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Abstract: Studies of surface combustion in an infrared (IR) burner device with a flat permeable matrix of wire
material during combustion of propane–butane mixtures with air were carried out. A two-layer matrix of fehral and
stainless steel was used with a combustion power of up to 22 kW. Two types of structures of IR burners have been
studied: without recuperative elements and with the recuperative elements in the form of plates of fehral Cr25Al6.
The composition of combustion products was determined, the temperatures of the working surface and the reverse
side of the matrices were measured when the air-to-fuel ratio of the gas–air mixture was varied from 1.1 to 1.6. It
is shown that the burner device with recuperative elements has a higher conversion rate of combustion energy into
radiation energy and lower emissions of carbon and nitrogen oxides compared to the device with a matrix without
recuperative elements.

Keywords: surface combustion; infrared burner; permeable wire material

DOI: 10.30826/CE19120305

Acknowledgments

This work was partly supported by the subsidy given to the N. N. Semenov Federal Research Center for Chemical
Physics of the Russian Academy of Sciences to implement the state assignment on the topic No. 0082-2016-0011
“Fundamental studies of conversion processes of energetic materials and development of scientific grounds of
controlling these processes” (State Registration No. AAAA-A17-117040610346-5).

References

1. Jugjai, S., and N. Rungsimuntuchart. 2002. High efficien-
cy heat recirculating domestic gas burners. Exp. Therm.

Fluid Sci. 26:581–592.

2. Kamal, M. M., and A. A. Mohamad. 2006. Development
of a cylindrical porous-medium burner. J. Porous Media

9(5):469–481.

3. Wood, S., and A. T. Harris. 2008. Porous burners for lean-
burn applications. Prog. Energ. Combust. 34(5):667–684.

4. Mujeebu, M. A., M. Z. Abdullah, M. Z. Abu Bakar,
A. A. Mohamad, and M. K. Abdullah. 2009. Applications
of porous media combustion technology — A review. Appl.

Energ. 86:1365–1375.

5. Wu, C.-Y., K.-H. Chen, and S. Y. Yang. 2014. Experi-
mental study of porous metal burners for domestic stove
applications. Energ. Convers. Manage. 77:380–388.

6. Hashemia, S. A., M. Nikfar, and R. Motaghedifard. 2015.
Experimental study of operating range and radiation effi-
ciency of a metal porous burner. Therm. Sci. 19(1):11–20.
doi: 10.2298/TSCI1250522154H.

7. Shmelev, V. 2017. Radiation efficiency of surface burn-
ing on a foam metal matrix with ceramic coating. Energy

Power Engineering 9(7):366–385.

8. Maznoy, A., A. Kirdyashkin, S. Minaev, A. Markov,
N. Pichugin, and E. Yakovlev. 2018. A study on the ef-

fects of porous structure on the environmental and radia-
tive characteristics of cylindrical Ni–Al burners. Energy

160:399–409.

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

10. Kumar, S., P. J. Paul, and H. S. Mukunda. 2003.
Studies on a new high-intensity low-emission burn-
er. P. Combust. Inst. 29:1131–1137. doi: 10.1016/s1540-
7489(02)80143-2.

11. Shmelev, V. M. 2008. Infrakrasnaya gorelka s ob”emnoy
matritsey [Infrared burner with a bulk matrix]. Gas Indus-

try of Russia 5:74–79.

12. Keramiotis, C., B. Stelzner, D. Trimis, and M. Foun-
ti. 2012. Porous burners for low emission combustion:
An experimental investigation. Energy 45:213–219. doi:
10.1016/j.energy.2011.12.006.

13. Pyatov, I. S., A. M. Shevkun, and A. P. Bevz. 2015. Novoe
primenenie MR-materialam — besplamennye infrakras-
nye gorelki [New use for MR materials — flameless in-
frared burners]. Engine 4(100):56–57.

14. Vasilik, N. Ya., V. S. Arutyunov, A. A. Zakharov, and
V. M. Shmelev. 2017. Use of matrices made of permeable
wire material in infrared burners. Russ. J. Phys. Chem. B

11(6):937–941.

15. Vasilik, N. Ya., and V. M. Shmelev. 2017. Gorenie smesey
prirodnogo gaza s vozdukhom na poverkhnosti rekupera-

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2019 volume 12 number 3



Infrared burners with a wire matrix and recuperative elements

tsionnoy matritsy [Burning mixtures of natural gas with
air on the surface of the heat recuperating matrix]. Goren.

Vzryv (Mosk.) — Combustion and Explosion 10(2):4–8.
16. Skachkov, O. A, O. N. Makarevich, S. V. Pozharov, and

Yu. N. Demin. 2010. Sposob polucheniya poroshka
dispersno-uprochnennoy ferritnoy stali [The method of
obtaining powder of dispersed-strengthened ferritic steel].
Patent RF No. 2460611.

Received December 25, 2018

Contributors

Vasilik Nikolay Ya. (b. 1946) — Candidate of Science in physics and mathematics, leading research scientist,
N. N. Semenov Federal Research Center for Chemical Physics of the Russian Academy of Sciences, 4 Kosygin
Str., Moscow 119991, Russian Federation; vasnja@mail.ru

Shmelev Vladimir M. (b. 1940) — Doctor of Science in physics and mathematics, head of laboratory, N. N. Semenov
Federal Research Center for Chemical Physics of the Russian Academy of Sciences, 4 Kosygin Str., Moscow 119991,
Russian Federation; shmelev.05@mail.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2019 volume 12 number 3




