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Abstract. The results of numerical investigation of the ignition of a 
stoichiometric methane-air mixture in the presence of carbon particles with 
diameters of 20-52 μm in the temperature range 950-1150 K and pressures 
of 1.5-2.0 MPa are presented. The calculated data of the ignition delay 
times of coal particles in the coal particles/air mixture and of the ignition 
delay times of methane and coal particles in the methane/coal particles /air 
mixture are compared with the experimental ones. A satisfactory 
agreement of the data on the coal particles ignition delay times and 
methane ignition delay times in all the mixtures considered is shown.   

1 Introduction 
Investigation of the ignition and combustion of disperse systems consisting of a gas 
suspension of reactive particles in a mixture of gaseous fuels and oxidizer is relevant from 
the point of view of explosion and fire safety, for example in the coal mining industry. A 
vast experimental material on the ignition characteristics of single relatively large (with a 
radius of more than 20 μm) coal particles under conditions of weak convection of the 
oxidizing gas in the reaction chamber is contained in the monograph [1]. A lot of works are 
aimed at forecasting the conditions of ignition and flame propagation. The main attention 
was paid to the formation of a cloud of solid particles and initiation of its combustion due 
to local ignition and propagation of the combustion wave in methane. As shown in [2, 3], 
hybrid mixtures are more easily flammable than each of the components individually. A lot 
of work has been devoted to a theoretical study of the problem of ignition of coal 
suspensions (see [4-7] and references therein). The studies were carried out within the 
framework of point models of ignition of coal particles, the provisions of the Semenov’s 
thermal explosion theory were widely used to formulate the critical ignition / extinction 
conditions. 

Investigation of this phenomenon is also interesting from the point of view of 
controlling the process of ignition of the gas mixture, which can become the scientific basis 
for creating new combustion regimes for traditional fuels. 
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2 Physical and mathematical model 
Let us consider a space filled with the gas suspensions of coal microparticles with the 
diameters from 26 to 52 microns in air or in methane-air mixture, with high initial state 
parameters (temperature ranging from 850 to 1150 K and pressure ranging from 1.3 to 2.0 
MPa). We assume, as in [5, 6], that the processes of thermal destruction of coal particles 
occurs simultaneously with the release of volatiles into the gaseous phase, the ignition and 
combustion of volatiles in the gaseous phase, the heterogeneous reaction of oxidation of 
solid carbon (coke), the ignition and combustion of methane/air mixture. The mass rates of 
the pyrolysis reaction, oxidation reaction of solid carbon will be described in the form of 
diffusion-kinetic dependences presented in [5, 7]. Kinetic constants for these dependences 
are presented in [5, 8]. To describe the kinetics of ignition and combustion of gaseous 
volatile and methane/air mixtures we use the simplified detailed kinetic scheme [9]. Earlier, 
with the help of this kinetics model, we described the processes of propagation, attenuation 
and suppression of detonation in methane/oxygen and methane/hydrogen/oxygen mixtures 
[10], as well as the experimentally observed ignition delay times of gas suspension of iron 
particles in methane/air mixture [11].  

2 Calculation results  
The ignition of coal/air and methane/coal/air mixtures was calculated using the 
mathematical model [5-11]. As the particle ignition delay time we consider the time needed 

to reach the maximum particles temperature rise in time – 2max dT

dt

� �
� �
� �

 follow [11-12]. 

2.1 Coal particles/air mixture
Fig. 1 shows the experimental [13] and calculated dependences of the ignition delay time of 
coal particles in air on the gas temperature at the end of the compression tact (the pressure 
at the end of the compression tact varies from 1.5 to 1.77 MPa). It is seen from fig. 1 that 
the increasing of the gas temperature results in decreasing the ignition delay time of the 
coal particles. In addition, in the whole pressure range ( � 	1.5,1.77p
  MPa) and 

temperatures ( � 	897,1123T 
  K) of the mixture under consideration, we have a good 
agreement between the experimental and calculated values of the ignition delay of coal 
particles.  

2.2 Methane/coal particles /air mixture  
Fig. 2 shows the experimental [13] and calculated dependences of the coal particles ignition 
delay times and the methane ignition delay times in the methane/coal particles /air mixture 
on the temperature of the gas mixture at the end of the compression tact. It can be seen that 
there is a satisfactory agreement between the experimental [13] and calculated ignition 
delay times in all considered pressure ranges ( � 	1.6,1.82p
  MPa) and temperatures 

( � 	989,1052T 
  K) of the mixture. 
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Fig. 1. Dependences of ignition delay time of coal in coal/air mixture on mixture temperature. 
Comparison the calculated data with experimental one [13]. 
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Fig. 2. Dependences of ignition delay times of methane and coal particles in methane/coal particles 
/air mixture on mixture temperature. Comparison of the calculated data with experimental one [13].
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3 Conclusions
Physical and mathematical model of ignition and combustion of methane/air mixture in the 
presence of coal microparticles, which takes into account the detailed kinetics of oxidation 
of methane/hydrogen/air mixture and the thermal destruction of coal particles with the 
volatile (methane and hydrogen) release into the gas phase, ignition and combustion of 
volatile in the gas phase and the heterogeneous carbon oxidation reaction is proposed. 

The calculated data of the ignition delay times of coal particles in the coal particles /air 
mixture and of the ignition delay times of methane and coal particles in the methane/coal 
particles/air mixture are compared with the experimental ones [13]. A satisfactory 
agreement of the data on the coal particles ignition delay times and methane ignition delay 
times in all considered mixtures is shown. 
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