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List of Abbreviations

BTPS =« body temperature, pressure saturated
002 - cn?hon dlioxide

¢/s ~ cycles per second

Fe - iron

FeQ - {ron oxide

mmHg - millimeters of merchry

N2 - nitrogen

Nat'l - sodium chloride

NaClO3 - sodium chlorate

02 = oxygen

Pax - passenger

PB - barometric pfessure o i
pO2 -~ OXvgen partfal pressure

PTO = tracheal oxygen partial pressure
2

psi - pounds per‘square’inch
RQ - respiratory quotient

STPD - standard temperature, pressure dry




OXYGEN EQUIPMENT AND RAPID DECOMPRESSION STUDIES

INTRODUCTION

This 1s a collection of reports of various studies and
evaluations of the protective capability of oxygen systems and
equipment used or proposed, including developmental and proto-

type designs for use at high altftude and/or fellowing rapid

decompressicn. These studies were generally designed and ori-
ented toward (1) obtaining answers to particular questions or
problems posed by Governmental approval authorities or the avia-
tion industry with respect to the life-support capability of a
given device or procedure and/or (1i) advancing the state-of-
the-art in high-altitude life support and aviation safety.
Certain of these reports were presented at scientific meetings
and/or published in preprints or proceedings with limited
distribution.

Reliable physiological evaluation of an oxygen system
requires continuous determination of inspired and lung-oxygen
tensions on a breath-by-breath basis, At the time these studies
were conducted, analytical equipment with sufficiently rapid
response to accurately measure oxygen on a breath-by-breath
basis was not available; thus, development of an indirect method
emploving analvsis of other respiratory gases and computing
oxygen tensions by difference was required. The recent develop-
ment of practical respiratory mass spectrometry has allowed
simultaneous breath-by-breath analysis of all gases involved in
respiration and has revelutionized this area of respiratory
rhysiology and equiprent evaluation. Because some of these
studiez were preliminary in nature and were conducted over a
period of 15 yr, employing available and experimental techniques
and instrumentation, information conteined in these reports is
subject to additional evaluation or change on review of the data,
conduct of add?tional testing, or recelpt of additional facts.

SYNOPSES OF REPORTS

Continu. 8 Functional Testing of Passenger Oxygen Masks at
Ground Level and During Rapid Dec¢ompression: Memorandum Report
AAC-119-77-9(8).

This study was conducted in 1964 to improve the previously
developed techniques and instrumentation for the evaluation of
oxygen equipment and explore the development of wmethods for evalu-
ating oxygen at ground level. The study emploved a relatively
large number of untrained subjects as opposed to a few selected
trained subjects at altitude. A secondary, but integral, phase
of the study was to evaluate a proposed passeunger oxygen mask
design and concurrently evaluate and compare the use of .
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electroencephalography and ianility to maintaiy sequential
counting as indicators of loss of useful consciousness end points.
The proposed mask was unable to maintaln subjects in a conscious
state following rapid decompression to 40,000 ft, failed to pro-
vide the required inspired oxygen partial pressures. and was not
approved until extensive redesign, modification, and reevalugtion
were completed.

Physiclogical Evaluation of a Cessna Continuous-Flow Oxygen Mask
for Unpressurized General Aviation Aircraft; Memorandum Report
AAC-119-77-8(S).

This study was conducted in 1966 to evaluate the physio-
logical adequacy and protective capability of a Cessna Aircraft
Company-~designed modification of the disposable K=5 mask devel=
oped by Koze and Stockam in 1951 for airline passenger supple-
mental and first aid oxvgen. ' The proposed modiffcation of the
K-5 mask was to be used on unpressurized alrcraft for relatively
long durations with a specific oxygen flow and oxygen line
supply pressures and was to be utilized for the flight crew as
well as passengers, Results of this study indicated that flows
to the mask should be increased for altitudes above 25,000 fr;
above 28,000 ft to 30,000 ft, a much safer alternative is the use
of a nondiluting mask supplied with an adequate flow to insure
100 percent oxvgen. . N -

Performance Characteristics of Portable First Aid Chemical
Oxvgen Generators; Proceedings, Eleventh Annual Symposium of the
Survival and Flight Equipment Assoclation, 1973.

This study was initiated to determine the feasibility of
utilizing readily available, off-the-shelf, portable first aid
chemical oxygen geuerators marketed to the medical preofession
for first aid application aboard aircraft. This investigation
was limited to an evaluation of initiation rellability, oxvgen
production, physioclogical adequacy, and efficiency of the oxygen-
dispensing device (mask) furnished with the unit.

Physiological Evaluation of the Protective Capacity of the
Prototype MBU-8/P Military Passenger Oxygen Mask; Proceedings,
Eleventh Annual Symposium of the Survival and Flight Equipment
" Associlation, 1973, :

The rapid development of the civil ails carrier jet and {its
operation at flight altitudes of up to 41,000 ft have been the
primary impetus for the development of modern passenger oxygen
systems in the event of decompression.’ This report describes a
study conducted at the request of the U.§. Air Force of a proto~
type phase—dilution passenger mask developed by the Air Force to
replace the K-5 open-port passenger mask, which is not recommended

2
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for use above 25,000 ft. Evaluations were oriented toward
determining compliance with Federal Aviation Regulations (FAR),
National Aerospace Standard (NAS) 1179, and Federal Aviation
Administration (FAA) Technical Srandard Order (150) Cé4. The
MBU-8/P mask demonstrated adequate physiologlcal adequacy for
1{mited exposures at 40,000 ft.

If workloads and therefore vespiratory activity are increased
above those used 1n this study, oxygen flow to the mask should be
increased to compensate for these lncreases in activity.

Human Factors Report of the Investigation of the In-Flight
Decompression, November 2, 1973, of National Airlines Flight 27
(K6ONAY: A pC=10 En Route From Houston International Alrpert
to San Francisco With 127 Persons Aboard; Memorandum Report
AAC-119~-74-6(S).

This study of an in-flight decompression was conducred in
response to a request from the National Transpertation Safety
Board for assistance from this laboratory because of our back-
ground in high-altitude and rapid-decompression research. Parti-
cipation in fnvestigation of selected accidents and incidents 1is
also beneficial to the researcher, as it provides him with an
fpsight into real-life aviation safety problems and areas Lo
which prioerity should be placed in the design of research tasks.
One passenyer was ejected from the aircraft and assumed o be
fatally injured. Analvtical study of this accident indicated &
rapid decompression of the lower galley and a slower, less severe
decompression of the main passenger compartment. Followlng sub=
mission of this report, spectral analysis of the cockpit voice
recorder verified this sequence of events,

Effectiveness of a Paper Cup as an Aid to Providing Oxygen to
Laryngectomee Passengers; Meworandum Report AAC-119-74=-17,

This report was completed In response to a question of the
validity of an operational procedure and wmethod of administering
oxygen to a laryngectomee passenger as recommended by a major
airline. The lack of a reservolr bag to atore oxygen between
inhalaticus and the inefficient characteristics of the use of 3
paper cup are described and compared to alternative procedures.

Phvsiological Considerations and Limitations in the High-Altitude
Operation of Small-Volume Pressurized Aircraft; 47th Annual
Scientific Meeting of the Aerospace Medical Association, 1976.

This veport examines the relationship of the small volume of
certain jet aircraft to the rate of decompression, the location

and area of possible pressurization defects, and the resultant
physiological and medical conmsequences. It also points out the

k}
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physiological limitations of curreat oxygen equipment; requirements
for pressure breathing and crew recognition and reaction time;
and other factors in relation to the final pressure, the rapidity
of decompression, and time-altitude profile,

Oxygen Concentrations in the Vicinity of a Passenger Receiving
First Aid Oxygen; Memorandum Report AAC«119=-77-4(S).

To preclude providing an ignition source, smoking aboard .
air carrier aircraft is prohibited at arbitrary distances or at
specified seat rows from passengers who are receiving first aid
oxygen. The basis for these separational distance requirements
and whether they are adaquate or unduly restrictive are not
known. Applying modern state-of-the-art analytical instrumen~
tation, a brief preliminary study of the oxygen content of air
surrounding a subject breathing 100 percent oxygen at a standard
and very high flow rate was conducted to chart localized oxygen
concentrations vs. distance from the subject. This study does
not concern the social acceptability or health hazard potential
of smoking.
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CONTINUOUS FUNCTIONAL TESTING OF PASSENGER OXYGEN MASKS
AT GROUND LEVEL A%D DURING RAPID DECOMPRESSICN

i
E. B, McFadden, P, C. Tang, and J, W, Young
"I. Introduction.

The development of the turbine-powered aircraft with its
capabilicy to efficiently operate at high altftudes around or
above adverse weather and maintain more regular schedules has
provided the principal impetus for the phenomenal growth of air
transportation. However, the potential of this mode of transpor-
tation could not be fully realized until development of the
pressurized cabin and its assoclated enviroumental and life-
Supporit systems., Because cabin pressurization faflure imposes
an immediate threat to l1ife at the altitudes at which these afr~
craft operate, passenger and crew oxygen systems are provided as
ar emergency life-support backup,

i

The capability of a Pagsenger oxygen system to provide the
required level of protection at altitude is highly dependent on
the performance of the mask and its capability to interface wich
and satisfy human breathing and oxygen requirements. Passenger
oxygen masks used aboard transport category aircraft are of the
Phase-dilutioa type designed to the NAS-1179 apg FAA TSO-~C64 of
which 1t is 4 part, :

The primary purposes of this study were to: (1) extend the
use of passenger mask testing techniques pPreviously developed (1)
and used at ground level (2) to the testing of a limited number
of subjects exposed to a rapid decompression to the maximum
certified altitude of the atrerafe; (1i) evaluate the use of an
electroencephalogram (EEG) to indicate impending loss of con-
scfousness; and (i11) compare the performance of a proposed
passenger mask design previously evaluated under steadv-state
conditions at ground level (2) to tts performance during the
dynamics of rapid decompression to altitude, the primary condi-
tion for which it was designed,

II. Method.

Bacause the percentagéyéomposition of nitrogen in the
ambient air at ground level and altitude (up to 80,000 ft) is
quite stable (79.03%), a reliabie standard reference or tracer
gas in high concentration exists in the surrounding environment
of the subject. When the subject is breathing 100 percent oxygen
or oxygen diiuted by a known amount of alr, any additional
nitrogen-containing air introduced by fimward mask leakage may
be continuously monitored and measured by nitrogen analvsis on
4 breath-by-breath basis. More importantly, the oxy¥gen partial
pressure of the inhaled 8as may be calculated by difference and

5




related to human oxygen requirements rcgardless of the altitude
and the source of the diluting gases. This indirect approach is
required since instrumentation with sufficiently rapid response
to measure oxygen directly on a breazh-by-breath bas's is not
currently available.

The development and evaluation of the nitrogen analysis
technique for evalurting the performance of oxygen masks is
described in refererces 1 and 2.

Five subjects who had previocusly recelved high altitude
chamber training were instrumented and rapldly decompressed from
12,000 ft to 40,000 ft in 36 to 76 s. Decompression prufiles
were based on the predicted decompression time of four-engine
turbine-powered transport aircraft after failure of a main cabin
window. At least one decompression was conducted with the sub-
ject in the resting condition, The same decompression profile
was repeated with the subject in the exercising condition te
stimulate breathing to the levels specified in FAR Part 25.
Subjects exercised on a bicycle ergometer in lieu of the tread-
mill used in the former study (2), Substitution of the bicycle
ergozeter was requirad because the altitude chamber ceiling helght
was inadequate to accommodate the treadmill. How>ver, the bicycle
crgometer was adjustei to duplicate the exercise levels employed
in the previous study (2) but at an altitude »of 12,000 fr just
prior to decompression, Exercise was continved and oxvgen flos
maintained at 30 L/min BTPS during; and following the rapid de. ..
pression. im addition to the determination of nitreaen, subjects
were instrumented for electroeacephalographic and electvo-
cardiographic changes. Crew-type oxyvgen masks and demand regu~
lators were set to the 100-percent-oxygen position before
decompression for pulmonary nitrogen washout., This process was
monitored and continued until the washout curve was asymptotic
and the remaining nitrogen was negligible., Just prior to decc.-
pression the subjects held their breath, removed the crew mast
and donncd the passenger masks with oxygen flowing at a rate
equivalent to 30 L/min BTPS at 40,000 ft. The tvpe of mask t.-2

~ was the same proposed passenger oxy¥gen mask evaluated at prou.d

level in the previous study (). A subject's inability to main-
taln sequential counting and/or initlation of convulsive move:
rents was establ{shed as the end point for loss of useful

consc {ousness. Electroencephalographic charges were monitored
and recorded for comparisen of their onset, duratior, and fre-
quency as related to the development of hypoxia and loss of use-
ful consciousness. Depending on the onset and severity of loss
of useful consciousness, descent was initiated, and either the
passenger mask was removed by the safety observer anu replaced
with a crew mask delivering oxvgen under pressure o the passen-
ger mask was flooded with oxvgen. Those subjects who did not
exhibit obvicus symptoms of impending leoss of consclousness were

maintained at altictude for at least 5 min before descent was
iniciated.
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Measurement and establisLment of minute and tidal volumes
were made while sublects were weariung the crew masks just prior
to donning the passenger masks and decompression. When a constant-
flow passenger mask is worn, current techniques and instrumentation
do not allow measurement of respiratory volumes without compro-
mising mask performance. The dynamics of rapid expansion of gases
in the lungs during decompression increases the difficulty of
accurately determining respiratory volumes,

In addition, any type of gas analysis equipment that requires
a relatively large sample flow or volume compromises mask perform-
ance. Respiratory nitrogen was monitored and recorded by using
two Custom Engineering Model 3Q0AR nitralyzers. These instruments
have a rapid response time and required only 3 cc/min of sample
at the pressure setting used. Continuous samples were drawn from
the mask through a needle valve and microcatheter tubing of
0.03-in inner diameter, Thig small, extremely lightweight micro-
catheter tubing did not add significant weight to the mask or
necessitate its modification (factors affecting the character-
istics and performance of the mask) as may be the case with other
types of gas analysis equipment, One of the nitralyzers was used
to record minimum and maximum nitrogen on a breath-by~breath
basis, whereas a small inline sample mixing and damping reservoir
was used to atteupt to integrate and determine the average or
mean nitrogen concentration by the other nitralyzer (Table 1).
. Nitralyze:s were calibrated and matched before each experiment.

Tracheal oxygen partial pressures were estimated as
follows:

.P = 100 - F {B=47)
T,
04 N,

where 100 = sum of nitrogen and oxygen in the inspired gas
FNz = fraction of nitrogen in the inspired gas
B = barometric pressure at ambient altitude in mﬁHg

47 = vapor pressure of water in mmHg at body
temperature (37°c)

PTO = tracheal oxygen partial pressure
y
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Subjects wearing the mask were exposed to a rapid decom-
preasion in the altitude chamber to support this conclusion.
During light exercise following decompression from 12,000 to
40,000 ft, the subjects wearing this mask maintained useful
consciousness for periods of only 36 to-98 s (Table 2). The one
subject (2 high-altitude researcher) whe was capable of maintain-
ing useful consciousness for a period of 98 s has, by the process
of acclimatization and hyperventilation, previously demonstrated
an ability to maintain consciousness without oxygen for record
periods of 30 min at 30,000 ft, He was observed hyperventilating,
possibly from habit, with a tidal volume in excess of 2,500 cc
during the resting decompression. Hyperventilation and large
tidal volumes tended to increase both leakage and oxygen dilution
when this subject wore a phase~dilution passenger mask, thus
accelerating the onset of hypoxia with the result that he was
forced to descend before the 5-min dwell at altitude was completed.
In his succeeding decompression while exercising he appeared to
be overcompensating by breathing slowly and shallowly, thereby
maintaining useful consciousness for a period of 98 s, consider-
ably longer than any of the other subjects during exercise. This
subject's data should not be consldered representative, These
data point out, however, both the deleterious and advantageous
effects one may exert on the performance of this type of oxygen
mask by the introduction of voluntary hyperventilation and
hypoventilation. .. o L

. Mean heart rates increased considerably during decompression
and dwell at altitude, returning to the preflight level on descent
to ground level (Table 3). This increase indicates that a certain
amount of apprehension and stress was assoclated with the decom-
pression which, in turn, would produce increases in minute and
tidal volumes over the levels established just prior to decom-
pression. Direct measurement of minute and tidal volumes was not
possible, however, when the passenger masks were worn during
decompression.

) Increases in minute and tidal volumes as a result of appre-
hension and stress, when superimposed on those levels established
during exercise prior to decompression, could well have increased
vent{lation above experimental design levels, Increased ventila-
tion and the resultant leakage could account in part for the
tracheal oxygen partial pressures being considerably lower than
predicted from the previous study at ground level (2). Of prime
interest, however, is that in only one instance, even when the
subject was quietly resting, did the tracheal p0, following
decompression to 40,000 ft meet the minimum requirement of
Part 25.1443 of the FARs (Table 1). The approximate point at
which exercising subjects lost useful consciousness, as deter-
mined by their inability to continue sequential counting, is
compared to the onset, frequency, and duration of electro-
encephalographic slow waves as shown In Table 2 and Figure 1,

11

W2 0-10-3 - '




t

T S S AT S T MR e

o

‘SW3 PIIEDTPUT Byl 3 PIIETIUT

t

o A 1] e e e AT TN - s e 21k o
U - B T I,
P T - ar TS AT L

s1d3fqng 3o uuaﬂh_auauo

(37 000°07 03 000°ZT

;2713024 uoyssexdmoda(q)
ASEW 383] 1aBuasseg ayl fujieam
dxg pue ‘*saipy jieag ‘82173012 uojssazdmodag

S8BA QUaDSIp puE LI0IILISTIVS SBM UOTITPUO) Ted>y18o10Ts4Uyd 8,3102[qng syl eyl SaedTpUT auy
‘ "33 000°6¢ ©3 000°2T woaj passaidwodap sem ‘pailou woOjITpuon Fupisay ‘¢ oy 312a{qng,
BET %9 g6 00y s 06 FAY 8ursydaaxy
0Lz 6S 0se 0° Lt %6 99 %S SBuyisay
1) 149 :19 0" LY 99 96 09 Bursyozaxy
9En e ——— 0°9% 18 91 ZL Burisay
6% 139 1% 09y 09 T4 8L 2uysyoa3xy
"8y 101 —-—— 0-9¢ 69 £6 (42 . 8utasay
%6 g9 L9 01y 09 621 09 wcqumum
09 4 1¢ 0°6¢ 99 171 L Buysyoasxy
612 9g £81 0"t "8 gotT 444 Fwnﬂummx
81y o9g - 0°9¢ 09 4 r44 3urisay
%6 rAs 69 0°1% 8L LIl L 3ursyoaaxg
Yy :74 — STo% LS 18 09 2urasay
(2pn3T3ITe 3¢ 8) (THmm) (5 UF dur3) (8y - IyFi1jisog Uoysseidwoosq IUFFIIAAd UOTITPUG) 3I951GRE
PaleTITU] 20 ano) TeyIuaNbag aury £a3ey J1eRy ,
Jua3sag 34 ulBIUIER 03 nogssaxdmosag
£31171qeu] .

e ITEVL

12



BN S

gy
S

- SR T e o
s L o S W

SUBJECT

B8O 100 180
SECONDS

FIGURE 1. Comparison of electroencephalographic slow waves
to loss of useful consciousness following rapid
decompression from 12,000 to 40,000 ft. Passenger
oxygen mask flow 30 liters per minute, Light
cxercise on bicycle ergometer,

Loss of useful consciousness 6~7 cycle slow waves
(inability to maintain :
sequential counting) !

1 Emerﬁency descent E] 3~4 cycle slow waves

IV.' Discuésion.

To conserve the oxygen supply and extend its duration,
passenger oxygen systems and masks used on transport category
aircraft are designed to provide reduced oxygen flows and allow
specific quantities of ambient air to enter the mask through the

,dilution valve at lower altitudes to meet human. breathing
(ventilation) requirements. However, the minimum oxygen partial
pressures as . specified in the FARs must be maintained, As the
altitude {s increased, oxygen flow must be increased and dilution
decreased or eliminated as the maximum cabin altitude is approached.
Uncontrolled dilution by inward leakage of nitrogen-rich ambient
air reduces the efficiency of the mask and may jeopardize its
Protective capabllity. This factor is variable, depending on "’
the design and fit of the mask and the facial configuration and
structure of the wearer.

In the absence of leakage associated with fic, the perform-
ance of a phase-dilution mask is largely depefident on oxygen flow,
inhalation and dilution valve sequencing, reservolr bag volume,
and respiratory activity of the wearer. By literally flooding the
mask with oxygen, inward leakage may be minimized or even converted

to outward leakage; however, to flood the mask could require an
- r
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eightfold or greater increase in the number of oxygen cylinders’
$nstalled on the aircraft, imposing severe and unacceptable space
and weight penalties.

T T e i i i i

S A ok b e i

Use of the minimum or maximum concentration of nitrogen for
the calculation of tracheal oxygen partilal pressures is not jus-
tified because: (i) the minimum concentration of nitrogen may be
attained as a result of a constant flow of oxygen washing out the
mask dead space; or (ii) the maximum concentration of nitrogen
during peak dilution in the mask occurs through the introduction
of ambient air by the dilution valve, The mean nitrogen concen-
tration appears to provide a more realistic value and was utilized
in this study for computation of the tracheal oxygen partial pres-
sure. A more precise and accurate determination of the tracheal
oxygen partial pressure while wearing a wask should be based on .
breath-by-breath analysis of all end expiratory gases as a basis _ \
for determination of the partial pressures of these gases in the . v
air sacs (alveoli) of the lungs. New developments in instrumen- }
tation with improved sensitivity and response, including the use
of polarographic gas analysis and mass spectrometry, may allow
direct determinations of all alveolar gases practical on a routine
basis,

It is not surprising that the tracheal oxygen partial pres-
sures were considerably lower following rapid decompression than
those predicted in previous testing (2) at ground level. During
the dynamics of decompression, s number of effects prevail that.
are absent under steady-state ground-level conditions. These
include rapid expansion of gases in the lungs and accelerated
diffusion of carbon dioxide into the alveocli of the
lungs as a result of reduced pressure. The accelerated diffusion
of carbon dioxide into the alvecli displaces oxygen, thereby
increasing the level of hypoxia. Once initiated, hypoxia-induced
hyperventilation tends to increase the dilution of oxygen delivered
by the mask thus establishing a viciocus cycle which is directed
toward further increasing the level of hypoxia,

Ag alveolar oxygen partial pressure 1s in near equilibrium
. with the blood, determination of the partial pressures of alveolar
gases provides a more precise indication of the physiological
condition of the mask wearer. However, & mask (as an item of. -
equipment} is, In itself, only capable of delivering a breathing
mixture with an increased oxygen partial pre.sure, This philosophy
1s reflected in the passenger oxygen requirements of the FARs.

Carbon dioxide in the blood exerts a sigiificant effect on
the control of respiration and, in conjunction with other con~
trolling mechanisms, normally regulates and maintains a carbon
dioxide partial pressure of 40 mmHg in the alveoli of the lung,
By applying a derivation of the alveolar equation, the partial
pressure of carbon dioxide may be subtracted from the tracheal

14
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oxygen partial pressures of Table 1 and values may be estimated
for alveolar oxygen partial pressures as follows;

P, =P, - R, or, in simple form, P, = P - 40
b, To, e, 0, 0g

where PTO = tracheal oxygen partial pressure

. PCO = alveolar carbon dioxide partial pressure
2 .

PAO = alveolar oxygen partial pressure
2

The average alveolar oxygen partial pressure of the resting
gubjects following decompression to 40,000 ft calculated by the
above methed was approximately 30 mmbg. It is generally accepted
that alveolar oxygen partial preseures in the range of 20 mmig to
35 mmig {zone of performance degradation) may be expected to pro-
duce mild to severe performance degradation, Below 20 mmHg (zone -
of unconsciousness), pressures in this range will produce imminent
loss of consciousness. The alveclar oxygen partial pressure of
the subjects while exercising averaged 15 mmHg. The reactions of
the subjects, including useful conscilousness determinations and
electroencephalographic findings as shown in Tables 2 and 3 and

. Figure 1, support the alveclar oxygen partial pressures calculated
- above, ...

Previous ground-level evzluations of the proposed passenger
mask (2) indicated that it did not provide the minimum tracheal-
oxygen partial pressures required by Part 25 of the FARs when
evaluation was extended to the maximum altitude for which approval
was sought. Decompression of subjects to the maximum altitude
produced even lower tracheal oxygen partial pressures, resultant
hypoxia, and loss of useful consciousness (as determined by the
subjects' inability to maintain sequential counting} in several
subjects while resting and in all the subjects while engaged in
1ight exercise. The passenger oxygen mask evaluated in this study
did not provide the minimum tracheal oxygen partial pressures
required by Part 25.1443 of the FARs and should not be approved
for use on transport category aircraft.

*
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PHYSIOLOGICAL EVALUATION OF A CESSNA CONTINUOWSSFLOW
OXYCEN MASK FOR UNPRESSURIZED CENERAL AVIATION AIRCRAFT

E. B. McFadden, H., F. Harrison, and J. M. Simpson

I. Introduction.

This report describes altitude chamber experimentz conducted
with humap subjects using a Cessna-desipgned disposable oxvgen wmask.
Basically, the mask is almost ldentical in design to the disposable
K-S rask developed by Koze and Stockam in 1951 (under the guidance
of Dr. A, D, Tuttle of United Air Lines) for paasenger supplemen~
tary and first atd oxvgen (1). Using new types of material, the
designers have attempted to produce a mssk that will provide a4
better scal to the face and increase comfort, Jurabllity, effi-
clency, and wearer acceptance for relatively long duratfons atg
altitude in unpresaurized airerafe,

The mask is of the rebreather-diluter type with a regulated
constant flow of oxvgen provided to the rebreather portion of the
mask. The mask consists of two flexible plastic film compartments,
The smaller or faceplece compartment is sealed within the larger
or rebreather bag. Two holes conmect the faceplece to the
rebreather bag te allow gaseous exchange with ths oxvgen supply
and rebreather bag. Two additional dilution ports are provided

An the facepilece to allow access to amblent afr,. . The mask 48 ...

retained to the face by means of an elastic band, The soft metal
wire encased in pliable plastic, which forms the periphery of the
mask facepiece, {8 formed to the contours of the tace for a pro er
fit. Prototyvpe masks were fabricated in three basic sizes: small,
med{um, ana larpe.

Determination of efficiency of an oxygen system must be based
on the system's capability to produce an adequate inzpired oxvien
partial pressure resulting in a suftficlent alveolar oxvpen partial
pressure 1n the lungs to insure a blood oxvgen saturation of an
acceptable level.

Fhysiclogical responzes to minor changes In oxvpen partial
pressure vary widely depending on factors such as age,. general .
physical condition, and/or the presence or absence of cardlac,
circulatory, or respiratory pathology.

One basic disadvantage of all continuous-tflow oxvgen svsiens
is an inabdility to adjust automatically to the respiratory changes
associated with changes in emotional and physical activity of the
wearer. A healthy yvoung male breathing air at rest normally exhib-
its an approximate tidal volume (volume/breath) of 550 mL and a
minute velume (volume/min} of 7,700 wmb or 7,7 L. Emotional and/or
physical activity may cause values to {ncrease many fpld,
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I1. Methods.

" The study was divided into three phases. The first phase was
conducted with 10 volunteer subjects, 6 males and 4 females, rang-
ing from 15 to 44 yr of age. Two of the male subjects and all the
female subjects were considered naive subjects as they had no prior
experience in altitude chamber flight. The remaining four males

had previously been exposed to one or two chamber flights but would
" not be considered to have had extensive experience.

The altitude chamber flight profile for each of the 10 sub~-
jects is shown in Figure 1. Electrodes were affixed to the sub-
ject to obtain ECG, heart rate (cardiotachometer), and respiration
{impedance pneumograph). An oximeter earpiece was affixed to the
pina of the ear of the subject to obtain a méasure of blood oxygen
saturation. The information was fed to appropriate amplifilers and
signal conditioners, monitored and recorded continuously on a physio-

graph recorder (Figures 2 and 3) throughout the altitude chamber
flighe,

The operators of this equipment could observe the subject at
all times by use of closed-circuit television. In addition, a
safety observer accompanied each subject in the chamber.

Twe Custom Engineering and Development Company nitralyzers, -
Model 300 AR, were used to continuously measure the mask nitrogen.
These instruments exhibit an initial response of 0.024 second, a
90-percent response being obtained in 0.044 second. At the pres-
sure setting used (0.6 mmilg), the sampling rate was 3 cm?/min.

Continuous samples were drawn through needle valves and
wic-ocatheter tubing (PE 60) of 0,030-in internal diameter con-
nected into the faceplece and rebreathing compartments of the
mask. The small, extremely lightweight microcatheter tubing
connected to the mask did not require addition of significant
weight or modification of the mask, factors that might compromise
the fit and operational characteristics of the mask.

After instrumentation, subjects were seated in the chamber
and ground-level baselines recorded (Table 1). An ascent was
made to 17,000 fr and & descent was made to 5,000 ft to determine
the subject's ability to clear ear pressure before ascending to
higher altitudes. The chamber ascended to 14,000 ft and air-
breathing baselines were recorded during 3 min of resting and
3 min of light exercise (Table 2). The mask, equipped with a
Zep-Aro orifice (F 365-1080-2) operating at a supply pressure of
70 psi and providing 2.7 L/min STPD, was donned. This pressure
and flow were maintained throughout the first phase of the evalu-~
ation. Observations of blood oxygen resaturation’were made on

18
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several subjects within ;min after they donned the mask at
14,000 ft and subsequently after 1 and 3 min of exercise (Table 3}.
Determinatfon of mask nitrogen was naturally not available until
after mask donning was accomplished.

Following mask donning an ascent was made to 20,000, 25,000,
and 30,000 ft with a dwell time of 6 min at each altitude. During
the first 3 min at each altitude the subject engaged in light
‘exercise, using a bicycle ergometer at a speed of 40 r/min and
load of 50 W (approximately equivalent to walking at 3.0-3.4 mi/h)
(Tables 4-12), During the last 3 min the subject read articles

from aviation or similar magszines through the mask into a recorder
microphone,

Postflight ground-level determinations of resting blood
saturation, heart, and respiratory rates were recorded on six
subjects (Table 13) in conjunction with carbon dioxide easure-
ments at ground level while wearing the mask (Table 14). An LB~}
infrared gas analyzer was utilized to determine the carbdon dioxide
in the mask faceptece and rebreather bag., The relatively high
flow requirements (500 mL/min) of this analyzer dictated that the
sample be circulated through the snalyzer and feturned to the mask
compartment from which it was removed., This process appeared to
significantly modify the breath~by-breath nitralyzer measurements;
therefore, carbon dioxide measurements were conducted only at
ground level. Since flow at ground level in terms of BTPS is at
its lowest and mask ventilacion is minimal, this condition should

represent the worst probable condition for carbon dioxide
accumulation.

Tape recordings of the subjects reading at altitude were
subjectively evaluated for intelligibility in teruws of volume
and clarity by a former radioman (now.a sound technitian) who
was unfamilisr with the content of the recordings (Table 15).

Two of the ten subjects included in the first phase of the
evaluvation, duplicated the first flight profile wearing a differ-
ent type mask. The first subfect (BH) wore the Zep~Aro constant-
flow mask (Cessna Part No. C 166009~0401) (Tables 16-17), The
other subject (DZ) wore the Ohio Chemical Company K-S mask™™"
(Tables 18-19). The same orifices.and oxygen supply pressure
were maintained as in the previous 10 subject flights.

In view of the pProbable use of the mask at altitude for
relatively long periods of time, it becomes apparent that addi-
tional evaluations should be conducted for extended duration to
Produce a more reliable steady-state condition of the unacclima-
tized subject. 1In this second phase of the evaluations the sub-
Ject remained at altitude for 1 h with alternate periods of
activity and rest extended to about 6 min of 1ight, exercise and

19
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about 10 min of rest. Two 1-h eveluations using the same subject
are shovn in Tables 20 and 21, The first was conducted at 25,000
ft at an oxygen supply preasure of 70 psi, For the second flight
the pressure was reduced to 60 psi.

An extended 1-h flight at 30,000 ft of subject JV (Tables
22-23) was aborted after 32 min because of the steady deteriora-
tion of the gsubject’s blood oxygen saturation during 1ight exer—
cise and, as a precautlonary measure, because of the safety
observer's developing a light case of ‘bends.

In the evaluation of oxygen mask efficiency, one of the most
important factors {5 the partial pressure of gases in the inspired
air. A rebreathing pask defies direct measurement of these param=
eters hecause of the rapidly varying nonhomogeneous gas mixtures
introduced from inscant to {nstant in the facepiece of the mask.

To estimate the composition of inspired gases, we pursued a
different indirect approach. This technique is based on the
assumption that the end expiratory gases from the lungs have mixed
and represent a homogeneous mixture.

As an inert gas, nitrogen does not participate in metabolic
exchange. If the absorption of oxygen and the production of
carbon.dioxide=were exactly the same, then the amount of nitrogen
inspired would equal the amount expired; l.e., nitrogen molecules
inspired = nitrogen molecules expired. The respiratory metabolic
RQ would be equal; i.e., RQ = 1. The metabolic RQ (L.e., RQ =
€0y produce

—-_.__-.—-n——.-d -
02 COnSumed) 1s not normally exactly equal, - Under these

conditions there may be a relative differeace in the percentage
of inert nitrogen inspired and expired. The metabolic RQ depends
on the predominance of carbohydrates (1.0), protein {0,82) or {at
(0.71) in the diet. The normal value of a mixed diet approximates
0.83. The respiratory RQ may vary temporarily from the metabolic
RQ because of unsteady states, such a3 hyperventilaticn. The
increased lung ventilation produces 3 blowoff of carbon dioxide
from the blood and an apparent but wisleading increase in carbon
dioxide preduction with a resultant RQ greater than 1.0, Con-~
versely, hypeventilation and retention of carbon dioxide indicate
an apparent but misleading decrease in carbon dioxide production
that results in an RQ of less than 0.7.

One must keep in mind that the unequal egchange of oxygen
and carbon dioxide involves only that portion of the gases con-
sumed and produced. For example, 1f during the l-min period at
rest 0.3 L of oxygen was consumed and 0.25 L of carbon dioxide
was produced (RQ = 0.83), the resultant difference of 0.05 L oun
the 7 or & L passing through the lungs during the same period of
time is relatively small, This produces an error of ouly a few

0




Percentage points, well within the accuracy of determinationg of
" end expiratory nitrogen, l
All nitrogen diluting ‘the inspired gas originates from ambient
air with the exception of nitrogen derived from the tissues, which
after 6 to 8 min under a steady-state condition has been shown to
constitute less than 1 Percent of the lung volume (2),

Using calculations suggested by Luft (3) in 1951, one can
determine the admixture of air; 1.e,:

Admixture of air = Inspired nitrogen fraction
100 Nitrogen fraction of air

By'subatituting end expiratory nitrogen for inspired nitrogen:

End iratory nitro en
Admixture of aig " Nitrogen fraction of air
Using thege formulas one may derive the Percentage of dily-
ticn, supply oxygen, oxygen from the ambient air, ang total
oxygen according to the following calculations:

= ' End Expired Ny x 100
Percent Diluytion = ‘

Ny of Alr (79,03)

Oxygen from Supply = 100 - Percent Dilution
Oxygen from Ambient =1Pérééhélbilution % Ambient Oxygen {20,94)
Total Oxygen = Oxygen from Supply + Oxygen from Ambient

Calculated inspired oxygen partial pressure =
(PB =~ 47) x Percent Total Oxygen

Where: Py = Total Pressure ipn mHg at ambient altitude

47 = Pressure in omMg of saturated water vapor at
body temperature

The average Percentages of supply oxygen during reading and
exercising of the 10 ubjects in the firge Phase are presented in
ith L

. Flgure 6 for comparison w uft's-determination on the K-S magk
in 1v51 (Figure 7). ;

T Sl B v e s

o« i e

oo



1 PAPIALARS & A . e o T

I11, Resulta,

The ground-level blood oxygen saturation, heart, and respira-
tory rates of the 10 subjects in Table 1 appear normal with the
exception of some elevation of heart and respiratory rates of
several subjects. This response appeared to be a result of some
degree of apprehension. There was considerable variation in blood
oxygen saturation baselines breathing air at 14,000 ft. The low-
est average value of 86.6 percent was obtained in the sixth minute
at 14,000 ft following 3 min of light exercise. The lowest single
individual saturation was that of subject BH, who exhibited a
718-percent saturation after 3 min of exercise and a total dwell
time of 6 min at 14,000 ft (Table 2}, Table ] shows the rapid
resaturation of several subjects resting at 14,000 ft following
mask donning and subsequent maintenance of saturation during
exercise, The average blood oxygen saturations at 20,000 ft
reading and exercising were slightly higher than the ground-level
baseline controla (Table 4), In Table 5 the average calculated
tracheal partial pressures of approximately 160-169 mmig were also
higher than the 140-mm breathing air at ground level (Oklahoma
City}, In Table 6 nitrogen values measured simultaneously in the
bag and mask faceplece emphasize the very large fluctuation of gas
composition occurring in a diluter rebreathing mask with each
breath. This table also provides an estimation of the existence
and extent of expired gas entering the rebreathing bag.

Examining Table 7 one may note that the average blood oxygen
saturations at 25,000 ft were slightly in excess of the average
ground-level control, o e :

The calculated inspired oxygen partfal pressures at 25,000
ft (Table 8) ranging from 139.6 to 145.5 mmHg are equivalent to
slightly in excess of the ground air breathing oxygen partial
pressure of 140 mmHg. In Table 9 one may note that the concentra-
tion of nitrogen measured in the rebreather bag at 25,000 ft is
reduced when compared te 20,000 ft., "

The average blood oxygen satutation at 30,000 ft (Table 10)
indicates only a slight reduction. However, several individual
subjects indicated a significant reduction to 87-89 percent
saturation. Heart rates and respiration were also elevated
slightly above corresponding measurements at 25,000 and 20,000 ft.
Calculated average inspired tracheal oxygen partial pressures
ranging from 114 to 122 are consistent with the average blood
oxygen saturation readings {(Table 11). . ‘

Subject IV, who exhibited a low blood oxygen saturation
(87-89%) (Table 10), also exhibited a low inspired oxygen partial
pressure (100 om ~ 98 mm). One female subject's saturation
dropped to approximately 91 percent with a corresponding drop of
the inspired tracheal oxygen partial pressure to 102-97 mm,

r
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Although the saturation of subject JH dropped to 89 percent, the
tracheal partial pressure was calculated at 120 mm.

e i

In Table 12 one may note a further reduction of nitrogen in
the rebreather bag.

R

After descent to ground level, the mask was left on six of
the subjects and determinations were made of the carbon dioxide
in the mask facepiece and rebreather bag, The recording of blood
oxygen saturation, heart rates, and respiration were continued
and are shown in Table 13,

The 3-min periods of reading at each altitude were recorded
on an Ampex recorder and later evaluated in terms of volume and
clarity (Table 15), During reading the subjects' speech intelli-
gibility was generally gquite good, That few of the subjects did
not talk directly into the microphone resulted in some compromise
of clarity and the mask appeared to produce a slight muffled
effect in some instances,

Measurements of carbon dioxide content of the mask facepiece
and rebreather bag are shown in Table 14, With the exception of
subject DR, maximums of 3 and 5 percent carbon dioxide were
detected Iin the rebreathing bag and mask faceplece reapectively.
The S5-percent maximum value, approximating an end expiratery
sample, 18 equal to 34 mm of partial pressure, somewhat less than
that of the normal 40 mm partial pressure of end expiratory gas
composition. Subject DR, a SCUBA diver, exhibited a tendency to
skip breathe, a technique habitually used by gome divers to con-
serve alr. This subject's respiration during the carbon dioxide
determination was so shallow and ilrregular that a meaningful
impedance pneumograph recording was unobtainable, This subject
showed a maximum carbon dioxide level of 8,9 percent in the
rebreather bag. However, it is felt that the carbon dioxide
measurements at ground level do not indicate a problem at altitude
with the increased flow and ventilation due to gaseous expansion
of the supply oxygen at altitude,

For example, at 20,000 ft, the 2.7-L/min flow STPD ground
level would equal approximately 7.5 BTPS. In addition, a concen-
tration of approximately 14 percent carbon dioxide would be
required to produce an inspired partial pressure of 40 mmlig at
20,000 ft (4,5). At ground level 5.8 perceat carbon dioxide pro-
duces an inspired 40 mmlg partial pressure. In evaluating carbon
dioxide concentration one is again faced with a nonhomogeneous
mixture of gases in the mask and rebreather bag. The end expira-
tory carbon dioxide concentration appears to be the more reliable
measure because it reflects conditions in the lungs,

Review of Table 14 indicates the average carbopn dioxide
maximm values to be lower than expected, approaching in some

23
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Q {nstances that expected for mixed expi&ed gas, Therefore, it 18 p
.- doubtful that measurements of carbon dioxide in the mask face~ ¢
plece provided consistently the degrec of accuracy required for :
precise determinations of the end expliratory carbon dicxide. ‘

i

¢

Rebreathing of excessive carbon dioxide concentrations
should have produced a significant change in respiration and
hieart rates. Examination of Table 13 indicates no such effects.

Inspired concentrations of carbon‘dioxide of up to 2 percent
have been showm to have 1ittle or no physiological effect (3).

Two additional chamber f1ights were made with two current
types of rebreathing masks using subjects BH and DZ, who also
participated as subjects in the flrst geries.

In Table 16 the results are shown for subject i wesring

the Zep-Aro {Cessna Part No. C 166009#0&01) mask equipped with a

mask-mounted microphone. At 30,000 ft, gaturation during exercise
dropped loweT than the 14,000-it baseline and the equivalent pre=
vious test wearing the Cessna mask, Resaturation was not subse~
quently accomplished during reading 28 in the previous evaluation.

: Calculated jnspired oxygen partial pressures ranged from 93 mmig

j-- to 102 mralig {Table 17}

Results of subject DZ wearing the K-S mask are shown in
Table 18. gaturation dropped to 9] percent at 25,000 ft during fee
exercise but was reestablished during subsequent reading. At
30,000 ft, gaturation dropped during exercise to 84.8 percent,
jower than the 14,000-ft paseline, but was again reestablished
during reading. During the previous test the saturation of
gubject DZ wearing the Cessnd mask showed no {ndication of
reduction at 25,000 ft during exercise. At 30,000 ft, there was
some reduction in saturation with the Cessna mask during exerclse
put not of the magnitude experienced with the K-8 mask. Calcu=
lated inspired tracheal oxygen partial pressures of 98-102 wmHg
(Table 19) are consistent with the blood oxygen gaturations
‘wmﬁobtained.

In Phase 2 the Cessna nask was evaluated during extended-
duration chamber flights. at altitudes of 25,000 and 10,000 ft.
Longer'periods of exerclse and rest were utilized, and the resting
condition was gubstituted for reading, Table 20 presents the
blood oxXygen saturation.‘heart,rate, and respiration of subject

DD during two 1-h flights at 25,000 ft. The second flight varied
from the first only in that the oxygen supply pressure was reduced
to 60 psi. :

Blood OXYygen saturatioh remained above the alr-breathing

ground—level control at all times during the flightst Inspired
tracheal oxygen partial pressures were genetnlly above that for
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breathing air at ground level (Table 21). An extended-duration
chamber flight to 30,000 ft was conducted with subject JV, At
the end of 6 min of light exercise following 16 wmin dwell time at
30,000 ft, the subject's blood saturation had dropped to 83
percent. At the end of the 24th min at 30,000 ft during resting
the oxygen supply pressure was reduced from 70 psi to 60 psi.
Light exercise was initiated at the end of the 27th min and by
the 32nd min the blood oxygen saturatfon had dropped to 75 percent.
At this point the remainder of the flight was aborted as a
precautionary measure, not only because of the subject's deteri-
orating condition, but alsc because of development of moderate
symptoms of bends by the safety observer, which could only be
aggravated by further dwell at this altitude. Table 23 reflects
the calculated inspired oxygen partial pressure.

B

In the third phase two exploratory flights were conducted
simultanecusly to measure efid expiratory nitrogen in the postrils
and mask faceplece and, hopefully, to correlate these two sampling
locales and determine their relationship,

The first of these flights consisted of a 12-min dwell time
at 25,000 ft with the subject engaged in 6 min of resting and 6
min of exercising. The chamber then ascended to 30,000 ft, at
which time the rest-exercise cycle was repeated. As in the pre-
vious extended-duration flights, subject DD maintained good blood
oxygen saturation (Table 24). Review of the calculated inspired
oxygen concentrations indicates that regdings from the mask vary
by only 2 to 3 percent from those in the nostrils (Table 25).
Figure 4 is a reproduction of the nitralyzer record during exer-
.clse at 30,000 ftr,

The second of these two flight profiles was identical to the
first except ascent was to 27,500 and 30,000 ft instead of 25,000
and 30,000 ft. Blood saturations of subject BH resting at 27,500
ft were equal to or higher than the ground-level control, dropping
only slightly below the ground-level comntrol during exercise.

However, at 30,000 ft with light exercise, saturation dropped to
89 percent.

The calculated inspired oxygen concentration as derived from
nitrogen recordings in the mask and nostrils indicates.a variation ;
of 2 to 4 percent at altitudes of 27,500 and 30,000 ft (Table 27).
Variation was es much as 5 percent at 14,0008 fr. The mask, how-
ever, had been donned only shortly before these readings were
taken. The subject was previously breathing air at 14,000 ft and,
as a result, readings were more variable because a steady state
had not been attained, )
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1V¥. Discusaion,

In the selectlon of an oxygen system, one must consider a
number of factors: environment and altitude, aircraft character-
istics, flight missfion, and the wearer's knowledge and training
relative to oxygen requirements and equipment. . For example, a
diluter type of mask that may be satisfactory in providing protec-
tion under steady-state conditions at a given altitude may not
provide adequate profection following rapid decompression to the
same altitude. All evaluations conducted in this study were based
on the assumption of wmask utilization in unpressurized aircrafe.

. Several comments should be made relative to the physioclogical
variability of the subjects and the limitatifons of the measurements.

It was noted that when subjects were at 14,000 ft, breathing
alr and resting, the oximeter would vary considerably in response
: to changes in respiration. This fluctuation or hunting at times
would amount to 4~ to 5-percent saturation in response to a par-
ticularly deep respiration following a relatively long period of
shallow and irregular breathing. After the mask was donned and
resaturation established, this fluctuation during reading reduced
considerably and the subject exhibited maximal stability during
exercise. Evaluation during reading was carried out because of
the possible effect on dilution of high inspiratory flows
characteristic of speech. 1In addition it 1s not uncommon for the
pllot and passengers of unpressurized light private aircraft to
engage in conversation. A third reason for the reading was to
evaluate speech Intelligibility and the possible effect of the
mask on aircraft-to-traffic-control communication. The differ-
ences between respiration during exercise and reading are shown
in Figures 2 and 3. '

Short periods of voluntary hyperventilation have been used

in the past to evaluate the effect on mask efficiency of changes

in respiration induced by emotlonal factors, However, it is

practically impossible for a sedentary subject to maintain

voluntary hyperventilation for more than 2 to 3 min without

experiencing severe symptoms of hypocapnia (dizziness, pares-

thesia, muscle cramps, etc.). Drastic changes in blood chemistry
. #nd cerebral blood flow also detract from the use of voluntary

hyperventilation in mask evaluation, :

In lieu of voluntary hyperventilation a light exercise was
used to stimulate respiration and concurrently simulate light
physical activity as compared to complete sedentary resting
conditions. It is admitted that exercise will produce an increase
in oxygen consumption, but ‘at the level utilized in this'study

this would approximate only 0.3 to 0.4 L/min above the resting
level.

r
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Unless carefully studied, interpretation of the nitralyzer
recordings from a diluter-type mask can be misleading. One must
keep in mind that these recordings represent changes in gas compo~
sition and not necessarily volumes or respiratory excursions. A
line is drawn through the end expiratory points in Figures &4 and 5.
In Figure 4, taken after 1 min of exercise at 30,000 ft, there is
still a slight upward slope, indicating a slow increase in concen-
tration of nitrogen being introduced into the mask, In Figure &,
after 5 min of exercise at 30,000 ft, the end expiratory nitrogen

appears to have stabilized,

The height and weight of subjects may have affected some of
the evaluations because oxygen consumption is directly relsdted to
the body surface areas. Subject JV, at a weight of 197 1b, was
the largest subject evaluated, He experienced a low blood oxygen
saturation during the first phase of the evaluation at 30,000 ft.
During the extended flight at 30,000 ft, he again experienced a
low bloed oxygen saturation at an oxygen supply pressure of 70
psi. When the pressure was cut to 60 pai, the saturation dropped
precipitously and a descent was initiated. Subject DD, a small
male sub]ect weighing 135 1b, completed two 1=h flights at 25,000
ft, using oxygen supply pressures of 70 psli and 60 psi without a
significant reduction in blood oxygen saturation. In a third
evaluation, after 6 min of exercise at 30,000 £t, this subject's
saturation only dropped to 94 percent compared to 83 percent for
subject JV.

Control of respiration in individuals who are not acclima-
tized to altitudes, such as in the Andes Mountains, 1s primarily
regulated by a delicate balance of carbon dioxide partial pressure
in the lungs and its effect on the blood, Regulatory receptors in
the central nervous and circulatory systems are in turn affected
via the blood.

Oxygen lack does not play a part in increasing respiration
until an equivalent altitude of 10,000 to 12,000 ft is reached,
at vhich point hypoxic drive of respiration becomes a factor. If
a significant degree of hypoxia becomes established, a vicious
cycle caused by using a diluter-type mask may develop in that the
mask wearer may reflexly hyperventilate in response to hypoxia.
The increased ventilation during hyperventilation results in more
ambient air being drawn into the mask, diluting the oxygen and
resulting in decreased mask efficiency. The dilution of oxygen -
in turn results in increased hypoxia., At an altitude of 25,000
ft the Cessna mask with the Zep-Aro orifice delivering 2.7 L/min
produced an average blood oxygen saturation equal to or in excess
of the ground-level controls. At 27,500 ft the blood oxygen
saturation of the one subject evaluated at this altitude was only
slightly lower than the ground-level control. At 30,000 ft several
of the subjects experienced saturations below S0 percent that during

27

-2 0-T9 -8

BRSO

e i ;V'm»x




o v e s Do e

L ke e e e e il 1=

one extended—duration £light dropped to 83 percent at 70 psi and
75 percent when the supply pressure was reduced to 60 psi.

It must be realized that these teats were carried out under
laboratory conditions with masks of the proper size and correctly
‘donned.  Under actual conditions of use, care and caution may not
be as ideal.

The data indicate that flows to the mask should be increased
for altitudes above 25,000 fr. Above 28,000 to 30,000 ft a much
safer alternative is to use a nondiluting mask supplied with an
adequate flow to insure 100 percent oxygen.

Probably the largest amount of experience relative to the
occurvence of hypoxia at altitudes of 25,000 to 30,000 ft was
gained by the Army Air Corps in World War II in B-24 and B=17
aircrafe. Hypoxic incidents were four times more frequent in
the B-178 operating at an average altitude of 25,000 ft than &n
the B-24s operating at an average altitude of 22,000 ft, The
average highest altitude for the B-24 was 25,000 ft; for the B-17,
30,000 ft. :

The Army Alr Corpe reported 10,700 cases of hypoxia resulting
in unconsciousness and 110 deaths during World War II operations.

] In addition to hypoxia at flight altitudes of 25,000 to
30,000 ft, in unpressurized aircraft there is the problem of
dysbarism or effect of reduced pressures on the body exclusive
of hypoxia. The literature is sc¢ extensive in this area that it
will not be referenced in this report, However, the altitude
range of 25,000 to 30,000 ft is considered a critical ares in
which bends are iikely to develop in as little as 15 to 30 min.
Obeaity 1is a predisposing factor and deaths have been reported
as low as 22,000 £t (6).
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FIGURE 1. Altitude chamber flight profile and subject activity
of 10 subjects wearing the Cessna mask.
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FIGURE 2.
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Blood uxygen saturation, heart rates, and respiration
of subject DM at 30,000 feet wearing the Cessna mask.

Second minute of exercise. Note the stabilization of
heart rate.
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ECG (For Heart Rate Only)
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Oximeter

2931  Heart Rate
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. Respiration
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14,000 11 -
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Time I min
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FIGURE 3, Elood oxygen saturactlion, heart rate, and respiration

of subject DM at 30,000 feet wearing the Cessnga mask,
Second minute of reading. Note the rapid inspiratory
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FACEPIECE PROBE ...

59.0

FICURE 4. Simultaneous measuremant of nitrogen by probes inserted
* {n nostril and the Cessna mask fateplece. A dashed
1ine is drawn through the end expiratory points.
Subject DD, First minute of exercise at 30,000 feet.
The slope indicates the increase in end expiratory
nitrogen during transiticn from resting to exercise.
Recording must be read from right to lefe.
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' 80.0m FACEPIECE PROBE

FIGURE 5. Simultaneous measurement of nitrogen by probes

fnserted in nostril and the Cessta masx faceplece.
A dashed line is drawn through the end exviratory
points. Subject BH. Fifth minute of exercise at
30,000 feet. Recording must be read from right
to left.
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Histograph showing dilution of inspired gas with
ambient air as calculated from the end expiratory

reading at 20,000, 25,000,

nitrogen concentration.
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FIGURE 6.
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FIGURE 6. Histograph showing dilution of inspired gas with
ambient air as calculated from the end explratory

nitrogen concentration.

Subjects exercising and

reading at 20,000, 25,000, and 30,000 feet while
wearing the Cessna mask.
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FIGURE 7. Luft's histograph showing dilution of inspired gas
with ambient air at different altitudes and rates of
flow during evaluation of the K-$ mask in 1961.
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FIGURE 8., Concentration of Inspired gas using the Cessna mask
superimposed over Luft's plot of the K-§ mask in
1951. Oxygen flow controlled by a Zep-Aro orifice
F 365-1080~2 with a flow of 2.7 L/min at a pressure
of 70 psi. Curve represents inspired oxygen reqﬁired
to theoretically maintain sea-level conditions.
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TABLE 1.
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]
n
~
17
1]
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Blood Oxygen Satur

Baselines of Subjects at
Immediately Px

Oximeter

100.0
99.0
98.4
97.0
95.6
97.0
95.0
96.8
95.6
96.0

zxXxEMMBEX l

95-100

97.0

{percent)

Heart
Rate

88
75
100
76
100
90
94
78
78
82

715-100
86

N=10

Respiratory
Rate

rr—bim——————

12
17
15
11
23
22
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Age
Gr)

34

EH)

36
43
15
33
13
30
&4
44

atfon, and Heart and Respiratory Rate
GCround Level Breathing Afr at Rest
ior to Asceat to Altitude

Height

71.5

71.0

66.5

64.0
62.0
4.0
68.5
71.0
68.0
68.0

Weight

{1b)

184
155
135
115
110
115
130
168
197
180
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TABLE 2. Blood Oxygen Saturation, and Heart and Respiratory Rate

Inopired Tracheal Oxygen Partial Pressure 83.8 mmlg

Resting; First and Third Minutes at 14,000 ft

Baselines

of Subjects Breathing Air at 14,000 ft, Resting and Exercising.

*Humber of subjects for whom data were obtained. -

38

N = 9%
_ Oximeter Percent Heart Rate Respiratory Rate
Minute Minute Minute
' Subject Sex 1 3 1 3 1

DR M — —_— —-— el - —

JT M 96.0 91.0 80 78 — -—

JH F 93.0° 93.5 108 102 19 19

MZ F 93.6 95.3 2 I 80 12 14

Lz ¥ 9L.5 92.8 96 90 15 20

o F g94.0 92.5 90 93 18 17

GF M 90.4 92.0 100 100 17 19

BH M 79.0 78.0 . 74 84 12 13

v M 89.5 90.1 84 85 16 ——

P D2 M 92.0 93.0 . 88 88 11 10
. Range 79.0-96.0 78.0-95.3 74-108 80-102 11-19 10-20

L Mean 91.0 91.0 89 89 15 16

Exercising, Fourth amﬂN Sixgn Minutes at 14,000 ft '&
4 6 4 & 4 6

bR M 92.0 83.0 108 123 — —

JT M — -— - - —— —

Jn F — —— R - —_— -_—

MZ F 94.0 86.0 80 102 19 29

LZ F 88.0 90.0 132 142 24 30

M F 92.0 23.0 114 120 ' 26 28

GF M 90.2 91.0 100 105 24 26

BH M 76.0 72.0 92 94 20 17

v M 86.0 86.0 105 108 19 18

DZ M 90.0 92.0 100 100 22 22
| Range 76.0-94.0 72.0-93.0 80-132 94-142 19-26 17-30

. Mean 88.5 86.6 104 112 22 24
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TABLE 3. Blood Oxygen Saturation, and Heart and Respiratory Rate Baselines
of Several Subjects at 14,000 ft Wearing the Cessna Oxygen Mask
and Breathing Oxygen With the Zep-Aro Orifice (F 365-1080-2)

Resting, Mask Donaned Following Alr Breathing at 14,000 ft

K=3
Oximeter Percent Heasrt Rate Respiratory Rate
Minute Minute Minute

Subject Sex 4] 0.75 0 0.75 0 0.75

M 8i.0 98.5 95 80 - —_—

M 91.0 97.0 718 70 15 16

F 93.5 97.0 102 115 19 13
Range 83.0-93.5 97.0-98.5 78-102 70-115 15-19 . 16~18

89.0 97.5 92 88 17 17

Exercising, Mask On at 154,000 ft
N=2
1 3 1 | 1 3

M 98.0 97.5 70 15 19 21

F 93.5 97.0 102 115 19 18

Range 931,5-98.0 97.0-97.5 70-102 75~115 19-1 18-2
. . 95.8 97.2 86 95 - 19 - - - 19
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TABLE

SESRERNEHE

HE

4.

TXXTXMNMmMmMmEXE

TEXIMamETE

cawe

Blood Oxygen Saturation, and Heart and Respiratory Rates of Subjects
at 20,000 ft Wearing Cessna Mask With the Zep-Aro Orifice (F 365-1080-2)

at an Oxygen Supply Pressure of 70 psi

0

. Exercising, First and Third Minutes at 20,000 ft¢

Oximeter Percent Heart Rate Reapiratory Rate
Minute Minute Minute
1 3 1 3 1 i)
97.5 97.5 80 100 - -
97.6 97.4 10 80 21 19
97.6 97.6 108 115 21 21
97.0 98.3 99 94 21 19
96.7 97.4 112 112 24 25
99.4 99.4 105 108 25 26
98.6 98.0 98 96 24 23
98.4 98.7 74 T4 18 1?
96.7 96.3 98 100 19 20
96.6 96.5 26 94 19 16
96.6-99.4 96.3-99.4 70-112 " 14~115 18-25 1626
97.6 97.17 94 97 21 21
Reading, Fourth and Sixth Minutes at 20,000 f¢
4 [ & 6 & 6
97.5 100.0 100 90 12 10
98.0 §8.6 75 10 16 17
97.5 98.0 105 110 16 15
98.3 98.3 87 84 13 10
97.8 98.90 98 98 17 13
99.4 99.4 100 100 13 11
98.2 99.2 100 100 20 16
99.0 99.8 86 82 17 14
97.3 97.8 88 87 15 14
97.9 ~ 98.8 9%6 9% 14 13
97.3-99.4 97.8-10).0 75-105 70-110 12-20 10-17
98.1 98.8 94 92 15 13
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TABLE 5. Percentage of Aabient Alr and Oxygen Content of Inspired Gas
Using the Cessna Hask at 20,000 ft as Derived From
Estimaten of End Expivatory Nitrogen

n=10

Exercising, Ficrst and Third Minutes at 20,000 (¢

End Percent Oxygen from Calculated
Expiratory Pilution Supply + T
Nitvogen Percent Supply Ambient Ambient 02 emHy
Minute Minute Minute Hinute Hinute Hinute
Sex 1 3 ‘1 )] 1 3 1 3 1 3 1 3
] 57 53 12 &7 28 3 1% 14 43 A7 130 142 .
M [% ] &0 54 51 L1 49 1 11 57 o0 112 181
¥ [ 48 57 61 41 39 12 13 55 52 166 157
F 52 50 6b 63 34 k) 14 13 48 50 145 151
F 45 42 57 53 43 AT 12 11 53 58 166 175
F 47 42 60 53 '4D 47 1) 11 53 58 160 175
H 40 46 51 - .58 49 &2 11 12 60 54 181 163
| 43: 47 5% | ‘e0 11 40 11 13 57 33 172 160
M 4t 52 58 (1 42 kT 12 14 54 48 163 145
.| 3 47 48 60 52 40 10 13 62 03 187 160
43.6 46,7 517 59.7 42.) 408 12.1 12.% 54.4  53.3 164,12 160.9
| Reading, Fourth and Sixth Minutes at 20,000 ft
|
& 6 [ ] & L] & 6 & 6 & []
" A, &7 61 60 19 w1 52 53 157 160
M b 1] 37 49 47 51 5 10 10 61 63 164 190
F 42 &b 53 56 47 44 11 12 58 56 175 169
| 4 AT 47 60 60 40 40 13 13 53 53 160 160
F 3 36 42 &6 54 54 9 10 67 64 202 193
F 47 42 60 53 40 47 12 11 53 58 160 175
M &4 45 56 37 &4 43 12 12 56 55 169 166
M (1 46 58 - 58 42 &2 12 12 54 54 163 163
| 45 47 57 60 4] 40 12 13 55 53 166 160
. 48 47 61 60 39 &0 13 13 52 53 1%7 160
439 438 55,7 55.T  A%.9 &b} I1.7 11,9 S6.1 S6.2 169.3 169.6
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TAME 6. Parcentage of Nitrogen as Heasured in the Mask
Facepisce and Rebreathing Bag at 20,000 f¢

PR S NS

% =10
i
Exercising Reading :
Firet and Third Minutes st 20,000 ft Fourth sud Sixth Minutes at 20,000 fc
Range Peak Mean Range Peak Mean
Hinute “Hinute Hinute Minute Mirute Ninute
Subject Location 1 3 1. 3 1 3 4 [ 4 [ 4

DR Bag 10-38 15-30 &2 48 17 13 8-20 S-17 20 20 14 11
Mask §3-65 45-68 &7 .10 54 57 37-=59 38-59 69 b6 47 55

JT Bag 5-57  7-55 60 59 19 13 8-5% 10-40 55 59 57 23
Mask 35-55 34-57 o4 61 45 47 35-61 335-52 61 57 47 4)
Ju Bag 8-12 lé-16 13 38 10 15 10-1% 5- 5 28 15 1} S
Hask AD-65 40-68 68 1o 35 15 35-5% 30~5%5 60 59 44 45 P
Mz Rag 10-2¢ 5-15 M 24 13 10 10 &~ 8 12 10 6 6
Mask 30-58 38-57 59 60 AT 47 &0-55 40-%% 57 59 Al &7
Lz Bag 7-18 12-26 42 ¢ 10 13 5-15  5-13 25 52 ? 8
MHask 30-59 35-65 68 8 A5 52 20-55% 25~%% 57 8 kL k1]
ox Bag -3 1-3 3 6 T2 2 1-4 1-4 6 & 2 2
Mask 12-67 16-67 68 74 43 45 22-65 15-67 6% 68 47 A4 .
i
GF Rag 20-30 15-2) &2 &0 5 17 10-15 10-15 23 16 1y 13 7
Mank 40~05 - A0-59 - 67 - 62 - 33 0 43~-56° 43-3%7 5B & 50 52
L}
BH Bag -15 2«15 2& X 1¢ ] 10-20 510 &0 11 12 ] \

Mask 33-65 35-62 68 63 52 43 43-61 43-61 65 10 b ¥ 52

N Bag 15~-28 25-38 30 40 17 2 15-2% 10-23} 37 6 18 1%
Mask 42-63 AB-64 67 63 52 55 42-53 35-58 59 43 LY

bz Bag 5~20 10-23 25 25 14 17 13-23 13- 25 26 16 16
Hask 20-65 35-67 67 68 &% -, 50 35-61 40-60 82 63 L1 48

42
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TABLE 7. Blood Oxygen Saturation, and Heart and Respiratory Rates of Subjects
at 25,000 ft Vearing Cessna Mask with the Zep-Aro Orifice (F 365-1080-2)
' at an Oxygen Supply Pressure of 10 psi

Ne 10

~ Exercising, Ficst aud Third Minutes at 25,000 ft

Oximeter Fercent Heart Rate Respiratory Rate
Minute Minute Minute
Subject  Sex 1 3 1 3 : 1
DR | 99.0 97.5 85 105 -— | —
JT M 98.6 97.4 10 80 18 16
JH r $8.3 98.1 108 108 22 22
MZ r 97.8 98.2 92 100 23 27
4 ¥ 97.8 97.3 118 118 23 26
™ F 98.0 98.4 105 115 27 29
GF . 99.4 99.4 98 98 25 22
BH ] 97.0 99.0 78 74 17 17
Jv | 95.8 95.2 100 100 22 21
)4 “ %6.8 97.5 96 9 18 16
Range 95.8-99.4 95.2-99.4 10-118 T4-118 17-27 16-29
Hean : - 97.8 . 97.8 95 99.2 22 22
Reading, Fourth and Sixth Minutes at 25,000 £t
& 6 & 6 4 6
DR M 97.5 99.0 105 95 12 12
JT M 97.4 98.4 5 78 21 15.5
JH F 98.3 99.0 114 106 17 16
MZ 4 97.8 98.0 9% 94 12 12
L2 F 98.0 98.2 98 103 16 14
oM F 98.9 S8.8 96 9% 12 12
CF ] 99.4 99.6 104 98 15 13
BH | 99.3 99.4 B84 38 17 15
Jv L 97.0 97.1 ) 9% - 95 17 17
DZ M $8.3 99.3 94 92 16 16
Range 97.0-99.4 97.1-99.6 75=114 18-106 12-21 12-17
Mean 98.2 98.7 95.8 94.3 15.5 14.2
43
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TARLE 8. Parcentage of Ambient Alr and Oxygen Content of Inspired Cas
Using the Cessna Mask at 25,000 ft as Derived Froe
Estimates of End Expiratory Nitrogen

Ne=10

Exercfeing, First and Third Minutes at 25,000 f¢

End Percent Oxygen from Calculated

Exptratory piiucion Supply +. l’-ro

Nitrogen Fercent Supply Ambient Ambient 1 smig

Hinute Minute Minute - Ainute Hinute Minute
Sex 1 3 ] 3 1 3 1 3 1 3 1 3
| 44 47 56 60 L1 40 12 1 56 53 131 125
M is 8 [YY 48 56 52 ] 10 65 62 153 146
F 38 40 48 51 52 49 10 11 62 60 148 141
F b I Y 48 51 52 &9 10 11 62 60 146 143
F s - »n &4 47 56 53 9 10 63 63 153 148
F % 28 33 35 67 65 ? 7 T4 12 174 169
M 45 1 43 57 54 43 46 12 11 L1 87 129 134
" 40 3 51 42 49 58 11 9 60 67 141 158
N 45 47 57 60 43 40 1 13 55 33 129 125
.3 3 .M 44 48 56 5 9 10 63 62 153 146
8.1 0393 4.2 49.6  SLILB S0.4 10,1 §0.5 61.9 60.9 145.5 143.3

. Reading, Fourth and Sixth Minutes at 25,000 ft
|

& 6 & 6 4 6 4 6 . A& 6. & 6
M J8 - &0 48 58 52 49 10 1 62 60 146 141
" A0 &) 51 s 49 46 11 11 60 57 141 134
F 41 45 52 57 48 43 11 12 59 55 139 129
F 42 42 53 53 47 47 11 11 58 58 136 136
F »” s 47 44 53 56 10 9 63 65 148 153
| 4 2r . k1Y 47 66 53 7 10 73 63 17} 148
| 40 &0 51 51 4% 49 13§ 11 60 60 141 141
] 43 41 54 52 (17 48 11 11 57 59 134 139
L &2 40 53 51 47 49 . 11 . 11 . 58 "e0 137 1a
| 43 43 54 54 4b [13 11 11 57 s7 134 134

39.3  40.6  49.7 51L&  S50.3  48.8 10.4  10.8  60.7 59.4 142.7 139.6

44
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TARLE 9. Parcentage of Nitrogen as Msasured in the Mask
Facepieca and Rebreathing Bag at 23,000 f¢ i
N« 10 '
Exarcisiog Reading
Ticst sd Third Misutes ¢ 25,000 f¢  Fovsth sod Sisth Mimces st 23,000 f¢
Range Peak Hean . Range Peak an___
Minute Minute Minute Minute Mioute Minute
Location 1 3 1 3 1 3 4 6 4 6 4 v
Beg 12-20 13-28 &1 3 16 21 514 520 16 20 8 10
Hask 35-62 40-63 67 68 49 51 32-55 3555 67 €3 37 40
Bag S-40 6~40 SO A6 14 14 6-40 2-30 60 43 18 14
Hask 26-55 25~60 63 61 1Y 35 3-55 3357 59 60 37 46
Rag 3~10 10-10 25 10 5 10 5-10 510 20 17 ] 8
Hask 25-64 35-66 65 68 45 33 35-55 35-53 57 60 45 &2
Bag 2-6 2-2 9 2 3 2 3-10 33 10 5 5 3
Mask 25~35 25-5% 57 59 43 42 5~55 36-53 56 59 45 46
Bag -8 216 10 17 | 3 315 5-10 23 17 6 [
Hask 23-59 28-62 66 65 42 45 22-50 25-50 63 55 40 s
Bag -1 00 1 0 0.2 G -2 0-3 6 3 2 2
Mask 14-57 17-62 60 74 8 &5 i8-57 17-62 59 64 - 42 &4
Bag T+14. 16-30 38 -3 12 23 9-27 618 46 37 13 i
Mask 30-59 38-63 64 65 45 47 35-55 35-55 57 64 45 A5
Bag 23 31 ] 3 3 3 5-13 2-6 14 8 10 4
Mask 31-61 25-60 &7 65 48 44 38-62 38-60 65 66 48 50
Bag 5-10 5«15 23 3 8 10 10-23 5-15 25 3o 15 12
Mask 40-65 45-65 67 67 S4 54 Ja-54 235-55 57 57 46 A4S
Bag 7-15 8-19 24 23 -1_.1 . 13 . 13-18 9-14 23 13 15 12
Mask 2064 25-65 67 68 44 45 35-56 35-60 59 61 45 45

45




TABLE 0.
at 30,000 ft Wearing Cessna Mask With the
: at an Oxygen Supply Pressure of 70 psail

Mean

DR
JT
Jyu

GF
By

Dz
Ranga
Mean

EXIXXmumwzx ,E

EXXXMwmmgx

N=10

Exercising, First and Third Minutes at 30,000 ft

Blood Oxygen Saturation, and Heart and Respiratory Rates of Subjects
Zep-Aro Orifice (F 365-1080-2)

Oxinetey Percent Heart Rate _Respiratory Rate
Hinute Minute Minute
1 3 . 1 3 1 E)
98.0 9.5 90 105 - -
98.4 7.6 70 82 18 19
98.5 98.6 108 112 21 21
95.8 92.0 103 122 15 20
97.0 96.8 112 115 27 26
98.5 97.3 105 115 26 27
99.4 9.3 100 100 23 24
94.5 89.0 90 88 16 20
87.0 89.0 104 104 19 22
87.4 93.4 9% 96 17 19
87.0-99.4 89,0-99.3 70-112 82-122 15-27 19-27
96.4 94.7 98 104 25 22
Reading, Fourth and Sixen Minutes at 30,000 f¢
4 6 4 [ 4 [
96.5 98.0 105 90 13 18
97.5 98.6 82 75 18 19
95.3 99.0 116 108 16 21
91.0 95.0 112 118 20 16
97.0 97.4 104 100 1 13
98.0 97.2 100 100 18 18
99.0 99.4 100 98 11 12
92.0 99.0 90 o %0 17 17
%30 95.0 . 87 86 19 17
97.8 98.4 9% 96 20 19
$1.0-99.0 95.0-99.4 82-116 75-118 11-20 12-21
96.0 9.7 99.2 £6.1 16 17
46
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TABLE 11. Percentags of Aﬂ;hn: Alr and Oxygen Conteot of Inspired Gan
Using the Cessna Mask at 30,000 ft as Derived From
Estimntes 9( End Expiracory Ritrogen
|

Ne=10

Exercising, Pirs:t and Third Minutes at 30,000 f¢

End l’g;eon; Oxygen from Calculated
Expiratory Ditution Supply + y
Percen Supply Asbient Ambient 02 awiig
Minuce Minute Hiaute Minuce Minute Mioute
k] " b 1 3 1 3 1 3 1 h ]
» &0 47 st 537 as 10 n 63 60 113 107
25 32 32 4l o8 59 ? 9 7s o8 1% 122
514 ¥ 47 Yy 3 L7 10 9 63 6s 113 11e
41 43 52 54 48 46 11 11 59 LY 106 102
W0 7 38 34 62 66 8 7 10 73 125 m
15 18 19 2) '} n 4 5 .1 82 152 147
28 3 i} . 65 56 H ] 72 63 129 t1é
» 1 [ 42 56. 58 ] 9 65 o7 116 120
4“4 '} ) 56 57 &4 43 12 12 56 53 106 98
S8 43 » 53 63 A7 7 11 72 s8 129 104
32,0 35,1 40.5 4.3 9.5 38,7 8.5 9.3 68.0 5.0 121.7 116.3
1 Reading, Yourth and Stxth Minutes at 30 000 (¢
\ ;
_ [ 6 4 5_ & $ 4 5 4 [ ) [
{38 37 &4 47 56 53 9 10 63 63 116 113
» 3 ' 44 36 % 9 85 . 85 13713 118
1) 3% 134 43 5y sy 10 9 &) 66 113 118
&b 42 58 53 42 47 12 i1 54 58 97 04
2 21 41 27 59 73 ) 6 o8 9 122 142
28 2 3z 3 &8 67 7 ? 7% 74 134 133
(38 42 48 33 52 a7 10 11 62 58 111 104
4) » % o7 46 53 11 10 L 63 102 113
)8 174 48 47 52 53 10 10 62 Y] 111 3]
3 3 &4 Y 56 56 9 9 65 65 i1é 116
Jo.d M6 6.0 438 se.p 3.2 9.6 9.2 636 ¢34 113.8 i,

41




TAME 12.

Parcantage of Bitrogen as Measured in the Mask
Facepiece and Rebreathiog Baz at 17,000 ft

Subject lccatiom 1

JT

JH

cr

ue10
Exercistng feading
First and Third Minutes at 30,000 ft Yourth and Sixth Minutes st 30,000 ¢
Range Peak Mean Rarge Peak Mean
Ninute Hinute Hinute Minute Hinute Hinute

3 1 3 1 3 8 s . ) ®

2ag 10-13% 10-16 I3 23 13 14 &~14 611 15§ 1t 9 ’
Mask 30-60 32-63% 67 [.3) o7 50 15-43 28-42 5% 58 3 33
Bag 5«40 3-40 40 50 10 10 =30 3-33 as 43 15 14
Hash 18-44 22-62 S [ 19 0 [} ] 27-53 22-%2 %9 57 42 35
Bag 1= 5 S5=12 [ b 3 [ 510 S-10 1% 22 s L
Hask 25-60 30-80 ) L3 45 46 28-35 3%-55 &3 58 40 43
dag I«1 -1 1 1 1 1 4 2.2 5 2 3 b
Mask 33-61 31-6) 6 65 &8 50 39-3% 38-57 62 62 1Y LY
Bag 1-3 1-2 1 k] 2 1.5 2-3%5 210 27 19 3 &
Mask 14-37 15%-57 &% 70 » s 15-5% 15-50 &% 5 30 32
Bag -0 02 o 3 o 1 061 00 1 o 0.5 o
oak 10-38 14-%8 0 69 7 &0 15-56 132-57 87 59 39 40
Rag 13 510 1% 23 . 7 . & 520 48 3% T4 10 7
Mixh 26-01 2554 62 5 42 38 18-85 13-42 39 62 (3] 48
Bag 410 2-2 10 2 H 2 310 s-10 1) 13 5 ]
Mask 30~60 25-60 66 63 43 &3 3z-61 30-3%0 ) 57 45 40
Bag ~10 &6 17 6 6 s 3-15 10-15 30 47 10 12
Pask 40-38 42-58 &0 61 50 &8 I5-50 35-52 64 55 42 42
Bag 310 625 1) n Ty 15 %1% 10-13 23 15 12 11
Mask =39 1262 2 65 2 s 30-55 30-53 1 56 4] 42

48
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TABLE 13. Blood Oxygen Saturation, and Heart and Respiratory Rates of Subjects

Resting at Ground Level, Poatflight, Wearing Cessna Mawk Wich Zep~-Aro Orifice
(F 365-1080-2) at an Oxygen Supply Pressure of 70 pol

Ne§
Oximeter Percent Heart Rate Respiratory Rate
Minute Minute Minute
ubject  Sex 1 3 1 3 1 3
DR M 99.5 99.5 7 72 - -
JT M 99.5 99.6 60 62 - -
M P 100.5 100.5 81 81 18 16
By Mo 97 913 60 66 16 17
v Mo 987 98.6 76 72 20 a6
bz M| 98.4  98.8 72 7 12 - 9
Range 97.7-100.5 97.7-100.5  60-81 62-81 12-20 9-17
Mesn . 99.0 99.1 n 71 1 - 14

NOTE: The oximeter saturations indicated in excess of 100 percent breathing oxygen

at ground level appear to be due to a shift in baseline due to an increase
of temperature of the pinns of the ear resulting in vasodilatation and
increased perfueion. Earpiece had been worn approximately 1 hour.
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TARLE 14.  Summary of Measurements of the Carbon Dioxide Content of the t
Aebresthing Bag and Mask Facepiace an Deteruined st - ' + S
Cround Level Imaediately Poscllight s §
' -
Resting Exercieing Resding :
MNinute - Minute Kinute Maok :
1 3 1§ 3 | 3 Sampling Type .
Subtect Hax. MWin. Hax. Nin, Man. Hiw, Hax. Hin, Max., Min, Hax, Win, Llocation Maske
bR 3.00 0.0 320 0.%0 8,90 320 8.90 )00 - — - - bag 1
JH - - - - .20 0.7%  3.00 1.00 0.50 Q.50 0.5 0.% bag 1 N
Jv 1.00 0.50¢ 2.00 0.70 2.50 1.00 3.00 1.00 3.00 0.50 2.00 0.20 bag 1
M 4.10 0.50 4.00 90.50 4,80 0.70 4.80 0.7 4.50 0.7¢ 4.3 0.70 faceplece 1
Jw 3.70 0.50 4.00 1.00 4.50 0.60 4,40 0.40 5.00 0.40 4.20 0.60 faceplece 1
pL 4.00 0.0 &.00 0.30 4.80 0.50 5.00 0.00 4.70 0.50 4.30 0.50 faceplece |
Dz .20 0.50 380 0.% 4.80 0.40 5.00 0.% 4.50 0.70 a.40 0.80 faceploce 1
BR 3,00 1.00 3.3 1.00 4.00 1.00 4.0¢ 1.3 1.00 0.%¢ 1.00 0.50 bag 2 )
i 5.00 0.20 .00 0.20 .00 0.50 6.% 1.% 6.00 1.00 6.00 31.00 facepiece. 2
bz 3.00 0.3 5.00 0.50 3.30 0,30 6.00 0.% 6.00 0.50 5.5 o.70 faceploce 3
4 3.50 1.00 2.00 ¢.70 2,00 1.00 1.00 1.00 .00 .50 .80 1.00 b |
] = Cessna Mank
2 = Zep-Aro Mask (Cessna Part No, C 166009-0401)
3 = Ohio Chemical XK-5 Mank
TABLE 15, Summary of Subjective Evaluations of Speech In:eluglbiuty
While Reading at Various Altitudes i
+
i
. CESSNA MASK - :
(Voice transmitted through the mask) ¢
. F
Ground t
20,000 ft 25,000 fe 30,000 ft Postflight .
Subject Sex Volume - Clarity Volume - Clarity Volume - Clarity Volume ~ Clarity e
DR M 5 x & 5 x & 5 x & "
JT M 4 x 4 5 x5 5 x 4 5 x 8 :
.m r 5 x 5 5 x 3 5 x s ¢
M2 F 5 x5 5 x5 5 x 4 ¥
1z F & x & 4 x 3 5 x 3 2
DM F 35 x 8 L I 5 x5 ]
GF M 5 x 5§ 5 x5 5 x 4 :
BH M S x 5 5 x 4 S x 3 : ,
N N 5 xS 5 x S 5 x S
Dz M 5 x 8 5 xS 5 x 5 r
ORIO CHEMICAL K-S Mask '
(Voice transmitted through the mask;
1A M 5 x5 3 x5 5 xS S x §
ZEP-ARG MASK (CESSNA PART NO. ¢ 166009-0401)
(Voice tranemitted through mask-mountd microphone)
F“ M 3 x5 3 x s 3 x S5 x s i
: z.
50
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TABLE 16.
Wearing a Zep-~Aro Constant-Flow Mask (Cesana Part No. C 166009-0401) With the
Zep-Aro Orifice (F 365-1080-2) at an Oxygen Supply Pressure of 70 pei.
Mask Equipped With a Microphone

Blood Oxygen Saturation, and Heart and Respiratory Rates of Subject BH

Oximeter Percent Heart Rate Respiratory Rate
Altitude Minute Minute Minute
{ft) Condition 1 3 1 3 : 1 3
Ground Preflight 97 68 11
14,000 Resating 86.0 86.5 76 74 10 10
Exercise 85.0 88.5 9 94 18 15
DOR MASK
20,000 Exercise 97.4 97.8 1n 16 12 12
 Reading 97.4 98.8 74 18 14 14
25,000 Exercise 98.0 97.0 14 16 13 14
Reading 96.2 98.3 82 84 14 16
30,000  Exercise 91.5 86.0 - B 12 12
Reading 84.0 88.0 -— - 14 15
POSTFLIGHT o
Ground Resting 99.2 99.3 58 60 12 14
Exercise 99.2 99.0 . 70 14 13 14
Reading 99.2 99.3 68 68 12 8
51
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Zep-Aro Constant-F1oy Mask (Cansna Pare Mo, ¢ 166009-0401) ay Dertved
From Estimates of the End Expiratory Nitrogen, Subject By,
LZep-Aro Orifice (F 365~1080-2) & Pressure of 79 potl

l

S \ - T
- ' -
,-" .“" / - -
. #
TAME 17, Percentage of Asbient Afr and Oxygen Content of Inspired Caa Usiag the f
]

End i Percant Oxygen from Calculated ’
hplutory Dilutton i ’ Supply + l'.r
Nitrogen Percent Supp1 Anbient Asbient 02 i
Alticude Minute Minute Minute Minute Minute Hinute '
(ft) Condition 1} 3 1 L) 1 k] 1 3 1 3 1 3 )

?
20,000 Exercise 42 47 53 60 47 40 i1 13 58 53 175 160 :
Reading 45 40 37 51 43 49 12 11 55 60 166 182

25,000 Exercise 42 43 33 34 47 &7 11 Il 58 5t 136 134
Reading - 49 41 51 52 49 43 1 11 &0 39 141 138

30,000 Exercise 44 . 48 56 61 44 kL 12 13 56 52 100 9
Reading 46 43 58 54 42 46 12 n 54 57 9" 102

POSTFLIGHTY

 Ground  Reac ing e R R S oSNt RS B,
' Exerciae 33 e 0 o 3 45 B T3
Resdlng 54 58 g 29 O TR A S

w
w

TABLE 18. Blood Oxjgen s-turatton. and Heare ang Re-pirctory'latel of Subject pz
Wearing Ohio Chemical x-s Mask With che Zep-Aro Orifice {F 365-1080-2)
4t an Oxygen Supply Pressure of 10 pa;

1
i

i Oximeter Percent ‘Heart Rate Respirator! Rate
Alticude o ; Minute Hinute Minute
{ft) Condition 1 3 1 3 1 3
¥ . -—__-_.-___- ~_-—-—-.———_—'_~ .
" Cround Preflight 97 82 8
14,000 Restlng 931.0 92.5 92 92 10. 13
Exercine 87.0 86.0 110 110 21 20
DOR MASK '
Exercise 98.0 98.0 102 96 18 15
Reading 99.3 99.5 92 9% 14 17
Exercige %1.0 92.0 104 102 15 17
Reading 99.4 99.3 96 94 17 18 -
_Exercise  99.0 84.8 106 .y 16 19
Readlng 97.6 98.0 100 - 98 19 18
POSTFLIGHT :
Resting 98.7 99.0 78 82 12 10
Exercige 98.8 98.0 88 - 90 10 17
Reading 99.0 99.3 82 182 13 11
!
52 . ’ :




TARMLE 19. Parcentage of Asbient Atr and Oxygen Content of Inspired Gas Using the

Ohio Chemical K-5 Mask as Derived ¥
of the End Expiratory Witrogen.
Zep-Aro Orifice (F 365-1080-2) at Pr

rom Estimates
Subject OZ.
essure of 70 poi

End ______Perceat Oxygew from _____
Expiratory Dilution Supply +
Mitrogen Parcent __ Suppiy Ambient Ambient
Mtitude Hioute Minute Hinute Hioute Hinute

{ft)  Comdition 1 3 1 1 3 1 3 1
. 20,000 Exerciss 48 52 61 66 3 34 13 14 52 48
Resding 31 50 63 63 » 3 14 13 49 50
25,000 Rzerciss 51 A7 63 0 i1 40 14 13 49 53
) Reading 4% 46 53 58 42 42 12 12 54 54
30,000 Exercles 43 Y] Sk 57 I 43 11 12 s1 55
Reading 42 &0 53 51 a7 49 i1 11 s8 60

POSTFLIGHT
Cround  Restiag 53 34 67 68 a3 32 14 1 &1 46
Exercise 63 62 80 78 20 22 1? 16 37 3
Resding 56 53 7 10 29 ac 13 15 & &5
53

Calculsted
P.
'l'02
Minuts
1 3
137 143
148 151
11% 125
127 127
102 98
104 107

L
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TABLE 20.

Altitude

(te})
Cround

Condition

14,000 Resting

Exercise
DON MASK

Exsrcine

25,000 Resting
Exerciee

Reating
Exercise

Resting
Exercing

. Rest ing
Exerciss

Cround Prellight

14,000 Resting

Exatclise
DON MASK

Exstcise
2%,000 Kesting
Exercise
Resting
Exercine
Resting
Exercise
Resting
Exercise

Praflighe .

R

[EFERE . it —va
Blood Ouygen Saturation, and Heart and Reapiratory Rates of Subject DD
During Two l-Hour Extended Chambar Flights at 23,000 ft. Subject Wearing
Cesnna Mask With Zep-Aro Orifice (¥ 165-1080-2).
Alternate Pariods of Exercise and Rest at 25,000 It
Subject 0]
Reight 68 in
Weight 135 1»
Age 35 yr
Oxygen Supply Pressure ~ 70 pai
Onineter hrt.cnt Heart Rate Respiratory Rate Minutes at
Minute Klaute Hinute 25,000 ft
95.3 1] 12
1 3 ] k] 1 3
88.0 87.0 114 124 T [
] 3 ] 1 3 b 1 k] [
87.0 8%.4 85.0 138 1% 137 n 14 n
1 3 I 3 1 3
. 98.8 99.5 12 116 12 1
99.4 9.6 102 102 14 15 -9
99.4 98.3 I1s 122 15 1] 118
99.0 99.2 102 100 n 12 11-25
99.0 L i3] 120 16 | ] 26~31
9.0 - 9.3 104 104 8 13 12-41
94.8 98.5 116 .10 14 17 42-47
99.0 9%.3 102 104 42 11 48-57
9.0 9.0 116 114 15 14 58-59
Oxygen Supply Pressute - 60 pei
9.5 s0 17
1 3 ] 3 1 3
89.5 89,0 100 102 10 T
1 3 s i 3 & R S
87.5 - 88.0 9% - 134 [ - H
1 3 1 3 1 3
97.0 99.0 L1 94 1 [
99.0 93.0 100 102 11 8 1- 9
9.0 96.3 112 118 10 12 10-16
98.2 99.3 92 100 8 15 17-2% -
98.8 97.4; 118 120 11 13 26~31
%8.6 99.6 112 i10 13 1 11] 32-4)
99.0 9.1 - 114 116 L4 17 A2-4}
98.6 9.7 108 98 12 9 48-57
99.5 99.0 110 110 15 14 58-59
’
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Altitude
(ft)

14,000
25,000

14,000
25,000

i
g |
TABLE 21. Percentage of Asbient Alr and Oxygen Content of Inspired Cas Uaing
the Cessna Mask During l-Hour Extended Chamber Flight at 25,000 fc.
Subject DD. Zep-Arc Orifice (F 365-1080-2). Data Derived

From Entimate of the End Expiratory Nitrogen.
Altecnate Periods of Exercise and Rest ot 25,000 fe

Oxygen luppljr PFressute ~ 70 pet

Condftion End ’ Percent Oxygen from Calculated
aad Tise Expiratory Dilution Supply + P

T,
at Mitrogen Percent Supply Asbignt _Anblent 02 mang

Altitude Minute Minute Hinute Hinute Minute Hinute

Qinute) 1 N | ) 1 3 A 3 1 3 1 3

Exercise 50 32 63 - 66 n ) 13} 14 30 48 200 192

Resctng 20 1 23 2 35 g s 6 80 19 188 186
1-9 : )

ritHalit B R L TR O N | DT R T 141
10-16 - . ; :

Resting 13 29 42 29 s p * 6 & 1 18 m
17-23 :

Exercine 36 45 o W 34 43 10 12 64 53 151 129
26-11 ‘

Resting 33 2 42 29 34y 9 ¢ . 1 138 s
l::;::u‘ T P 53 10 & & 158 s
l:::::‘ 3 2 46 28 4 T2 ‘lﬂ . & &4 13 151 184
Ci;:;s‘sle I 32 L H 40 &7 o0 33 8 10 &8 &3 160 148

' Oxygen Supply Pressure - &0 psi

Exercise 33 51 67 63 33 33 14 4 & 49 188 196

Resting 28 b4 » £ I 1) o8 ? 7 2 15 19 117
1-9 '
Exercise 335 42 44 - 83 56 47 9 n 63 58 153 13
10-16 o
Resting 35 1 4 1 56 M9 h ] 85 87 153 20)
17-23

Exercise 40 &0 L) 51 49 L) ] 11 11 50 L] 4L lbll
26-31

Resting 28 3 35 29 65 n 7 L] n n 169 181

E:i;::lc 3o 9 43 49 ] b)) 9 10 64 6f 151 144

I:i;::; kL) 27 44 L1 56 66 9 7 &3 13 13- a2
A8-57 o

l!;;:;;u ‘35 40 &4 51 56 9 9 i1 63 0 153 141

35
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Tm 22. 3lood Oxygen Saturstion, and Heart and Respiratory Lates
of Subject JV During l-Hour Extended Chamber Viight at 30,000 ft. :
Subject Wearing Cessna Mask With Zep-Aro Orifice (F 365-1080-2). ;
Alternate Periods of Exercise and Rest atr 30,000 £t )
i
Oxygen Supply Pressure — 70 pei i
Oxineter Percent Haart Rate Respiratory Rate
Altitude Minute Ninute Ninute Minutes st ‘
({{3] Condition 1 3 l, 3 1 3 30,000 f¢ !
Ground Proflight 9.5 T sk 17
14,000 Resting 81.0 82.5 88 94 11 18 ,
Exercise 76.0 17.0 1cs 114 22 22 i
DOM MASK . _
Hinute 1 Mioute 1 Minute
Resting 96.0 80 13
30,000 Resting 9.0 96.0 84 82 16 15 -9
Exercise 90.0 83.0 102 108 22 25 10~-16
Resting 95.0 96,0 86 82 18 18 17-24
Oxygen Supply Pressure Reduced Fram 70 to 40 psl
Resting 95.2 9.7 3 al 18 18 2527
Exarcise 80.0 15.0 106 114 24 26 28~32
Remainder of Chamber Flight Aborted - Descent
TABLE 2J. Percentage of Amblent ALT and Oxygen Content of Inspired Cas Using
the Cessna Mask During i-Hour Extended Chamber Fi ight at 30,000 fr.
Subject JV. Zep-Aro Orifice (F 365-1080-2). Daca Derived
From Estimaste »f the End Expiratory Nityogen.
Alternste Periods of Exercise snd Rest at 30,000 f¢
Oxygen Supply Pressure - 70 pai
Condition
and Time
at Bodd Petcent Oxygen from Calculated
Alticude Altitude Euptratory Dilution Supply + Py
(ft) = (Minute) _Nitrogen Percent Supply Asblent Ambient 07 maig
14,000 Rest ing A8 [ » 13 52 208
30,000 I;n;ln. 3y 20 & 2 9% 75 08 s 97 80 14 14}
Exercise 38 40 48 51 5 &9 w0 n 62 &0 111 7
10-16 d 3 10
Renting 32 19 A 24 0 76 8 L 68 81 .
17-24 1 12 145
Supply Pressure Reduced wr 60 pai
Resting 28 28 3 3 63 &5 A 712 7
25227 4 129 129
Exercine 47 48 80 61 40 3 13 1 53 52 95 93
28+32 ’
56
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TAZLE 24, Blood Oxygen Saturation, and Reart snd Respirstory Rates of

Subject DD Vearing the Cessna Mask Durleg Chamber Flights to
Sl.-nnmo\ulr Measure Kitroges in the Facepiece and Kares.
Zap-Aro Orilice {F 165-1080-2) st an Oxygen Supply fraasure of 70 psi

L Altitude Oximeter Percent Hesrt Rate ‘ fespiratory Rate

_Oximeter TELCFOT
{£e) Conditicn Rinute Hinute Mioute
" e Conaltlon
-Ground Level pPreflight 56 82 18
: U S S 1 L] — i s
. 14,000 Rest, Bascline 94 8 86 92 9 .
' rxercise 80 Th 112 108 8 7
HASK DOKNED
1 3 1 3 1 3
Reuting [33 93 [T 16 10 [
1 [ 1 [] 1 [
25,000 Resting 95 95 80 84 12 8
Exercise 95 95 98 102 9 .
30,000 Resting 9% 96 a2 86 7 10

Exercise 95 9% 102 104 13 13

TAELE 13. Peccentage of Ambieat Air snd Oxygen Content of inspired Cas Using the
Cessns Mask at Chasber Flight Altitudes of 25,000 and 30,000 ft. Values Detived
from Simultaneous Maasurements of End Ixpiratory Bitroges in the Hask
Facepiece and the Mares. Subject DR. Zap-Aro Orifice (F 365-1080-1).
' Oxygen Supply Pressurs - 70 psi

e
-

Alticude End Percent Oxygen fros Calculated

[(£3] Weasure- Expiratory Dilution . Supply + L2
and ment Mitrogen Percent Suppl Aob{ent Aubient 02 wmily
Condition Location  Minute Hinute - Minute Hinute Hinute Himats
1 2 3 T 1.1 1 1 & 1 1
14,000  Masal 40 38 51 1) 9 52 il 10 0 62 240 248
Resting Mask » 40 L 51 - 52 A9 1G 1n [ ¥ 60 248 240
K 3 1 s 1 0 i 6 1 6 1 6
25,000 Hasal Fy 15 34 32 o [ ] H 7 13 15 172 117
Resting Mask 28 15 35 32 6% 68 7 7 72 73 16% 177
25,000 Hasal 33 37 (¥4 &7 58 53 9 10 &7 63 1%8 148
gxercise Hask 3 kr ) 44 47 56 3 L 10 65 63 153 R4S
30,000 Rasal 0 18 23 3 7% 7 s 35 80 82 14} 147
Reoting Mash 20 20 25 35 5 1 3 S 80 80 143 14}
30,000 Nasal 25 3% kP &k o8 56 7 s - 73 63 1M 116 -
Exercise Mask 24 35 3 & 70 56 6 L 76 65 136 116
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TABLE 26,

Blood Oxygen Ssturatios, and ileart and Respiratory Rates of
Subject BH Wearing the Cessna Mask During Chamber Tlights to
Staultanscusly Measure Nitrogen in the Faceplece and Mares.

Lep-Aro Orifice (F 365-1080-2) at an Oxygen Supply Pressure of 70 psi

t

Altitude _Oximeter Percent Reary Rate Respirstory Rate
(fe) Condition Ninute Hinute Hinute
Cround Level Preflight 5 66 0
1 [ 1 [ 1 [
14,000 Rast, Baneling 86 17 7 a2 18 11
Exercise 18 12 98 9% 17 17
MASK DONNED
1 3 3 3 1 3
Resting 98 99 78 [1] 10 18
1 [ 1 & 1 ]
27,500 Resting 95 9 % 14 17 19
Exercise 94 9% 86 90 18 21
30,000 Resting 9% 97 80 n 19 19
Isercise 92 : a9 90 % 23 22
i ' ]
TAME 27, Percentage of Amdieat Alr and o;lysm Content of Inspired Cas Vsing the
Cesona Mask at Chember Flight Alticudes of 27,500 and 30,000 ft. Values Detived
From Simultanecus Messurements of Ind Expiratory Nitrogen in the Mask
Facepiece and the Nares. Subject BH. Zep-Aro Orifice (F 365-1080-2).
: Oxygen Supply Presmuts - 10 [ 131
Altitude End Percent Oxygen from Calculated
[413) Keasure—- Kxpiratory Pllution Supply + T
and wrnt Mitrogen Percent Suppl Ambignt Anbient 03 [ Y
Condition Locatiom Minute Minute Nipute Hinute - Nigute Hinute
1 H 1 z 1 b i ¥ 1 1 Fi
14,000 Namal [}) 43 57 54 43 L1 12 11 53 57 220 218
Resting Mask 40 7 51 LY 49 3 11 10 60 (1] 240 132
1 3 1 . i . 1 . 1 I 3
27,500 Rasal 20 25 3} b3 4 o7 [ Y] ? ? 74 15 152 154
Resting Mask 4 24 » 30 14 10 [ [} e Te 131 18!
27,%00 Maval 4 49 5t 51 49 48 1t 11 I | [ ] 124 124
- Exercise Mask L' H 48 47 52 53 . 10 1l 52 [ ) 18 13
30,000 Nasal 2 23 e [ ] n H [ 7% 12 134 1)
Resting Mask 24 22 30 2 10 72 [} ] Té 18 1% 10
30,000 Kassl EL - 42 0 - 58 -— 9 - 67 -— §10 —=m
Reading Mask 34 — 43 b T4 — k] ~ o S8 - HE o=
30,000 Nzeal 3 »n LT IS § 56 53 9 11} 6% ) 116 11}
Exercise Mank »n 33 42 42 58 58 .9 9 o7 o7 10 120
r
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PERTORMANCE CHARACTERISTICS OF PORTABLE
FIRST AID CHEMICAL OXYGEN GENERATORS

D. deSteiguer, E. B. McFadden, and J. M. Simpson
1. Introduction.

Portable equipment for administration of first aid oxygen to
airline passengers has been carried aboard alr carrier aircraft
for many years. Although these systems use high pressure gaseous
oxygen, the past history of their deployment and use has ber.: rela-
tively free of accidents or serious incidents. Howe=-, several
recent accidents involving these units stimula*- . interest in the
airline industry in replacing them with ch 4«ical oxygen generators
on a fleet-wide basis. In addition to safety considerations,
reduced weight, ease of operation, maintenance simplicity, and
cost factors make replacement wi‘i a chemlcal system attractive.

Essentially, chemical oxygen generators consist of a quantity
of an alkali-metal chlorate enriched with a solid fuel such as iron
to produce sufficient heat for decomposition of the chlorate and
liberation of oxygen. Additional chemicals and filters are added
or superimposed downstream in the generator to insure oxygen
puricty (1).

This investigation was limited to a study of “ae applicability
in aviation of using readily available, off-tk .-shelf, portable
first aid chemical oxygen gengrators marke*.d to the medical profes-
sion. Chemical oxygen generators for r.ergency passenger use in
tt  event of decompression have bee-. developed and qualified for
aviation and are being used abes-d¢ the C5A, DC-10, and L-1011 air-
craft. Chemical firsc aid or . yen systems evaluated in this study
in no way replace emergency systems; they are meant to be used for
first aid therapy only under normal conditions. Airlines report
the use of first aid oxygen to be relatively frequent compared to
the use of passenger emergency oxygen. To facilitate administra-
tion of first aid oxygen by the cabin crew, a first aid portable
unit should be lightweight, teliable, and simple to operate,
should produce therapeutic oxygen flews, and should not create a
hazard in itself.

II. Method.

Two commercially available chemical oxygen generators designed
for medical applications were evaluated for reliability, oxygen
production, and physiological efficiency (ability to maintain an
increased tracheal oxygen partial pressure in human subjects). The
units tested were the Scott Med-Ox (Scett Aviation, Lancaster, New
York) and the Life Support $.0.5. (Life Support, Melbourne, Florida)
generator systems with respective canisters and masks.
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This investigation covured:

A. A study of the Physical properties of the generator
systems. This phase was ccnducted in an alticude chamber with a
Pressure equivalent of 8,005 ft, the normal cabin pressure of
inflight atr carrier afrcraft, This altitude provided for the
maximum veolume expansion of generated gases expected to be
encountered with the intended use of these systems. Flow rates
vere measured wich a National Instrument Laboratory wet flowmeter
that had been calibrated to KBS standards. Ignitor reliability and
total oxygen generation times. were recorded. Cas temperatures were

the mask outlet. 4 randomize: design was used to select the particuy-
lar generator and canister for each test.

B. A study of the Physical properties of the generator 8y§-
tems and the physiological response from the use of these aystems,
As {n the firse rhase, ignitver r=liability, flow rates, and total
Oxygen generation times were recorded. Testing was conducted in
an altitude chamber at a pressure equivalent of 8,000 ft and at
1,250 fe, or ground level at Oklahoma City. The test population
were healthy, 18- to 28-yr-old male and female subjects, with a .
ratio of 4 males to 1 female, and within the male subjects, a racio
of clean shaven to bearded of 4 to 1. Irmediately before the test

es8tav.ie. . ' vel while the selected canister(s) was .activated,
Tz test continued until such time thet Oxygen production by the
generator ceased. Two small microcatketer tubes for gas sampling
were positioned through the facepilece of the test mask in a manner
ot to compromise the mask performance or significantly alter irg

weight or facfal fit. The output from :hege sample tubes was deliv-

ered directly.to gasecus nitrogen analyzars for end expiratory
nitrogen determinations. From the .nd expiratory nitrogen values,
tracheal oxygen Partial nre-, ,res were calculated on a breath-by-
treath basis (2), ad#.;. ed te the equivatent of sea level or zero
elevation: the 2e..us, standard deviations, and other appropriate
tests were performed with computer techniques,

C. A study of the physiological efficiency of three types of
oxygen masks in common use in the medical or avip** - professions,
The three t¥pe3 tested were: {1) an oPen-port sormed magk with
8 rebreather bag of the t¥pe comr..,ly used in liospitals, (14) a
Phase—d{lytion conical type 1"\a a feather edge used in the avi-
ation industry, and {111} »a phaae-dilution. modified conical type
with inner facial Seal and stacked valves uted in the aviation
industry. Each subject was tested with all three masks and, on
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completion of the test, gave a personal assessment of the mask for
fit, leakage, and comfort, The order of mask testing wvas randomized
for each subject to control the influence of the first nask encounter
on the evaluation procedures. Oxygen was precisely metered to each
mask, first at 3 and then at 4 L/min, or the reverse, depending on
the randomization process, while the subject exercised on a constant
work ergometer for 4 min each 1in a sequence of 0, 120, and 400
kilogram meters/min, Tracheal oxygen partial pressures were deter-
mined continuously as in the second phase, .

III. Results.

The Life Support generator systems (Fig. 1) measured
23 % 10 x 19 cm for a volume of 4,370 ce” and for a total weight
of 2.2 kg. This weight included three unexpended canisters, hose,
mask, and case. The canisters measured 116 x 56 mm in diameter
and weighed 380 g each.

i

FIGURE 1. Life Support oxygén generator system.

Loading canisters into this unit simply reguires insertion
of the canister and closing the cover. This unit contains three
actuator buttons of a recessed design, which reduces the potential
for inadvertent actuation. This unit was Drovided with & "hospital
type" mask of open-port design and a rebreather bag with the oxygen
inlet between the mask cavity and the rebreather bag. The advertised
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effective time for this product is 15 min of oxygen flow at & L/ain
per canister, The canisters can be actuated sequentially for 45
min of continuous flow at 4 L/min or simultaneously for increased
flows of shorter duration. From a total of 30 canisters tested,

1 failed to actuate. This sample number 12 pot sufficiently large
to give a good reliabilicy index. All canisters tested maintained
oxygen generation for the full 15 nin and with decreasing and

"~ variable flows to 17 min, Mean oxygen flow rates exceeded the
advertised values and are presented in Tables 1 and 2,

TABLE 1. Average Flow (Liters/Minut_, NTP) and Standard
Deviation Within Canister(s) Acroes Time {0-15 Mirn)

Single Canister Lual Canisters
Test No. X +« s.p. Test No. X + s.p.
i 4.82 0.49 14 10.21 0.86
2 5.02 0.51 15 9.74 1.98
3 4,95 1.13 16 10.20 1.67
4 4.93 0.63 17 9.13 1.58
5 5.36 6.94 18 10.02 1.04
6 4,87 0.76 19 10.14 1.70
7 . 5.30 0.73 20 9,45 1.15
8 4.87 0.90 21 9.99 1,32
9 5.37 0.71
10 5.30 0.66
11 5.26 0.71
12 S.15 0.69
13 5.64 0.62

TABLE 2. .Average Flow (Liters/Minute, NTP) and Standard
Deviation Across Canister(s) by Minutes (0-15 Min)

Single Canister C Dual Canisters.
(K= 13} (N « 8,
Min. X ¢ S.0, ‘ X ¢+ s.p,
1 4.00 0.77 7.92 1,39
2 5.44 0.80 © 10.70 1.20
3 6.05 0.71 11,82 0.58
4 5.51 0.56 10.93 0.78
5 5.30 0.68 ’ 10.00 1.37
6 5.76 G.38 10.99 0.56
7 5.52 0.74 T10.71 0.67
8 4,63 0.50 9.35 0.62
9 4,86 0.43 9.48 1.49
10 4,73 0.49 - 8.57 0,77
11 4.84 0.36 ¢.06 0.79
12 5.06 0.45 ) 9.59 .93
13 4.99 0.19 9.85 0.67
14 5.06 0.56 9.22 1.10 .
15 5.28 1.07 9.71 2.37
62
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All flows are corrected to NTP, The small and variable amounts
of moisture were disregarded. | The values presented are for the first
15 min, the advertised time, with all data poigts included.

Tracheal oxygen partial pressure varied greatly between sub-
jects and appeared to be highly influenced by respiratory rate and
tidal volume as limited by a 15-L minute volume. These data are
briefly generalized in Table 3.

TABLE 3. Tracheal Oxygen Partial Pressures Maintained
in Human Subjects by 5.0,5. Generator Units

Mode of Operation

Single Canister Pual Canister
Low Subject 180-190 mmp0Q, 250-300 mmp0,
High Subject . 350-400 mmp0s 400~430 mmpO,

Note: All values are calculated from end expiratory
nitrogen and are corrected to NIPD.

The generator system of the Scott Med-0Ox unit (Fig. 2) weas-
ured 37 x 12 x 23 em for a volume of 10,212 cm? and for a total
weight of 3.4 kg. This weight included two unexpended canisters,
hose, mask, and case. The canisters measured 248 x 64 mm iIn
diameter and weighed 720 g each. o :

FIGURE 2, Scott 6xygen generator system.
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Loading this generator requires removing protective caps from
the canister, inserting the canister, arming and locking the actu-
ator assembly, and then screwing the actuator assembly set into
position. This unit contains two actwator assemblies with locks
that function as a deterrent to inadvertent activation., This unit
was provided with an “aviation type" conical, feather edge, phase-
dilution mask that incorporated a reserveir bag to which the oxygen
flow is directed. :

The advertised effective time is 25-30 min of oxygen flow at
3 L/min per canister, The canisters may be activated sequentially
for 50-60 min of continucus flow at 3 L/min or simultaneously for
increased flows of shorter duration. From a total of 31 canisters
tested, 1 falled to activate. All canisters tested maintained
oxvgen generation for 27 min with decreasing and variable flows
to 32 min., With two exceptions, oxygen flow rates exceeded the
advertised values and are presented in Tables 4 and 5.

All flows are corracted to NTP. The small and variable
amounts of moisture were disregarded, The values presented are
-for the first 27 min, with all data points included.

One canister was below the 3 L/min flow for several minutes
and dropped as low as 1.48 L/min. One other canis:er dropped
below the 3 L/min flow for about 2 min, with a low of 2.23 L/min.

TABLE 4. Average Flow (Liters/Minute, NTP) and Standard
Deviation Within Canister(s) Across Time (0-27 Min)

Single Canister Dual Canisters
Test No. X * 8.D. Test No, X % S.D.
1 3.66 0.44 15 7.23 0.62
2 3.85 0.72 16 6.78 . 0.70
3 3.44 0.46 17 6.24 0.62
4 3.52 0.37 18 6.77 0.68
5 3.51 0,36 19 6.99 0.55%
6 3.34 0.40 20 5.99 0.75
7 3.24 0.47 21 6.22 0,68
8 3.11 Q.56 22 6.39 0.56
9 3.60 0.63
10 3.66 0.44
11 3.68 0.52
12 1.60 0.50
13 3.63 0.40 .
14 3.56 0.39 : §
; 1
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TABLE 5. Average Flow (Liters/Minute, NTP) and Standard
Deviation Across Canister(s) by Minutes (0-27 Min)

6.80 1.02

Tracheal oxygen partial pressure varied greatly between sub-

Jects and appeared to be highly influenced by respiratory rate and

tidal volume as limited by a 15-L minute volume, These data are

briefly generalized in Table 6. ?

Single Canister Dual Canisters ;
(N = 14) ' (N = 8) ;
I
Min. X * S.D. X _* s.D,
1 3.90 0.74 7.37 0.46
2 3,84 0.51 7.25 0.54
3 3.7 0.50 6.38 0.75
4 3.95 0.68 6.37 0.79
5 3.60 0.90 6.59 0.79
6 3,62 0.80 6.83 0.97
7 3.717 0.91 6.67 1.14
8 3.70 0.51 6.95 0,92
9 3.89 0.42 7.02 1,12
10 3.75 0.53 6.50 1.22
11 3.70 0.53 6.63 1.29 B
12 3.37 0.48 6.61 0.63 B
13 3.20 0.67 6.30 0,63 .
14 3.39 0.29 6.25 0.61 -
15 3.29 0.3 5.97 0.70 ]
16 3.33 0.21 6.03 0.51 f
17 3.29 .0.22 6.28 0.47 :
18 3.36  0.27 6,43  0.26 i
19 3.28 0.23 6.37 0.36 i
20 3.2 - 0,27 6.39 0.40 ‘1
21 3.32 0.28 6.51  0.35 i}
22 3.42 0.19 6.40 0.17 2/
23 3.41 0.16 6.37 0.42 N
24 3.44 -0,23 6.84 0.40 ,
25 3.54 0.16 6.66 0.52 -
26 - "3.51 0.26 6.85 0.48 i
27 3.59 0.45 1
g

TABLE 6. Tracheal Oxygen Pértial Pressures Maintained
in Human Subjects by Scott Med-Ox Generator Units

Mode of Operatioa

Single Canister Dual Canister
Low Subject 200~250 mmp0y 300-350 mwmpO,
High Subject 300~350 wmpOs +450-520 amp0, |

Note: All values are calculated from end expiratory ?
nitrogen and are corrected to NTPD,
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In beth units the temperature of the oxygen produced during
generation equilibrated with the environmental temperature well in
advance to mask delivery. Tactile examination of the generator
surfaces during operation did not identify any areas of excess
temperatures which might produce contact burns. Precautions should
be exercised when handling spent canisters until sufficient cooling
has occurred.

Of the three types of masks tested In the third phase, the
subjects identified the hospital-type mask as the mask most com~
fortable to wear; however, they indicated they felt the modified
conical with inner face seal to be the best mask. Tracheal PO,
values were higher with the modified conical mask for the flow rates
tested. These data are presented in Table 7. :

IV. Summary.

Two commercially available oxygen generators designed for the
medical profession were tested for applicability to first aid use
aboard pressurized aircraft, Except for brief deviations, both
units produced oxygen above the advertised rate and beyond the
advertised time. For medical uses, these deviations below the
specified flow would appear to be inconsequential,

A comparison of the flow rates and t-acheal p0, values main-
tained by the two generator units demonstrates the getter effi-
ciency obtained by using an aviation-type conical mask as compared
to the open-port hospital-type mask, especilally when low variable
flows are f{nvolved. The Scott generator unit maintained a higher
tracheal p0, with a lower oxygen flow rate than that maintained by
the Life Support generator unit, This advantage is derived pri- .-
marily from the reservoir bag and valves of the aviation~type mask
provided with the Scott generator unit,

Three commercially available oxygen masks, an open=-port
hospital type, a phase-~dilution conical aviation type, and a
phase-dilution modified conical aviation type were compared at
precisely controlled flows of 3 and 4 L of oxygen per minute,

A higher tracheal POy was maintained at these flow rates by the
modified conical aviation mask when the subjects were resting
quietly. As the exercise level of the subjects was increased,
the performance of all the masks tended to converge and very
little difference was detected. '

At these very low “low rates, the valves of the conical
aviation mask had a tendency to sequence in reverse order. This

was not a significant problem with the modified conical aviation
mask. ;
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PHYSIOLOGICAL EVALUATION OF THE PROTECTIVE CAPACITY OF THE
PROTECTIVE MBU-B/P MILITARY PASSENGER OXYGEN MASK

E. B. McFadden, D, deSteiguer, and J. M, Stmpson

I. Introduction.

The civil air carrier fleet's use of flight altitudes to
41,000 ft has been the primary impetus for the development of
modern passenger oxygen systems. The systems are designed for
automatic mask presentation in the event of decompression. They
must provide an oxygen flow sufficient to maintain a mean tracheal
oxygen partial pressure of not less than 83,8 muwHg at a tidal
volume of 1,100 cc and a minute volume of 130 L/min BTPS up to and
including 40,000 ft, as specified in the Federal Aviation Regula-
tions, Natfonal Aerospace Standard (NAS) 1179, and FAA TSO~C64,

As a component of oxygén gystems, U.S. air carriers use a
nuous~-flow reservoir mask of the phase=dilution type, A mask
of this design meets the performance requirements for passenger
use; does not require excessive oxyren flow rates; may be used
with gaseous supplies or chemical generators; and is relatively
simple in design though not in principle., The continuocus~flow
reservoir mask incorporates a flexible bag between the oxXygen
delivery tube and the mask inhalati

on-valve, The continuous flow
of oxygen gccumulates in the reservolr- bag during the exhalation
portion of the respirator

y cycle, thereby providing a drawdown
capability during fnhalat

ion, During inspiration the mask wearer
receives 100 percent oxygen until completion of the inhalation

process or collapse of the reservoir bag. Once the reservoir bag
has been emptied, a sensitive dilution valve 1s activated to pro-
vide the necessary volume of ambient air for completion of the
inspiratory process. In this manner, 100 percent oxygen is pro-
vided at the most advantageous time (i.e,, the first part of the
inspiratory cycle) and oxygen diluted with ambient air is provided
during the latter portion of the inhalation, f1lling the upper
portion of the respiratory tract where gas exchange is nil.
Furthermore, the air-diluced oxygen is exhaled first and conse-
quently washed from the system prior to the next inhalation,

conti

Performance is reducéd by
facial fic, a respiratory minut

greater than_the flow of oxygen to the mask, and improperly
sequenced valving. Reduced performance becomes critical as the
decompression appreaches 40,000 ft. However’, at altitudes of less
than 40,000 ft, the dilution of supplied oxygen with ambient air
through the dilution valve is utilized as a means of conserving a
finite alreraft oxygen supply while simultaneously providing the
necessary mean tracheal oxygen partial pressure for the passengers.
With proper facial fit, modern masks of this type are capable of
providing the necessary protection in the event of decompression

inboard mask leakage due to poor
e volume that is considerably
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to 40,000 ft. A more detailed discussion of this and other types
of passenger oxygen masks 1s presented by McFadden (3).

With the concurrent increase in flight altitudes and the
rapid expansion of air transportation following World War II, com-
siderable attention was directed to the development of safety
standards for passengers and crew in the event of a fallure of
cabin pressurization. The development of the K-S disposable mask
by United Air Lines personnel and the subsequent physiological
testing by the University of Illinois and the USAF School of
Aerospace Medicine are reported by Tuttle et al, (4), Luft (s),
and alsc by McFadden et al. (6) of the FAA,

Tuttle et al, (4) describe the mask as the rebreather dilu-
tion type with constant flow of oxygen and censisting of a double
bag of light, transparent plastic material. The inner bag {its
well over the oronmsal region and communicates through two holes
with the outer rebreather bag into which oxygen is supplied, Two
smaller holes in the inner bag give direct access to ambient air.
An adjustable elastic strap secures the mask around the head and
a soft metal strap inserted into the upper rim of the facepiece
can be molded readily to the nese and cheeks of the individual.

Physiological testing with the K-S mask demonstrated that
satisfactory arterial oxygen saturation could be established and
maintained following decomressjons from 6,000 to 25,000 ft when
an oxvgen flow of 3 L/min STPD was provided to the mask. The use

* of this mask was not recommended for decompressions above 25,000
ft. Shortly thereafter the K-S mask was adopted by the military
for use in flights carrying troups and dependents. In the ensuing
vears jet transport aircraft that utilized flight profiles to
41,000 ft were introduced. These flight altitudes far exceeded
the performance capacity of this mask to provide protection in the
event of a serious decompression. Consequently, the procurement
of a replacement mask that would provide protective capabilities
to 40,000 ft was initiated. This is a report of the physiological
testing for the military of the prototype MBU-8/P mask to FAA and
National Aerospace Standards applicable to civil air carrier jet
transport aircraft.

II1. Method.

Ten (five civilian and five Air Force personnel, all having
been chamber qualified to 40,000 ft), voung-to-middle-aged, healthy,
male subjects were used during the physiological performance por-
tion of the mask evaluation. Ten experienced chamber safety
obaervers were provided from Air Force and FAA pérsonnel.

Five prototype Air Force MBU-8/P continuous=flow reservoir-
type passenger oxygen masks (Sierra Engineering Co., Sierra Madre,
Calif.) were used during the testing sequence.

r
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Two small microcatheter tubes (PE 60) for gas sampling were
posittoned through the faceplece of the wmask in a wmanner that would
not compromise the mask performance or alter its weight or facial
rit to any significant degree. The output f{rom one sample tube
was delivered directly to a gaseous aitrogen analyzer (Custom
Engineering and Development Co., Model 1300 AR Nitralyzer) for end
expiratory nitrogen determinations. The output from the second
sample tube was passed through a small regervoir~integratot to a
gecond nitrogen analyzer for the determination of mean mask nitro-
gen. A sample rate of 3 cc per ainute for each was established

by maintaining an absolute pressure of 0.6 mmiig at the analyzer
detectors.

A constant-torque bicycle ergometer was positioned in the
altitude chamber for operation from an auxiliary chair. Regulated
exercise was used to establish the desired respiratory ninute
volume in preference to the practice of hyperventilation.

The flow of oxygen to the mask was regulated by an altitude-
senaitive regulator of the type used in the passenger oxygen sys=
tems of jet tramsport aircraft. The output from this regulatoer
was routed outside the chamber, passed through the output orifice,
then through a flowmeter and needle~valve arrangement to obtain
precise measurement and -control, and was then passed back Llnto the
chamber to the test mask. Oxygen flow was limited to the minimum
rate as provided by the cutlet assembly (P/K 110112-01) uzed in
the C-141 atrcraft (Figs. 1 and 2).

Immediately before ascent the test subject was instrumented
for EKC monitoring with three-position chest eiectrodes and for
blood oxygen saturation with a Waters Model 350 Oximeter attached
to the pinna of the right ear.

visual recording of the subjects during the flight profile
was accomplished with cinematographic techniques. Cameras were
positionet .or observation of the subject's face and of the reser-
voeir b-s of the test mask.

following a test of the subject's ability to equalize ear
pressures, the chamber was decompresaed to 14,000 ft. The subject
rested quietly until blood oxygen saturation atabilized and base=
lines were recorded. A brief period of controlled exercise on the
ticycle ergometer followed to verify the measured response of
blood oxygen saturation to hypoxia. The subject then donned &
crew—-t,pe demand oxygen mask that provided 100 percent oxygen and
returned 9 exercising om the bicycle ergometer. The exercise
level was slowly adjusted until a respiratory minute volume of
25 to 30 L/min was achieved, After establishing the desired
minute volume, exercise was discontinued and the subject changed
from rhe crew mask to the MBU-8/P passenger mask, The test
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sequence consisted of (1) the adjustment of the chamber pressure
to the desired altitude, (11) a brief rest period for the subject
while instruments and flow rates were adjusted and stabilized, and
(111) 3 min of exercise by the subject. The test sequence was
repeated at 14,000, 21,500, 29,000, 35,000, and 40,000 ft.

III. Results.

National Aerospace Standards recognize respiratory gas analyses
and blood oxygen saturation determinations as the twe methods to
be used in altitude chamber tests of passenger oxygen masks, Both
these methods were used simultaneously for monitoring the physio-
logical performance of the MBU-8/P mask.

Blood oxygen saturation was measured directly with a Waters
450 ear oximeter. Blood oxygen saturation with corresponding
oxygen flow rates following 3 min of exercise is presented in
Figure 1, The determination of bicod oxygen saturatfon with ear
oximetry techniques provides a quick, real-time assessment of the
degree of hypoxia an individual might be experiencing; however,
there is frequently considerable variation in the results obtained
and the technique is perhaps best used as a quick monitor or safety
device. Alternately, more accurate analyses can be obtained from
gaseous techniques; however, these data require considerable

processing and are more difficult to utilize for quick physio-
logical acsessments.

fTracheal oxygen partial pressure is calculated from the end
expiratery nitrogen as follows:

Pr, = (B-47) (t-Fpy )

Where: P
T

0,

B

tracheal oxygen partial pressure

ambient barcmetric pressure

47 = vapor pressure. of water at body temperature
and at 100 percent saturation

-
[}

unity

N fraction end expiratory aitrogen
2 o

These data, derived from the third minute at each specified
altitude, with the corresponding oxygen flow rates, are presented
in Figure 2. Correlation of these data is in close agreement with
comparahle values presented in the literature, Values for heart
and respiration after 3 min of exercise are presented in Figure 3,
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IV. Discussion,

The National Aerospace Standard 1179 and the FAA TSO-C64
provide precise guidelines for the physiological performance test~
ing of passenger oxygen masks to be used in air cua ¥ ~arerafe,
These performance specifications require that a mean traceal
oxygen partial pressure of 83.8 mxlg or greater be mainia.ned for
the maximum altitude for which approval is desired. These guide~
lines further require that a respiratory minute volume of arnroxi-
mately 30 L/min BTPS be achieved by at least three subjects at an
altitude within 5,000 ft of the maximum for which approval je
desired. Induced hyperventilation may be used to achieve this
minute volume. However, the use of hvperventilation has a tendency
to overrete the physiolrgical efficiency of a mask due to the
decreased pCO, and resultant increased PO, that occur after the
first few breaths. For a nore detailed discussiou of the 2ffects
of hyrervent{lation, see Comroe (7). The us-: of regulated >xer-
cise has & tendency to underestimate the phy=ziological efficiency
of a mask due to the increased oxygen ¢consumption, parcicularly

Jects. dowever, the identification of the pProper workload to
maintain the deaired Tespiratory minute volume for an {ndividual

is difficule, especially when the degree of apprehension is often
unpredictable.

In this study a workload vag established for sach subject
that would produce a respiratory minute voluze of approximately
-30 L/min BTPS, this determination being accomplished at 14,000 fr

- where the-effeces of ‘apprehension were minimal, The flov of oxygen
to the test mask vas precisely regulated to 4.3$ L/mtn NTPD, or
37 L/oin BIPS, at the 40,000-fr level. 1If the effects of anxiety
are added to the ventilation rate produced by work, a minute
volume of 37 L/min would be approached or evern exceeded. In
either case, if a rapid frregular respiration is encountered, the
reservoir bag could be ecptied and asbient air would rthen be drawm
through the dilurion valve., 1f the tidal volume vere sufficiently
Breat, a lowered pTOz could occur, causing an even higher ventila-
tion rute and an ensuing rapid development of acute hypoxia. An
examination of the tracheal oxygen partigs} Pressure and blood
Oxygen saturation data for the 40,000-ft altftude demcnstrates
the resules of having obtained a respiratory minute volume higher
than exvected; 1.e., in excess of 30 L/atn BIPS.

Testing was terzinated during the third minute of exposure to
40,000 ft for pubject 7, due to the development of acute Lhiypoxia.

The quantification of inpedance pneunograph data s difficyls
and, at tipes, highly questionable; hovever, ft can readily be
used as an indicarion of ventilation Tate, A comparison of lmpe-
dance poeumograph recordings obtained at 14,000 f¢ vith a workload

r
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regulated to give a minute volume of 25 to 30 L/min BIPS tec the
corresponding recordings from 40,000 £t indicates that the ventlla-
tion rate of subject 7 could have exceeded the 30 L/min desired

by almost 50 percent while at the higher altltude. That the reser-—
volr bag was belng emptied during inspiration, with the resultant
activation of the dilution valve, is confirmed through close
examination of the motion picture film of this test.

To a lesser degree, the same problem was encountered in con-
trolling the respiratory rates of subjects 4 and 6. These sub~-
jects did not exceed the minute volume to the extent that subject
7 did; however, analyses of the data and motion picture film
indicated that activation of the dilution valve did occur. With
the exception of subject 7 {with a pTg,y of 83 mmHg), 211 subjects
had a PTOZ greater than 83.8 while restirg at 40,000 ft.

V. Conclusions.

A. The prototype MBU-8/P passenger mask demonstrated an
adequate capability to maincain human subjects in an acceptable
physiological condition for limited exposures to 40,000-ft
altitudes.

B. The use of controlled exercise to achieve a specified
respiratory minute volume is the method of choice as opposed to
hyperventilation. However, allowances should be made for the
effects of apprehension if excessive resplratory rates are to be
avoided. . The effects ‘of apprehension are ‘most proncunced from
30,000 to 40,000 ft, the most crucial portion of a mask evaluation.

C. Analyses of physiological data and motion plcture film
jndicate that the desired respiratory minute volume was exceeded
by 3 of the 10 subjects while exercising at the 40,000-ft level.
As this portion of the test was beyond the requirements of
NAS-1179 and FAA TSO-C64, the test was not repeated.

D. If workloads and respiratory minute volumes in excess of
those obtained in this study are anticipated, oxygen flow to the
mask should be increased to compensate for increases in activity.
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HUMAN FACTORS REPORT OF THE INVESTIGATION OF THE
IN-FLIGHT DECOMPRESSION, NOVEMBER 3, 1973,
OF NATIONAL AIRLINES FLIGHT 27 (N6ONA) :
A DC-10 EN ROUTE FROM HOUSTON INTERNATIONAL AIRPORT
TO SAN FRANCISCO WITH 127 PERSONS ABOARD

D. deSteiguer

I. Introduction.
~rroduction

James M. Simpson and Don deSteiguer. FAA Civil Aeromedical
Institute, were directed on November 5, 1973, to proceed to
Albuquerque, New Mexico, They arrived on th
November 5, reported to the FAA Coordinator, and were assjigned
to the Human Factors Group by the National Transportation Safety
Board Investigator—!n—Cbarge. On November 5, 6, and 7, they
participated {n exanination of the alrerafe interior, decompres-

sion events, apd equipment function and use, From November §
through November 27

the decompression and other events that occurred, DC~10 matig-

er vere examined ip
iliey, Tulsa, Okla-

II. Decomgressinn.

The major Penetrations into the aircraft fusela
(1) a cabin window at seat location 17H

the center accessory compartment, area
into the forward cargo and belly compartmentge——a forward pene-

tration, area 23p in“, and an afe penetrationgwarea 140 in?,
There were Numerous smgl} Penetrations. :

ge were:
» rea 160 in?; (1) into
160 1a2; and (111) two

A rapid and severe decompressio
CArgo compartment, This decoupressi
trations directly into

N occurred in the forward

On was caused by large penee
4 compartment having a small volume,

A rapid and Bevere decom
galley, There were ne direct
The major source of decompress
the two carso doors between the forwa
lower galley,
one-half ¢o two~thirds of the d
ments by the two flight attenda
are in accordance wit' a rapid
obaerved incidents we:a:r (1) g
ture; (11i) the opening of doors
(111) the flow of paper &rticles

drop of the Pérsonnel life;
the two attendants,

ats stationed ip this <ompartment
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A slower and less severe decompression occurred in the
passenger cabin and flight compartment, The loss of the cabin
window at seat 17H was directly resyonstble for the passenger in
that seat being ejected from the aircraft., The area of penetra-
tion assocfated with the cabin window was temporarily and partly
blocked with the body of the ejected passenger, This passenger--
a male, 5 ft 1} in, 160 lb~~ had his seatbelt fastened loosely,
The window was slightly to the rear of the passenger, and the wind
blast exerted a force that caused the body to straighten and slip
under the belt (as opposed to a forward force that would have
doubled the body over the seatbelt), The actions of another male

is not knowm. Four additional windows located from seats 16H
through 191 received damage but were net penetrated,

Warning lights and signs that are coupled to a 10,000-f¢
Pressure switch were on, A cabin altitude rate {ndicator reading
of 5,000 ft/min was Leported by the flight engineer; however,
maximum cabin altitude was not determined, Oxygen masks in the
passenger cabin were not automatically deployed, This indicates
that either the passenger cabin di4d not, reach the 14,000-f¢
equivalent altitude or the controlling electrical system, the
No., 3 DC-bus, was nonfunctional, Preliminary information indicates
the No. 3 DC-bus was inoperative. The cabin altitude warning horn
did not sound. Thig device is also powered by the No. 3 DC=bus,

Statements by the flight attendants and pilot are in accord-
ance with a mild decompression in the passenger cabip, One
female Passenger is reported to have lost consclousness in a
forward lavatory., As thig is the only reported case of loss of
consclousness in the Passenger cabin, onc must consider the
possibllity of a lower Pressure in the lavatory, related to the
lavatory ventilation end exhaust sYetem, as compared to the main
- cabin pressure, A second possibility ig individual varfacion in
Busceptibility to hypoxia. A third possibility is physiologieal
problems completely unrelated to the decoupreaston or additive
to the effects of the decompression, The exact cause of this
Passenger's loss of consciousness cannot be established from
available Information, The lack of loss of consclousness {in
consideration of the number of persons involved), even when
several people performed considerable rhysical activity without
supplemental oxygen, support a mild decompression,
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The quick initiation of the emergency descent, 6,000 ft/min,
by the pilot helped control the severity of the decompression in
the passenger cabin. The wultitude of uctions taken by the flight
engineer for damage control and to conserve pressure are not
available.

Two separate decompressions of the aircraft are idencified,
a rapid and severe decompression in the lower compartments and a
slower and less severe loss of pressure in the passenger cabin.
Two separate decompressions of different profiles establish a
pressure differential between the upper and lower compartment
systems. The presence of such a pressure differential is confirmed
by the implosion of the upper deck door to the personnel lift and
the forced opening of the lower deck lift dooxs. Structural damage
to the upper portion of the lower deck personnel. l1ift door con-
firms a pressure differential from the lift shaft to the lower
galley. - :

The upper deck cart lift door is approximately one-half the
area of the personnel door and is the stronger of the two.
Because the lift shafts are connected, the pressure differential
acrose the smaller door was relieved by the failure of the larger
personnel door. At the time of decompressiom, the cart lift was
in position in the lower galley and the personnel 1lift was reported
to be in position in the upper deck. During decompression, the
personnel lift was reported to have been forced to the down, ©TF
.lower galley, position. The capacity of this lift 1is rated at
250 1b and, with a surface area of approximately 20 x 37 in or
740 in?, a pressure differentizl of only 1/3 psi would load the
1ift to rated capacity. The forces required to override the drive
mechanism and magnetic brakes are not available at this time.
While investigators were cn site, physical attempts to raise the
personnel 1lift were not successful, It 1s reported that once
clectrical power was restored to the aircraft, the 1lift was
operable. No visible signs of failure in the drive mechanism
were detected,

If functioning properly, ihe lower galley drain olunger
located in the bottom of the lift ghaft would have no effect on
the decompreasion or events related to the lift. The possibility
of coanecting openings between the belly compartment and the
mechanism housing located in the lower lift shaft was discounted
following examination of maintenance manuals, This should be
confirmed on the aircraft.

I1I. Oxygen Systems,

The crew oxygen system consisted of Sierra quick—donning
masks, Model No. 358 (Sierra Englneering Company, Sierra Madre,
California), with Robertshaw mask-mounted regulators (Robertshaw

r
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Controls Company, Ansheim, Califoruia) coupled to 5 828 supply,
& Crew oxygen 8ystem appeared to function correctly, Poor

The cabin OXYgen system consisted of Sierra continuous-flow,
phaae-dilution conlcal magkg (PN 289-601-5) coupled to Scott
(Scott Aviat!on. Lancaater. New York) sodium chlorate oxygen
EBeneratorsg (PN-801382-02
specifiead Seat backs; additiong} units are located in lavatorles.

firing mechanism, a spring-activated striker pip, Upon activation.
the Primary chemical TYeaction {n the Benerator core 18 the thermal

of the canister, The heat shield i1gq4 attached along ¢he bot tom;

Halfunctions that occurred in the cabin OxXygen systen
include the following: ' '
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B. Electrical system:failure prevented automatic presenta-
tion of all oxygen units to the passenger cabin, The No. 3 DC-bus,
which provides power to close the switches in the passenger oxygen
release system, was inoperative.

C. The backup system for mask presentation was manually
deployed by the flight engineer. It {s not known if this was due
to calls from the lead attendant or was a routine operational
procedure. Those oxygen systems controlled by the No. 3 AC=bus
were not presented. It is reported that the No. 3 AC=bus was
inoperative. A comparison of the seating chart to mask presenta-
tions indicates that approximately 24 passengers were initfally
without supplemental oxygen. A number of these passengers even~
tually moved to other seats, 1In five cases, passengers, and in
one case, an attendant succeeded in forcing open the seat backs
to gain access to the units.

D.. The seat backs that contain oxygen systems are sc designed
to prevent passengers from opening the systems manually. Lifevests
are located in seat back compartments adjacent te the OXygen unitse,
Theece seat backs are designed to be opened manually by passengers
in the event of a ditching. It is estimated that 25 percent of
the lifevest compartments had been opened and, {in most cases, the
lifevests removed while passengers were looking for oxygen masks,
This caused considerable confusion and delay on the part of a
nutber of passengers in obtaining supplemental oxygen, A number
of paseengers were also confused as to where the oxygen masks
 would be presented; i.e., overhead drop vs. seat back systems.

E. ' At eight locations, when the masks were removed from the
retaining brackets and pulled to activate the canisters, the
activation lanyards entangled in the retaining brackets, making
the mask unusable,

F. At one location, the oxygen reservoir bag was separated
from the mask faceplece. This type of mask has a lanyard from
the faceplece that passes through the reservoir bag to the oxygen
inlet tube that provides Strength to the assembly. When this type
of mask is presented from overhead, a person is inatructed to grab
the mask and pull, the force being absorbed and transmitted by the
lanyard. When this type of mask is Presented in a seat back, it
is possible for the user to grad the mask and bag, or only the

bag, resulting in a Separation of the reservoir bag from the
faceplece. '

G. At several iccationa. plastic mask -components came in
contact with the canisters, causing burns that left the mask
uselesns. :

H. Ac three locations, canisters were removed from seat
backs and dropped into 8eats. The reasons for these actions are
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unknown. This caused a fire in one seat, location 7D, that was o
extinguished with canned soft drink. The canister was transferred
to the galley sink by an attendant. In the other twe locacions,
seats and seatbelts were scorched. The attendants were not aware
that heat was ianvolved in the proper operation of oxygen generators.

I. 1In preparation for the emergency landing, the passengers
were instructed to assume a position with head down and arms
extended over the head and with hands to the seat back in front
of them, The presence of the hot canisters iv the seat backs
caused considerable confusion.

J. Oxygen installations in the attendant seatr are located
in a compartment that 1s siightly ralsed above the floor. There
is a large circular openfng in the bottom of this container that
allows considerable quantities of dirt and trash to cellect in
and around the mask aond canister.

K. Portable oxygen units were covered with plascic bags.
K-S disposable face masks were secaled in plastic bags and stered
with or near the portable unit. The mask was not connected te
the gas supply. 1In the lower galley, one portable unit had a
smoke mask attached but was covered with a heavy plastic bag.
O.e attendant wmanaged to tear the bag partly open before losing
consciousness. The K-S disposable mask is not sufficicent for
alticudes above 25,000 feet (4,5).

L. The presence of smoke and fumes in the passenger cabin
18 ‘believed to have been due to the presence of Skydrol-500-B
vapors from the hydraulic system.

IV, Evacuation.

Military firefighting units w:re alerted and In position
along the runway before the aircrafet landed. A normal landing
was accomplished on runway 26. Foam was dispensed by the fire-
fighting units to control possible fires associated with leaking
fuel around the No. 3 powerplant.

Final atrcraft position was 210° and a 17<knot wind at 270°
was in effect during the evacuatfon. All exits werce manned by
attendants except the overwing exits 31. and IR, which were manned
by one attendant because of the general incapacitation of one
attendant from the lower galley. AlL exits were opened for evacu-
ation. The stide at IL did not deploy autematically and the
attendant attempted manual deplovment. The slide did not inflate . |
and this exit was not used for the evacuation, The slide at 1R
did not deplov automatically and was deployed manually. All other
slides deployed automatically; however, the wind blew the lower
portion of IR back upon the wing. The passengers attempting to
cvacuate at 3R were directed to 3L.
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One i{nvalid male was evacuated through JL. The efforts of
one attendant and one able~bodied man were required.

The attendants estimated the cvacuatfon time to be 30 s, while
the firefighters estimated closer to 60 s,

No serious injuries were reperted. Ten persons complained of
and were treated for ear pains. Ten other persons complained of
smoke or fume {nhalation. One person sustained a burned finger
from a canfster, one sustained an abrasion from a slide, and one
reported a back sprain from the evacuation.

V. Discussion.

The decompression schematic (Figure 1) outlines the ma jor
afrf{lows assocfated with the loss of pressure that occurred
following fusclage penetration by No. 3 powerplant components,
The schematic does not present any input from the Noe. 1 or No. 2

-

compressors, not dees it present the magnitude of flow in any direc-

tion. The lack of available data necessary for precise computations

limits this analysis to rough estimates at best. However, these
"estimates should be useful in explaining the sequence of ovents
that occurred, particularly in the lower galley,

Statements (vom the two {light attendants stationed in the
lower galley indicate a rapid decompression by: (1) a rapid
reduction in dir temperature; (11) the uvpening of doors from
nodular componenta; (181} the {low of paper articles in the aft
direction; ({v) the drop of the personnel ife; and {(v) the loss
of consciousness by the two attendants. Direct penetritions into
the galley were not detected, :

The time of consciousness during a rapid decompression while
breathing af{r can be estimated. 1In a decompression {from 10,000

to 30,000 ft, a consciousuess time of 40-60 s can be prediceed
(Figure 2) (6).

. The decompression profile may be roughly estimated for the
various aircraft compartments {f certain assumptions are acceptable
in lieu of precise data. These assumpt fons include: (§) zero
inflow of air into the compartaent during the decompresston;

(1) disregardfog airflow acrees the penctration area; (ii{) zero
lmpediment to airflow within the compartment; (iv) no corrections
for th» muttitude of time changes {n gRas temperatures, otc. s
(v) no correcttions for the pattern of airflow through the pene-
tration; and (vi) matntenance of critical flow.

The equation for rapid decompression as rresented by aloy
a1l Clamann (7) is sufficient in vicw of the assumptions.
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consciousness for each type as a function of -
barometric pressure at the end of decompreasfon
and for comparison of a third curve showing the
effect of removing the oxygen mask at altitudes
from 30,000 to 43,000 fr. 1lhe rapid decompres-:
sions shown for air bieathing throughout start
at 10,000 fr. (Adapted from AS Manual 160-5,
1954; and Blockley and Hanifan, final report

on contract FA-955, FAA, 1961.)
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Thefr equation for defining a rapid decompression is: L b

- Ve P
‘e A"“-s"‘) ( 1 )

Where: tE ™ total time of decompressfon in seconds

Ve = volume of the compartment in cubic feet
A = area of leak orifice in square feet
§ = speed of sound in feet per second

Pl * nonlinear function of E§:££
c

Pc = compartment pressure

Pa = absolute pPressure

The atfrerafe decompression resulted from four basic penetra-
tions in the fuselage: (1) the loas of one cabin window: (11)
Penetrations into the center accessory compartment ; and (111) two
pPenetratfons into the forward cargo and belly compartments,

Openings ineo the forward cargo and belly Compiartments cone-
slsted of = forward penctration with an arca of 23g {n° and an
aft penetration with an area of 140 in<, The forward Penetratfon -
was ¢lean, Passing through the fuselage and inner liper, The afe
Penetration was complete through the fuselage: however, the ianer
liner was in place, though ruptured, This would indicate that
the forward Peénetration oceurred firse, doereaslng the pressurs
differencial followed by the aft penetracion.

Two possible decompress{ong of the forwvard Cargo and belly
Lompartoents are Presented:

Condfition A:

Volume forward Cargo compartment 1,375 £¢3
Volume belly compartment 690 f¢?
Total volume 2,065 fr?

Area forward penetratfon 230 1n?

Area aft penetration x N 70 {n?

Total area 300 tn?

Total area approximately 2.1 €7
Pc 390 mmiig ' !
Pa 148 omhg - : i
P, _ 2.5 ' '
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" (o) (n)

tE ®  Aapproximately 2,2 g

Condition B: s
Total volume 2,065 ¢
Area forward penetration

230 in?
{aft penetration not included)
Total area approximately 1.60 ft?

- 2,065 f¢?
‘e (1.60 fc) (I.IJO i7sy) (P1)

' tp = approximately 2.8 s

a large Penietration area
working agatnat a small volume.

| The forward cargo compartment {8 scparated from the lower
galley by two cargo doors, These doors, though closed, do not
constitute a Pressure~tight bulkhead, There s a cubber spal
mounted around the perimeter of each door on. the forward face.
With a decompression in the forward carge compartnent, the preg-
sure different{al would force the doors a&way from this seal. The
lack of detectable damage to these doors indicates a rapid decom-

Pression in the lower galley, controlling the pressure differential
betveen the two compartments.

Using the equation of Haber and Cla
for the Balley compartment could be estt

Conditfon A: .
Volume of lower galley

mann (7), a decompression Q
mated as follows:

: 1,670 f£¢d

Area of orifice 1/8 in x 220 in
‘X two doors 55 {n2
Area of oriffce (approximately) 0.38 f¢2

e 1,670 fe3
E (0.38 €t9) (1,130 ft/s)) (Pl)

r.E ® . approximately 9.7 4
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Condition B: The effective opening of 1/8 in
restricted to one-half tie perimeter of the doors.

Volume of lower galley _ 1,670 fe3
Area of orifice 1/8 in x 4 x 220) in

x r4o doors ) 28 in?
Atea of orifice approximately 0.19 fr2

‘e " ((0.19 fii??lfi;o £5755) (%)

te * approximately 18,5 s

Condition C: Condition B with a decompression to
30,000 fr equivalent. :

Volume of lower galley 1,670 f¢?
Area of orifice approximately 0.19 i¢2
Pa equivalent to 0,000 ft _ 225 wailg
P 1.5

1
t_ = 1,670 ft?
E (o.w tedy (1,130 775 ) ("1 )

-tE “ 4&pproximately 11.1

_ The decompression in the lower galley was basically due to
the loss of Pressure in the forward Cargo compartment and, as such,
should be treated as a dependent function. The number of unknowns,
Such as input flow to the lover galley from the sfr conditfoning
system, the I{f¢ compartment, and the pressure relief valve and
additfonal outflow through the 8alley exhaust jet peap (as pre-
sented in the decompression schezatic) make a detailed mathemati-
cal analysis impractical, These estimates support the conclusion
"of a rapid decompression to an equivalent alt{tude of around
30,000 fr, A decompression of this magnitude would be in agreement
with the observations and physiological reactions of the flight
attendants.

A significancly different decompression profile occurred .
in the Passenger cabin, In the Upper deck, two penetrations of
160 in® each occurred. One penetration, directly in the passen-
ger cabin, was the loss of the vindow at sear 17H. The other

this penetratfon in the passenger cabin (Figure 3). wWhile these
penetrations are large, they are working against a large cabin
voluzte, 16,600 ft?, ang 5 high input from the No. 1 gng No, 2
compressors, 150 1b air/min each,

r
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CENTER CABIN MAIN DISTRIBUTION
DROPPER DUCT

STORAGE
COMPARTMENRT

OIFFUSER

UTILITY TUNNEL

FICURE 3. Cabin air circulation and exhaust diagram.

The high background noise described by the pilot might be asso=
clated with the rapid movement of air through openings in the deck
of the flight compartment to the forward accessory compartment,
hence to the utility tunnels and out the penetration in the center
accessory compartment. This background noise could also be asso-
ciated with the rapid expansion of input air from the inlet ports,
the result of an increased pressure differential. A rate change in
altitude of 5,000 ft/min was observed on the cabin altitude rate
indicator:; however, maximum cabin altitude was not determined.

The "No Smoking" passenger warning signs and cabin overhead
1ights were observed to be on, indicating the passenger cabin had
passed through the 10,000-ft equivalent altitude.

Statements by the flight attendants describe a mild to moderate
decompression in the passenger cabin. The absence of fainting by
passengers and attendants who, in some cases, performed considerable
activity without supplemental oxygen, indicates the maximum equiva-
lent altitude reached in the passenger cabin to be less than 18,000~
20,000 ft. - :

In effect, two different decompressions are identified: a
rapid and severe decompression in the lower compartments, and a
slower and less severe decompression in the upper compartments.

'\
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EFFECTIVENESS OF A PAPER CUP AS AN AID
70 PROVIDING OXYGEN TO LARYNCECTOMEE PASSENGERS

E. B. McFadden

Several air carriers have incorporated instructions 1in their
training manuals describing the disconnectlon of the standard
phase-dilution passenger oxygen mask and insertion of the oxygen
hose through a hole punched in the bottom of a paper cup for
administering first aid oxygen to laryngectomee passengers. The
use of a paper cup attached to a hose delivering & continuous
flow of oxygen to a tracheostomy breather, or even to an oral
breather, is a most inefficient and ineffective approach to admin-
fstering first ald or emergency oxygen.

The characteristics of human respiration as related to the
administration of oxygen by continuous flow are not generally
. well understood. The inadequacy of the paper cup technique may
be illustrated by considering the following characteristics and
approximate values of respiration for an individual at reat: 1,2)

Minute Volume ~ 7 L/min (total volume of air breathed over
a span of 1 minute in liters per minute)

Tidal Volume -~ 0.7 L (volume of alr breathed each breath
in liters)

Respiration Rate — 10 (number of respiratory excursions over’
a span of 1 minute)

Where: Respiratory Rate = Minute Volume = 7 L/min = 10

Tidal Volume 0.7 L
and’
Tidal Volume = Minute Volume = 7 L/min =~ 0.7 L
Respiratory Rate 10
or

Minute Volume = Respiratory Rate x Tidal Volume =
10 x 0.7 L = 7.0 L/min

The peak Inspiratory flow is the rate at which air is inspiréd

during the 1.0 to 1.5 seconds of each tidal voluwe (at a rate of
three to four times the minute volume) (1,2), which would in this
case approximate 25 to 30 L/min. Moderate exercise or activity
may increase the peak inspiratory flow to 60-65 L{min.

1f one considers that the maximum oxygen flow required [rom
a first aid portable oxygen cylinder is 4 L/min STPD* per

*STPD - Standard temperature 0°C,_pressure 760 wmHg, dry.

94

R

e



}

FAR 25.1443 (there may be a means to reduce flow to 2 L/min), then
the maximum oxygen available by the paper cup technique may be
estimated.

An 8-oz cup is considered to be a nondtstenslble container
with a total maximum volume of 0.24 L. At the instant inspiration
{s initiated, assume the cup contains 0.24 L of 100 percent orygen
and during the 1.5 s of tnspiration an additional 0.099 L of oxygen

{s introduced into the cup (at a flow rate of ﬂ_kéﬂlﬂ - 0,066 L/s,

0.066 L/s x 1.5 s = 0,099 L). The cup will not contain 100 percemt
oxygen because it contains large quantities of alr and some carbon
dioxide from the previous exhalation.

(a)} The maximum oxygen available during a 1.5-s inspiration

is:
Volume of B-oz cup 0,240 L
Volume of oxygen added during inspiration 0.099 L
; 0.339 L
or 0.34 L

(b} The theoretical percentage of uxygen that could be added
| to air = _3.:_71 - 49%.

This calculation assumes no leakage of air around the periph-
ery of the cup or leakage through the opening in the cup through
witlch the hose is inserted. However, in practice, extensive leak-
age is required because the cup, being noncompliant, must instantly
on i{uitiation of inspiration allow ambient air to be drawn Into the
gystem to replace oxygen removed from the cup in order to satisfy
the remainder of the 0.7-L tidal volume requirement.

The calcuelation above also theorizes that during exhalation
the cup is refilled by a continuous flow of oxygen. Even though
oxygen is flowing into the cup during exhalation, the act of
exhalation continuously washes out the small amount of oxygen
(0.3 L) Introduced during the 4.5 s prior to the next inspiratlon
and leaves the cup with a high concentration of carbon dioxide and
air exhaled from the previous inspiration. This residual consti~
tutes the initial gas inhaled.on the next inspiration rather than
the theoretical 100 percent oxygen veferred to above. Therefore,
the calculation is not representative of the true situation.

1f one considers the paper cup to be rigld extension of the
oxygen hose supplying oxygen at a continugus flow rate of 4 L/min,
and during each imspiratory event air is being inspired at a rate
of 25 L/min, then during inspiration oxygen is mixed and added to
air according to the following percentage.

{c) Oxygen flow = 4 L/min = 162
Peak inspiratory flow = 25 L/min
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. It would appear that standard phase-dilution passenger masks
qualifying to FAA TSO-C64 and National Aerospace Standard 1179
would be a better alternative, These masks in the form of a cylin~
der or modifled cone conform to varfous contours with the mask
facepiece termlnating in a circular opening (2%-3% {n) approximating 1
that of the paper cup (3 in). The phase~dilution mask incorporates
a8 1.10-L reservoir bag that stores 100 percent oxygen during
exhalation and allows the wearer to breath 100 percent oxvgen at
the beginning and throughout ifuspiration {f the reservelr bag s
full and the tidal volume does not exceed 1.10 L loncluding the
flow added during inspiration.

L]

The phase=dilution mask provides a large quantity of 100
rercent oxygen at the inftiation of inspiracion, which s delivered
to the physiologically active areas of the lungs, If the tidal
volume exceeds 1.10 1L (plus the quant ity of oxyvgen added by con-
tinuous flow during {nspiration), a check valve opens to admit
ambient afr. Ambient air may only peaetrate into the trachea,
bronchi, and bronchtals, which are nonphysiologically active arvas
of the respiratory system. Under these conditions the amblent afr
Introduced does not dilute the high concentration of oxvgen {n the
alveoli of the lungs yet {s used to {ulfill a portion of the
respiratory demand. On exhalation the ambient oir is swept from
the mask and replaced by alveolar fas high in oxygen concentration,
which constitutes the Initial portion of the subsequent inhalation.,
It one applies the criterta of {¢) and assumes no leakage or tidal
volumes fin excess of the volume of the reservolr bag, then the
caleulatton in (¢) for & phase=dilutfon mask 1s as follows:

(d) Oxyygen flow = 4 L/min = 57%
Minute volume 7 L/min

FAR Part 25,1443 specifies 4 L/min STPD. At a cabin altitude
of 5,000 It, 4 L/min SITD is increased to 5.9 L/min BIPS*, {ucreas-
ing all of the above percentages.

w : However, the assumption of a 7 L/min minute volume is con-
servative. The data of Ernsting (2) indicates that seated, fnactive
flight crewmembers exhibit a minute volume of 10-15 L/min BTPS,
nearly twice the above value. Applving the more realistic value

of Ernsting (2) {(a minute volume of 15 L/min, peak fuspiratory

flow of 55 L/min and at a cabin altitude of 5,000 (1), estimation

ef oxyvgen added to the inspired air by the paper cup and by the
mask may be calculated as follows:

(e} Oxypen added to inspired air by paper cup = 5.9 L/min = 10.7%
. 55 L/min

Q
*Body temperature 98,6 F, pressure 632 mmly, saturated with water
vapor,
r

96

e - Ry A




s

s

.

T TS kg

[ e e - R Lt s e e d——

{f) Oxygen added to air by mask = 5.9 L/min = 39.3%
’ © 15 L/min

In the case of the phase~dilution mask, it is assumed tlat
the respiratory rate increases from 10 to 12 in response to the
increase in minute volume. Tidal volume is then increased:

Tidal Volume = 15 L/min = 1.25 L
12

The capacity of the reservoir bag under these conditions is
equal to:

Capacity of the reservoir bag + oxygen added during 1.5 s
ingpiration = 1.10 L + 15 L = 1.25 L

The reservolr bag, therefore, exhibits a capacity equal to
the tidal volume. If oxygen were being delivered at a rate of
15 L/min there would be no dilution. Hoyover, oxyren delivered to
the reservoir is only 5.9 L/min or 3.2 L/min = 0,49 L/min per
17

breath and dilution according to equation (f) occurs.

The calculations and values presented in this discussion are
approximations and simplifications of more complex respiratory
equations and do not take into consideration lenkage, physivlogical
dead space, and variations in individual discrete tidal volumes.
However, these calculations illustrate the superior efficiency and
performance of an oxygen-dispensing device for use with continuous-
flow oxygen that incorporates a means for the collection and storage
of oxygen prior to ecach individual inspiration.
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PHYSIOLOGICAL CONSIDERKTIONS AND LIMITATIONS 1IN THE HIGH-
ALTITUDE OPERATION OF SHALL—VOLUHE PRESSURIZED ATRCRAYT

E. B. McFadden and D. deSteliguer
1. Introduction.

Several small-volume, preBSurized, general aviation Jet air-
craft are currently certified to operate at 2 maximue altitude of
13,716 m (45,000 fty, and flight to 15,240 m (50,000 fr) is under
consideration. while these ajireraft may be qunliiied. from an
engiueering analysis, for operation at these altitudes, 8 question
remains as to the physiologlcal consequences to the crew and
passengers of an alrcraft in the event of a decompression of the
pressurized cabin. A review of aircraft operntional history
demonstrates that such decompresslons do occur in poth air carrier
and pressurized general aviation aircraft designed with the best
of modern technology 1,2). This paper reviews the capabilities
and 1imitations of oxygen equipment and the operatlonal procedures
for preventing hypoxlia and thus its {ncapacitating effects in the
event of decompression to altitudes within the operntional regime
of these aircrafe. The various other physiological and psychologi—
cal effects of rapid decompression, which may contribute to and/or
produce {ncapacitation with or without the existence of hypoxia,
are not discussed in this paper even though they may compound the
difficulry of survival.

I1. piscussion.

Alrcraft Decompresslon ractors. The rate and severity of
alreraft decompressions have been sel ined and discussed by Fricz
Haber and Hans Clamann (3} of the USAF Schuool of Aviation
Medicine . ® These authors define WO factors in a dccomprcssion.
a time comstant (tc) and a nonlinear function of pressure (P),
with the time of decomprossion (TD) peipg the product of these
facrtors (Ip = tcP). The time constant 1is defined aa the yvblume
of the cabin divided by the product of the area of the leak
orifice and the speed of gound in air. The pressure factor is

a nonlinear function of the difference hetween cabin and ambient
air pressures divided by the cabin pressure. For a cabin equiva-
lent alritude of 2,438 m (8,000 ft) and a flight altitude of
15,240 m (50,000 £¢), this facto¥ has a value of about 3.3-

Typical aireraft volumes and {-dividual window areas are
presented in Table 1. From these datad. amd with a knowledge of
cabin and flight altitudes, one may estimate ghe size of the leak
orifice or defect area for a given cabin gyolume to decompress to
an altitude of 15,240 m {50,000 fr) in a given time interval.
pata on 10-5 decompressions from 2,438 to 15,240 m (8,000 to
50,000 ft) for cabin volumes of 7.5 ol and 17.8 m¥ (265 ft? and
630 ft-) are presented in Table 2. 1t will be noted that the

*Now the USAF_School of Aerospace Mediclne.
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TABLE I

AIRCRAFT TYPES, TYPICAL APPROXIMATE VOLUMES,
AND CABIN WINDOW AREAS

. Pressurized Volume Cabin Window Area
Aircraft Modael m? ft3 em? int

LR-24, 25 7.5 265 2684 416 (o)
NA-265 12.2 430 839 130
NAR-1121 12.5 440 903 140
DH-125-400 16 565 652 101
DH-125-600 1 7.8 630 652 101
L.-329 35 1,250 1407 218
G-1159 52.4 1,850 2510 - 389
DC-9 165 5,840 884 137
B~-737 227 8,010 903 140
B-727 256 9,045 903 140
.DC-8-50 366 12,920 1768 274
B-707 411 14,495 903 140
DC-10 935 33,000 1019 158
L=-tOoHl 991 35,000 774 120
B-747 167l 59,000 903 140

(0) Later model 24 and all 25 aircraft are 665 cm? (103 in®) .
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ESTIMATED 10-SE

TABLE II

COND DECOMPRESSIONS

TO 15,240 m (50,000 ft) FOR TWO CABIN VOLUMES

AIRCRAFT A

AIRCRAFT B

Cabin Volume
Cabin Altitude

Flight Altitude

75m® (265 1)
12,438m {8,000 ft)

15,240m (50,000 1)

Time of Decompression I0s

Approximate Area
- of Orifice

Approximate Diameter

of Orifice

697 cm? (10.8 int)

9.4 ¢m (3.7in)

17.8m® (630 1))
2,438 m (8,000 ft)
15,240 m (50,000 1)

10s
167 crﬁz (259 in%)

145 cm (5.7 in)

Ci01
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area required to produce these decompressions 1s only about
one-fourth the area of the cabin window. Simple calculations

such as these can only be approximations because of variables of
orifice configuration and location, flow efficiency, thermodynamic
considerations, and compressor input rates as well as numerous
other factors. Because civilian aircraft flirht recorders do not
record cablin pressure, the correlation of decompression calcula-
tions with actual in-flight incidents is difficulc, if not
impossible.

For example, reconstruction of the cabin a’titude profile
of the DC-10 decompression near Albuquerque, New Mexlico (4),
required approximately 7 mo and relied extensively on analysis
of the cockplt voice-recorder tapes. By relating segments of
time from the initial sound of decompression and the auytomatic
initiation and cessation of pressure breathing as provided by
the flight deck crew mask-mounted regulators, reconstruction of
the cabin altitude profile was pocsible.

Aerodvnamic Effects. Negative differentials following
decompression may occur and the cabin altitude may actually
exceed the flight altitude as a resuit of the aervdvnamic (Venturi)
effect. Blockley and Hanifan (5) describe this phenomenon in
large (bomber) aircraft. The removal of doors and hatches at
12,192 m (40,000 ft) and Mach 0.87 produced an increase in cabin
altitude of 610 to 2,438 m (2,000 to 8,000 fr); i.e., 12,802 to
14,630 m (42,000 to 48,000 ft). This c¢ffect could be more pro-
nounced at 15,240 m (50,000 ft), because less differential is
required to produce an equivalent increase in altitude.

Physiclogical Considerations. Oxvgen oquipment should have
the capability of providing adequate protecction for both crew and
passengers in the event of a decompression to the maxinmum certi-
fied altitude of the aircraft. Alvecolar oxygen partial pressure
of flight deck crewmembers must be sufficient to prevent hypoxia-

- induced performance degradation and loss. of useful consciouspess.

The total pressure within the lungs follows the cabin pres-
sure during a decompression (if it does not, an excess differen-
tial may be produced with possible lung damage), instantly

-altering the partial pressures of oxygen, carbon dioxide, and

nitrogen.

The alveolar gas composition for selected altitudes while
breathing air is presented in Table 3. An euamination of these
data shows that in rapid decompressions to altitudes higher than
10,058 m (33,000 ft) while breathing air, the liberation of oxy-
gen from the blood into the lungs (i.e., reversgke diffusion) begins.
This condition is demonstrated (Table 3) by the percentage of
oxygen increasing above that of air (20.9%). However, the partial
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ALVEOLAR GAS COMPOSITIO
DECOMPRESSIONS TO SELECT

B e o o b M S 4 o

TABLE 1

Lot o L

I S

(COMPILED FROM CLAMANN, ET AL")

Pressure, total mmHg
Paortiol pressure, H,0
Pressure, dry gas

:Porliol pressure, 0,

Percentage

Partiot pressure, CO,
Percentage

Partial pressure, N,
Percentoge

N 2-5 SECONDS FOLLOWING RAPID
ED ALTITUDES WHILE BREATHING AIR

ALTITUDE
10,058m  12,192m  13,990m 15,240 m
33,000t 40,0001t 45,900 ft 50,000 ft
197 147 105 87
47 47 47 a7
150 94 58 40
__DRY GAS COMPOSITION
30 22 14 T
19.8 23.4 24.7 27.0
33 27 24 16
22.0 29.1 416 403
87 45 20 i3
58.0 4715 34.4 32.7
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pressure of oxygen is simultaneously reduced in response to a

reduction in total ambient pressure and to the increased diffu-

sion of carbon dioxide into the alveoli from the venous blood. .
Loss of consciousness generally follows when the alveclar po

drops below 20 mmilg, while a decrease in performance genernliy

occurs at alveolar p0, values below 35 mmilig.

The alvolar gas compositfon for selected altitudes while
breathing oxygen is presented in Table 4. An examination of
these data demonstrates the dangerous alveolar p0, level follow=-
ing rapid decomressions to 15,240 m {50,000 ft)} even though
oxygen was prebreathed.

Breathing Alr Prior to Decompression. Crew and passengers
breathing air at a cabin altitude of 2,438 m (8,000 ft) prior to
rapid decompression to 15,240 n (50,000 ft) would lose useful
consclousness even though th:y had donned oxygen masks at the
beginning of decompression. In addition to washout of nitrogen
from the respiratory system, the air in the mask and the regulator
hose must also be replaced with oxygen. Mask-mounted regulators
and equipment modifications tend to alleviate the problem of
equipment dead space, but little can be done to modify the human
lung nitrogen washout short of wearing a mask and breathing
oxygen prior to the decompression. Data obtained in this labora-
tory on quick-donning crew oxygen masks during decompressions,
simylating a B-707 decompression, illustrated the detay imposed
by nitrogen washout (6) (Figure 1}. Hyperventilation may accel-
erate nitrogen washout to some degree but is in itself a danger-
ous expedient.

An analysis by Blockley and Hanifan (5) indicates that
following a 1.5-8 decompression from 2,438 to 15,240 m (8,000 to
30,000 ft) (for subjects breathing air prior to the decompression),
the alveolar pO2 is predicted to drop below 20 mmHg and produce
loss of consciousness with no possibility of recovery at this
cabin altitude, even though 100 percent oxygen 1s breathed 3} s
after the start of decompression.

_ Rapid decompression experiments conducted by Baron (7) im

, . which two subjects breathing air were decompressed in 5 s--onc
from 2,438 to 13,661 m (8,000 to 44,820 ft) and one from 2,438
to 13,714 m (8,000 to 44,995 fr)--confirm there predictions. ’
Even though both subjects donned or attempted to don their
masks 12 s from the start of decompression and the dwell time
at maximum altitude was limited to 5 to 6 s, both subjects lost :
useful consclousness 14 to 16 s after the start of decompression. ' o
Other subjects in this series were unable to complete a simple . !
performance test even though they had donned their masks in 8,
5, or even 3 s after the start of decompression.

e
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Pressure, lotal mmHg
Partiol pressure, H,0
Pressure, dry gas

Partial pressure, 0,
Percentage

Partial pressure, CO»
Percentage

Partiol pressure, N,
Percentage

TABLE T
ALVEOLAR GAS COMPOSITION 2-5 SECONDS FOLLOWING RAPID
DECOMPRESSIONS TO SELECTED ALTITUDES WHILE BREATHING OXYGEN

(COMPILED FROM CLAMANN ET ALY)

T e oy g

. ey o A e

ALTITUOE
10,028m  12,009m  13,503m  15,240m
32,9001t 39,400ft 44,3001t 50,000 ft

198 145 IS 87
a7 47 47 47
151 98 68 40
____DRY GAS COMPOSITION
o7 71 45 20
70.6 72,0 66.4 50.6
35 23 19 I8
23.4 23.6 28.0 44.2
9 4 . 2
6.0 4.4 4.6 5.2

All decompressions from 1,006 m (3,300 ft).
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FIGURE 1.

Nitrogen washont prior to and during dccbmpression.

Quick-donning crew oxygen mask and panel-mounted
pressure demand regulator.
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Noble et al. (8) Teport a case history of a pilot who, on
experiencing a decompression of a T-39 (Sabreliner) aireraft at
13,716 m (45,000 ft), lost consciousness within an estimated time
comparable to those above.

percent oxygen at 10,058 m (33,000 ft) were rapidly decompressed
to altitudes of 15,850 to 16,154 m (52,000 to 53,000 ft). If the
total expesure te the latter altitudes exceeded 6 8, subjects lost

Additional data detailing the limits of protection afforded
by prebreathing oxygen have been presented by Blockley and
Hanifan (S) (in a review of German Air Force data) and Luft et
al, (10). These data show that even though 100 percent oxygen

Breathing Oxygen Under Pressure. Limited relief to this
dilemma can be achieved through Pressure breathing. Blockley
and Hanifan (5) state that wearing a mask prior to rapid decom-
pression to a maximum altitude of 15,240 m (50,000 ft) may pre-
vent loss of consclousness provided the regulator is designed to
deliver at least. 90 percent oxygen at normal cabin pressere,
However, the regulator musg ingtantly provide prositive pressure -
breathing with the mask tightly sealed against the face in order
to intercept and reverse the rapid decline in alveolar oxygen
partial pressure, Rapid increase in the diffusion of venous
carbon dioxide into the lungs compounds this problem by jeopardiz-
ing the recovery of an adequate alveolar oxygen partial pressure,

For positive Pressure breathing to be effective, the indi-
vidual must be recently highly trained; otherwise, he may invol-
untarily hyperventilate to a point of hypocapnia-induced incapaci-
tation. Calculated alveéolar oxygen histories at 15,240 n

For certain research operations by highly trained Crew—
members, marginal protection may be provided by a flight deck
procedure wherein the pllot and copilot alterpnate in wearing a
Pressure-demand mask connected to an appropriate pressure-
breathing regulator supplying no less than 90 percent oxygen.
Upon decompression, the regulator must dutomatically initiate
Pressure breathing to a level consistent with altitude require~
ments. For this procedure to be fully effective, the crewmember
breaching oxygen should remain on oxygen until the relieving
crewmember accomplishes adequate nitrogen washout; otherwise, both
crewmembers would be vulnerable should decompression occur during
the exchange of thig function.
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Pressure Breathing With Counterpressure.  Using a partial-
pressure vest (@ pressure jerkin or partiat-pressure sult) in
combinat fon with prebreathing 100 percent oxygen and pressute

breathiing is a safer alternative.
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In the cvent of rapid dvcmﬁprussinn to flight alticudes of
15,240 m (50,000 §e), the fotloviap cousideragions are pacamount :

Homasks are not in use and adr is boing breathed, loss
of consciousness will cccur In approximately o = or less.

use of quick-don masks will be inelffective in proeveat ing loss of
consce fousness., A
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1
B. Even 1Y masks are worn and 100 percent oxygen is pre-
breathed, loss of conscipusness will still occur in approximately
20 s. ;
1 :
C. 1If presaurc breathing 1s used and at least 90 percent
oxygen s not prebreathed, residual nitrogen in the alveoli may

negate the advantages of pressure breathing.

L. TIf pressure breathing 1s used and 9¢ to 100 percent
oxygen is prebreathed, a highly trained, physically fit indi-
vidual may toelerate the pressures requirved to maintain useful
consclousness. Using a counterpressure garment and pressure
breathing combined with prebreathing 90 to 100 percent oxygen
is a safer alternative. ’

E. In decompressions of the severity under consideration,
it may be assumed that passengers will lose consciousness. The
ultimate physiological consequences and recovery wlill be depend-
ent not enly on the decompresslon but also on other factors, such
as duration of exposure, age, welght, and past medlcal history.
If sufficlent protection is to be provided the passenger, he or
she must be able to tolerate pressure breathing, be highly
trained, and be wearing ‘pressure~breathing oxysen equipment
prior to decompression.

:F. The marginal safety of rapid decompressions to 13,716 m
(45,000 1) 1s rapldly degraded with Turther Increase in altitude
and at 15,240 m (50,000 ft), even the breathing of 100 percent
oxygen before and after decompression will fail to prevent loss
of consciousness, The extended exposure time at eritical alei-
tudes as a result of iuncredsed descent time, the possibility of
the Venturi effect, and additional physiological insults of
decompression to 15,240 m (50,000 1) compound the hazard.
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were dotected above that for atr.

ONYGEN CONCENTRATIONS IN THE VICINITY
OF A PASSENGER RECEIVING FIRST AID OXYGEN

E. B. McFadden and M, 5, Pluski

1. Iatroduction.

To preclude providing an ignttion =ource, smoking aboard airv
carrier alveratt is prohibited at avbitvary distances or at specd-
fied scat rows from passcagers who are recelving fivst ald oxvaea.
The basts Tor these separat tonal distance requivements and whether
they are adequate or unduly restrictive are not kKnown,

During the adminlstration of first afd oxvgen less than 10

percent of the oxveen breathed ts normally adequate to wmeet meta-
bolic needs: the remaining 90 percent is dischavged fnto the amblent
air. With {ucrveased oxvgen tlow, 98 to 98 percent ot the oxvgen
may be Jischarged (nte the surrounding arvea. Bnowledpe ot the
extoeunt to which the surrounding afv s fncrecasaed o oxvgen content

would allow a more realistic evaluation of the modifteation of the
flammability of matevials fn the lamediate vicinity of the oxygen
source.

Utilizing modern state-of=the-art analveical fastramentation,
we conductad a brief preliminary study of the oxveen content of

the aiv surrounding o subjlect breathing 100 percent oxveen to charg
locallzed oxvgen covventrat lons va, distance trom the sublect.

This study Jdoes not concern the social acceptability ov bhealth
hazard poteatial of smoking.

I1. Methods.

The subject was scated {n a rom where theve was probably
some Jdepree of alrfiow, but at a level undetectable by human
souses.,

He then doaned o standard passenger oxyvpen mask, designed
to FAA TSO-CO64 and NAS 1179, and an oxypen (low of 4 L/min was

initiated in accordance with that commonly provided by the regu-
-lator of a firsp ald portable oxygen cylinder,

highly sensitive and accurate mass spectrometer capable of rvapid
response was utilized to continuously scan oxveen concentrations
at varfous angles and decrcasing distances trom the sublect.

The probe of a

111, hesults.

At 60 5. 4, 3, and 2 ft no fucreases il oxvaen voncentration

Ax distances were decreased to

1 ft and less, the following increases in axXVEen concentration
above that of ailr were detected (Figure 1).

The oxygen flow was then lacreased to 30 L/mi

> \ noor 7y times the
normal tiest aid flow with the following results taken at the same
points (Figure 2).
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Scans of oxygen Concentration were made at approximately 45©
above and below mask level but thedr values did not exceed those
at mask level, The design of the exhalation valve of the particu-
lar TS0-C64 passenger mask used in this cxperiment tended to direct
the exhaled oxygen toward the sides of tle mask and apparently
accounted for the higher valyes detected in this area gbhout the
mask,

IV, Discussion.
—eatussion

The U.S8. Alr Force conducted a Study to determine the increase
in oxvgen concentration {n altitgde chambors during routine physio-
logical training of flight crewmembers when the chamber was vented
and unvented (1). Although {t was not stated in the report, these
training chambers usually have 4 valume of approximately 1,000 o
1,500 ¢t and are oceupied by 16 students using demand regulators,
edach of which would be expected to dump 2 minimum of 15 to 20 L/min
of oxvgen inte the chamber (240 to 320 Lfmin total) when on 100
percent oxygen. Even when the chamber was unvented at 25,000 ft,
the mean OX¥REN percentage was ouly increased from 21 percent
{content of o&ygen in air) ta 271 bPereent for a difference of
6.1 percent, Various studies conducted by the National Aero-
nautics and Space Administracion (NASA)Y following the Apollo fire
have indicated that a concentration of approximately 40 perceng
OX¥Ren must be appreached before there is o signifieant increase
in the flammqbility_u( materials, p addition, 1f 100 perdent
! TUUOUUUHiest ald OXVECN 18 administered in Ulight to o Passenger atg g,

; cabin altitude of, for example, 5,000 fe, irs bartial pressure

1s reduced from 760 mmHp (14,7 1b/invy g¢ sea level to 632 nmby
(12.2 1b/1n") at 5,000 {t wich » tendeney to reduce its potential
effect on flammability of materials.

Even if 4n Il—ft3'first‘nid OXVEen evlinder were to be totally
j _ _ dumpad into 4 DC-9 with & volume of 5.840 13 or 4 B-747 with a

' volume of 59,000 e, the resultant inerease in OX¥Een concentra-
tion would pe infinitely smill., 1In addition, the ventilae fog
capab{lity ang rate of aifr exchange of these airervate wouid in all
pProbability make these increases in oxvgen concentratiog
tnmeasurable, :

- Considerable cawtfou should bo exercised In {gre
results of thig very brief apd pretiminary evaluation ag many
factors, such 48 differences in mask design, quantity and direc-
tion or airflow, divurting obstructions..otc.. waonr Td drasticully

reretiong the

modify thege results,
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