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Abstract. The methodology and results of an experimental study sets out 
the law ignition of typical liquid fuel – mazut, single heated up to high 
temperatures metal particles and porous particles of the metal oxides. The 
installed dependences of the numerical values of the ignition delay times of 
the temperature of porous particles (obtained after the welding) steel and 
solid particles of regular shape. The showed influence of the shape and 
structure of the particles (solid and porous) on the regularity of the process 
of mazut ignition. 

1 Introduction 
High requirements for reliability and safety of the equipment of thermal power stations 
(TPS) are traditionally defined by strict rules and regulations [1, 2]. The wear level is 
currently the main equipment of many thermal power stations of the Russian Federation is 
close to the maximum permissible operating standards. Moreover, there is no scientific 
basis of the main elements predictive modeling reliability of the power equipment of TPS. 
Under these conditions are particularly important factors affecting the safety and reliability 
of thermal power stations (including fire safety). All organic fuel used in thermal power 
plants are a fire hazard. Accordingly, the regulated norms and rules for handling them [1, 
2]. But in spite of these provisions, fires in thermal power facilities still occur [3, 4]. 
Installed in recent years [5] regularities of mazut ignition  indicate that the specific use of 
this type of fuel requires more attention to the rules of storage, handling and transportation. 
But so far there is no evidence to suggest that all of the factors that determine the fire 
hazard of fuel oil facilities of TPS, established and systematized. 

It may be noted that the results of experimental [6-8] and theoretical [9-11] studies the 
conditions and characteristics of the liquid [6, 9, 10] and solid [7, 8, 11] fuels ignitions, the 
established the possibility of fires during the local heating (primarily single heated to a high 
temperature metal and nonmetallic particles (Тр) falling on the surface of the fuel.). 
Temperature range of local heat sources (respectively, and fire risk) covers an area 
significantly smaller values Тр compared to the temperature of the particles formed during 
welding and cutting metals  

Well established [12, 13], it is possible to some ignition distillate fuels in the vapor 
phase under intensive heating the mixture vapor  of the liquid fuel  with an oxidizing agent 
(oxygen) for local heating of a single heated up to high (over 1000 C) temperatures particle. 
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The aim of this paper is to analyze the results of experimental studies of the conditions 
of ignition of mazut at thermal power station by heated single particles. 

2 Experimental technique
In the planning and organization of the experiment were considered possible conditions of 
interaction heated to a high temperature of the particles formed during the welding and 
cutting of metal structures, with mazut film. But this is, first, unlikely. Second, for large 
characteristic sizes of tanks with fuel oil, the metal particle must quickly sink without 
initiating combustion. Ignition of flammable liquids is possible in the event of a spill on a 
solid surface and formation of sufficiently thin films. For these reasons all experiments 
were performed with films of mazut brand T-100 with a thickness of about 2 mm. 

In a similar experimental [5-7] and theoretical studies [8-17] the main characteristic of 
the process was the dependence of delay time of ignition (�ign) from the temperature of the 
heat source Тр. Accordingly, in the experiments, the results of which are given below, also a 
function of purpose was adopted by the dependence �ign(Тр). In General, the methodology 
of the experiment was identical to that described in [5]. 

One of the objectives of the study was to analyze the influence of the shape and 
structure of particles to conditions and characteristics of ignition of mazut. Therefore, in the 
experiments used , steel particles in the form of a disc (diameter of dp=6 � 10-3 m, the 
thickness is hp=3 �10-3 m), spheres (dp=6 � 10-3 m), and formed after welding.  

3 The discussion of experiments’ results

Fig. 1 shows the experimental dependence �ign(Тр) for the three possible configurations of 
particles - a heating source (disc, sphere, drop, formed after welding). The solidified porous 
particles formed after welding, selected (sorted) before experiments so that their area of the 
mid-section was as close as possible to the cross-sectional area of the particle in the form of 
a sphere. 

Fig. 1. Experimental dependences of mazut  ignition time delay from the initial temperature of the 
particle: 1 – spheres dp=6 � 10-3 m; 2 – disc dp=6 � 10-3 m, hp=3 � 10-3 м; 3 – particle after welding.

The maximum error in determining the delay time in all the performed experiments did 
not exceed 15% (small Тр). A comparison of the values of �ign obtained for typical mazut 
and distillate fuels – kerosene (Fig. 2). It may be noted that in all the range of initial 
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temperatures particle heat sources, the time delay ignition of the mazut was less than that 
obtained for kerosene. 

 
Fig. 2. Experimental dependences of kerosene ignition time delay from the initial temperature of the
particle: 1– spheres dp=6 � 10-3 m; 2 – disc dp=6 � 10-3 m, hp=3 � 10-3 м; 3 – particle after welding.

It is not obvious at first glance, the ratio of the values �ign, probably due to the 
peculiarities of the formation of flammable vapors of these fuels. Fuel oil (mazut) refers to 
liquid fuels with a certain share of the solid residue (coke) of the pyrolysis process. At the 
stage of vaporization of the mazut consumed is significantly less compared to any distillate 
fuels (including kerosene) heat of phase transition per unit mass of fuel. 

It should be noted that the analysis video frames experiments showed that the mazut 
vapor ignition occurs at a small distance from the surface of the fuel film. But the 
mechanism of mazut ignition quite significantly different from the corresponding 
mechanisms of distillate fuels. As a result, separation into fractions of low-temperature 
gasification residue mazut temperature increases, and the thermal decomposition starts. The 
mass of the nonvolatile residue amounts to 60 % of the initial mass of the fuel [18].  
Therefore, it can be divided into two stages of mazut ignition process. In the first step (at 
relatively low temperatures (1313-1400 K)) the ignition of vapor occurs. In a further ignited 
products of thermal decomposition the second part, which is formed during heating of high-
molecular fractions of the fuel. In Fig. 3 shows a typical video frames obtained in the 
experiment when the ignition of the film of mazut spherical particle. 
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Fig. 3. Video frames of the experiment with ignition of mazut by a steel hot particle: 1 – flame; 2 –
hot particle; 3 – mazut; 4 – glass vessel; 5 – products of the combustion of light mazut fractions 
vapor.



In experiments also found that when exposed to mazut porous particles (formed after 
weld) ignition occurs at temperatures almost 40 degrees lower than for particles in the form 
of a disk or sphere. This deviation to the marginal conditions of ignition due to the 
influence of the open porosity of the particles (formed after welding) on the intensity of the 
heat transfer to the vaporization surface. Increase heat to surface evaporation rate leads to 
an increase in the phase boundary temperature, and accordingly, the evaporation rate and 
temperature of the vapor. 

Furthermore, in the pores, the conditions for the ignition of air mixture local (located at 
the initial instant in the pores of the particle) and products of vaporization process. Perhaps 
the ignition of this mixture occurs in the cross section of the particle at the "oil-to-air" 
section. 

Also the duration of induction period and conditions ignition is affected by the low 
(compared to solid particles), the density of the porous particles. For this reason, the 
deposition rate of the porous particles, much less than monolithic. Accordingly, the 
duration of the period of heating the fuel in the first case, significantly more. 

4 Conclusions 
In conclusion, it should be noted that the results of the experiments illustrate the high fire 
hazard of mazut films on a solid (e.g. concrete or metal) surfaces, and the ability to forecast 
conditions and characteristics of ignition of that liquid fuel. 
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