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Abstract: The influence of hydrogen bromide on the laminar burning velocity of hydrogen and methane mixtures
with air, nitrous oxide and nitrogen—oxygen composition with 33 %(vol.) O3 was studied using numerical modeling
of a flat premixed flame. Chemical kinetics and transport processes (diffusion and thermal conductivity) were
taken into account. It was found that hydrogen bromide has less inhibitive efficiency in the case of nitrous oxide in
comparison with air or nitrogen—oxygen composition with 33 %(vol.) O. Qualitative interpretation of the obtained
results is given which is based on the analysis of chemical processes at combustion of gaseous mixtures considered

in this study.

Keywords: hydrogen bromide; nitrous oxide; hydrogen; methane; laminar burning velocity

DOI: 10.30826/CE19120402

References

. Baratov, A.N. 1967. Khimicheskoe ingibirovanie pla-

205.

9.

Lovachev, L. A., and L. N. Lovachev. 1980. Kinetics of hy-
drogen oxidation. Part 6. Inhibition and catalysis of lean
mixtures. Combust. Sci. Technol. 23(5/6):181—189.

meni [Chemical inhibition of ﬂames]. Z}-zur nal VKhO im. 10, Westbrook, C. K. 1980. Inhibition of laminar methane—air
Mendeleeva [J. Mendeleev Chemical Society] 12(3):276— and methanol—air flames by hydrogen bromide. Combust.
284. Sci. Technol. 23(5/6):191—202.

. Dixon-Lewis, G. 1998. Flammability and chemical in- 1], Parks, D.J., N.J. Alvares, and D. G. Beason. 1980. Fun-
hibition. 2nd Seminar (International) “Fire and Explosion damental flame speed measurements in combustion gases
Hazard of Substances and Venting of Deflagrations” Pro- containing CFsBr. Fire Safety J. 2(4): 237—247.
ceedings. Moscow: VNIIPO. 72—86. 12. Drake, M. C., and J. W. Hastie. 1981. Temperature profile

. Dixon-Lewis, G., and R.J. Simpson. 1976. Aspects of on inhibited flames using Raman spectroscopy. Combust.
flame inhibition by halogen compounds. 16th Symposium Flame 40(2):201-211.

(International) on Combustion Proceedings. Pittsburgh, PA: 13. Day, M.G. 1971. Inhibition of hydrogen—air and hy-
The Combustion Institute. 1111-1119. drogen — nitrous oxide flames by halogen compounds.

. Dixon-Lewis, G. 1979. Mechanism of inhibition of 13th Symposium (International) on Combustion Proceed-
hydrogen—air flames by hydrogen bromide and its rele- ings. Pittsburgh, PA: The Combustion Institute. 705—712.
vance to the general problem of flame inhibition. Combust. 14. Schefer, R.W.,, and N.J. Brown. 1982. A comparative
Flame 36(1):1-14. study of HCI and HBr combustion inhibition. Combust.

. Fristrom, R. M., and P. Van Tiggelen. 1979. An interpre- Flame 29(3-6):113—128.
tation of the inhibition Of C-H-O ﬂjames by C=H—=X"" 15 Shebeko, Yu. N., A. Ya. Korolchenko, and A. N. Baratov.
compounds. [7th Symposium (International) on Combus- 1984. Mekhanizm vliyaniya HCI i HBr na khimicheskie
tion Proceedings. Leeds. 773—785. protsessy pri gorenii okisi ugleroda [A mechanism of the

. Simmons, R. E,, and N. Wright. 1972. The burning veloc- influence of HCI and HBr on chemical processes at com-
ities of near-limit mixtures of propane, air, and hydrogen bustion of carbon oxide]. Khim. Fiz. 3(1):99—103.
bromide. Combust. Flame 18(2):203—206. 16. Azatyan, V.V., I.A. Bolodyan, V.Yu. Navtsenya, and

. Lovachey, L. A., and L. N. Lovacheyv. 1978. Kinetics of hy- Yu. N. Shebeko. 2002. The predominant role of the
drogen oxidation. Part 3. Catalisis with hydrogen bromide. competition between the chain-branching and chain-
Combust. Sci. Technol. 18(5/6):191—198. terminating reactions in the formation of concentra-

. Lovachev, L. A., and L. N. Lovachev. 1979. Kinetics of hy- tion limits of flame propagation. Russ. J. Phys. Chem. A
drogen oxidation. Part 4. Inhibition and catalysis at high 76(5):677—686.
degree of conversion. Combust. Sci. Technol. 19(5/6):195—  17. Hirschfelder, J. O., C. E. Curties, and R. B. Bird. 1954.

Molecular theory of gases and liquids. New York, NY: John

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2019 volume 12 number 4



Evaluation of the effectiveness of hydrogen bromide influence on the laminar burning velocity of methane and hydrogen

19.

20.

21.

Wiley and Sons. 275 p.

. Glushko, V. P. 1978. Termodinamicheskie svoystva indivi-

dual’nykh veshchestv | Thermodynamic properties of indi-
vidual substances]. Moscow: Nauka. 573 p.

Azatyan, V. V., Yu. N. Shebeko, and A. Yu. Shebeko. 2008.
Chislennoe modelirovanie vliyaniya dobavok metana
i khimicheski inertnykh gazov na normal’nuyu skorost’
goreniya vodorodovozdushnykh smesey [ Numerical mod-
eling of the influence of additives of methane and inert
gases on the laminar burning velocity of hydrogen—air
mixtures|. Pozharnaya bezopasnost’ |Fire Safety] 2:41—49.
Azatyan, V. V., Yu. N. Shebeko, and A. Yu. Shebeko. 2010.
A numerical modeling of an influence of CH4, N2, CO
and steam on a laminar burning velocity of hydrogen in
air. J. Loss Prevent. Proc. 23(2):331-336.

Borisov, A. A., V. M. Zamanskiy, and G. I. Skachkov. 1978.
Kinetika i mechanism vzaimodeystviya vodoroda s za-
kis’yu azota [Kinetics and mechanism of interaction of
hydrogen with nitrous oxide]. Kinet. Catal. 19(1):38—46.

Contributors

Shebeko Aleksey Yu. (b. 1984) — Candidate of Science in technology, head of department, All-Russian Scientific
Research Institute for Fire Protection, Balashikha, Moscow Region, Russian Federation; ay_shebeko@mail.ru

22.

23.

24.

Skachkov, G.I. 1984. Kineticheskoe modelirovanie ne-
promotirovannogo i promotirovannogo vosplameneniya
goryuchikh gazov [Kinetic modeling of promotive and
nonpromotive ignition of flammable gases|. Moscow: In-
stitute of Chemical Physics of the USSR Academy of
Sciences. D.Sc. Diss. 316 p.

Shebeko, Yu. N., and A. Ya. Korolchenko. 1986. O vza-
imosvyazi normal’noy skorosti goreniya metana v voz-
dukhe i neravnovesnoy kontsentratsii atomov vodoroda
vo fronte plameni [On relationship between the lami-
nar burning velocity and nonequilibrium concentration of
hydrogen atoms in a flame front]. Kinet. Catal. 27(2):270—
274.

Balakhnine, V. P,, J. Vandooren, and P.J. Van Tiggelen.
1977. Reaction mechanism and rate constants in lean hy-

drogen — nitrous oxide flames. Combust. Flame 28(2):165—
173.

Received October 31, 2019

Shebeko Yuriy N. (b. 1952) — Doctor of Science in technology, professor, chief research scientist, All-Russian Scien-
tific Research Institute for Fire Protection, Balashikha, Moscow Region, Russian Federation; yn_shebeko@mail.ru

Zuban Andrey V. (b. 1986) — Candidate of Science in technology, deputy head of department, All-Russian Scientific
Research Institute for Fire Protection, Balashikha, Moscow Region, Russian Federation; avzuban@mail.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2019 volume 12 number 4





