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Abstract: The article describes the results of testing the developed device for optical registration of detonation
processes. Some ways which help improving the quality of the obtained images registered during the experiments
as well as methods of reducing both computational resources and time of data processing are investigated and
described. Software and hardware methods of image adjustments and area recognition are considered. The
article describes methods which are suitable for a specially designed device for recording detonation waves. The
developed device was tested and showed its ability to register detonation processes provided acetylene or other

carbon-containing gas for highlighting. Important feature of the device is the ability to conduct video recording by
one 1092-pixel line using the maximum frame rate.
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Figure Captions

Figure 1 Block diagram (a) and photo (b) of data storage subsystem (one board including 3 Gb of random access memory)
Figure 2 Block diagram of the developed firmware
Figure 3 The device installed on a tripod (a) and the device without aluminum frame (b)

Figure 4 Image fragment generated by line by line placement of the image string Texp, = 16 us, to the left Viias = Vo and
Vbias = 4/3V5 to the right

Figure 5 Image fragment for pixel photo response non-uniformity calculation

Figure 6 Detonation initiation process in fuel—air mixture recorded by the developed device (a) and high-speed Photron SAS
camera (b)

Table Caption

Characteristics of the device based on line and square sensors depending on number of memory modules

Acknowledgments

The work was supported by the Ministry of Science and Higher Education of the Russian Federation (Grant
No. 075-15-2020-806 dated September 29, 2020).

R@fCI’Cl’lCGS 3. Vojtsekhovskii, B.V., V.V. Mitrofanov, and M. E. Top-
chiyan. 1963. Struktura fronta detonatsii v gazakh [Gas
I. Froloy, S. M., V. S. Aksenov, A. V. Dubrovskii, A. E. Zang- detonation front structure]. Novosibirsk: Izd-vo SO AN

iev, V.S. Ivanov, S.N. Medvedev, and I.O. Shamshin. SSSR. 168 p.
2015. Chemiionization and acoustic diagnostics of the 4 Vasilev, V.V, TI Zaharyash, A.G. Klimenko,

process in continuous- and pulse-detonation combustors. ' A. L. Krymski, V. Marchishin, T.N. Nedosekina,
Dokl. Phys. Chem. 465(1):273-278. V. N. Ovsyuk, L. N. Romashko, K. K. Svitashey, A. O. Sus-
2. Bykovskii, E A. 1981. Vysokoskorostnoy zhdushchiy fo- lyakov, N.X. Talipov, and L.V. Tishkovskaya. 1996.
toregistrator [The high-speed waiting photorecording de- Fokal’nye matritsy 2 x 64 dlya spektral’nogo diapazona
vice|. Zh. nauch. i prikl. fotografii i kinematografii |J. Sci- 8—10 mkm na ob”emnykh kristallakh CdHgTe [Fo-
entific Applied Photography Cinematography] 2:85—89. cal matrices 2 x 64 for 8-um spectral range based on

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2022 volume 15 number 1



A. N. Samsonov, A. V. Tsarkova, and F. A. Bykovskii

CdHgTe bulk crystal]. Optoelectronics Instrumentation Da-
ta Processing 4:32—39.

. Vasil’ey, V.V, V.G. Voinov, D.G. Esaev, T.I. Za-
khar’yash, A.G. Klimenko, A.I. Kozlov, A.I. Krym-
skii, I.V. Marchishin, V. N. Ovsyuk, L.N. Romashko,
K. K. Svitashev, A.O. Suslyakov, N.Kh. Talipov,
Yu.G. Sidorov, V.C. Varavin, S.A. Dvoretskii, and
N. N. Mikhailov. 1998. Focal photodetector arrays based
on CdHgTe heteroepitaxial layers grown by molecular-
beam epitaxy on GaAs substrates. J. Opt. Technol.

Recognition Image Analysis 25(2):255—262.

Samsonov, A. N., and K. V. Samoilova. 2018. High speed
video recording system on a chip for detonation jet engine
testing. MATEC Web Conf. 158:01028.

Bykovskii E A., S.A. Zhdan, E. E Vedernikov, A. E. Tar-
naikin, and A. N. Samsonov. 2020. Continuous detonation
ofa hydrogen—oxygen gas mixture ina 100-mm planeradi-
al combustor with exhaustion toward the periphery. Shock
Waves 30(3):235—-243.

65(1):68—72. 10. Dubois, J., D. Ginhac, M. Paindavoine, and B. Heyrman.
. Samsonov, A. 2010. The device for high-speed digital 2008. A 10000 fps CMOS sensor with massively parallel

recording and analysis of detonation waves. 10th Con- image processing. IEEE J. Solid-St. Circ. 43(3):706—717.

ference (International) on Pattern Recognition and Image doi: 10.1109/JSSC.2007.916618.

Analysis: New Information Technologies Proceedings. St.  11. Bykovskii, F. A., S. A. Zhdan, and E. FE. Vedernikov, 2021.

Petersburg. 2:121—124.
. Samsonov, A.N. 2015. A device for high-speed video
filming of supersonic flows and moving particles. Pattern

Continuous multifront detonation of kerosene—air mix-
ture in an annular combustor with variations of its geom-
etry. Shock Waves 31(8):829—839.

Received February 21, 2022

Contributors

Samsonov Alexandr N. (b. 1987) — junior research scientist, M. A. Lavrentiev Institute of Hydrodynamics of the
Siberian Branch of the Russian Academy of Sciences, 15 Lavrentiev Ave., Novosibirsk 630090, Russian Federation;
samsalexandr@gmail.com

Tsarkova Alena V. (b. 1998) — engineer, M. A. Lavrentiev Institute of Hydrodynamics of the Siberian Branch of the
Russian Academy of Sciences, 15 Lavrentiev Ave., Novosibirsk 630090, Russian Federation; student, Novosibirsk
State University, 2 Pirogova Str., Novosibirsk 630090, Russian Federation; ar19122014@gmail.com

Bykovskii Fedor A. (b. 1947) — Doctor of Science in technology, chief research scientist, M. A. Lavrentiev Institute
of Hydrodynamics of the Siberian Branch of the Russian Academy of Sciences, 15 Lavrentiev Ave., Novosibirsk
630090, Russian Federation; bykovskii@hydro.nsc.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2022 volume 15 number 1





