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Analysis of Ignition of the valve in a high pressure oxygen gas supply equipment
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Although some examinations have been tried to determine the cause of ignition
accident under high pressure oxygen recently, the mechanism about burning out the
metal valve has not been established yet.

This report was able to clarify the ignition mechanism of metallic valves that are
used in the high pressure oxygen supply system with using both numerical analysis
and trial examination equipment. According to the numerical analysis, the wall
temperature of the narrow duct heated by the flowing oxygen gas, which is heated
by opening the valve rapidly (so-called compression heat) becomes higher than
that of no oxygen gas flow condition. According to the trial examination equipment,
the burn out of the stainless steel ball valve was able to be confirmed when the
compression heat was generated near the ball valve by opening the upstream
valve rapidly after the stainless ball valve is installed at the terminal of the trial
examination equipment and the valve is opened slightly to leak the gas. Through
these results, we are aiming to improve how to select the equipment of compressed

oxygen and its operation.
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Fig.3 Gas temperature distribution
in 17 ms later under 20MPa oxygen

Table 1T Conditions for numerical analysis

Condition
Physical-properties value gasket(PTFE) : density 2175kg/m°, specific heat 1026 J/kg-K
thermal conductivity 0.25 W/m-K
tube(SUS316) : density 7930kg/m’, specific heat 500 J/kg-K

Initial condition

thermal conductivity 16.3 W/m-K

Upper stream side of the valve:pressure 20 MPa, temperature 30°C

Lower stream side of the valve:pressuer 100 kPa, temperature 30 C

Diameter of a channel

¢ 0, 0.03125, 0.0625, 0.125, 0.25, 0.5, 1.0, 2.0mm
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Fig.4 Gasket temperature distribution
in 17 ms later under 20MPa oxygen
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Fig.5 Temperature dependance of the gaskets
on diameters of theire channel
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Table 2 The highest attainment temperature
of gas and a gasket

Diameter of a The highest attainment temperature

channel [mm] gas [C ] gasket [C |
¢ 0 989 273
¢ 0.03125 985 430
¢ 0.0625 984 563
¢ 0.125 975 632
¢ 0.25 948 634
¢ 0.5 875 559
¢ 1.0 729 469
¢ 2.0 689 352
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Fig.6 Schematic diagram of ignition testing device
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Fig.7 The cross sectional view of the lift type valve

Fig.8 The cross sectional view of the ball valve
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Fig.9 Ignition result of a lift type valve
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Fig.10 Ball valve appearance damaged by fire
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Fig.11 Stop plug appearance damaged by fire
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a) Gas temperature rises by adiabatic compression

b) Organic material gasket ignites

¢) When the high temperature gas by ignition flows
through a narrow channel, metallic part is damaged by fire

Fig.12 Progress of metal apparatus damage by fire
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