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Abstract. The flammable substance by single “hot” metallic particle ignition mechanism
are experimentally investigated. On the basis experimental data it is established that the
gasoline ignition occurs only with interaction of the mixture of its vapors with air and
“hot” particle with the vapors concentrations, which correspond to the evaporating the
gasoline conditions at room temperatures. The probability of gasoline vapors mixture with
air igniting rapidly is reduced in proportion to their withdrawal from the evaporation surface.
Ignition occurs neither in the vapor phase nor on the gasoline surface, even if particle is
immersed in it in full or in partly, if the particle temperature is lower than the critical.

1. Introduction
In the modern methods forecasting fire danger flammable substances commonly used models [1],
in which the heat source is a stream or high-temperature gases, or rather a large-scale heat source
(volumetric heat source). But sources of ignition occurring in industrial environments are very diverse
by the nature as his appearance and by energy. Many fires have occurred due to exposure to capable of
burning material (including fluids) particulate metals or their oxides, heated to high temperatures. Single
particles sufficiently small size are often sources of fires in industrial and civil objects [2]. Therefore,
investigation of the ignition process the liquid fire hazardous substances is practically significant and
is also of great interest because the mechanisms of ignition liquids is much harder than condensed
materials in the solid state [3–5].
Purpose of work – experimental study of the mechanism ignition petrol “hot" metal particle, which
is the source of ignition.

2. Experimental research methodology
For the experiment with liquid fire used experimental setup Figure 1, the main element of which is a
heating furnace and control and control-measuring block [6]. The object of study – gasoline (petrol) with
an octane rating 92 experiments were carried out with a particle source ignition in the form of a disk
of fixed diameter (dp = 6 · 10−3 m) and height (hp = 5 · 10−3 m). The steel particle when falling into
a vertical vessel (h = 40 · 10−3 m, d = 50 · 10−3 m) with a liquid fuel (volume 2 ml) was in the solid
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Figure 1. Schematic diagram of the experimental installation: (1) heating device; (2) support; (3) chromel-alumel
thermocouple; (4) ceramic rod; (5) temperature control device; (6) metal particle; (7) working surface of the
experimental setup; (8) fire-resistant area; (9) radiation receiver and flame recorder; (10) radiation source; (11)
glass cylindrical vessel with a film of liquid fuel; (12) analog-to-digital converter; (13) personal computer.

state and is not deformed. Experiments were carried out in a well-reproducible conditions at a constant
temperature of the heat source at least 6 times in a row. In all the experiments carried out video of the
processes studied. Heating the metal disc to a predetermined temperature was performed in a heating
furnace (Fig. 1), providing stable temperature of the working volume (1400 K) for a prolonged time.
Measurement error of the initial temperature of the particles, as measured by the method of [7], did not
exceed 1–3%.
To assess the scope of temperature change the particle an ignition source of gasoline in the process
of falling to solve the problem of heat conduction for the disc. Considered during the fall of the particles
on the surface of the fire hazardous substances. The problem was solved with the boundary conditions
of the third kind on the disc surface. Heat transfer coefficient was calculated from the dependences [8],
taking into account changes in the velocity of the particle. It is established that during the fall of the
temperature of the particle surface with the liquid fuel is reduced by not more than 4 K. This deviation
can be neglected in the analysis, as in the experiments was achieved by particle temperature over 1273 K.
Accordingly, during the drop from the exit of the heating furnace to the point (not more than 0.2 sec)
change in temperature of the particle surface is not more than 0.4%. Such an error in determining the Tp
is acceptable.
To assess the scope of temperature change the particle an ignition source of gasoline in the process
of falling to solve the problem of heat conduction for the disc. Considered during the fall of the particles
on the surface of the fire hazardous substances. The problem was solved with the boundary conditions
of the third kind on the disc surface. Heat transfer coefficient was calculated from the dependences [8],
taking into account changes in the velocity of the particle. It is established that during the fall of the
temperature of the particle surface with the liquid fuel is reduced by not more than 4 C. This deviation
can be neglected in the analysis, as in the experiments was achieved by particle temperature over 1273 K.
Accordingly, during the drop from the exit of the heating furnace to the point (not more than 0.2 sec)
change in temperature of the particle surface is not more than 0.4%. Such an error in determining the Tp
is acceptable.
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Figure 2. Frames video recordings experiment with inflammation (a) and without ignition (b) gasoline: 1 – hot
metal particle; 2 – flame; 3 – gasoline vapors high concentration; 4 – vertical glass jar.

3. Results of experimental studies
Experiments have shown that the ignition occurs in the fuel vapor phase before the particle fall on the
surface combustible liquid when the temperature of particle more than 1353 K. If Tp is less than this
value, the ignition does not occur even if the particle dives in gasoline entirely or partially. Diagrams
(Figs. 2a, 2b) illustrate embodiments of ignition and non-incendive. Further increase of Trmp provides
unconditional ignition of gasoline in the vapor phase.
This result can be explained as follows. Gasoline is a volatile liquid. Therefore even at room
temperature an intensive evaporation of gasoline occurs which is enough for create a critical
concentration in the air of gasoline vapor, as shown by experiments. These gasoline vapors during the
motion of the evaporation surface are mixed with air. Inflammation occurs when heated to high (more
than 1353 K) temperature of the particles fall into this combustible mixture.
Is interesting that if temperature is lower than the critical temperature, the ignition of gasoline does
not occur even if the particle falls into the layer of the liquid. In this case, a significant part of the energy
stored in the particle is spent in intensive evaporation of gasoline. But vaporous products implementing
this process have low temperature insufficient to cause ignition. With distance from the surface of the
phase transition it is cooled more by the heat exchange with the ambient air. Probability of ignition
of the mixture of gasoline vapor and air decreases rapidly as they move away from the evaporation
surface. The obtained results allow to conclude that the ignition of gasoline by single heated to a high
temperature particles is only possible directly in the layer of gasoline vapor at some distance from the
evaporation surface even at room temperature (20–25 degrees). A necessary condition for ignition in
this case is the high temperature of the particle.
Should be emphasized that the mechanisms of ignition of diesel fuel [9] and gasoline are
significantly different. Ignition of diesel fuel occurs after contact with a “hot” steel particles near the
surface of the liquid. Since the thickness of this layer is less than the height of the steel particle, the
particle ignites the liquid when it is in liquid. This difference is due to the peculiarities of the phase
transition of the two distillate fuels. The rate of evaporation of gasoline is substantially higher, and the
heat of phase transition is lower in comparison with the diesel fuel.
On the basis of research results, we can conclude that the exposed surfaces of the gasoline at normal
room temperatures are effective suppliers of fuel for ignition reactions. Sources of ignition may be not
only “hot” particles, but also other sources of high temperature (incandescent wire, high-temperature
elements heaters, open fires, etc.).
The results of the experiments also allow us to conclude about the high fire danger exposed surfaces
of gasoline even in situations when heated to temperatures above 1353 K particles pass at some distance
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from the evaporation surface of the combustible liquid. Most dangerous in these conditions are works on
welding and cutting metals. In these works the particles are formed at a temperature higher than usually
the melting temperature of steel (e.g. 1773–1873 K).
The obtained results are the basis for the specification and development of mathematical models of
ignition of flammable liquids and liquid fuels [10, 11] by local energy sources.

4. Conclusions
The first carried out experimental study of the mechanism ignition petrol single heated to a high
temperature particles allowed to identify the main features of this process. It is found that the ignition
petrol occurs only by reacting a mixture of vapor and air and a “hot” the particle at concentrations of
vapors that are appropriate fuel vapors at room temperature. If the particle temperature below the critical
value, ignition does not occur in the vapor phase or on the surface of the petrol even if the particle is
immersed in it completely or partially.
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