Features of flame propagation caused by heterogeneous reactions of
intermediate particles
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Flame propagation is one of the main modes of gas-phase combustion, passing
under certain conditions into an explosion and detonation. Despite the strategic role in
technology and importance for the theory of combustion, the implementation of this
combustion mode, as well as its main regularities, until recently, could not be explained.
Combustion accompanied by self-heating was considered as a single stage reaction of
the initial molecules, caused only by an increase in temperature. The role of reaction
chains was ignored. The dependence of the flame velocity on the dimensions of the
reactor was explained only by a change in heat removal. To describe the rate of the
process, the calculated parameters were hypothetically selected according to the
observed combustion rate and according to a conventionally accepted equation. In a
series of our works, however, it was shown that due to very high activation energies
exceeding 200 kJ/mol, the rates of intermolecular reactions are thousands of times lower
than the rates of real combustion reactions. It was found that the combustion of gases
during any self-heating proceeds only through chain mechanisms. One of the important
stages of chain processes is the chemisorption of atoms and radicals, because of which
active particles are removed from the reaction medium, and thus the only combustion
path is blocked.
To reveal and study the role of heterogeneous recombination of active particles in
flame propagation, the process was carried out with varying the efficiency of
heterogeneous recombination all other parameters of the system being kept unchanged.
For this purpose, the reactor was preliminarily rinsed with solutions providing the
specified efficiency of heterogeneous recombination. It was found that over the surfaces
created in this way, the flame velocities differ up to ten times. This means that the walls
affect combustion not only by removing heat, but even more so by breaking the reaction
chains. An important feature of combustion was also a change in the characteristics of
the flame because of its impact on the surface. The pulsating mode of combustion also
depends on the properties of the surface. The obtained results indicate the need to
consider heterogeneous reactions both in the theory of flame propagation and in
practice, for example, when selecting materials for combustion chambers. It also
follows from the obtained data that the results of numerical simulation of gas
combustion can be reliable only if heterogeneous reactions of atoms and radicals and

their role in the formation of concentration and temperature gradients are to be taken
into account.

