
36 (10,973) 3.176 3.367 3.271 109.0 751.4
37 (11,278) 3.322 3.522 3.421
38 {111,582) 3.472 3.680 3.576 115.83 798.7
39 (11,887) 3.626 3.843 3.734
40 (12,192) 3.783 4010 3.897 1231 8477
* At Cabin| Pressure

** (K) = (J) | .03
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6.5.2 (Continued):

5. 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 allow accurate interpolation. Where the graphical method
is used, as is the case in this example, it is recommended that the plotting be done using a
fairly large scale to insure accuracy. Ten inches per liter flow and fifty inches per hundred
psi were used in the example. To reduce the paper sizes two ranges were used.

From
incre

ents of 4000 feet or less.) The pressure values from Curve “B’@a

—1(In altitude

e read from

abscigsa and recorded in Column “M” of Table 11. These pressure valugs are the

Curve
altitu
IICH) a

Curve
using

E. Calculatig

1.

Graph
outlet

Althol
step-v
functi
since
press

The p
there

um pressure in psig (at altitude) required at the inlet of thelexygen
es with the identical Curve “B” pressures. This thenprovides the
d minimum (Curve “B”) oxygen outlet flow perfermance at each p

“D”, the average outlet flow curve is constructed in the same mann
the data in Column “L”.

h of Passenger Regulator Performance:

as a function of pressure.

gh this curve is hypothetical, such a curve can be arrived at by a s
ise, system-pressure=drop calculation. It is recognized that press
bn of both weight-flow and density (Darcy's equation). However, fol

ire, with flew rate at a maximum.

ressure. drop will depend on the piping configuration and on line si
s a\weight trade off. Smaller lines and fittings will weigh less and

outlets.

“C" is constructed from the values shown in Column “K” by plottinﬁ] at corresponding

aximum (Curve
ressure-altitude.

er as Curve “C” by

2 (see Figure 11) shows line pressure drop from the regulator to fhe most remote

straight-forward,
ure drop is a
convenience, and

flow is a functionof pressure, pressure drop is plotted here against regulator

ring. Here again,
be easier to install,

but th

b increase in pressure drop will mean an increase in requlator preg

ssure. 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.

Graph 2 (see Figure 11).

. The maximum system pressure drop values shown in Column “N”, Table 12 are read from
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TABLE 12
(N) (©)
(A) Maximum Regulator (R)
Altitude in System Pressure  Minimum Barometric
Thousands of Drop in Pressure (P) Pressure
Feet (Meters) psi psig * 1.05 (O) psi
At 15 (LPM BTPS)
10 (3048) 0.02 4.22 4.43 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 (60986) 0.64 47.84 50.23 6.759
22 (6705) 0.86 57.16 60.02 6.212
24 (7315) 1.12 66.52 69.85 5.702
26 (7923) 1.34 74.74 78.48 5.227
28 (8534) 1.55 82.25 86.36 4.784
30 (9144) 1.78 89.91 94.91 4.373
2 (9754) 2.02 97.02 101.87 3.990
4 (10,363) 2.25 104.15 109.36 3.635
6 (10,973) 2.50 111.50 117.08 3.306
S (11.582) 2.75 118.58 124.51 3.004
0 (12,192 3.00 126.1 132.41 2.730

NOTE—Valges-inM 2 ah-be-eblained-by-multisbring-psig-figure by
6.894757. Values of Barometric Pressure in m bars can be obtained by
multiplying psi figure by 68.948.



https://saenorm.com/api/?name=2fe84fb7615ed328bb67a22eb9b1a3a7

SAE

AIR825D

Page 63 of 104

6.5.2 (Continued):

3.

Column “O”", the minimum regulator pressure output is the sum of required outlet input
pressure (Column “M™ and the system pressure drop (Column “N”).

Column “P”, is equal to minimum regqulator pressure output (Column “O”) plus five percent
for regulator tolerance.

Column “R” indicates the barometric pressure in pounds per square inch.

To evaluate regulator feasibility, Graph 3 Regulator Pressure schedule (see Figure 12), is
drawn. Column “QO” and “P” the regulator outlet minimum and “minimum plus 5%"

pressy
desig

While
press
regulg

totted b titedeid | Sotrm R

hated as Curve “O” and “P” respectively.

not necessarily true of all altitude compensating regulators; usuallly
r

ire varies directly with changes in atmospheric pressure. “Thus, fo
tor design, Curve “S” is added as the maximum tolerance. This cu

two straight line functions laid out graphically as close as reasonably pos
alues recorded in Column “S” are read from Curde “S”. Thus Columns “Q" and “S”

The v,
and G

F. Calculatig

1.

urves “O” and “S” represent the regular pressure performance req

h of Required Cylinder Oxygen Consumption Per Passenger:

We m,LUSt assume that the system regulator-output will be maximum as g

ﬂsu Si

consi
manif
anav
calcul

ce this is an allowable situation.

', and are

the output
convenience in
've is composed of
sible to Curve “P”.

Lirement.

hown in Column

n “T", the average pressure at the average outlet is equal to Column “S” minus half

Colu
the s’;];stem pressure drop showniin Column “N”. For an average type sy

ered to be very close to the actual average pressure conditions; h

stem, this is
owever, where

blds are unbalanced-or there is a long length of plumbing to the mzst remote outlet,

brage pressure drop calculation may need to be performed by stan
ation procedures:

ard pressure drop
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6.5.2 (Continued):

3. Once the average pressure at the outlet has been calculated for each altitude as shown in

G. System Efficiency:

1.

. The systemefficiency to the mask then equals:

Column “T", the average flow rate at each of these altitudes can be determined. This
evaluation may be accomplished by either of 2 methods:

(1) The direct approach uses the average outlet flow curve, Curve “D”, Graph 1
(see Figure 10). 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 (see Figure 10) {the minimum flow at a given pressure) can be used

3 J alue by 1.03 or 1.06

re pectrvely Usrng this method the pressure values of Column “Trgre plotted on

Clirve "B”, Graph 1 (see Figure 10) and the minimum flow values-arg recorded in

Column “U". The values in Column “U” are then multiplied by 1.03 gjving the average

oytlet flow Column “V”.

The use of the average outlet flow is justifiable wherethere is a largg number of outlets.

\I\{r\RNING: It should be emphasized that whera.the population of olitlets is small,
Clirve “C" must be used, or Column “U” should\be multiplied by 1.08 or possibly a figure
bgtween 1.03 and 1.086.

Column “v” from Table 13 is plotted as /Curve “V” on Graph 4 (see Figure 13). The
aerage flow value may be calculated by graphical integration of the|area below the
cyrve 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
repuired for even descents from 40,000 to 10,000 ft (12,192 to 3048|m).

Colunmn “1”, the required minimum oxygen flow to the mask, from Table 10 is plotted as
Curve “I” on Graph:4'(see Figure 13). The average flow value of Column “I" is found to be
1.6578.

1 6578
2.01

TUU = ©6Z.40%
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TABLE 13
“(S) “(T) (U)
(A) Regulator Average Minimum V)
Altitude in Maximum Pressure Flow at Average
Thousands of  Pressure at Outlet Pressure in (T) Flow
Feet (Meters) psig ** psig ** LPM-NTPD LPM-NTPD
At 15 (LPM BTPS)
10 (3048) 423 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 0910
185 (5639) 45.59 45.34 0.925 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 1755 1.808
26 (7923) 80.97 80.30 2.075 2137
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
34 (10,363) 111.86 110.74 3.255 3.352
36 (10,973) 118.24 117.00 3.520 3.626
38 (11,582) _ 124.10 122.73 3.762 3.875
40 (12,192)* 130.00 128.5 4.015 4.135
* At Cabin Pressure
** Multiply psig by 6.894757 to get kN/m?
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6.5.2 (Continued):

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:

15732
Es = ;- 100
Eq = 78.27%

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

The minimum guantity of emergency and sustaining supplemental cylinder oxygen (Reference

FAR 121.
attendant) for:

1.

33) must be sufficient to provide each cabin occupant (passenge

Emergency descent at maximum demonstrated descent rate, to.émerge
and tq provide at cruise altitude sustaining supplemental oxyget for the
decompressed flight. (For 100% of the passengers above 15,000 ft (471
14,000 to 15,000 ft (4267 to 4572 m) and to provide for10% from 10,00
(3048|to 4267 m) cruise altitude.)

rm ten-minute emergency descent (from maximum certificated cr,
10,00p ft (3048 m)).

For cabin

ncy cruise altitude
duration of

b2 m), 30% from

D to 14,000 ft

Lise altitude to

It is net the intent of the regulation to provide for item 1 plus item 2 but t]:

largegt value so that the quantity of oxygen can meet either condition. |
can be considered the absolute minimum, and the quantity of oxygen w
actually required for the demonstrated emergency descent rate may be
used to partially meet the requirement for sustaining oxygen.

(1) The Absolute Minimum*Required Quantity of Oxygen

Q| = Minimum quantity Q per FAA regulations in L-NTPD
T FAime in minutes of flight after decompression

provide for the

em 2, in a sense,
ich exceeds that
considered to be

Lgt Q = Required quantity of emergency and sustaining supplemental oxygen in
L-NTPD (litefs-of normal temperature pressure dry, 70 F, 760 mm Hg and PH,O = 0).

F =Flow rate-in LPM-NTPD.
The General Equation

Q=103TF)
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6.5.2 (Continued):

The value “1.03" is used to include a 3 percent margin for infants-in-arms.

Q

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

m

The value “2.01" is the average flow in LPM from 40 to 10 thousand feet. (Column “V”,
Table 13.)

The “20.70 L-NTPD” of oxygen is the minimum (required FAA regulations) per
passenger and cabin attendant specifically for this particular hypothetical oxygen

S

N¢

(2) E

th

n
LTI,

aircraft operating under Part 121 of the FAR.

ample 1, Available Oxygen for Sustaining Supplemental Oxygen

bt oxygen actually required for the demonstrated emergency desc

uged as sustaining oxygen.

DTE: This system evaluation and calculation has not included an analysis of the
required first aid oxygen system and cylinder oxygen fequifed for air carrier

Ag stated above, the oxygen provided by the minimum required quar]:ity which exceeds

nt rate may be

Am example of actual emergency oxygen needs will now be calculat¢d based on the
hypothetical performance capability.

a.

Basis:

14,000 ft (4267 m).

14,000t (4267 m) (assuming descent can be made to 14,00

(3)Emergency cruise at or below 14,000 ft (4267 m).

(1) Decompression.at- 40,000 ft (12,192 m) with emergency desdent to

(2) 40,000.f£(12,192 m) maximum demonstrated descent rate of 240 seconds to

D ft (4267 m)).
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6.5.2 (Continued):

where the following required quantities of oxygen are:
Q. = actual needs

Qp = delay of 20 seconds at 40,000 ft (12,192 m)
Q40 . 14 = descent from 40,000 to 14,000 ft (4267 m)

Total Emergency Oxygen per Passenger:

Delay:

60

Quo 14 = 1.03 (Tyg 14) Fag 14

F40-14 is essentially the average flow from 40,000 to 14,000 ft (12,192 to 4267 m)

and may be determined by graphical integration of the area belo
Graph 4 (see Figure 13) from 14 to 40 thousandfeet. This value
may also be obtained numerically from Colunin’ “V”, Table 13.

240
1.03 50 2.28

9.39 Liters NTPD
Qe = QD+Q40714 = 142+939
Q. = 10.81 L-NTPD

Q40—14 -

.| Available Sustaining Supplemental Oxygen: The quantity differe

minimum required.quantity and the actual needs may be used fo
supplemental oxygen (Qgp,).

Qsm = meQe
Q,,, =\20.70-10.81 = 9.89 L-NTPD

v the Curve “V” on
2.28 LPM-NTPD,

nce between the
I sustaining
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6.5.2 (Continued):

e.

Determine the duration in minutes for the minimum sustaining su
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 “... 1
humber of passenger cabin occupants ..."

The general equation would be:

Q.. = 0.1(1.03) F,,)

SMyy

A E
(5
at

where;

Qqm,, = quantity of minimum sustaining supplemental oxygen at
F 14 = Flow at 14,000 feet in LMP-NTPD
T14 = Time at 14,000 feet

If Qgy = 9.89 L-NTPD, then

9.89=0.103 (.449) T,,
9.89 = 0.046247 T/,

989 _ 51385 minutes:= 3.56 hours

'~ 0.046247

NOTE: Where the duration of minimum sustaining supplement

86 m), sixteen minute emergency cruise at 18,000 ft (5486 m) an
14,000 ft (4267 m).

Basis;:

(1) 40,000 ft (12,192 m) maximum demonstrated descent rate of
18,000 ft (5486 m) (assuming descent can be made to 18,00

(2) At an emergency cruise at 18,000 feet (above 15,000 feet) th

oxygen for 100 percent of the number of cabin occupants.

(3) Descent from 18,000 to 14,000 feet is one minute (assumed

I
ample 2, decompression at 40,000 ft (12,192 m) with emergency i

pplemental

0 percent of the

14,000 ft (4267 m)

oxygen is

insufficient, additional supplemental oxygen must be cafrried.

scentto 18,000 ft
d one hour cruise

203 seconds to
D feet).

e FAA requires

100 percent).

(4) Emergency cruise at 14,000 feet and below, FAA requires oxygen for

10 percent of cabin occupants.
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6.5.2 (Continued):
b. Calculations:

Q=1.03(T) (F)

Q=Q¢+Qqg14+Qyy

Qe =Qp + Qqp-18

Q. = Quantity of oxygen actually required for emergency delay (Qp) of 20 seconds
and emergency descent (Qq.15)

Qe =Qp *+ Qup.15

Fis =0.910 LPM-NTPD

F14 = 0.449 LPM-NTPD

s L SR A R I
r40 18 LJU LITIVISINTTTLS

Fig.14 = 0.6783 LPM-NTPD

Delay:

Qp =1.03 % 4.135=1.420 L-NTPD

Descent;:

_ 203
Q.15 = 1.03 5 2.56 = 8.92

Emergency Delay Descent:

Q. = Qp + Qup.15 = 10.34 L-NTPD
Qs = 1.03 (0.910) (16) = 14.996 L-NTPD
Q1514 = 1.03 (Fqg.14) [Tis14)
= 1.03 (0.6783)-{1) = 0.699 L-NTPD

Qq4 = (0.1) (1.03).(0.449) (60) = 2.775 L-NTPD
Q=Qc +Qqg + Qg 14+ Qyy

=10.34 + 14996 + 0.699 + 2.775
Q =28.81E=NTPD

It canbe seen that this value of “Q" (28.81 L-NTPD) exceeds the “absolute
minimum requirement” (Q,, = 20.70 L-NTPD) and in so doing becomes the
minimum required quantity of emergency oxygen per passenger lor cabin attendant.
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6.5.3 Selection of Cylinders: In 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.

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 () (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

FAR 91, the G4
Such flights m3

Hpresstrized—Thetypesof operationsareasfollows—————

heral and Flight Operating Rules, govern flights not carrying 'pass

n
y be conducted in Transport, Normal, Utility and Acrobatic Categoty

gers for hire.
Airplanes.

FAR 121, the rliles for Domestic, Flag and Supplemental Air Carriers ‘and Operatgrs of Large

Aircraft, govern
hire.

FAR 135, the rliles for Air Taxi and Commercial Operators, govern flights inn Tran

Airplanes of 30
passengers arg

In unpressurizg
cabin altitudes
10,000 feet.

In pressurized
donning oxyge
those aspects

altimeter barometric reference’is set to 29.92 inches Hg and the altitude is called

i.e. 29,000 feet

If both pilots ar
upto FL410 u

flights only in Transport Category Airplanes where)passengers ar

passengers or less as well as flights inkNormal and Utility Airplang
carried for hire. This includes singlesengine airplanes.

d airplanes, crew members arerequired to use oxygen in FAR 91
pf 12,500 feet and in FAR 121 and FAR 135 operations above cab

birplanes, crew member oxygen use is also dependent upon whet

e being carried for

sport Category
s where

operations above
in altitudes of

r or not quick-

e
n masks are used. Inasmuch as almost all operators use quick-doT'uning masks, only

vill be considered. When airplanes are flown at altitudes of 18,00(
is calledFL 290, 33,000 feet is FL 330, etc.

e segted at the controls and have quick-donning masks, the airplan
nder'either FAR 91 or FAR 121 rules, or up to FL 350 under FAR 1

feet or more, the
a flight level (FL)

e can be operated
35 rules without

either of the pilots wearing oxygen masks. For flights above these altitudes the pilot wearing the
mask does not need to be breathing oxygen but oxygen must be automatically 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 hour minimum.
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6.6 (Continued):

Where conventional demand equipment is used duration may be calculated using flow rates from
Table 14. 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.

TABLE 14
Altitude in Oxygen Consumption  Oxygen Consumption
Thousands of “100% Oxygen” “Normal Oxygen”
Feet (Meters) LPM-NTPD LPM-NTPD
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 29
25 (7620) 4.1 3.3
30 (9144) 3.17 31
35 and above
(10668) 2.3 2.3

Oxygen Duratign requirements are determined on the basis of cabin pressure altitudes and flight
duration. The fequirements for airplanes.with pressurized cabins are determined|on the basis of
cabin pressure|altitude and the assumption that a cabin pressurization failure willjoccur at the
altitude or poing 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 successfiil termination of\the flight with the cabin altitude considered the same as the flight
altitude.

Duration can bg computed using the following equation.

Q=N (R1T1 + R2T2 e RnTn)

Where

Q = quantity required in liters - NTPD

N = humber 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)
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6.6 (Continued):
Example No. 1

A pressurized Transport Category airplane with 2 crewmen flying above 25,000 ft (7620 m) without
quick-donning masks on a 6 hour overwater flight, using demand equipment.

R1=2.4LPM - one crewman on oxygen above flight altitude of 25,000 ft (7620 m), cabin altitude
below 10,000 ft (3048 m).

T4 = 3 x 60 = 180 minutes - time to point of no return and assumed loss of cabin pressurization.

R, = 3.3 LPM -rateforeachof 2crewmarmonmoxygenat 25;,600-ft<7620-my—=ititude to continue flight

after loss of prgssurization.
T- =180 minutes, time to continue flight at 25,000 ft (7620 m) to termination of flight.
Q=N4R4T4 + NoR-T5
Q=1x24x180+2x3.3x180
Q =432 + 1188 = 1620 liters NTPD
or,
Q = 1620/28.32 = 57.2 cubic feet NTPD
NOTE: This i$ 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 pf maximum
oxygen consumption, whereas flight after loss of pressurization would ngrmally be at much

lower jaltitudes because of low ambient temperatures at the higher altitugles and the
suscefptibility of the occupants to the bends.
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6.6 (Continued):

Example No. 2

A pressurized Transport Category airplane with 2 crewmen flying at 38,000 ft (11,582 m) with quick-
donning masks using demand equipment on a continental 4 hour 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 minutes required for the emergency descent, the FAA 2 hour minimum would be required.
This minimum should be based on the anticipated flight profile to be used after loss of cabin

pressure. Assui[mea-mmnmdescem-ﬁme-ﬁemnmes-and-mmmuedﬁgm-af
for a total of 2 hours.

Ri=3LPM-u
T4 =10 minute
R, =2.4LPM -
T =110 minut
Q=(NRyTy) +
Q=2x3x10
Q=60+ 528 5

or,
Q =588/28.32
Example No. 3

An unpressuriz

a 1-1/2 hour flight at 18,000 ft (5486 m) using demand equipment.

Since the airpl3
FAR 135 is not
requiring oxygg

Ry =2.7 LPM,

5ing average rate for 10 minute descent.
5 - descent time.

continued flight at 14,000 ft (4267 m).

s - continued flight at 14,000 ft (4267 m).
NR>T)

+(2x 2.4x 110)

588 LPM, NTPD

= 20.8 cubic feet, NTPD

ed FAR 23 airplane(under 12,500 Ib (354.4 kg) gross), not flying fq

ne is not carrying persons or property for hire the 2 hour minimum
applicabley To be conservative ignore the time to climb to and desc
n.

byinterpolation of Table 14 to obtain rate for 18,000 ft (5486 m).

14,000 ft (4267 m)

r hire, one pilot on

supply required by
tend from altitudes

T4 =1-1/2 hours = 80 minutes.
Q = 243 liters NTPD

or,

Q=243/28.32 =

8.6 cubic feet NTPD
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6.7 Conversion Factors:
TABLE 15
To_Obtain From Multiply by To Obtain fFrom Multiply by
Standards of Volume
[
8TPS BTPD P 8 %7 Cubic Feet Liters 0.03531
B~ Cubic centi-
meters 0.00003531
STPD 862,94 Cubic inches 0.0005787
PB - 47 Gallons (lig.) 0.1337
Gallons (lig.) Liters 0.2642
Cubic centi-~
NTRD. :01'027 meters— 0.0002642
B~ Cubic inches 0.004329
Cubic feet 7.481
PB - 47 Volume Flow Rate
BTPD 8TPSs P Liters/Minute Cubic . feet/hour| D.4717
B Cubic Feet/hour Liters/minute 2.120
Pressure
STPD 862.94 mn Hg @ 0°C Inch Hg @ 0°C 25.40
PB Inch H20 @ 4°C | 1.868
Cm. H20 @ 4°C 0.7354
801.04
NIFG PB Lb/f tz 0.3591
Lb/ :in2 51.71
STPD BTPS 0.0011588 (I"'B - 47) Millibars 0. 7500
A -
BTPD 00011588 (P,) 2 tRospheres 760.00
% e
o it mmere | o
NTPD BTPS 0.0012484 (l’B < 47) Inch “20 ® a°C | 0.03613
BTPD 0.00124801P,) Cr. HO @ 4°C | 0.01422
STPD 1.0773 2
Volume Lb/ft 0.006944
Liters Cubic centi- Millibars 0.01450
meters 0.001 Atmospheres 14.696
Cubic 2 .2
Trches 0.01639 l:N/mth Lb/in 6.8948
Cubic-faet 28.32 e::et Inches 0.08333
Gallons (liq.) 3.785 Meters 3.281
Cubic Centimeters 0.03281
Centimeters Liters 1000. Millimeters 0.003281
Cubic inches 16.39 Inches Feet 12.
Cubit Teet 28320, Meters 39.37
Gallons (liq.) 378S5. Centimeters 0.3937
Cubic Inches Liters 61.02 Millimeters 0.03937
Cubic centi- Meters Feet 0.3048
meters 0.06102 Inches 0.0254
Cubic feet 1728. Centimeters 0.01
Gallons (liq.) 23l. Millimeters 0.001
Millimeters Feet 304.8
Inches 25.4
Meters 10000.
Centimeters 10.
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6.8 Composition of the Atmosphere:
TABLE 16
Molecular Fraction  Molecular Weight
Constituent Gas Percent 0=16.000

Nitrogen (N) 78.09 28.106
Oxygen (O5) 20.95 32.0000
Argon (A) 0.93 39.944
Carbon Dioxide (CO,)  0.03 44.010
Neon (Ne) 1.8x107 20.183

felitm—He) 524464 4-603
Krypton (Kr) 1.0x 10 83.7
Hydrogen (H-) 5.0x 10° 2.0160
Xenon (Xe) 8.0x10° 131.3
Ozone (O3) 1.0x 10 48.0000
Radon (Rn) 6.0x107"8 222.0

6.9 Military Specifi

bations and Standards Applicable to Aircraft Oxygen Systems:

TABLE 17
DCD Document Preparing
Number Activity
Adaptef, Compressed Gas Cylinder Valve MIL-A-16288/1 Army-ME
Conngction, US Regulator to British
Oxygen Valve
Adapter, Compressed Gas\Cylinder Valve MIL-A-16288/2 Army-ME
Conngction, US Regulator to French
Oxygen Valve
Adaptel, Compressed Gas Cylinder Valve MIL-A-16288/3 Army-ME
ConngctionUJS 'Regulator to Japanese
Oxygen Valve
Adaptel, Compressed Gas Cylinder Valve MIL-A-16288/4 Army-ME
Connection, US Regulator to Dutch
Oxygen Valve
Adapter, Compressed Gas Cylinder Valve MIL-A-16288/5 Army-ME
Connection, US Regulator to German
Oxygen Valve
Adapter, oxygen Servicing, USAF Ground MS27589 AF 11
Equipment to RAF Aircraft
Adapter, Oxygen Supply, Chemical MIL-A-51306 Army-EA

Biological Mask, ABC-M8



https://saenorm.com/api/?name=2fe84fb7615ed328bb67a22eb9b1a3a7

AIR825D

Page 77 of 104

TABLE 17 (Continued)

DOD Document Preparing
Number Activity
Adapter Portable Oxygen Recharging ANB044 AF 71
Orifice
Adapter Oxygen Filler AND10070 AF 11
Adapter Pressure-Reduce In-Line MIL-A-27471 AF 82
CRU-43/A
Air, Compressed, for Breathing Purposes BB-A-1034 Navy AS
Bonding, Electrical and Lightning MIL-B-5087 AF 11
Protection for Aerospace Systems
Cap Astembly Liguid Oxygen Filler Valve MS27566 AFF1
Clamp,|[Oxygen Hose MS22064 AF 82
Cleaning Methods and Procedures for MIL-STD-1359 Navy AS
Breathing Oxygen Equipment
Cleaning Compound, Solvent, Trichlo- MIL-C-81302 Navy AS
roflurpethane
Concerftrator, Oxygen, GGU-7/A MIL-C-85521 Navy AS
Connegtor, Bayonet 3 Pin, Oxygen Mask MS27796 AF 82
Connegtor, Oxygen Hose to Regulator MS22058 Navy AS
Connegtor, Oxygen Hose to Regulator MIL-C-19064 Navy AS
Connegtor, Oxygen Mask Hose, Type MC:3A MS22016 Navy AS
Connegtor, Oxygen Mask Hose, Type MC-3A MIL-C-19246 Navy AS
Connegtor, Oxygen Mask to Regulator, MIL-C-38271 AF 82
CRU+60/P
Connegtor, Oxygen Mask Hose, Non-Ejection MIL-C-83867 AF 82
Type
Controller, Oxygen Flow Emergency Cylinder MS29597 AF 1
Valve
Converter, Liquid-@xygen, GCU-2A/A MIL-C-25777 AF 1
Converter, Oxygen, Liquid to Gaseous, MIL-C-2082 AF ¥1
Genetal Specification For (Mechanical
Gaging)
Converter, Oxygen, Liquid to Gaseous, MIL-C-25021 AF 71
Type MA-1 (20 Liter 300 PSI Mechanical
Gaging)
Converter, Liquid Oxygen, Capacitance MIL-C-25666 AF 11
Type Gaging, General Specification For
Converter, Liquid Oxygen, GCU-12A/A MIL-C-25973 AF 71
(5 Liter 70 PSI)
Converter, Liquid Oxygen, MB-3A (5 Liter) MIL-C-19328 AF 71
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Converter, Liquid Oxygen, GCU-24/A MIL-C-19803 Navy AS
(10 Liter 70 PSI)

Converter, Liquid Oxygen, GCU-3/A MIL-C-25781 AF 71
(10 Liter 70 PSI)

Converter, Liquid Oxygen, GCU-10/A MIL-C-25974 AF 71
(10 Liter 300 PSI)

Converter, Liquid Oxygen, GCU-11/A MIL-C-25972 AF 71
(10 Liter 300 PSI)

Converter, Liquid Oxygen, ME-3 MIL-C-25674 AR F1
(25 Liter 300 PSI)

Converter, Liquid Oxygen, GCU-17/A MIL-C-27336 AF F1
(25 Liter 300 PSI)

Converter, Liquid Oxygen, GCU-20/A MIL-C-27652 AF 1
(75 Liter 300 PSI)

Coupling Half, Quick Disconnect ANBO27 Army-AY

Coupling - Automatic Oxygen ANB009 AF 1

Coupling Assemblies Quick Disconnect, MIL-C-21049 Navy AS
Aircrdft Liquid Oxygen Systems

Coupling Assemblies Quick Disconnect, MS22068 Nawy AS
Aircrdft Liquid Oxygen Systems

Cylindefr Assembly, Emergency Oxygen MS22069 AF 1

Cylindefr, Oxygen, Low Pressure MS21227 AF 1

Cylindefr, Oxygen Low Pressure MIL-C-5886 AF 1

Cylindefr, Oxygen, Nonshatterable, MS90389 Navy AS
Welded, 1800 PSI, Straight, “U” and
Spiral Types

Cylindefr, Compressed Gas, Nonshatterable MIL-C-7905 Navy AS

Cylindefr, Compressed Gas, Nonshatterable MS26545 Navy AS

Delamination/Test Stand for Oxygen Hose MS22057 Navy AS

Design jandInstallation of Gaseous MIL-D-8683 Navy AS
OxygemSystemsimAincraft, Generat
Specification For

Design and Installation of Liquid Oxygen MIL-D-19326 Navy AS
Systems in Aircraft

Design and Installation of On-Board MIL-D-85520 Navy AS
Oxygen Generating Systems in Aircraft,
General Specification For

Dummy Converter, Liguid Oxygen Indicator MIL-D-26392 AF 71

System, 10 Liters, CRU-23A
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Dummy Converter, Liquid Oxygen Indicator MIL-D-26393 AF 71
System, 25 Liters, CRU-24A

Emergency Oxygen Supply Chlorate Candle, MIL-E-83252 AF 71
Aircraft, CRU-74/P

Environmental Test Methods MIL-STD-810 AF 11

Fitting End, Standard Dimensions for MS 33656 AF 82
Flared Tube Connections and Gasket
Seal

Gage, Aircraft, Capacitance, Liquid MIL-G-19327 Nawy AS
Oxygen, MC-5

Gage, Aircraft, Capacitance, Liquid MIL-G-19804 Nawvy AS
Oxygen, MC-6

Gage, Aircraft, Capacitance, Liquid MIL-G-19807 Nawy AS
Oxygen Repeater

Gage, Aircraft, Capacitance, Liquid MIL-G-19053 Navy AS
Oxygen Converter, General Specification
For

Gage - [Panel Mounting, High Pressure ANBO11 Navy AS
Oxygen

Gage - [Panel Mounting, Low Pressure ANB021 AF 82
Oxygen

Gage Hressure Dial Indicating Oxygen, MS18043 Nawy AS
High Pressure

Gage, liguid Oxygen, Dial Indicating, MIL-G-25127 AF 82
0 to 20 Liters

Gage, Pressure, Dial Indicating, Low MIL-G-6019 AF 82
Presgure Oxygen

Gage, Pressure/Dial Indicating, Oxygen, MIL-G-23676 Nawy AS
High Pressure

Gage, Pressure, Dial, Oxygen, High MIL-G-6035 AF BAAMA
Presgurg

Hose and Hose Assemblies, Air Duct, Air MIL-H-87961 AF 71
Breathing, Oxygen Systems, General
Specification For

Hose Assembly, Metal, Flexible, Breathing MIL-H-26499 AF 82
Oxygen

Hose Assembly, Polytetraflucrethylene, MIL-H-26633 AF 82
Oxygen

Hose Assemblies, Oxygen, High Pressure MS22030 Navy AS
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Hose Assemblies, Oxygen, Breathing MS22055 Navy AS
Connector to Regulator

Hose Assemblies, Metal, Liquid Oxygen MIL-H-22343 Navy AS

Hose Assemblies, Metal, Liquid Oxygen MS90457 Navy AS

Hose Assembly, Breathing Oxygen and Air, MIL-H-81581 Navy AS
General Specification For

Hose Assembly, Air, Low Pressure, Highly MIL-H-81581/1 Navy AS
Flexible

Hose Assembly, Breathing Oxygen, High MIL-H-81581/2 Nawy AS
Presgure With Connections for an
Integfated Communication System

Hose Assembly, Breathing Oxygen, High MIL-H-81581/3 Nawy AS
Presgure Without Connections for
Communication System

Hose Assembly, Breathing Oxygen, Low MIL-H-81581/4 Navy AS
Presgure With/Without Connections for
an Integrated Communication System

Hose Assembly, Breathing Oxygen Low MIL-H-81581/5 Nawy AS
Presqure Connector to Regulator

Hose Assembly, Breathing Oxygen and Air, MIL-H-81581/6 Navy AS
Hose|Kits and Mated Assemblies

Hose Agsembly, Combined Assemblies, Hose MIL-H-81581/7 Nawy AS
and Gommunication Cable

Hose Assembly Cable Assemblies, MIL-H-81581/8 Navy AS
Communication Associated

Hose Assembly, Metal \Transfer, Liquid MIL-H-23799 Navy AS
Oxygen

Hose Assembly,Gxygen Mask to Connector MS90339 Navy AS

Hose Assembly,*Tetrafluoroethylene, Oxygen MIL-H-26626 AF 1

Hose Assembly, Tetrafluoroethylene, Oxygen MS24543 AF 1

Hose A izati MIL-H-26385 AF 1
Resistant

Hose Assembly and Pressurization, Ozone MS27797 AF 71
Resistant

Indicator, Liquid Oxygen Quantity MIL-I-27677 AF 82

Indicator Set, Liquid Oxygen Quantity, MIL-1-83449 AF 82
A/A24J-21

Indicator Repeaters, Liquid Oxygen MIL-1-81388 Navy AS

Quantity
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Indicator, Liquid Oxygen Quantity MIL-I1-81387 Navy AS

Indicator Set, Liquid Oxygen Quantity, MIL-1-26382 AF 11
AfA24J-4

Indicator Set, Liquid Oxygen Quantity, MIL-1-27220 AF 11
A/A24J-8

Indicator Set, Liquid Oxygen Quantity MIL-I1-27544 AF 82

Indicator, Liguid Oxygen Quantity, MIL-1-25645 AF 11
Capacitance Type, General Specification
For

Indicatqr, Liguid Oxygen Quantity, MIL-1-26376 AF 82
GMU1/A

Indicatqr, Liquid Oxygen Quantity, MIL-1-27882 AF 82
GMU137/A

Indicatqr, Liquid Oxygen Quantity, MIL-1-38021 AF 82
GMU3Y/A

Indicatqr, Liquid Oxygen Quantity, MIL-1-26380 AF 82
GMU1S/A

Indicatqr, Liguid Oxygen Quantity, MIL-1-38468 AF 82
GMUSY/A

Insert, [nstallation and Detail, Full MS90340 Nawvy AS
Face Oxygen and Smoke Masks

Leak Detection Compound, Oxygen Systems MIL-L-25567 AF 83

Marking, Functions and Hazard, Designation MIL-STD-1247 Army-MI
of Hope, Pipe and Tube Lines for
Aircrdft, Missile and Space Systems

Mask Alssembly, Oxygen’Fire Fighter MIL-M-83869 AF 82

Mask, Qxygen, MBU-10P MIL-M-87113 AF 82

Mask Alssembligs, Oxygen Pressure MIL-M-6482 Navy AS
Breathing

Mask Alssemblies, Oxygen Pressure MS22001 Navy AS
Breathing

Mask, Oxygen and Smoke, Full Face MIL-M-19417 Navy AS

Mask, Oxygen, MBU-5/P (Pressure-Demand) MIL-M-27274 AF 82

Mask, Oxygen, MBU-12/P MIL-M-87163 AF 11

Mask, Oxygen, MBU-8/P (Emergency) MIL-M-83191 AF 11

Monitor, Oxygen, CRU-12/P MIL-M-85522 Navy AS

Mounting Bracket, Mating Portion for 5 MS90341 Navy AS

and 10 Liter Oxygen Converters
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Nipple, Break Off, Emergency Oxygen MS21965 AF 71
Cylinder Valve

Nitrogen, Technical BB-N-411 Army-ME

Nut Assembly - Oxygen Converter Mount MS90342 Navy AS

Oxygen, Aviators, Breathing, Liquid MIL-O-27210 AF 68
and Gas

Oxygen System, Portable, 295 Cu. In. MS22059 Navy AS

Oxyger Syqum, Portable 96 Cu In MS22061 Na\fy AS

Oxyger] Systems, Portable MIL-L-23673 Navy AS

Oxyger| System Survival Container and MIL-O-27335 AF F1
Oxygen Kit

Purging Unit, Air, Liquid Oxygen Storage MIL-P-27456 AF 82
Tankg, GSU-62/M

Purging Kit, Converter System, Liquid MIL-Ps27431 AF 82
Oxygen, KMU-78/E

Recharger Assembly, Portable Oxygen MS22032 Navy AS

Reducqr, Oxygen Pressure MIL-R-17852 Navy AS

Reducdgr, Oxygen Pressure, General MIL-R-25575 AF 11
Specification For

Regulator - Automatic Continuous Flow MIL-R-8636 AF ¥1
Oxygen

Regulator - Automatic Continuous:Flow ANB010 AF 1
Oxygen

Regulator, Chest Mounted«100% Oxygen, MIL-R-81553 Navy AS
Positive Pressure, CRU-79/P

Regulator, Chest Molnted, 95% Oxygen, MIL-R-85523 Navy AS
Positive Pressure:-CRU-82/P

Regulator, DiluterDemand, Oxygen MIL-R-6371 AF ¥1
Presqure Breathing, Type A-14

Regulator,-Oxygen, High Pressure, MIL-R-9198 AF 82
Type WA=1

Regulator, Oxygen, Diluter Demand MIL-R-6018 Navy AS

Regulator, Oxygen, Diluter Demand ANB004 Navy AS

Regulator, Oxygen, Diluter Demand, MIL-R-25410 Navy AS
Automatic Pressure Breathing

Regulator, Oxygen, Automatic, Pressure MIL-R-25572 AF 71

Breathing, High Altitude, General
Specification For
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Regulator, Oxygen Demand, Pressure MIL-R-7605 AF 71
Breathing, Type A-21

Regulator, Oxygen, Diluter Demand MS27599 AF 71

Regulator, Oxygen, Diluter Demand MS27465 AF 71

Regulator, Oxygen, Diluter Demand, MIL-R-8202 AF 71
Automatic D-2A

Regulator, Oxygen, Diluter Demand, MS22062 Navy AS
Automatic

Regula’*or, Oxygen, Diluter Demand, MIL-R-83178 AFF1
Automatic Pressure Breathing, General
Specification For

Regulator, Oxygen, Diluter Demand, MIL-R-83178 AF ¥1
Automatic Pressure Breathing, General
Specification For (With Test Port)

Sampldr, Cryogenic Liquid MIL-S-27626 AF 68

Servicing Adapter, High Pressure Oxygen MS90331 Navy AS

Servicimg Adapter, Low Pressure Oxygen MS90330 Navy AS

Surviva| Kit Container, Aircraft Seat MIL-S-81018/3 Navy AS
With Dxygen RSSK-1A

Surviva| Kit Container, Aircraft Seat MIL-S-81018/1 Navy AS
With Dxygen RSSK-6

Surviva| Kit Container, Aircraft Seat MIL-S-81018/2 Navy AS
With Dxygen RSSK-8

Surviva| Kit Container, Aircraft Seat MIL-S-81018 Navy AS
With Dxygen General $pecification For

Surviva) Kit Container, Aircraft Seat MIL-3-83047 AF 82
CNU{111/P

Tank, Storage, Liguid Oxygen, MIL-T-3784 Army ME
Trangportable

Tank, Storage, Liquid Oxygen, TMU-27/M MIL-T-38170 B3

Tank, Stetage—tiguid-Sergen—U-20 P 48 53

Tank, Storage, Liquid Oxygen, TMU-24/E MIL-T-27720 AF 68

Tank, Storage, Liquid Oxygen, TMU-7A/E MIL-T-27892 AF 638

Tank, Storage, Liquid Oxygen, Low Loss MIL-T-85418 Navy AS
Closed Cycle, TMU-70/M

Tape Antiseize, Tetrafluoroethylene, MIL-T-27730 AF 84
With Dispenser

Test Procedures for Aircraft Environmental MIL-T-18606 Navy AS

Systems
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