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Abstract: Experimental studies of the combustion process of natural gas and air mixtures have been carried out
on laboratory models of a gas infrared heater (GIH) operating in forced surface combustion (FSC) modes. The
combustion process took place near the surface of the plates made of heat-resistant metal alloy (Ni 25%, Al 6%,
Fe base). The design of the GIH models and the FSC mode allowed the authors to implement the stable surface
combustion modes in the range of values of the firing rate from 2.15 to 7.55 MW/m2 per unit cross-sectional area of
the gas flow. The experiments were carried out on two models. Dimensions of the system of radiating plates of the
first model are: width 78 mm; length 92 mm; and height from 110 to 250 mm. Dimensions of the radiating surface
of the second model are: width 78 mm; length 92 mm; and height 403 mm. Combustion power in the models of the
GIH varied in the range from 12 to 42.2 kW. The concentration of nitrogen oxides in the combustion products was
less than 16 ppm and the concentration of carbon monoxide was less than 10 ppm at the values of the air-to-fuel
equivalence ratio 1.5. The maximum temperature of the outer surface of the radiating plates was 1280 ◦C. The
coefficient of conversion of combustion energy into radiation energy for the model of the GIH with a height of
403 mm reached the values exceeding 40%.
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Figure Captions

Figure 1 Photograph of the first GIH model (the maximum height of the plates is 250 mm) operating in the FSC mode

Figure 2 The layout of the main plates of the GIH model made of kanthal above a square stainless-steel tube. Dimensions are
in millimeters

Figure 3 Concentrations of carbon monoxide (a) and nitrogen oxides (b) in combustion products at a distance of 110 (1) and
208 mm (2) from the lower edge of the kanthal plates

Figure 4 The temperature of the combustion products at distances of 110 (1) and 208 mm (2) from the entrance to the plate
system of the first GIH model and 403 mm (3) for the second GIH model

Figure 5 Photograph of the second GIH model (height 403 mm) operating in the FSC mode

Figure 6 The values of Q2/Q1 ratio for different values of the specific combustion power for the first (1) and for the second
GIH models (2)

Table Caption

Gas heaters technical characteristics of Sibschwank Joint Stock Company

Acknowledgments

This work was 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. 0082-2019-0006
“Fundamental studies of conversion processes of energetic materials and development of scientific grounds of
controlling these processes” (State Registration No. AAAA-А21-121011990037-8).

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2021 volume 14 number 3



Study of the infrared gas heaters characteristics under forced surface combustion modes

References

1. Vasilik, N., and V. Shmelev. 2019. Stimulated surface com-
bustion in infrared burners. 8th Conference (International)

on Advances in Civil, Structural and Environmental Engineer-

ing Proceedings. Kuala Lumpur. 16–20. doi: 10.15224/978-
1-63248-166-5-03.

2. Vasilik, N. Ya., and V. M. Shmelev. 2020. Infrakrasnoe gore-
lochnoe ustroystvo na sisteme rekuperativnykh elementov
[Infrared burner device on a system of recuperative ele-
ments]. Goren. Vzryv (Mosk.) — Combustion and Explosion

13(2):49–54.
3. Vasilik, N. 2020. Infrared burner with increased firing rate

and high surface temperature. 2nd E-Conference (Interna-

tional) on Advances in Engineering, Technology and Man-

agement Proceedings. Institute of Research Engineers and
Doctors. 29–34. doi: 10.15224/978-1-63248-189-4-07.

4. Vasilik, N. Ya., V. M. Shmelev, E. A. Krymov, and
O. A. Skachkov. 2020. Sposob szhiganiya smesey go-
ryuchego s gazoobraznym okislitelem i ustroystvo dlya
ego osushchestvleniya [The method of burning fuel with
a gaseous oxidizer and a device for its implementation].
Patent RF No. 2737266.

5. Stamp, M., M. Titov, S. Linn, G. Kazarjan, and K. Turilo-
va. 2007. Otchet Mezhdunarodnoy finansovoy korpora-

tsii “Rukovodstvo po energoeffektivnomu oborudovaniyu:
Gazovye infrakrasnye obogrevateli dlya promyshlennosti”
[Report of the International Finance Corporation “Guide
to energy efficient equipment: Gas infrared heaters
for industry”]. Available at: http://www.ifc.org/russia/
energye©ciency (accessed December 2007).

6. Smucker, M. T., and J. L. Elzzey. 2004. Computational and
experimental study of a two-section porous burner. Com-

bust. Sci. Technol. 176:1171–1189.

7. Vasilik, N. Ya., and A. A. Zakharov. 2020. Eksperimen-
tal’nye issledovaniya infrakrasnoy gorelki s poverkhnostnym
rezhimom goreniya v oblasti vysokikh znacheniy udel’noy
moshchnosti goreniya [Experimental studies of an infrared
burner with a surface combustion mode in the region of
high values of the specific combustion power]. Goren. Vzryv

(Mosk.) — Combustion and Explosion 13(4):29–36.

8. Gazovye energeticheskie sistemy [Gas energetic systems].
Spravochnik “Avtonomnoe gazosnabzhenie”. [Autonomous
gas supply: Guide]. Available at: www.tgs.su/spravochnik-
avtonomnoe-gazosnabzhenie.su (accessed August 15,
2021).

9. Gazovyy infrakrasnyy izluchatel’. Rukovodstvo po eksplu-

atatsii [Gas infrared heater: User manual]. Available at:
www.schwank.ru (accessed August 15, 2021).

Received August 15, 2021

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

Finyakov Sergey V. (b. 1947) — Doctor of Science in physics and mathematics, chief research scientist, N. N. Se-
menov Federal Research Center for Chemical Physics of the Russian Academy of Sciences, 4 Kosygin Str., Moscow
119991, Russian Federation; finykhov@mail.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2021 volume 14 number 3




