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AERONAUTICAL INFONMATION Rr;PORT N0. 1~A 

SUPPLEMENTAL DATA SHEET 

HEFERENCE SECTION ,1e6. 

This portable system (system 6) is intended for supplying supplemental 
oxygen through a continuous flow regulator and mask. It differs in principle 
from the system described in Section 1~.1,5 (system 5) which supplies all of 
the oxygen being used by the wearer., through its non-diluter deanand regulator 
and proper maske 

REFERENCE SECTION 1~,1.7. 

The system shown in Figure VI (system 7) does not have an automatic 
regulator but makes use of a sonic-velocity orifice in the outlet to ].imit 
flow to a continuous flow mask or pipe stem, Thus the flow varies only 
sli~htly with bottle pressure. 

R~FERENCE SEC'TIONS 6.1 AND 6,2. 

Those cylinders listed in Section 6.1 are approved by the Interstate 
Commerce Commission, but those shown in Section 6.2 are not approved by the 
I.C,C, for the pressure of 400 psi, 

The I,C,C, regulations, with respect to oxygen cylinders, apply only to 
those cylinders that are shipped as cargo or non-fixed equipment while 
containing oxygen under pressuree Bottles that are securely attached to the 
airfra.me as an item of its equi~xnent are not required to camply with the 
I,C,C, regulations, Since the I,C,C, is concerned, in this regard, only 
with pressure containers being handled separately in the manner of cargo, 
its regulations include safety factors intended to provide safety even after 
a certain amount of handling damage, F~ed bottles, which are not subject to 
such damage, normally may make use of lower factors of safety. 

REFERENCE CHART 3e 

T,Ypical Problem: Determine the oxygen supply required for 2 crew members 
and 7 passengers for a 2 hour flight at 15,OOU feet. 

Qo=NxFxTx60 
095 x 28e32 

Qo = t$~nount of oxygen required~ in cubic feet, 

N= Numbe r of oxy~en us e rs , 

F= Flow requirements for the conditions involved, in litersJminuteo 

T= Time of flight at altitude requiring oxygen, in hours (assumed 
to include climb and descent between the minimum altitude at 
which oxygen wi11 be used and the cruise altitude.) 

~ 
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: 

I~F~;t~,NCE CHART 3. (Cont' d. j 
	

~ 
T,-,~pical Problem: (Cont'd.) 

60 = ~2inutes /Hour. 

28.32 = Number of liters in a cul~-ic foot. 

.q5 = Correction Factor for system eff iciency. 

Readin~ fram Chart 3~ for 15,UU0 feet: 

F = 1.7 Liters/Minutes 

c~ = 2 + 	x 1.7 x 2 x 60 = 08.2,~. cubic feet (Standard Conditions 
.95 x -2~,32 	 at Sea Level, ) 

To deterrnine the nurnber and type of oxy~en bottles to be used, refer to 
Section 6.1. A sin~;le bottle of 73.0 cubic feet capa.city, or tino bottles of 
3~. 1+ cubic feet capacity each may be used. 

~ 
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AERONAtTTICAL INF'ORPIIATION ?~PORT N0. 4A 

~JXYGEN EQUIPI~9ENT FOR AIRCRAFT 

• 	1. PURPOSE: To present a resume of available informa,tion on the design and use of 
air—' cr ~t oxygen systems. 

2. SC~PE: This information Report covers high and low pressure oxygen systema, both 
ixed and portable. 

3. GENERAL: 	 • 

3.1 Physiological Requirements: Oxygen ahould be supplied in an increasing per- 
cen age o 	e o a 	a ed mixture as the partial pressure oP the gas is 
deoreased by incraasing altitude. The resultant increasing availability of 
oxygen acts to counteract the decreasing pressure po~ential svailable for 
forcing the gas through the membranes of the lungs to a position where it may 
be picked up by the red corpusales of the blood. The supplementation of.froe 
air by oxygen is considered to be advisable above 8,000 £eet Por active persona 
s,zch as crew members, and 10,000 feet for inactive passengere. It is consider- 
ed necessary above 8p00 feet for active persons and above 10,000 f'eet for in- 
active pasaengers. Oxygen may be required az much lower altitud~s Por therQ- 
peutia uae vaith various lung and heaxt disorders. It is necessary to supply 
undiluted oxygen at altitudes above 30,000 feet. The use of undiluted oxygen 
without supplemental pressure is considered acceptable only to 37,000 feet. 

3.2 Source of Supply consisting of some or all of the follo~ving items: 

3.2.1 Supply cylinders containing aompres3ed oxygen carrisd on the aircraft. These 
~ 	 are of two types: 

3.2.1.1 High Pressure cylinders (1800 psi). 

3.2.1.2 Low Pressure cylinders (400 psi). 

3.2.2 Cheak valves to isolate indi4idual oylinders. 

3.2.3 Safety valves to prevent over pressure in cylinder from overohaxging or 
heating. 

3.2.4 VParning signal to indicate de~n.gerous depletion of supply. 

3.2.5 • Pressure gage to indiaate'quantity of oxygen a~ailable. 

3.2.6 Manually operated shut-off valve to conserve supply when not in uae and 
to permit replaaemant of individual cylinders. 

3.2.7 Valves for isolating portion of the system f'or crew or therapeutic uae. 

3.2.8 Provisions for replenishing aupply either by external filler or by 
removing and reaharging the supply cylinder~. 

• 
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3.3 Distribution System - conprising one or more lines of inetal tubing with 

	

sui ab e i tings and outlets to distribute the oxygen to various stations. 	 • 
Presaure in these lines may be that of the supplv cylinder or it may be re- 
duced by a reducing valve to some uniforin low pressure. Thoae lines passing 
through a potential fire Zone should be of stainless ateel. 

3.4 Regulators, comprising mechani.al means for proportioning the amount of oxy- 
gen r-  e~ quired by each indinidual. They may be permanently installed at indi- 
vidual stations, they may be portable, or they may be at one ma.ster station. 
Por~~ble regulators may be attached to low pressure outlets or they may be 
attached to portabl8 cylinders. 

3.4.1 Regulators may be of the follawin~ typess 

3.4.1.1 Continuous flow type with or without automatic or manus.l m~ans for in- 
areasing the flow with altitude. Y'~ith thfs regulr~tor the flow is fixed 
for any given adjustment and does not vary automatically to suit work 
or rest conditions. 

3.4.1.2 Demand type which allows oxygen to flo~r only when a suction is applied 
as by inhaling through a ma.sk or tube. This regulator may feed only 
pure oxygen or may have automatic means for mixing air with oxygen to 
maintain the partial pressuro of oxygen in the lungs at approximately 
sea le~el conditions up to sorre predeterminad high altitude. An emerg- 
ency valee for f~xll continuous flovr of oxygen is provided. 

3.4.1.3 A rebreather type, in which air.is  continuously rebreathed and the oxy- 
gen consumed ie repleniehed. Chemicals are provided to abaorb water and 	~ 
carbon dioxide. 

3.4.1.4 A pre~sure breathing demand r~gulator, which, when used with the proper 
mask imposes a pressure of from 6 to 8 inches of water upon the lungs, 
thus raising the safety oeiling to as high as 43,000 feet and the emerg- 
ency ceiling to 47,000 feet. Belaw 30,000 feet the regulator functions 
as an ordinary dilute demand regulator. 

3.4.2 Flow indicators can be usefully employed with d emand regul~,tors to insure 
the operator that he is actually getting the oxygen. These devices should 
operate by a means responsive to the f'low of oxygen only. 

3.4.3 Flow indicators should be used with all oxygen syatems to insure proper 
oxygen supply. They may be in the form of pressure gages ealibrated to the 
altitude, or in the form of flvrv metera. 

3.4.4 Regulators are responsive to the ambient pressure and therefore are satis- 
Pactory for use in either pressurized or unpressuriaed airplanes. 

3.'~.5 Emergency o~errides snould be provided on all automatic regulators to per- 
mit administration of pure 'oxygen tor tneraoeutic purposes at any altitude. 

3.5 Means for Inhaling Oxygen: 

	

3.5.1 At altitudes above 16,000 feet a mask or hood is essential to prevent ex- 	 • 
cessive dilution of o~cygen tivith air. Below 16,000 feet, a simple mouth- 
piece can be used or even a dirvct application of oxygen into the mouth 
through a pipe stem, although such a aystem is inefficient. Maeks are 
commonly e mployed at all elevat ions where oxygen is required, as they 
are more effiaient. 
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3.5.2 The characteristics desired in a mask aret 

~ 	 3.5.2.1 It should be leak-proof and comfortable. 

3.5.2.2 It should be equipped with expiratory valves protected against 
£reezing and capable of building up a?proximately one quarter oP 
~n inch water pressuro in the system on exhaling. 

3.5.2.3 It should be equipped with a rebreather bag used with a continuous 

flow regulator. 

3.5.2.4 1~Yhen possible, it should be_individually fitted to the wearer. 
This is essential for sustained flight above 25,000 feet. 

3.5.2.5 It must be easily cleaned by normal oleaning methods. 

4. OXYGEN SYSTEAdS IN USE IN UNITED STAT`ES= 

4.1 Charaateristics of Various Systems: 

4.1.1 Syetem 1.- (9ee Figure 1) This system involves a tank of high 
pressure (1800 - 2000 psi) oxygen onto which is directly attached 
a manually operated continuous flow regulator. This regulator 
discharges into a manifold line to which several outlets are oonr- 
nected. A quick-couplir~ connection at the outlet connects to a 

tube leading to a mask and bag. 

• 	 4.1.1.1 The regulator is supplied with a pressure reducer, a eylinder 
pressure gauge and may have a differential pressure gauge gradu- 
ated in altitude by w;iich the operator manu~lly sets the pressure 
needed across built-in orifices at the outlets to supply the 
amount of oxygen suitable for the altitude. '~Vith tnia type, care 
should be taken that the oxygen outlet or hose is not closed off, 
as such would cause an erroneous indication of flow. 

4.1.1.2 One rogulator will serve several oxygen outlats. `rhe outlets are 
closed by built-in cheek val~es when not in use. 

4.1.1.3 This system ia in wide use. 

4.1.2 System 2.- (See Figure 1) This is the same principle as above, ex-~ 

ce" p~iat it operate~ on a low preseure system, about 400 psi. It 

is also in wide use. 

4.1.3 System 3.- (See Figure II~ This is an automatic continuous flot~r regu- 
la~or c~esigned to operate on tank pressure from 50 to 500 pai on some 
systems, and as high as 1800 psi on other systoms. 

4.1.3.1 The regulator is connected to a supply tubing at tank pressure. A 
pressure reducer in the instrument reduces the pressure in the in- 
let chamber to a constant low absolute pressure. A second pressure 
reducer actuated by aneroid control admits oxygen to a manif'old, pro- 
vided with any number of outlet orifices up to 15, at a pressure in- 

. 	 areasing with altitude, so that one or all of the ori£ices will furnish 
the amount of oxygen suitable for the altitude. 
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4.1.3.2 Tubing with mask and storage bag may be connected to ~ny of the 
outlets, which are closed by built-in aheak valnes when not in use. 	 ~ 

4.1.4 System 4.- (See Fiture III) This regulator is a diluter demand regu- 
aT o~clesigned to be connected to a 400 psi supply system. A preasure 

reducer in the instrument red~ices the cylinder pressure to a substan- 
tially constant lo~ pressure. Inhalation suction operatea a nalve and 
causes a flow of oxygen. 

4.1.4.1 An air inlet, which can be closed when oxygen only ia wanted, a dmits 
air which mixes with aocygen in amounts deoreasing with altitude. 
The mean of the toleranaes calls for 15-35f added oxygen at 15,000 
ft., 50-78f at 25,000 ft., and 70-100q at 30,000 ft. A cheok valve 
prevents escape of gas when exhaling. 

4.1.4.2 An emergency valve by-passing the regulator permits a steady flaw 
of oaygen to the mask if desired. 

4.1.4.3 In addition to the instrument, a panel containing a cylinder prea- 
sure gauge, an oxygen flaw indioator and a warning light to go on 
when the pressure is low, is used in some but not all installations. 

4.1.4.4 A flexible tube, of coneenient length runs from the outlet of the 
ragulator to a snap type disconnect fitting with a clip f or at~ 
tachin~ to the clothing. A mask is provided with a plug-im fit- 
ting for the above disconneot. The mask has a check valve to 	. 
allow air to escape on exhalin? and to prevent it from entering on 
inhaling. 

~ 
4.1.4.5 In normal quiet breathing, the pressures in the mask Will be about 

1~4" oP water below atmospheria on inhaling and 1~4" ~bove on ex- 
haling. Great cara mlist be taken to adjust the mask tightly as 	. 
a considerable leak would dangerously dilute the oxygen at high 
altitudes. 

4.1.4.6 One regulator must be provided for each person. 

4.1.4.7 The system is econom3.ca1, safe and easy to use, provided the in- 
strument is reliable and the mask tight. It does not provide for 
bail-out or walking about the airplane nor is it well adapted for 
passenger use. 

4.1.5 System 5.- (See Fi~ure iV) This is a portable demand regulator uaed 
o~ r ẁa~l~ing about in the plane. It consists of a non-diluter demand 
regulator-with a 400 psi oxygen bottle attached. It incorporates a 
pressure reducer for providing a lower constant working pressure to 
the demand valve, a clip for attaching the unit to the person, a 
quick diseonnect filling plug equipped tivith a check valve for refil- 
ling from the supply line as needed, a cylinder pressure gauge, and 
a snap-in connection for the mask fitting. I+, ~$ the following dis- 
ad~~antages: The loro~ pressure bottle is bulky and its capacity de- . 
pends upon the pressure available in the supply line. At best, the 
bottle has to be refilled evsry few minutes. ?'rhen used zvith Syatem 
4, a chax ging connection £or the portable cylinder is required in ad- 	 • 
dition to the fixed position oxygen sta~ion. 
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4.1.6 System 6.- Same as System 5, except that an 1800 psi oxygen bottle 
a provided with a aontinuous Plow regulator. This system, however, 

~ 	 cannot be rePilled in flight. 

4.1.7 System 7.- (See Figure VI) This is a complete unit for "bail-out". 
comprises a bottle, pressure gauge, release valve and "pipe- 

stem" mouthpiece. It automatically delivers the required amount of 
oxygen. 	- 

4.2 Oxygen Supply Pressur~: 	 . 

4.2.1 Except for some 1800 psi syateme used with Syetem 1, 3 and 6, a 
400 psi systam is used. `~he oxygen cylinders are permanently in-. 
stalled in the plane. Provision is m~.de for refilling them from 
outside the plane. ~heck valves~are often provided so failure of 
one cylinder will not affect tihe others. A relief v~.lve can be used 
if desired to prevent overfilling. One or more lines run to permanent 
statione to which t he regulators and their accessories are connected. 

4.3 Airline Oxygen Systems: 

4.3.1 Two types of oxygen systems are in general uae by commercial airlines 
in the IInited States today. These vary wi.th  different aompanies, but 
in general are as follo~vs: 

4.3.1.1 A high pressure system basically the same as system 1(paragraph 
4.1.1), aonsisting of a high pressure tank, a gage, a nd a nanual 
preasure reducer located in the pilot + s compartment or adjacent 

• 	 to it. Low pressure lines with orifice outlets at the passengers' 
seats aarry oxygen from the reducer. A member of the crew sets 
the oxygen pressure necessary for the altitude being flown. Tha 
passengers and crew obtain oxygen through mouth-piecea, lorgnettes, 
or masks. This system is simple and effective for the purpose and 
£or the low altitudes encountered, but when mouth pieces or lorg- 
nettes are used, is waste£ul of oxygen as flow of oxygen during ea- 
haling is lost. 

4.3.1.2 A low pressure system, basically the same as system 2, making use 
of low pressure oxygen cylinders as a source of aupply and being 
substantially the aeme a s the system described in paragraph 4.3.1.1 
in all other aepects. 	 ~ 

4.3.2 Qxygen aystems for use with pressurized aircraft are designed basi- 
cally for use as emer~;ency systems in case of complete depreasuri- 
zation or for uae for therapeutic purposes. 'rhe systems employed 
by the airlinea are basically the same as f or unpressurized aircraft. 

4.3.3 The crew supply source should be separable from the passenger distri- 
bution system so that pasaengmra cannot exhaust the crew aupply. 

4.3.4 Emergenay Oa~yygen Systems Emergency Oxygen Syster~s for protection 
agains nox ous gases s ould provide a flovr of oxygen direct from the 
source of aupply to the arew members without admirture of air. A non- 
dilutor demand system rest fills these requirements, or a dilutor- 

• 	 demand system set for 100f oxygen flow (see Syatem 4). A full face 
ox_ygen mask should be used to provide protection for the wearer~s eyes 
as well as respiratory syatem. 
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5. A~'AILABLE SPECIFICATIONS - A partial list of available speoifications 
covering ygen Equipmsn 	for Aircrra.ft now in use is given below: 

5.1 Adapters - Low Pressure System Filler Air Corps Dwg. N~. 40A8475 

5.2 Coupling, Automatic Air Corps Dwg. No. AN~3009 

5.3 Cylinders - High Pressure Axrr~y Spec. 94-40302, 40246, 
40247, 40248, 40251, 40373 

5.4 Cylinders - Low Pressure 	 Arn~y Spec. 94-40376, 40355, 
40330, 40356, 40321, 40407 

5.5 Indicator Lamps Air Corps Dwg. No. 42B3593-2 

5.6 Indiaator, Flow, Oxygen ~my Spec. 40389 - 40427. 
Axmy-Navy Aero. Spec. AN-1-12 
Army-Navy Dwg. AN-6029 

5.7 Installation Army Spec. 40362, 40363 

5.8 Maak Army Spec. 3166, 94..310? 
Army-Navy Aero. Spec AN-~-3 

5.9 Oxygen; 	Aviator~e Breathing (Gas) Army-Navy Aero. Spec. AN-O-lA 
Army 5pecification 2198 
Navy Specifiaation ~-243 

5.10 Portable Apparatus Air Corps Dwg. No. 42D5357 

5.11 Portable Rechargers Air Corpa Dwg. No. 42D7261 

5.12 Regulatore, Oxygen (A-9A) Army Specification 94-4033:9 

5.13 Regulators, ~cygen (A-12) Army Specification 40370 

5.14 Regulators, Qxygen (A-N) Army-Navy Aeronautiaal Spea. 
AN-P,-S 

5.15 Regulators, Oxygen (A-rt) 	 Army-Navy Dwg. AN-6004 
Navy Spec. M-436b 

5.16 Siga~.l Assy., Qxygen ~ressure Army Specification 32376 

5.17 Signal, dxygen ~Parning (High Pres- Army-Navy Aero. ~pec. AN-S-21 
sure Syste~) Arrrry-Navy Dwg. AA-6019 

5.18 Tube Aasembly, Oxygen Mask Regulator Army Specification 4U387 

5.19 Tubing, Copper Federal Spec. ~PV-T-?99 

5.20 T ubing, Aluminum Alloy Army Jpecification 5b-18?-3 

5.21 Valve, Check Army Specification 40325 

5.22 Valve, Filler Army Specification 40326 

5.23 Valve, Oxygen Line Army Speci£ication 40386 

5.24 Valve, Relief, Oxygen Army Specification 40392 

~ 
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