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MOJEJIb AETOHALIMOHHOI'O ITPAMOTOYHOI'O
BO3AYILHIHO-PEAKTUBHOI'O ABUTATEJIA: UCITBITAHWA
B ADPOAMHAMMUYECKOU TPYBE IMPU OBTEKAHUU
BO3YIIHbBIM ITOTOKOM C HUCIIOM MAXA 5,7

Y TEMITIEPATYPOM TOPMOXEHUA 1500 K*

C. M. ®ponos?, B. U. 3serunues?, B. C. UBanos?, B. C. Akcénos?, M. O. Ilammun®,
J.A. Buyukos®, 1. I. Hanusaituenko’, A. A. bepaun®, B. M. ®omun®, A. H. Iummox!,
H. H. dxosnes*!

AnHOTamus: BriepBble 9KCIIEPUMMEHTAIBHO 3apETUCTPUPOBAH PEXKUM HEMPEPbIBHO-ACTOHAIIMOHHOTO TOPEHMS
BOIOpOJIa B KOJIbLEBOI Kamepe cropaHus (KC) ocecuMMeTpUUHOM MOIE N IETOHALIMOHHOTO MPSIMOTOYHOT'O BO3-
nymHo-peaktuBHoro asuratess (JIITBPI) nuamerpom 310 mm 1 immHoi 1050 MM B yeJTOBHSIX 001yBa BO3MYLIIHBIM
IMOTOKOM C yucjaoM Maxa 5,7 u temnepaTypoit TopmoxkeHust 1500 K B uMIysibCHOM aspoarMHaMUUECKOi Tpyoe
AT-303 UHcTuTyTa TeopeTnuecKoii u npukianHoit MexaHuku uM. C. A. XpuctuaHouya CUOUPCKOTO OTAEIEHUS
Poccuiickoii akanemun Hayk (MTIIM CO PAH). Tsra u yaeabHbIli MMITYJbC MOJCIM IBUTATENsI COCTaBUIU
1550 H 1 3300 c. B otiimnuue ot tpagunmonHoro ITBPJI nist ITTBP/I xapakTepHbl ObICTPOE TypOYIEHTHO-MOJIEe-
KYJIIPHOE CMellIeHNE TOTIMBHBIX KOMITOHEHTOB U CYIIIECTBEHHO 00Jiee BHICOKAsI CKOPOCTh TOpeHMsI (B pexkume
CaMOBOCITJITaMEHEHMST 3a OeryIlieil yaapHoil BOJHOI), a TaKKe MOHWXXEHHOEe BHYTpeHHee compoTuicHue KC
(OTCyTCTBHE YCTYMOB, KaBepH U Ap.). BBUIY BBICOKMX TATOBBIX M MaccoradbapuTHbIX Xapakrepuctuk JITTBP/]
MOXHO paccMaTpuBaTh KakK aJbTepHaTUBY TpaauiimoHHo# KoHuenuuu [1BP/I ¢ nednarpalintoHHBIM ropeHuEM
TOIIMBA.

KinioueBbie cjoBa: [IETOHALMOHHBII TMPSMOTOUHBIN BO3MYIIHO-PEAKTUBHBIN JBUTATeNIb, BOAOPO; OTHEBBIC
WCTIBITAHUST, UMITYJIbCHAST a9pOAMHaMuIecKast Tpyoa; yaeaAbHbIl UMITYJIbC; TSTa
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The model of detonation ramjet: Firing tests in a pulsed wind tunnel with the airflow of Mach 5.7 and temperature 1500 K

THE MODEL OF DETONATION RAMIJET: FIRING TESTS
IN A PULSED WIND TUNNEL WITH THE AIRFLOW OF MACH 5.7
AND STAGNATION TEMPERATURE 1500 K
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Abstract: The mode of continuous spinning detonation (CSD) of hydrogen in an annular combustor (AC) has
been experimentally recorded for the first time in an axisymmetric model of a detonation ramjet with a diameter
of 310 mm and a length of 1050 mm under airflow conditions with a Mach number of 5.7 and stagnation temperature
of 1500 K in a pulsed wind tunnel AT-303 of ITAM SB RAS. The thrust and specific impulse of the ramjet model
were 1550 N and 3300 s, respectively. In contrast to the conventional ramjet operating on fuel deflagration, the
operation process in the detonation ramjet is distinguished by a very rapid turbulent and molecular mixing of fuel
components and a very high burning rate (combustion in the self-ignition mode behind the propagating shock
wave), as well as very low internal drag (absence of ledges, cavities, etc.). In view of the high thrust and weight
performance, the detonation ramjet can be considered as an alternative to the conventional concepts of a ramjet
with fuel deflagration.
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Acknowledgments

The work was supported by the Russian Science Foundation (grant No. 14-13-00082P).
References dvigatelya s detonatsionnym goreniem vodoroda v aero-
dinamicheskoy trube pri chislakh Makha ot 5 do 8 [Firing
tests of the ramjet model with the detonative combustion
of hydrogen in a wind tunnel at approach air stream Mach
number from 5 to 8]. Goren. Vzryv (Mosk.) — Combustion
and Explosion 10(3):26—35.

5. Zvegintsev, V. 1. 2014. Gazodinamicheskie ustanovki krat-
kovremennogo deystviya. Ch. 1: Ustanovki dlya nauch-
nykh issledovaniy | Gasdynamic rigs of short-induced flow.
Part 1. Rigs for scientific research]. Novosibirsk: Parallel
Publs. 215-267.

6. Dubrovskii, A.V., V.S. Ivanov, A.E. Zangiev, and
S. M. Frolov. 2016. Three-dimensional numerical sim-
ulation of the characteristics of a ramjet power plant

1. Shchetinkov, E.S. Priority date 16.04.1957. Method of
ramjet operation. USSR Patent 471815, F02K 7/10. Pub-
lished 10.04.2000. Bull. No. 10.

2. Frolov, S.M., V.I. Zvegintsev, V.S. Ivanov, V.S. Ak-
senov, I.0O. Shamshin, D.A. Vnuchkov, D.G. Nali-
vaichenko, A. A. Berlin, and V. M. Fomin. 2017. Demon-
strator of continuous-detonation air-breathing ramjet:
Wind tunnel data. Dokl. Phys. Chem. 474(1):75—79. doi:
10.7868,/S0869565217130114.

3. Froloy, S.M., V.I. Zvegintsev, V.S. Ivanov, V.S. Ak-
senov, I.0O. Shamshin, D.A. Vnuchkov, D.G. Nali-
vaichenko, A.A. Berlin, and V. M. Fomin. 2017. Wind
tunnel tests of a hydrogen-fueled detonation ramjet mod-

el at approach air stream Mach numbers from 4 to 8.
Int. J. Hydrogen Energ. 42:25401-25413. doi: 10.1016/
j.ijhydene.2017.08.062.

. Frolov, S. M., V. 1. Zvegintsev, V. S. Ivanoy, V. S. Aksenov,
I. 0. Shamshin, D.A. Vnuchkov, D.G. Nalivaichenko,
A.A. Berlin, and V.M. Fomin. 2017. Ognevye ispy-
taniya modeli pryamotochnogo vozdushno-reaktivnogo

with a continuous-detonation combustor in superson-
ic flight. Russ. J. Phys. Chem. B 10(3):469—482. doi:
10.7868/S0207401X16060042.

. Frolov, S. M., V.S. Aksenov, A. V. Dubrovskii, A. E. Zan-

giev, V.S. Ivanov, S. N. Medvedeyv, and I. O. Shamshin.
2015. Chemiionization and acoustic diagnostics of the
process in continuous- and pulse-detonation combus-

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2018 volume 11 number 1



S. M. Frolov, V. I. Zvegintsev, V. S. Ivanov, et al.

tors. Dokl. Phys. Chem. 465(1):273—278. doi: 10.7868/ Progress in propulsion physics. Eds. M. Calabro, L. DeLu-
S0869565215310138. ca, S. Frolov, L. Galfetti, and O. Haidn. EUCASS ad-

8. Braun, E.M., F K. Lu, D. R. Wilson, and J. A. Camberos. vances in aerospace sciences book ser. TORUS PRESS —
2013. Airbreathing rotating detonation wave engine cycle EDP Sciences. 8:375—-388.

analysis. Aerosp. Sci. Technol. 27:201-208.
9. Frolov, S. M., A.V. Dubrovskii, and V.S. Ivanov. 2016.  10. Vlasenko, V. V.,and A. A. Shiryaeva. 2012. Numerical sim-

Three-dimensional numerical simulation of a continuous- ulation of nonstationary propagation of combustion along
ly rotating detonation in the annular combustion chamber a duct with supersonic flow of a viscid gas. J. Aerospace
with a wide gap and separate delivery of fuel and oxidizer. Eng. 227(3):480—492.

Received January 11, 2018

Contributors

Frolov Sergey M. (b. 1959) — Doctor of Science in physics and mathematics, head of department, N. N. Se-
menov Institute of Chemical Physics, 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 Studies, Russian Academy of Sciences, 36-1 Nakhimovskii Prosp., Moscow 117218, Russian Federation;
smfrol@chph.ras.ru

Zvegintsev Valery 1. (b. 1944) — Doctor of Science in technology, chief research scientist, S. A. Khristianovich Insti-
tute of Theoretical and Applied Mechanics, Siberian Branch of the Russian Academy of Sciences, 4/1 Institutskaya
Str., Novosibirsk 630090, Russian Federation; zvegin@itam.nsc.ru

Ivanov Vladislav S. (b. 1986) — 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; ivanov.vls@gmail.com

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; associate professor, National Research Nuclear University MEPhI (Moscow Engineering
Physics Institute), 31 Kashirskoe Sh., Moscow 115409, Russian Federation; v.aksenov@mail.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; associate professor, National Research Nuclear University MEPhI (Moscow Engineering
Physics Institute), 31 Kashirskoe Sh., Moscow 115409, Russian Federation; igor_shamshin@mail.ru

Vnuchkov Dmitry A. (b. 1980) — junior research scientist, S. A. Khristianovich Institute of Theoretical and Applied
Mechanics, Siberian Branch of the Russian Academy of Sciences, 4/1 Institutskaya Str., Novosibirsk 630090,
Russian Federation; vnuchkov@itam.nsc.ru

Nalivaichenko Denis G. (b. 1975) — Candidate of Science in technology, research scientist, S. A. Khristianovich
Institute of Theoretical and Applied Mechanics, Siberian Branch of the Russian Academy of Sciences, 4/1 Insti-
tutskaya Str., Novosibirsk 630090, Russian Federation; denis@itam.nsc.ru

Berlin Alexander A. (b. 1940) — Academician of the Russian Academy of Sciences, Doctor of Science in chemistry,
scientific director, N. N. Semenov Institute of Chemical Physics, Russian Academy of Sciences, 4 Kosygin Str.,
Moscow 119991, Russian Federation; berlin@chph.ras.ru

Fomin Vasily M. (b. 1940) — Academician of the Russian Academy of Sciences, Doctor of Science in physics and
mathematics, professor, scientific supervisor, S. A. Khristianovich Institute of Theoretical and Applied Mechanics,
Siberian Branch of the Russian Academy of Sciences, 4/1 Institutskaya Str., Novosibirsk 630090, Russian
Federation; fomin@itam.nsc.ru

Shiplyuk Alexander N. (b. 1966) — Corresponding Member of the Russian Academy of Sciences, Doctor of Science
in physics and mathematics, director, head of laboratory, S. A. Khristianovich Institute of Theoretical and Applied
Mechanics, Siberian Branch of the Russian Academy of Sciences, 4/1 Institutskaya Str., Novosibirsk 630090,
Russian Federation; shiplyuk@itam.nsc.ru

Yakovlev Nikolay N. (b. 1958) — Candidate of Science in physics and mathematics, project manager, Tu-
raevo Machine-Building Design Bureau “Soyuz,” Lytkarino 140080, Moscow Region, Russian Federation;
amntksouyuz@mail.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2018 volume 11 number 1





