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INVESTIGATION OF FIRES ORIGINATING
FROM AN AIRCRAFT OXYGEN SYSTEM*

SUMMARY

The occurrence of a spontaneous-combustion fire in an arrcraft oxygen system
indicated a need for investigating this hazard Accordingly, tests were conducted 1n an at-
tempt to reproduce this accident These were followed by tests 1in which combustibles were
1gnited Spontanecus combustion did not occur in the first series of tests In subsequent
tests, however, and while a fire was burning at the outlet mamfold, spontaneous combustion
did occur in the line leading from the oxygen cylinder to the outlet manifold This was at-
tributed to o1l contarmination in the line Ignited fires damaped neoprene valve seats and
caused an explosion in the mamifold It 1s recommended that cate be taken to avoid contami-
nation of the system, that nonflamrmable materials be used, and that rate-of-flow control
valves be incorporated to prevent a surge of oxygen in case of manifold failure

INTRODUC TION

A fire occurred on an airline airplane on May 6, 1956, during a routine ground check of
the breathing oxygen system The fire destroyed the regulator manmifold of the oxygen system
and damaged the cockpit area extensively before being extinguished by ground equipment
Because the check-valve seats in the manifold were missing, 1t was thought that the fire was
produced by combustion of the valve seats It was not known whether spontanecus combustion
of the seats occurred or if ignition of some foreign material in the manifold i1gnited the seats
If such a fire had occurred during flight, the airplane would have been destroyed and lives lost
To study the requirements for preventng and containment of fires originating from an aircraft
oxXygen system, a series of tests was conducted

TEST EQUIPMENT AND PRGCEDURE

The test equipment was set up to conform as nearly as possible to the actual airplane
installation A means was provided for rapidly opening and closing the cylinder valve from a
remote position The two regulator cutlet connections and the three inlet fittings not connected
to cylinders were blocked off The arrangement of the test equipment 1s shown 1n Fig 1

Three series of tests were conducted In the first, tests were conducted to determine 1f
spontaneous combustion of the check-valve seats would occur when the oxygen cylinder valve
w1is quickly opened and oxygen pressure allowed to build up rapidly in the mamifold Also,
tests were conducted with o1l and other combustible material in the manifold

The second series of tests was conducted to determine the ability of the manifold and
check valves to withstand a fire when subjected to high-pressureoxygen In these tests, a
fire was 1nitiated in the manifold by removing one of the one-fourth-inch pipe plugs which
close the main passage through the manifold and inserting a wad of o1l-soaked cotton The
cotton then was i1gnited by inserting a glowing ember, replacing the plug, and quickly
admitting oxygen to the manifold

In the third series, the manifold was completely enclosed 1n a protective shield made
from a piece of Johns-Manville Style 89 firewall material formed into a closed cylinder ap-
proximately 3 1/2 inches 1n diameter, as shown in Fig 2 This matertal will withstand a
2,000° F flame for 15 minutes without flame penetration and 1s considered to be fireproof The
tubing connecting the cylinder to the manifold passed through a narrow slit in the shield The
one-fourth-inch pipe plugs which close the main passage through the mantfold were left acces-
sible through the ends of the shueld A wad of o1l-soaked cotton was placed outside the mani-
fold in the protective shield One of the regulator ocutlet connections was allowed to leax

*Reprinted for general distribution from a limited distribution report dated Qctober 1957



CAA TECHMICAL
COvTER
oo MOMANAPOLIS INDIARL

Fig 1 Oxygen Equipment in Position for Tests

Fig 2 Oxygen System Manifold Enclosed in Shield
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Fig 3 View of the Manifold After Tests During
Which Valve Seats Were Destroyed

slightly to increase the probability of fire burning through and igniting the cotton in the shield
Ignition was accomplished in the same manner as i1n the previous tests

TEST RESULTS AND DISCUSSION

In the first series of tests, numerous attempts were made to cause spontaneous
combustion of the valve seats by quickly opering the cylinder valve and allowing oxygen pres-
sure to build up rapidly in the mamfold These attempts were unsuccessful The tests then
were repeated with a wad of oil-soaked cotton inserted in the main passage of the manifold
Attempts to 1mifiate a fire or explosion in this manner also were unsuccessful, although spon-
taneous combustion did cccur in the cylinder line at the time the cylinder valve was opened
during a subsequent test and while a fire was burning 1n the mamfold

In the second series of tests, the oi1l-soaked cotton and the check-valve seat at the
oxygen inlet were consumed, but the fire was not of sufficient intensity and duration to burn
through the mamifold block Figure 3 shows the manifold block afte~ 1t had been subjected to
these tests The damaged check-valve seats were replaced when necessary prior to each test

In the third series of tests, one of the outlet connections was made to leak slightly to
allow the fire to burn through and igmite the cotton in the shield Difficulty was encountered,
however, in getting the fire to burn through the outlet connection In several tests, the cotton
inside the manifold and the check-valve seat at the oxygen inlet were consumed but the cotton
outside the mamfold was not 1igmited In one test, 1gnition outside the manifold did occur and
the fire which consumed the cotton was of sufficient intensity to burn a one-half-inch diameter
hole through the shield This 15 shown in F1g 4
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Fig 4 Damage to Manifold Shield



. ou
- s ey

| .
ot o e Fhreaf® g T
no BRI S
oy O T

‘igg,w vy ¥

TR e Ty e S
e

L
W

B P Can TEC WAl

Y o2 FELOF FENT CLRTIR
P, pEARRAMDLIS MON A
-

e

Fig 5 Damage to Manifold After Explosion

In another test, the cotton in the manifold started to burn slowly After approximately
30 seconds, a sharp clank was heard The fire continued to burn in the manifold for a short
time, then went out The mamfold was not damaged but tke cylinder valve could not be cl sed
at the end of the test Subsequent inspection indicated that the valve seat was destroyed at the
time the detonation was heard A small quantity of o1l probably entered the cylinder line from
previous tests, and when the cylinder valve was opened for this test, a spontaneous combustion
occurred which destroyed the valve seat No trace of the seat was found when the valve was
disassembled The seat retainer was discolored, indicating that the seat material had burned

A final test was conducted in this series using a full cylinder of oxygen and a new mani-
fold block Oxygen was allowed to leak slowly from the outlet connection The fairst time the
cotton was 1gnited 1t burned for only a short time before going ocut The cotton again was 1g-
nited and very shortly after the cylinder valve was opened, a loud explosion occurred The
manifold was blown off the support bracket and was found on the ground about 35 feet from 1ts
original position One of the regulator outlet fittings was found a few feet from the mamfold
The manifold was ruptured along most of the length of the main passage as shown in Fig 5
The alurminum was melted around the oxygen inlet to the main passage and there was some
indication that the fire may have burned through the manifold before the explosion occurred
The check-valve seats were st1ll in good condition and were not damaged by the fire as may be
seen 1n Fig 6

CONCLUSIONS

1 Although during the first series of tests attempts to cause spontaneous combustion in an
aircraft oxygen systemn mamfold were unsuccessful, spontaneous combustion did occur 1in the
third series of tests 1n the cylinder line which destroyed the cylinder valve seat This is an
indication of the unpredictability of spontaneous combustion of combustible materials when as-
sociated with oxygen systems The fact that combustible material will not, immmediately and
under all conditions, 1gnite 1n the presence of oxygen probably results 1n considerable
negligence i1n the handling of oxygen equipment

Fig 6 Condition of Check-Valve Seats



2 When combustible material was i1gnited in the manifold the fires were confined to the
manifold, and the inlet check valve was the only part damaged

3 A protective shield of the material tested will not contain a fire which has burned
through the manifold Such a fire would be difficult to contain because of the presence of a

large supply of oxygen

RECOMMENDATIONS

1 Every precaution should be taken to keep the aircraft oxygen systemn clean and free of
contarmination If this 15 done, the possibility of a fire occurring in the system 1s believed to
be remote

2 Rate-of-flow control valves should be 1nstalled in the lines between the cylinders and
the manifold toc prevent large quantities of oxygen from escaping 1n the event of mamifold

failure
3 Replacement of the aluminum mamfolds with manifolds of stainless steel, or other
material having a high melting point, 1s recommended
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