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Abstract: To select the block charge for a given barrel setup, it is nesessary to optimize a few of its properties,
including the size of propellant grains, thickness of the polymer film coating the grain surface, density, configuration,
size and strength of the block as well as loading density. This work involves a lot of firings, because any change of the
block properties results in changing of the maximum pressure. Application of numerical modeling provides with
opportunity to fulfill this work more effectively, significantly reducing the number of firings. This paper considers
an example of the block optimization in a 14.5-millimeter laboratory barrel setup using a numerical model of
internal ballistics. The first step is the testing of the input parameters of the model by means of comparison of
calculation results with a few firings at the blocks fabricated from single-base propellant VU coated by 3% polyvinyl
butyral. The second step is the parametric analysis which demonstrates significant increase of the muzzle velocity
with increasing the loading density and changing the all-round mode of the block burning by the butt one. The
block properties have been determined under which the calculated increment of the muzzle velocity relative to the
common charge of loose-packed density exceeds 200 m/s, or 18%, at the same maximum pressure.

Keywords: internal ballistics; single-base propellant; block charge; loading density; muzzle velocity

DOI: 10.30826/CE18110409

Acknowledgments

The work was supported by the Russian Science Foundation (grant No. 16-29-01010) and partly by a subsidy given to
to N. N. Semenov Institute of Chemical Physics of the Russian Academy of Sciences for the performance of the state
task (topics 0082-2016-0011, AAAA-A17-117040610346-5 and 0082-2018-0004, AAAA-A18-118031590088-8).

References
1. Serebryakov, М. Е. 1962. Vnutrennyaya ballistika

stvol’nykh sistem i porokhovykh raket [Internal ballistics of
barrel systems and propellant rockets]. Мoscow: Oboron-
giz. 703 p.

2. Khomenko, Yu. P., A. N. Ishchenko, and V. Z. Kasi-
mov. 1999. Matematicheskoe modelirovanie vnutriballisti-

cheskikh protsessov v stvol’nykh sistemakh [Mathematical
modeling of internal ballistics processes in the barrel sys-
tems]. Novosibirsk: Siberian Branch of RAS Publs. 254 p.

3. Sulimov, А. А., M. K. Sukoyan, Yu. M. Michailov,
V. P. Korolev, A. V. Roman’kov, and A. V. Khinikadze.
July 20, 2000. Metatel’nyy zaryad [Propulsive charge].
Patent of Russian Federation No. 2153144.

4. Ermolaev, B. S., and A. A. Sulimov 2017. Konvektivnoe

gorenie i nizkoskorostnaya detonatsiya poristykh energeti-

cheskikh materialov [Convective burning and low-velocity
detonation of porous energetic materials]. Moscow:
TORUS PRESS. 400 p.

5. May, I. W., and A. A. Juhasz. 1981. Combustion processes
in consolidated propellants. Aberdeen Proving Ground,
MD: U.S. Army Ballistic Research Lab. Technical Report
ARBRL-MR-03108.

6. Bonnet, C., P. D. Pieta, and C. Reynaud. 2001. In-
vestigations for modeling consolidated propellants. 19th

Symposium (International) of Ballistics Proceedings. Ed.
I. R. Crewther. Interlaken, Switzerland. 1:99–106.

7. Drammond, J. 2012. Densified ball powder, cased
telescoped propelling charge, LSAT Success. NDIA

Joint Armaments Conference. Seattle, WA: St. Marks
Powder Inc. Available at: https://ndiastorage.blob.core.
usgovcloudapi.net/ndia/2012/armaments/Wednesday
13627drummond.pdf (accessed November 6, 2018).

8. Xiao, Z., S. Ying, and F. Xu. 2014. Deconsolidation and
combustion performance of thermally consolidated pro-
pellants deterred by multi-layers coating. Defence Technol.

10(2):101–105.

9. Ermolaev, B. S., A. A. Sulimov, A. A. Belyaev, A. V. Ro-
man’kov, and V. S. Posvyanski. 2001. Modelirovanie kon-
vektivnogo goreniya inhibirovannykh energeticheskikh
materialov [Modeling of convective burning of inhibited
energetic materials]. J. Advances Chem. Phys. 20(1):84–
93.

10. Ermolaev, B. S., A. A. Sulimov, and A. V. Roman’kov.
2002. Chislennoe modelirovanie ballisticheskogo eksperi-
menta s vysokoplotnym zaryadom konvektivnogo goreniya
[Numerical simulation of a ballistic experiment with
a high-density charge of convective combustion]. J. Ad-

vances Chem. Phys. 21(7):79–87.

Received September 1, 2018

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2018 volume 11 number 4



B. S. Ermolaev, А. V. Roman’kov, and A. A. Sulimov

Contributors

Ermolaev Boris S. (b. 1940) — Candidate of Science in physics and mathematics, head of laboratory, N. N. Semenov
Institute of Chemical Physics, Russian Academy of Sciences, 4 Kosygin Str., Moscow 119991, Russian Federation;
boris.ermolaev44@mail.ru

Roman’kov Alexander V. (b. 1947) — 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; romankov@mail.ru

Sulimov Alexey A. (b. 1937) — Doctor of Science in physics and mathematics, professor, chief research scientist,
N. N. Semenov Institute of Chemical Physics, Russian Academy of Sciences, 4 Kosygin Str., Moscow 119991,
Russian Federation; aasul@chph.ras.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2018 volume 11 number 4




