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Abstract: The combustion mechanism of double-base propellant in a nitrogen environment at pressures below 1 atm
is investigated. It is shown that combustion of samples occurs in the oscillating-cellular mode if the radiative heater
igniting the sample turns off immediately after ignition. In this case, the regularities of combustion, such as the
dependences of the size of the cells on the mean burning rate and the critical diameter of combustion on pressure,
are similar to those at pressures up to 5 MPa. If the radiative heater does not turn off after sample ignition, then
combustion at low pressures looks like a quasi-stationary one-dimensional mode (with a flat burning surface). At
the same time, the cellular combustion mode with fluctuations of the local burning rates is also observed. The
dependences of the characteristic size of the cells on the burning rate and the critical diameter of combustion on
pressure are obtained and the temperature of the burning surface corresponding to the measured burning rates is
estimated.
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Figure Captions

Figure 1 Views of burning surfaces of combustion samples at different pressures: (a) pressure 0.1 MPa, cylindrical sample with
a diameter of 19.5 mm; (b) pressure 0.05 MPa, sample of rectangular cross section 18.1× 17.3mm; and (c) pressure 0.03 MPa,
cylindrical sample with a diameter of 19.5 mm

Figure 2 Combustion surfaces of the samples burning with a working radiative heater at different pressures: (a) 0.1 MPa;
(b) 0.05; and (c) 0.03 MPa. The sample sizes are shown in Table 3

Figure 3 Dependences of the burnt web H and the burning rate U along the vertical generatrix of the sample at pressures of
0.1 (1), 0.05 (2), and 0.03 MPa (3) with the step of 0.32 s

Table Captions
Table 1 The parameters of cells on the burning surface at pressures of 0.1–0.03 MPa

Table 2 The critical diameter at a pressure of 0.05 MPa

Table 3 The mean burning rate and its values at pressures of 0.1–0.03 MPa at working radiative heater

Acknowledgments

This work was fulfilled on the themes of the State Tasks Nos. AAAA-A17-117021310385-6 and АААА-А17-
117040610346-5 and was supported by the Russian Foundation for Basic Research, Grant No. RFFI18-08-01454a.

References

1. Marshakov, V. N. 1987. Parametry ochagovo-
pul’siruyushchego rezhima goreniya nitroglitserinovogo
porokha [The parameters of spot pulsating burning of
nitroglycerine powder]. Sov. J. Chem. Phys. 6(4):530–537.

2. Anan’ev, A. V., A. G. Istratov, Z. V. Kirsanova, V. N. Mar-
shakov, and G. V. Melik-Gaikazov. 2001. Neustoychivost’

pri ustanovivshemsya gorenii porokhov i vzryvchatykh
veshchestv [Instability during nonsteady combustion of
powders and explosives]. Khim. Fiz. 20(12):47–52.

3. Marshakov, V. N., A. G. Istratov, and V. M. Puchkov. 2003.
Combustion-front non-one-dimensionality in single- and
double-base propellants. Combust. Explo. Shock Waves

39(4):452–457.

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2020 volume 13 number 1



The mechanism of double-base propellant combustion at low pressures

4. Marshakov, V. N., and S. V. Finyakov. 2017. Local
non-unidimensional combustion front velocities for
nitroglycerin-based propellants. Russ. J. Phys. Chem. B

11(3):450–459.

5. Romanov, O. Y., A. A. Baranov, V. F. Besedovskii, and
D. N. Polulyashnyi. 2009. Video-chromatic measure-
ments of temperature fields during combustion of low-
temperature solid propellant. Combust. Explo. Shock Waves

45(3):293–302.

6. Rashkovskiy, S. A. 2018. Gorenie zaryadov konden-
sirovannykh energeticheskikh materialov s iskrivlennoy
poverkhnost’yu [Combustion of grains of condensed en-
ergetic materials with a curved burning surface]. Goren.

Vzryv (Mosk.) — Combustion and Explosion 11(1):90–96.

7. Krupkin, V. G., V. N. Marshakov, and S. A. Rashkovskiy.
2019. Mehanizm vosplameneniya ballistitnikh porokhov
pri nizkikh davleniyakh. [The mechanism of ignition of
double-base propellant at low pressures]. Goren. Vzryv

(Mosk.) — Combustion and Explosion 12(1):90–99. doi:
10.30826/CE19120111.

8. Zenin, A. A. 1980. Protsessy v zonakh goreniya ballistitnykh
porokhov [Processes in burning zones of ballistic propel-
lants]. Fizicheskie protsessy pri goreni i ivzryve [Physical
processes at combustion and explosion]. Moscow: Atomiz-
dat. 68–105.

9. Marshakov, V. N., and A. G. Istratov. 2007. Critical diam-
eter and transverse waves of powder combustion. Combust.

Explo. Shock Waves 43(2):188–193.

Received November 21, 2019

Contributors

Marshakov Vladimir N. (b. 1935) — Doctor of Science in physics and mathematics, chief research scientist,
N. N. Semenov Federal Research Center for Chemical Physics of the Russian Academy of Sciences, 4 Kosygin
Str., Moscow 119991, Russian Federation; marsh 35@mail.ru

Krupkin Vladimir G. (b. 1949) — Doctor of Science in physics and mathematics, chief research scientist,
N. N. Semenov Federal Research Center for Chemical Physics of the Russian Academy of Sciences, 4 Kosygin
Str., Moscow 119991, Russian Federation; krupkin49@mail.ru

Rashkovskiy Sergey A. (b. 1957) — Doctor of Science in physics and mathematics, chief research scientist,
A. Yu. Ishlinsky Institute for Problems in Mechanics, Russian Academy of Sciences, 101 Vernadskiy Av., Moscow
119526, Russian Federation; leading research scientist, N. N. Semenov Federal Research Center for Chemical
Physics of the Russian Academy of Sciences, 4 Kosygin Str., Moscow 119991, Russian Federation; rash@ipmnet.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2020 volume 13 number 1




