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Abstract: A semiempirical method for calculating the acceleration ability (AA) of individual explosives and
aluminized compositions was developed using experimental data arrays. The method is based on the Gurney model
and the assumption that the coefficient of transformation of chemical energy into the kinetic energy depends
on the number of moles of gaseous explosion products (EP). In the case of individual high explosives (HEs),
the calorimetric heat of explosion and the corresponding EP composition are used. The equations, derived for
aluminized HE, permit calculating the velocities of copper cylinder at a degree of EP expansion 2 and 7 (method
T-20) and the velocity of steel plate at a distance 40 mm (method M-40). In this case, the effective degree of
Al oxidation, heat effect, and product composition are evaluated for the considered stages of expansion process.
The equations take into account the dependence of AA on the oxygen content of base explosive, charge density,
concentration, and particle size of ingredients. The AA evaluation was conducted for the aluminized model
HMX-based mixtures containing a series of HEs with a positive oxygen balance.
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Figure Captions

Figure 1 Convergence of calculated (Wc) and experimental (We) velocities of the shell (T-20) for individual explosives. Straight
line — function y = x

Figure 2 Relative plate velocities (M-40) depending on the content of the explosive oxidizer in the mixture with HMX; solid
lines — binary compositions; dashed lines — compositions with the addition of 12.5% Al; explosive oxidizer: 1 — BTNEN; 2 —
HNF; 3 — ADN; and 4 — DNG

Table Captions

Table 1 Experimental (Ve) [19] and calculated (Vc) velocities of the plate (M-40) for explosives and Al-free compositions

Table 2 Experimental and calculated velocities of the shell (T-20) and plate (M-40) for compositions containing 15% Al

Acknowledgments
The work was carried out within the framework of the State task “1.5 Fundamental research of energy-saturated
materials and electrochemical systems in order to increase the efficiency and safety of their use.”

References

1. Orlenko, L. P., ed. 2002. Fizika vzryva [Physics of explo-
sion]. 3rd ed. Moscow: Fizmatlit. Vol. 1. 832 p.

2. Zhernokletov, M. V., ed. 2003. Metody issledovaniya

svoystv materialov pri intensivnykh dinamicheskikh na-

gruzkakh [Methods for studying the properties of materi-
als under intense dynamic loads]. Sarov: RFNC–VNIIF.
402 p.

3. Hardesty, D. R., and J. E. Kennedy. 1977. Thermochemi-
cal estimation of explosive energy output. Combust. Flame

28:45–59.

4. Hornberg, H. 1986. Determination of fume state parame-
ters from expansion measurements of metal tubes. Propell.

Explos. Pyrot. 11(1):23–31.

5. Finger, M., E. Lee, F. H. Helm, B. Hayes, H. Hornig,
R. McGuire, and M. Kahara. 1976. The effect of elemen-
tal composition on the detonation behavior of explosives.
6th Symposium (International) on Detonation Proceedings.
Coronado, CA. 710–722.

6. Gurney, R. W. 1943. The initial velocities of fragments
from bombs, shells and grenades. Aberdeen Proving
Ground, MD: Army Ballistic Research Laboratory. Re-
port BRL 405.

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2023 volume 16 number 2



M. N. Makhov

7. Kamlet, M. J., and M. Finger. 1979. An alternative method
for calculating Gurney velocities. Combust. Flame 34:213–
214.

8. Koch, A., N. Arnold, and M. Estermann. 2002. A simple
relation between the detonation velocity of an explosive
and its Gurney energy. Propell. Explos. Pyrot. 27(6):365–
368. doi: 10.1002/prep.200290007.

9. Danel, J.-F., and L. Kazandjian. 2004. A few re-
marks about the Gurney energy of condensed explo-
sives. Propell. Explos. Pyrot. 29(5):314–316. doi: 10.1002/
prep.200400060.

10. Viktorov, S. B., S. A. Gubin, I. V. Maklashova, and
V. I. Pepekin. 2010. Modeli uravneniy sostoyaniya pro-
duktov i metodika termodinamicheskogo modelirovaniya
detonatsii [Models of equations of state of products and
methods of thermodynamic simulation of detonation].
Yadernaya fizika i inzhiniring [Nuclear Physics and Engi-
neering] 1(1):80–96.

11. Makhov, M. N. 2001. Determining the energy content of
individual HE. Chem. Phys. Rep. 19(6):1155–1160.

12. Makhov, M. N. 2005. Metod otsenki teploty vzryva alyu-
minizirovannykh VV [Method for evaluating the heat of
explosion of aluminized HE]. Conference (International)

“7th Kharitonov Topical Scientific Readings” Proceedings.
Sarov: RFNC–VNIIEF. 53–58.

13. Makhov, M. N. 2020. Determination of the heat
of an explosion of aluminized blasting сompounds.

Russ. J. Phys. Chem. B 14(5):821–828. doi: 10.1134/
S1990793120050085.

14. Makhov, M. N., and V. I. Arkhipov. 2008. Method for
estimating the acceleration ability of aluminized high ex-
plosives. Russ. J. Phys. Chem. B 2(4):602–608.

15. Makhov, M. N., and V. I. Arkhipov. 1989. Velocity of shell
dispersion. Combust. Explo. Shock Waves 25(3):343–345.

16. Makhov, M. N. 2002. A simple method for predicting the
metal acceleration ability of high explosives. 33rd Annual

Conference (International) of ICT Proceedings. Karlsruhe.
Paper 74. 12 p.

17. Roth, J. 1983. Velocity of explosively driven fragments in En-

cyclopedia of Explosives and Related Items. Dover, NJ: U.S.
Army Research and Development Command. 10:V63–
V90.

18. Orlenko, L. P. 2008. Fizika vzryva i udara [Physics of
explosion and impact]. Moscow: Fizmatlit. 304 p.

19. Arkhipov, V. I., M. N. Makhov, and V. I. Pepekin. 1993. On
detonations of composite explosives of the oxidizer–fuel
type]. Khim. Fizika 12(12):2395–2399.

20. Makhov, M. N., M. F. Gogulya, A. Yu. Dolgoborodov,
M. A. Brazhnikov, V. I. Arkhipov, and V. I. Pepekin. 2004.
Acceleration ability and heat of explosive decomposition
of aluminized explosives. Combust. Explo. Shock Waves

40(4):458–466.

21. Makhov, M. N. 2018. Acceleration ability of aluminum-
containing explosive compositions. Russ. J. Phys. Chem. B

12(2):258–265. doi: 10.1134/S1990793118020203.

Received March 17, 2023

Contributor

Makhov Michael N. (b. 1946) — 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;
mmn13makhov@yandex.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2023 volume 16 number 2




