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conditions inside the bottle allow for the further increase of pressure and temperature, even when the external
heat source is removed. This is due to the fact that inside the cylinder there exist the ideal conditions for the
reactions to continue simply due to the sufficient energy inside the bottle, until the cylinder ruptures (Ferrero,
2012).

In the case of LPG, the situation is similar except that LPG is a liquefied gas in a pressure cylinder and has
different critical values of temperature and pressure. The pressure inside the cylinder depends on the
temperature of the bottle. At 0 °C, the cylinder is under a pressure of 1.5 bar, while at 70 °C the pressure inside
the cylinder is 24.8 bar. Since the pressure inside is significantly dependent on the temperature, gradual
warming continues to increase the pressure, which may, under specific conditions, cause a physical explosion
of the cylinder (Tschirschwitz et al., 2017).

2. Experiments

The preparation of the tests consisted mainly in determining an appropriate repeatable heat source, for which
the woodpile was chosen. Due to the repeatability of the experiments, a specific woodpile defined in the standard
for performance requirements for Class A fire extinguishers was chosen. Given the need for weight loss
measurement of the bonfire, the woodpile was placed on the measuring scale. K-type thermocouples were used
to measure the bonfire temperatures. At the same time, thermal radiation from the bonfire was measured, and
weather conditions were monitored. The remote control ignition initiated the disposal of 14 litres of n-heptane
on the water surface of the metal tubs. The tests were carried out in the open air at atmospheric conditions
(BAM Research Report, 2009).

For the sake of measurement repeatability, a combination of woodpiles derived from the EN 3-7+A1 (EN 3-
7+A1, 2007) standard was used. With respect to uniform loading of the cylinder, two 5A woodpiles were
combined with two 13A woodpiles. Experimental woodpiles were assembled from 39 x 39 mm (+ 2 mm) wood
prisms made of pine wood (Pinus silvestris).

The average wet basis moisture content of the wood prisms was 11.5 %. The experimental 5A woodpile has a
square plan of 500 x 500 mm and is made up of 14 layers of prisms, each layer rotated 90° over the previous
one. Square dimensions of the 13A woodpile are 1,300 x 500 mm; consecutive layers are constructed from
longitudinal and transverse prisms. The axis distance between the prisms is 100 mm. Figure 1 shows a
visualization of the described woodpiles (Mynarz et al., 2019).

Figure 1: Composition of woodpiles (left: vertical position and right: horizontal position)

The 13A woodpile was placed on a base with dimensions of 800 x 1,300 x 250 mm; the base 700 x 500 x 250
mm was used for the 5A woodpile. The bases were made from square hollow structural steel sections. To protect
the steel elements, water was poured into the hollow sections. Under the bases, tubs were placed with
dimensions that exceeded the dimensions of the plan woodpiles by 100 mm (Pétka et al., 2012).

To determine and verify the characteristic values of pine wood, a measurement was performed on a cone
calorimeter. Before measuring with the cone calorimeter, the specimens were placed in the climatic chamber
where they were stored for 5 weeks. The climatic chamber was set to a temperature of 22.5 °C and relative
humidity of 50 %.
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Figure 6 shows nearly incremental growth on all thermocouples in the first minute. This was caused due to the
burning of the fired n-heptane when maximum burning intensity was reached within a few seconds. After
combustion of n-heptane, the burning stabilized and was dependent only on pyrolysis and the amount of air
present during the burning. Approximately after 6 min, the burning was stable and the temperature remained
about the same until the bonfire burned out at 825 s. Since the burning out of the bonfire there have been
collapses of the individual elements of the bonfire and hence the reduction of the intensity of the thermal action.

Figure 6: Time dependence of partial bonfire temperatures - V1

Figure 7: Thermal maps of the unrolled cylinder at defined times - V1
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Figure 7 demonstrates the thermal loading of the pressure cylinder. The thermocouple temperatures are
presented on the thermal map of the unrolled cylinder at 5 min and 10 min from the moment the fire was ignited.
The most loaded was the height level of 1,180 mm, while the temperature of the cylinder shell reached
approximately 680 °C for 9 minutes.

4. Conclusions

The measurements described in this paper were taken at the woodpile as the heat source. This source proved
to be relatively appropriate, since it shows approximately the same characteristics in each test, either in terms
of weight loss, heat flux density, or bonfire temperatures. The source can be considered safe, available, and
easily modified in the case of eventual changes. The disadvantage of the woodpile is its slow assemblage, the
necessity to provide adequate storage space, and the expense. The advantage of the woodpile is that its course
approximately follows the standard time-temperature curve. This brings it closer to the conditions of a real fire,
so the woodpile was chosen as the heat source. A relatively stable alternative source of heat appears to be a
burning liquid, n-heptane, as it shows more uniform expressions. The advantages of using n-heptane would be
easier preparation, transportation, shelf life, and handling. The disadvantage is its high price. Besides the
woodpile, fire burners burning propane-butane can be used as another heat source for heating the pressure
cylinder.

The horizontal position of the acetylene cylinder was included in the test variants, although it is not stored or
transported in this position. The variant was included because the cylinder may move to this position due to
external factors. In this variant, a uniform thermal loading of the pressure bottle was observed, when the lower
part of the pressure bottle was intensively cooled by wind in the fifth minute and the surface temperatures did
not exceed 210 °C. At the same time, the top of the cylinder was heated to an average temperature in excess
of 650 °C. The LPG bottle tested in the vertical position reached an average surface temperature of 230 °C in
the 5th min and the upper part reached an average value of more than 620 °C.
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