V. A. Smetanyuk, S. M. Frolov, V. S. Ivanov, and B. Basara

THE INFLUENCE OF THE METHOD OF SUPPLYING FUEL
COMPONENTS ON THE CHARACTERISTICS
OF A DETONATION ROCKET ENGINE

V. A. Smetanyuk'?, S. M. Frolov?3, V. S. Ivanov!2, and B. Basara*

I'N. N. Semenov Federal Research Center of Chemical Physics of the Russian Academy of Sciences, 4 Kosygin Str.,

Moscow 119991, Russian Federation

2Scientific Research Institute for System Analysis, Russian Academy of Sciences, 36-1 Nakhimovskii Prosp.,

Moscow 117218, Russian Federation

3National Research Nuclear University MEPhI (Moscow Engineering Physics Institute), 31 Kashirskoe Sh.,

Moscow 115409, Russian Federation

4AVL LIST GmbH, 1 Hanz List Pl., Graz 8020, Austria

Abstract: Using the computational technology developed at the N. N. Semenov Federal Research Center of

Chemical Physics of the Russian Academy of Sciences, the possibility of reducing the fuel supply pressure to
a detonation rocket engine (DRE) with an annular combustion chamber (CC) was investigated by replacing its
radial supply with its axial supply and, accordingly, replacing the axial supply of oxidant with its radial supply. It
is shown that with fixed mass flow rates of fuel components (natural gas (NG) and oxygen) and, therefore, fixed
overall equivalence ratio, such a replacement leads to restructuring of the DRE operation mode: the mode with
three equidistant detonation waves (DWs) circulating over the fire plate of the DRE is replaced by the mode with a
single DW. At the same time, the degree of incompleteness of fuel burnout significantly increases and the average
pressure in the CC decreases. The obtained results mean that the DRE performance is largely determined by the
organization of molecular and turbulent mixing of the fuel components in the zone of circulation of DWs. With the
given mass flow rates of fuel component, the optimal conditions for their supply to the DRE, ensuring the greatest
efficiency of the operation process should exist.

Keywords: detonation rocket engine; annular combustion chamber; natural gas; oxygen; supply pressure of fuel
components; numerical simulation

DOI: 10.30826/CE19120210

Acknowledgments

This work was supported by the Russian Science Foundation (project 18-73-10196).

References

1. Frolov, S.M. 2006. Impul’snye detonatsionnye dvigateli

[Pulsed detonation engines]. Moscow: TORUS PRESS.
592 p.

. Bykovskii, EA., and S.A. Zhdan. 2013. Nepreryvnaya
spinovaya detonatsiya |Continuous spinning detonation].
Novosibirsk: Siberian Branch of the Russian Academy of
Sciences Publs. 423 p.

. Medvedev, S.N., V.S. Ivanov, and S.M. Frolov. 2016.
Trekhmernoe chislennoe modelirovanie rabochego protses-
sa i tyagovykh kharakteristik stendovogo obraztsa raketnogo
dvigatelya s nepreryvno-detonatsionnym goreniem smesi
prirodnogo gaza s kislorodom [Three-dimensional numer-
ical simulation of operation process and thrust perfor-
mance of bench rocket engine with continuous detonation
combustion of natural gas — oxygen mixture|. Goren. Vzryv
(Mosk.) — Combustion and Explosion 9(2):65—79.

. Frolov, S. M., V.S. Aksenov, V.S. Ivanov, S. N. Medvedey,
and I. O. Shamshin. 2018. Flow structure in rotating deto-

nation engine with separate supply of fuel and oxidizer: Ex-
periment and CFD. Detonation control for propulsion: Pulse
detonation and rotating detonation engines. Eds. J.-M. Li,
C.J. Teo Boo Cheong Khoo, J.-P. Wang, and C. Wang.
Springer International Publishing AG. 39—59.

. Ivanov, V.S., V.S. Aksenov, S.M. Frolov, and

I.0. Shamshin. 2016. Eksperimental’nye issledovaniya
stendovogo obraztsa raketnogo dvigatelya s nepreryvno-
detonatsionnym goreniem smesi prirodnogo gaza
s kislorodom [Experimental studies of stand sample of
rocket engine with continuous-detonation combustion of
natural gas—oxygen mixture]|. Goren. Vzryv (Mosk.) —
Combustion and Explosion 9(2):51—64.

. Frolov, S. M., V.S. Aksenov, V.S. Ivanov, S. N. Medvedey,

I. O. Shamshin, N. N. Yakovlev, and I. I. Kostenko. 2017.
Ognevye ispytaniya raketnogo dvigatelya s nepreryvno-
detonatsionnym goreniem toplivnoy pary “prirodnyy gaz —
kislorod” [Firing tests of continuous-detonation rocket
engine operating on natural gas and oxygen|. Goren. Vzryv

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2019 volume 12 number 2



The influence of the method of supplying fuel components on the characteristics of a detonation rocket engine

(Mosk.) — Combustion and Explosion 10(4):23—29. 8. Froloy, S. M., A.V. Dubrovskii, and V.S. Ivanov. 2012.
7. Frolov, S. M., V.S. Aksenov, V. S. Tvanov, S. N. Medvedey, Three-dimensional numerical simulation of the operation

L. O. Shamshin, N. N. Yakovlev, and 1. I. Kostenko. 2018. of the rotating detonation chamber. Russ. J. Phys. Chem. B

Rocket engine with continuous detonation combustion of 6(2):276-288.

the natural gas—oxygen propellant system. Dokl. Phys. 9. Korobeinikov, V. P, and V. A. Levin. 1969. Strong explosion

Chem. 478(Part 2):31-34. in a combustible gas mixture. Fluid Dyn. 4(6):30—32.

Received January 18, 2019

Contributors

Smetanuk Victor A. (b. 1978) — Candidate of Science in physics and mathematics, senior research scientist,
N. N. Semenov Federal Research Center of Chemical Physics of the Russian Academy of Sciences, 4 Kosygin Str.,
Moscow 119991, Russian Federation; research scientist, Scientific Research Institute for System Analysis, Russian
Academy of Sciences, 36-1 Nakhimovskii Prosp., Moscow 117218, Russian Federation; smetanuk@chph.ras.ru

Frolov Sergey M. (b. 1959) — Doctor of Science in physics and mathematics, head of department, head of
laboratory, N. N. Semenov Federal Research Center of Chemical Physics of the Russian Academy of Sciences,
4 Kosygin Str., Moscow 119991, Russian Federation; professor, National Research Nuclear University MEPhI
(Moscow Engineering Physics Institute), 31 Kashirskoe Sh., Moscow 115409, Russian Federation; senior research
scientist, Scientific Research Institute for System Analysis, Russian Academy of Sciences, 36-1 Nakhimovskii
Prosp., Moscow 117218, Russian Federation; smfrol@chph.ras.ru

Ivanov Vladislav S. (b. 1986) — Doctor of Science in physics and mathematics, senior research scientist,
N. N. Semenov Federal Research Center of Chemical Physics of the Russian Academy of Sciences, 4 Kosygin Str.,
Moscow 119991, Russian Federation; research scientist, Scientific Research Institute for System Analysis, Russian
Academy of Sciences, 36-1 Nakhimovskii Prosp., Moscow 117218, Russian Federation; ivanov.vls@gmail.com
Basara Branislav (b. 1964) — PhD, Doctor hab., chief developer, AVL LIST GmbH, 1 Hanz List Pl., Graz 8020,
Austria; branislav.basara@avl.com

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2019 volume 12 number 2





