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1. INTRODUCTION:

Liguid oxygen supply systems for breathing oxygen for the crew and/or passengers of transport aircraft
require design and installation considerations, which are detailed herein.

AIR 825, Oxygen Equipment for Aircraft, contains general information on determination of breathing
oxygen requirements and equipment for the crew and passengers of transport category aircraft. This
document covers the more specific requirements for either a 70 or 300 psig liquid oxygen system. The
standard 70 psig nominal pressure is recommended for use except in cases of excessive pressure
drop, flow requirements, and some continuous flow regulators which may require the 300 psig nominal
pressure system.

AS 861, Minimum General Standards for Oxygen Systems and AIR 822, Oxygen Systems for General
Aviation Aircraft, also contain general applicable information.

Note: When Military Specification components are referenced in this document, it is intended
that this be interpreted as a guide and that components functionally equivalent to these units
may be used.

2. DESIGN AND INSTALLATION:
2.1 General:

An aircraft liquid oxygen system should comprise as required, liquid oxygen converters, tubing,
fittings, quantity gages, heat exchangers and appropriate pressure and flow control components.
The installation may provide for replenishing the liquid oxygen supply by use of quick-removable
converters, or, in the case of fixed installation of converters, by providing external access for
connection to a portable service trailer.

Components of the oxygen system should not be installed where they will be subjected to
temperatures in excess of that specified in the individual components specifications, and no part of
the systerm should be installed in an area which will be subject to a temperature of 265 F or greater.
In order to minimize loss due to heat, liquid oxygen converters should not be located near equipment
that dissipates a high quantity of heat. The oxygen equipment, tubing, and fittings should be located
as remote as practicable from fuel, oil, hydraulic, storage batteries, exhaust stacks, manifolds, and
electrical components. \WWhere necessary, deflector plates shall be used to keep flammable fluids
away from oxygen lines, fittings, and equipment. Converters shall hot be in line with the plane of
rotation of the turbine and/or propeller.
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2.2 8ize and Number of Converters:

Civil Transport Category aircraft are required to have either a separate oxygen systemor a
separately reserved supply for the crewmen. The oxygen system should be designed to provide
supplemental oxygen for all crewmen and passengers with flow rates and durations meeting the
requirements specified in Federal Aviation Regulations Parts 23, 25, 91, 121, and 135 as

appropriate.

If more than one converter is required for passenger oxygen in an aircraft, they should all be of the
same size. The number of converters is determined by dividing the oxygen requirement determined

from AIR 825 by “Q” from Table I.

TABLE |
Liquid Oxygen Converter Characteristics
Converter  Operating Design Q
Size Pressure Free Gas Available Flow Rate  (Liters)
(Liters) (PSI) (Liters) NPTD (LPM) NPTD
5 70 4300 72 3030
10 70 & 300 8600 82-100 6740
25 300 213500 150 19000
75 300 64500 400 60900

NOTE: Q differs from Free Gas Available to allow for 24 hour evaporation loss plus a safety factor.

It should be noted the above flow ratings are conservative and may be varied through proper
heat exchanger design. For detailed information the individual converter and heat
exchanger manufacturers should be contacted.

2.21 Flow Requirements: The maximum flow required from the converter shall be calculated as
indicated in AIR 825, using an appropriate safety factor. This flow shall be required from the
converter without pressure degradation. In multiple converter installations, each converter must be
capable of supplying the calculated flow requirement. The flow rate will vary with system design
features and with other related factors such as temperature, location, etc.

2.3 Quantity Indicators:

A quantity indicator shall be installed at the pilot’s, co-pilot's or flight engineer station to permit
monitoring of the total aircraft oxygen supply. Where more than one converter is installed, a single
totalizing indicator could be utilized to show total quantity. Liquid oxygen quantity indicators should
be in accordance with MIL-G-19053 or MIL-1-25645, as applicable.
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2.4 Press-To-Test:

A press-to-test switch in accordance with MIL-S-8805/3 should be located near the liquid oxygen
gquantity indicator. This switch shall allow the indicator to be functionally checked.

2.5 Gauging System:

The gauging system when installed in the airplane shall indicate the amount of liquid oxygen in the
converter(s) within an accuracy tolerance of £4% of full scale indication plus £2% of actual scale
indication at any of the major dial divisions on the oxygen quantity indicator. The length of the cables
shall not affect the accuracy of the systems. Adequate clearance shall be provided the indicator
connectors so that they can be readily disconnected by servicing personnel. Provisions shall be
made for the storage of the aircraft connectors to the liquid oxygen converter when they are
disconnected.

2.5.1 Dummy Converter: A dummy converter should be installed adjacent to any converter which may
be omitted from the aircraft during a flight mission. The dummy converter provides an electrical
equivalent of the removed converter for proper gauging system operation. See MIL-D-26393 for
dummy converter for 25 liter converter indicator system.

2.6 Fill-Buildup-Vent Valve:

Each permanently installed liquid oxygen converter shall be filled from a separate combination fill-
buildup-vent valve. Combination fill-buildup-vent valves should be in accordance with

MIL-V-25961. VWhere possible, the filler box should be located approximately 5 feet above the
ground in order to be readily accessible from the ground. Clearance shall be left around the fill-
mating section of the combination fill-buildup-vent valve to allow the insertion and easy connection of
the 2 inch diameter female section of the ground servicing valve (MIL-V-38201).

2.6.1 Fill Line: The length of the fill line between the combination fill-buildup-vent valve to the liquid
oxygen converter shall be kept as short as possible to minimize lox loss while filling. Fill line should
not be longer than 10 feet. The fill lines shall be insulated to prevent frosting and sweating where
they pass over equipment which could be harmed by water dripping from the lines, or suitable drip
pans shall be installed under the lines.

26.2 VentLine: The vent line from the combination fill-buildup-vent valve shall be so located as to drain
overboard at the bottom of the aircraft within sight of the filler box and not closer than 24 inches to
it. Flow from the overboard vent shall be directed away from the filling valve so as to not create a
hazard for servicing personnel and not to allow vented gaseous or liquid oxygen to impinge on the
aircraft. The vent lines shall be insulated to prevent frosting and sweating where they pass over
equipment which could be harmed by water dripping from the lines, or suitable drip pans shall be
installed under the lines.
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2.6.3 Drain Valve (permanently installed converters): A liquid oxygen drain valve in accordance with
MIL-F-25962 should be connected in the fill line between the combination valve and the converter
in order to drain the converter. Overboard drain from the liquid oxygen valve should terminate in
an end fitting conforming to MS33656 and located in the filler box. It should have a cap in
accordance with AN929-5 with a suitable tether permanently attached to the rear of the cap.

2.7 Pressure Relief Valve:

The pressure relief valves shall be vented overboard, using /16 inch O.D. by .035 inch wall
thickness tubing or larger equivalent passage. The relief valve overboard vent may be the same as
that used for the combination fill-buildup-vent valve.

2.8 Check Valves:

When more than one converter is installed in an aircraft, a spring loaded check valve in accordance
with MIL-V-25513 (300 psi) or MIL-V-25514 (70 psi) should be installed to prevent the possibility of
supply flowing back into the supply port of another converter. See Figures 1 and 2 for typical circuits
for a two converter, one and two manifold designs.

2.9 Removable Converters:

VWhen removable converters are to be installed in an oxygen system the installation should provide
for simple and rapid replacement, being capable of removal and replacement within approximately
three minutes. One example of a removable converter is shown in MIL-C-19803.

2.9.1 Converter Mounting Bracket: The bracket necessary to mount this (MIL-C-19803) converter in the
aircraft is in accordance with MS90341 or equivalent design.

2.9.2 Coupling: The quick disconnect couplings for the removable converter supply and vent lines
should be in accordance with MS22068 or equivalent design. To insure adequate glove clearance
around valves and disconnects the following clearances shall be provided: The minimum
clearance shall be a 3 inch diameter circle around the vent and supply disconnects and a 5 inch
diameter circle around the filler valve. The centers of the circular clearance areas coincide with the
longitudinal axis of the valves.
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2.10 Metal Hose (Removable Converters):

All metal hose assemblies should be in accordance with MIL-H-22343 or equivalent. Flexible supply
lines shall be 5/16 inch minimum ID and flexible vent lines shall be 1/2 inch minimum ID. The bend
radius shall not be less than that specified in the flexibility test of MIL-H-22343. \Where there is
relative motion between two connections, metal hose shall be used and shall be so installed that
torsion (twisting) will not occur under any condition of operation. There shall be no tendency for
connecting fittings to loosen and clamp type flexible tubing installation shall not be used. Supply and
vent lines shall contain metal hose of sufficient length to provide for satisfactory connection or
disconnection of the disconnect couplings at the converter. The supply and vent disconnect valves
attached to the metal hose shall mate with the corresponding disconnect halves on the converter. All
metal hoses shall be suitably protected against chafing, where necessary.

2.11 Tetrafluoroethylene Hose (Permanently Installed Converter):

Tetrafluoroethylene flexible hose may be used in place of the above metal hose assemblies and shall
be in accordance with MIL-H-26626 and the applicable P/N of MS24548. Only where externally
shock-mounted converters are used is flexible hose required.

2.12 Tubing:

All plumbing shall have markings indicating Breathing Oxygen, Flow direction, and function such as
“VENT”, “FILL", “DRAIN", “SUPPLY", etc., with black letters on a green background. Spacing of
markings shall be such that at least one identification is visible and recognizable from any
observation point along the line. All tubing shall be bonded in accordance with MIL-B-5087. The
tubing shall be of aluminum alloy, conforming to WANV-T-700/4, or corrosion resistant annealed tubing
conforming to MIL-T-8506.

2.12.1 Dimension Data: VWhere other equipment might be affected by condensation, the supply tubing
shall be provided with drip shields, or other suitable means of protection. Tubing for all lines other
than fill lines and vent lines connecting to the fill-buildup-vent valves shall have a passage canal of
sufficient size to accommodate the required flow rate but shall not be smaller than the equivalent of
-5/16 in. O.D. by .035 inch wall thickness tubing. Tubing for the fill line shall have a passage equal
to or larger than 3/8 inch O.D. by .035 inch wall thickness tubing. Tubing for the vent line
cohnecting to the fill-buildup-vent valve shall have a passage equal to or larger than 1/2 inch O.D.
by .035 inch wall thickness tubing.
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