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Autoignition Limit of Flammable Liquids when Rapidly
Compressed by High Pressure Oxygen*
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Abstract: When the valve for high pressure gas is operated quickly, the temperature of gas rises
partially at the other valves or at the end of pipe by rapidly compression of gas. If there is some
combustible substance near the valve or the end of pipe, it can ignited. In the worst case, whole
pipeline explodes. We can easily calculate the temperature of gas after compression easily, if there is
no heat conduction to outside, that is, adiabatic condition. But, the calculated temperature under
adiabatic condition is excessive high, if it compares with the ignition temperature of combustible
substance to decide the possibility of ignition.

The actual temperature to ignite is obviously lower than the calculated temperature under adi-
abatic condition. Because, there are heat conduction to the vessel wall and the mixing of gases, so
that the duration time of high temperature spot is very short.

In the experiment, various volume with a drop of flammable liquid was compressed rapidly by
high pressure oxygen was carried out to determine the minimum pressure ratio of ignition. Besides,
the heat conduction factor that describes the heat flux per unit volume was introduced to be able to
decide whether ignition occur or not. The results of the experiment and consideration are as follows.
(1) The minimum pressure ratio of ignition is affected by the diameter and length of vessel. The

lowest minimum pressure ratio of ignition is obtained when the ratio of length to diameter is
between 10 and 15.

(2) The influence of the length and diameter on the minimum pressure ratio is caused by the
duration time of high temperature spot. It is supposed that the heat flux per unit volume affects
the duration time.

(3) The modified heat conduction factor was introduced to describe the heat conduction between
compressed gas and the vessel, and the mixing of compressed gas and expanded gas.

(4) The relationship between the minimum pressure ratio of ignition and the modified heat conduc-
tion factor is was shown by a linear equation for each flammable substance.

(5) The possibility of estimation whether ignition occur or not for other case was found by using
the modified heat conduction factor.
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Fig. 19 Relationship between modified heat conduction
factor and time lag of ignition for Pentane.
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