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Abstract: Interaction of the wave package in the form of the high-frequency (∼ 7 kHz)
sequence of three shock waves (SW) with bubbly liquid (BL) — water with air bubbles —
and the momentum transfer from SW to BL have been studied experimentally. The
wave package was generated by detonating the gaseous stoichiometric propane–oxygen
mixture in a detonation tube with three tube branches of different lengths submerged in
BL. In the experiments, the initial volumetric gas content in water was varied from 2%
to 16% at the average diameter of air bubbles 3–4 mm and SW velocity in BL in the range
of 40 to 180 m/s. Experiments showed that the use of high-frequency shock-wave pulses
in a hydrojet pulsed detonation engines is pointless because of the arising interference
of pulses which worsens the momentum transfer from SW to BL: on the one hand,
the waves penetrating into water quickly merge, thus feeding each other and increasing
the BL velocity, but on the other hand, the initial gas content for each successive SW
decreases and, accordingly, the efficiency of the momentum transfer decreases.

Keywords: hydraulic shock tube; sequence of shock waves; water with air bubbles;
momentum transfer; hydrojet pulsed detonation engine

Acknowledgments

The work was supported by the Russian Ministry of Education and Science under the
State Contract No. 14.609.21.0001 (Contract ID RFMEFI60914Х0001) “Development of
technology for the creation of hydrojet thrust for high-speed water vehicles and the creation
of stand demonstrator of the hydrojet pulsed detonation engine” under the Federal Target
Program “Research and development on priority directions of scientific-technological
complex of Russia for 2014–2020.”

References

1. Frolov, S. M., V. S. Aksenov, F. S. Frolov, and K. A. Avdeev. 2013. Vodometnyy impul’snyy
detonatsionnyy dvigatel’ (varianty) i sposob sozdaniya gidroreaktivnoy tyagi [Pulse detonation



engine (variants) and the way to create hydrojet thrust]. PCT/RU2013/001148 dated 23.12.2013.
Available at: http://www.idgcenter.ru/patentPCT-RU2013-001148.htm (accessed August 4,
2016).

2. Avdeev, K. A., V. S. Aksenov, A. A. Borisov, R. R. Tukhvatullina, S. M. Frolov, and F. S. Frolov.
2015. Chislennoe modelirovanie peredachi impul’sa ot udarnoy volny k puzyr’kovoy srede
[Numerical simulation of the momentum transfer from the shock waves to the bubbly medium].
Goren. Vzryv (Mosk.) — Combustion and Explosion 8(2):57–67.

3. Avdeev, K. A., V. S. Aksenov, A. A. Borisov, R. R. Tukhvatullina, S. M. Frolov, and F. S. Frolov.
2015. Numerical simulation of momentum transfer from a shock wave to a bubbly medium.
Russ. J. Chem. Phys. B 9(3):363–374.

4. Avdeev, K. A., V. S. Aksenov, A. A. Borisov, S. M. Frolov, F. S. Frolov, and I. O. Shamshin. 2015.
Momentum transfer from a shock wave to a bubbly liquid. Russ. J. Phys. Chem B 9(6):895–900.

5. Bykovski, F. A., and S. A. Zhdan. 2013. Continuous spin detonation. Novosibirsk: Siberian Branch
of RAS. 423 p.

6. Kedrinskiy, V. K. 2000. Gidrodinamika vzryva: Modeli i eksperiment [Hydrodynamics of explosion:
Models and experiment]. Novosibirsk: SB RAS Publs. 435 p.

Received March 23, 2016

Contributors

Avdeev Konstantin A. (b. 1971) — Candidate of Science in technology, specialist, Non-
commercial Partnership Center of Pulse Detonation Combustion, 4 Kosygin Str., Moscow
119991, Russian Federation; senior research scientist, N. N. Semenov Institute of Chem-
ical Physics, Russian Academy of Sciences, 4 Kosygin Str., Moscow 119991, Russian
Federation; kaavdeev@mail.ru

Aksenov Victor S. (b. 1952) — 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; designer, Noncommercial
Partnership Center of Pulse Detonation Combustion, 4 Kosygin Str., Moscow 119991,
Russian Federation; associate professor, National Research Nuclear University MEPhI
(Moscow Engineering Physics Institute), 31 Kashirskoe Sh., Moscow 115409, Russian
Federation; v.aksenov@mail.ru

Borisov Anatoliy A. (b. 1932) — Doctor of Science in physics and mathematics, chief
research scientist, N. N. Semenov Institute of Chemical Physics, Russian Academy of
Sciences, 4 Kosygin Str., Moscow 119991, Russian Federation; scientific consultant,
Noncommercial Partnership Center of Pulse Detonation Combustion, 4 Kosygin Str.,
Moscow 119991, Russian Federation; professor, National Research Nuclear University
MEPhI (Moscow Engineering Physics Institute), 31 Kashirskoe Sh., Moscow 115409,
Russian Federation; borisov@chph.ras.ru

Frolov Sergey M. (b. 1959) — Doctor of Science in physics and mathematics, head of
department, N. N. Semenov Institute of Chemical Physics, Russian Academy of Sciences,



4 Kosygin Str., Moscow 119991, Russian Federation; scientific head, Noncommercial
Partnership Center of Pulse Detonation Combustion, 4 Kosygin Str., Moscow 119991,
Russian Federation; professor, National Research Nuclear University MEPhI (Moscow
Engineering Physics Institute), 31 Kashirskoe Sh., Moscow 115409, Russian Federation;
smfrol@chph.ras.ru

Sadykov Ilyas A. (b. 1993) — technician, Noncommercial Partnership Center of Pulse
Detonation Combustion, 4 Kosygin Str., Moscow 119991, Russian Federation; student,
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute),
31 Kashirskoe Sh., Moscow 115409, Russian Federation; churus1314@rambler.ru

Frolov Fedor S. (b. 1981) — 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; senior specialist,
Noncommercial Partnership Center of Pulse Detonation Combustion, 4 Kosygin Str.,
Moscow 119991, Russian Federation; f.frolov@chph.ru

Shamshin Igor O. (b. 1975) — 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; senior specialist,
Noncommercial Partnership Center of Pulse Detonation Combustion, 4 Kosygin Str.,
Moscow 119991, Russian Federation; associate professor, National Research Nuclear
University MEPhI (Moscow Engineering Physics Institute), 31 Kashirskoe Sh., Moscow
115409, Russian Federation; igor shamshin@chph.ru




