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INVESTIGATION OF FIRES ORIGINATING 
FROM AN AIRCRAFT OXYGEN SYSTEM* 

SUMMARY 

The occurrence of a spontaneous-combustion fire in an arcraft oxygen system 
mdlcated a need for mvestlgatmg this hazard Accordmgly, tests were conducted m an at- 
tempt to reproduce this accident These were followed by tests m, which combustibles v,ere 
lgmted Spontaneous combustmn did not occur m the fmst series of tests In subsequent 
tests, however, and while a fire was burnmg at the outlet mamfold, spontaneous combustmn 
did occur m the lme leadmg from the oxygen cylmder to the outlet mamfold This was at- 
trlbuted to 011 contamlnatlon m the line Igmted fires damaged neoprene valve seats and 
caused an exploslan in the mamfold It 1s recommended that care be taken to avoxd conturn- 
natlon of the system. that nonflammable materials be used, and that rate-of-flow control 
valves be mcorporated to prevent a surge of oxygen in case of mamfold failure 

INTRODUCTION 

A fire occurred on an alrhne alrplane on May 6, 1956, d urmg a routme ground check of 
the breathlng oxygen system The fire destroyed the regulator manifold of the oxygen system 
and damaged the cockplt area extensively before being extlngushed by ground eqmpment 
Because the check-valve seats in the mamfold were mlssmg, It was thought that the fire was 
produced by combustion of the valve seats It was not known whether spontaneous combustion 
of the seats occurred or If lgmtlon of some farelgn rnaterlal ln the mamfold lgmted the seats 
If such a fire had occurred durmg flight, the axplane would have been destroyed and lives lost 
To study the requirements for preventing and contamment of fres orlglnatlng from an arcraft 
oxygen system, a series of tests was conducted 

TEST EQUIPMENT AND PROCEDURE 

The test equpment was set up to conform as nearly as possible to the actual airplane 
lnstallatlon A means was provided for rapldly opemng and closmg the cylinder valve from a 
remote posItIon The two regulator outlet connectIons and the three Inlet fittings not connected 
to cylinders were blocked off The arrangement of the test equpment 1s shown in Fig 1 

Three series of tests were conducted In the first, tests were conducted to determme If 
spontaneous combustmn of the check-valve seats would occur when the oxygen cylinder valve 
~13s quickly opened and oxygen pressure allowed to buld up rapldly in the mamfold Also, 
tests were conducted with 011 and other combustible material ln the mamfold 

The second series of tests was conducted to determlne the ablhty of the mamfold and 
check valves to wlthstand a fire when subJected to hlgh-pressureoxygen In these tests, a 
fire was Initiated in the ma-fold by removing oneof the one-fourth-Inch p’pe plugs which 
close the man passage through the mamfold and inserting a wad of al-soaked cotton The 
cotton then was lgmted by Inserting a glowing ember, replaclng the plug, and quckly 
adnuttIng oxygen to the mamfold 

In the third series, the mamfold was completely enclosed in a pratectlve shield made 
from a piece of Johns-Manvllle Style 89 flrewall material formed Into a closed cylmder ap- 
proumately 3 l/2 Inches x, dxuneter, as shown ln Fig 2 This material ~111 wxthstand a 
2.000” F flame for 15 rmnutes without flame penetration and IS considered to be fIreproof The 
tubing connectmg the cylinder to the mamfald passed through a narrow slit in the shield The 
one-fourth-Inch pipe plugs which close the maxa passage through the mamfold were left acces- 
sable through the ends of the shield 
fold in the protective shield 

A wad of ml-soaked cotton was placed outslde the man- 
One of the regulator outlet connections was allowed to leak 

*ReprInted for general dlstrlbutlon from a lxnlted dlstrlbutmn report dated October 1957 
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Fig 1 Oxygen Equipment m Posltlon far Tests 

Fig 2 Oxygen System Maafold Enclosed m Shield 
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Fig 3 View of the Manxfold After Tests Durmg 
Which Valve Seats Were Destroyed 

slightly to increase the probablhty of fire burnmg through and lgmtlng the cotton in the shield 
Ignltlon was accomplished in the same manner as u, the previous testa 

TEST RESULTS AND DISCUSSION 

In the first series of tests, numerous attempta were made to cause spontaneous 
combustion of the valve seats by quckly operung the cyhn&r valve andallowlng oxygen pres- 
sure to bluld up rapldly m the mamfold These attempts were unsuccessful The tests then 
were repeated with a wad of al-soaked cotton Inserted in the main passage of the mamfold 
Attempts to lrutlate a fire or explosion u, thle manner also were unsuccessful, although spon- 
taneous combustux, cbd occur in the cyhnder line at the txne the cylinder valve was opened 
during a subsequent test and whle a fire was burrung in the mamfold 

In the second series of tests, the oil-soaked cotton and the check-valve seat at the 
oxygen x&t vere consumed. but the fzre was not of sufflclent lntenslty and duration to burn 
through the manlfold block Figure 3 shows the manifold block afte: It had been subJected to 
these tests The damaged check-valve seats were replaced when necessary prmr to each test 

J.n the thud series of tests, one of the outlet connections was made to leak slightly to 
allow the fire to burn through and lgmte the cotton in the shxeld Dlfflculty was encountered, 
however, m getting the fire to burn through the outlet connectux, In several tests, the cotton 
mslde the mamfcld and the check-valve seat at the oxygen Inlet were consumed but the cotton 
outslde the mamfold was not lgruted In one test, ~grut,on outslde the marufold &d occur and 
the fire which consumed the cotton was of sufflclent mtenslty to b&r” a one-half-Inch d,ameter 
hole through the sheld This 1s shown x, Fig 4 

Fig 4 Damage to Manifold Shield 



Fig 5 Damage to Manifold After Explosmn 

In another test, the cotton In the mamfold started to burn slowly After approximately 
30 seconds, a sharp clank was heard The fire contmued to burn m the marufold for a short 
tune, then went out The marufold was not damaged but tie cylmder valve could not be cl, sed 
at the end of the test Subsequent lnspectmn mdxated that the valve seat was destroyed at the 
hme the detonation was heard A small quantity of ml probably entered the cyhnder lme from 
previous tests, and when the cylmder valve was opened for ths test, a spontaneous combustmn 
occurred whxh destroyed the valve seat No trace of the seat was found when the valve was 
disassembled The seat retainer was dIscolored, mdxatmg that the seat material had burned 

A fmal test was conducted m this series usmg a full cylmder of oxygen and a new mam- 
fold block Oxygen was allowed to leak slowly from the outlet connectmn The first txne the 
cotton was lgmted It burned for only a short txne before gomg out The cotton agam was lg- 
mted and very shortly after the cylmder valve was opened, a loud explosmn occurred The 
mamfold was blown off the support bracket and was found on the ground about 35 feet from Its 
orlgmal posxtmn One of the regulator outlet flttmgs was found a few feet from the manxfold 
The mamfold was ruptured along most of the length of the rnam passage as shown ln Fig 5 
The alurmnum was melted around the oxygen mlet to the man passage and there was some 
mdxatmn that the fire may have burned through the mamfold before the explosion occurred 
The check-valve seats were still m good comhtlon and were not damaged by the fire as may be 
seen ln Fig b 

CONCLUSIONS 

1 Although durmg the fxrst series of tests attempts to cause spontaneous combustion m an 
arcraft oxygen system mamfold were unsuccessful, spontaneous combushon did occur m the 
third series of tests m the cylmder lme whch destroyed the cylmder valve seat This ie an 
mdlcation of the unpredxtablhty of spontaneous combustion of combustible materials when as- 
socmted with oxygen systems The fact that combustible materml ~11 not, rmnedlately and 
under all con&tmns, lgrvte m the presence of oxygen probably results m conslderable 
neghgence m the handlmg of oxygen eqlupment 
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2 When combustible materlal was lgnlted m the mamfold the flres were confmed to the 
mamfold, and the Inlet check valve was the only part damaged 

3 A protective shield of the material tested will not contam a fire whxh has burned 
through the manifold Such a fire would be dlffxult to contam because of the presence of a 
large supply of oxygen 

RECOMMENDATIONS 

1 Every precaution should be taken to keep the arcraft oxygen system clean and free of 
contammation If this IS done, the posslblllty of a fire occurrmg m the system 16 belleved to 
be remote 

2 Rate-of-flow control valves should be mstalled m the lmes between the cylmders and 
the mamfold to prevent large quantltles of oxygen from escapmg m the event of mamfold 
falure 

3 Replacement of the alummum mamfolds with mamfolds of stamless steel, or other 
material havmg a bgh meltmg pant, IS recommended 
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