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Abstract: The nature of the upper limit of surface combustion on a flat porous matrix was investigated with the
use of numerical simulation. A one-dimensional stationary problem is solved with the use of the overall kinetic
mechanism, which was previously tested at simulation of self-ignition and laminar flame propagation of paraffin
hydrocarbons. It was established that the intensity of heat exchange between gas and solid matrix material greatly
influences the position of the flame front relative to the working surface of the matrix. The dependence of
combustion limits on the specific power has been revealed. It was shown that appearance of the upper limit of
surface combustion on the flat porous matrix is connected with flame blow-off from the matrix surface, whereas
the limiting value of specific firing rate of combustion increases with the preheating temperature of methane–air
mixture. However, at high preheating in the intermediate range of specific firing rates, the region of unstable
combustion arises. The temperature of the working surface of the matrix is determined as a function of the specific
firing rate.

Keywords: porous matrix; radiation burner; combustion of methane; mathematical modeling; stability of
combustion

DOI: 10.30826/CE18110302

References
1. Bryukhanov, O. N. 1977. Radiatsionno-konvektivnyy

teploobmen pri szhiganii gaza v perforirovannykh sistemakh

[Radiation–convective heat transfer during gas combus-
tion in perforated systems]. Leningrad: Leningrad State
University. 238 p.

2. Rodin, A. K. 1987. Gazovoe luchistoe otoplenie [Gas radiant
heating]. Leningrad: Nedra. 191 p.

3. Bryukhanov, O. N., E. V. Kreinin, and B. S. Mastryukov.
1989. Radiatsionnyy gazovyy nagrev [Radiation gas heat-
ing]. Leningrad: Nedra. 296 p.

4. Bouma, P. H., and L. P. H. de Goey. 1999. Premixed
combustion on ceramic foam burners. Combust. Flame

119:133–143.

5. Nemoda, S., D. Trimis, and G. Zivkovic. 2004. Numer-
ical simulation of porous burners and hole plate surface
burners. Therm. Sci. 8(1):3.

6. Barra, A. J., and J. L. Ellzay. 2004. Heat recirculation and
heat transfer in porous burner. Combust. Flame 137:230–
241.

7. Keshtkar, M. M., and S. A. G. Nassab. 2009. Theoretical
analysis of porous radiant burners under 2-D radiation
field using discrete ordinates method. J. Quant. Spectrosc.

Ra. 110:1894–1907.

8. Randrianalisoa, J., Y. Brechet, and D. Baillis. 2009. Mate-
rials selection for optimal design of a porous radiant burner
for environmentally driven requirements. Adv. Eng. Mater.

11(12):1049–1056.

9. Shmelev, V. M. 2010. Combustion of natural gas at the
surface of a high-porosity metal matrix. Russ. J. Phys.

Chem. B 4(4):593–601.

10. Djordjevic, N., P. Habisreuther, and N. Zarzalis. 2011.
A numerical investigation of the flame stability in porous
burners employing various ceramic sponge-like structures.
Chem. Eng. Sci. 66:682–688.

11. Krainov, A. Y., and K. M. Moiseeva. 2016. Combustion of
lean methane–air mixtures in a slot burner with adiabatic
outer walls. Combust. Explo. Shock Waves 52(1):45–52.

12. Williams, F. A. 1965. Combustion theory. Addison-Wesley
Publishing Co. 447 p.

13. Futko, S. I., and S. A. Zhdanok. 2004. Khimiya filtratsion-

nogo goreniya gazov [Chemistry of filtration combustion
of gases]. Minsk: Belaruskaya Navuka. 319 p.

14. Burcat, A. 2005. Thermodynamic data at the Web site of
the Laboratory for Chemical Kinetics. Ideal gas ther-
modynamic data in polinomial form for combustion
and air pollution use. Available at: http://gar¦eld.chem.
elte.hu/Burcat/burcat.html (accessed July 6, 2018).

15. Frank-Kamenetskiy, D. A. 1987. Diffuziya i teploperedacha

v khimicheskoy kinetike [Diffusion and heat transfer in
chemical kinetics]. Moscow: Nauka. 502 p.

16. Reid, R. C., J. M. Prausnitz, and T. K. Sherwood. 1977.
The properties of gases and liquids. New York, NY:
McGraw-Hill. 688 p.

17. Basevich, V. Ya., A. A. Belyaev, and S. M. Frolov. 1998.
“Global” kinetic mechanisms for calculating turbulent
reactive flows. I. The basic chemical heat release process.
Chem. Phys. Rep. 17(9):1747–1772.

18. Basevich, V. Ya., A. A. Belyaev, and S. M. Frolov. 1998.
“Global” kinetic mechanisms for calculating turbulent
reactive flows. II. Formation of nitrogen oxide. Chem.

Phys. Rep. 17(10):1895–1908.

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2018 volume 11 number 3



Simulation of surface combustion on a flat porous matrix

19. Godunov, S. K., and V. S. Ryaben’kii. 1977. Raznostnye

skhemy [Difference schemes]. Moscow: Nauka. 440 p.
20. Warnatz, J., U. Maas, and R. W. Dibble. 2001. Combustion.

Physical and chemical fundamentals, modeling and simula-

tions, experiments, pollutant formation. Springer. 352 p.

Received January 12, 2018

Contributors

Arutyunov Vladimir S. (b. 1946) — Doctor of Science in chemistry, professor, head of laboratory, N. N. Semenov
Institute of Chemical Physics, Russian Academy of Sciences, 4 Kosygin Str., Moscow 119991, Russian Federation;
head of laboratory, Institute of Problems of Chemical Physics, 1 Acad. N. N. Semenov Prosp., Chernogolovka
142432, Russian Federation; professor, I. M. Gubkin Russian State Oil and Gas University, 65 Leninsky Prosp.,
Moscow 119991, Russian Federation; arutyunov@chph.ras.ru

Belyaev Andrey A. (b. 1954) — Candidate of Science in physics and mathematics, senior research scientist,
N. N. Semenov Institute of Chemical Physics, Russian Academy of Sciences, 4 Kosygin Str., Moscow 119991,
Russian Federation; belyaevIHF@yandex.ru

Lidskiy Boris V. (b. 1958) — senior research scientist, N. N. Semenov Institute of Chemical Physics, Russian
Academy of Sciences, 4 Kosygin Str., Moscow 119991, Russian Federation; fishgoit@mail.ru

Nikitin Aleksey V. (b. 1988) — Candidate of Science in chemistry, research scientist, N. N. Semenov Institute of
Chemical Physics, Russian Academy of Sciences, 4 Kosygin Str., Moscow 119991, Russian Federation; engineer,
Institute of Problems of Chemical Physics, Russian Academy of Sciences, 1 Acad. N. N. Semenov Prosp.,
Chernogolovka 142432, Russian Federation; ni kit in@rambler.ru

Posvyanskii Vladimir S. (b. 1940) — Candidate of Science in physics and mathematics, head of laboratory,
N. N. Semenov Institute of Chemical Physics, Russian Academy of Sciences, 4 Kosygin Str., Moscow 119991,
Russian Federation; vsposv@yandex.ru

Shmelev Vladimir M. (b. 1940) — Doctor of Science in physics and mathematics, head of laboratory, N. N. Semenov
Institute of Chemical Physics, Russian Academy of Sciences, 4 Kosygin Str., Moscow 119991, Russian Federation;
shmelev@chph.ras.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2018 volume 11 number 3




