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Abstract 
In this paper, the modeling of the formation of a powder charge consisting of 

granulated powder elements is considered. The aim of the work is to create a model that 

allows one to take into account the uneven distribution of powder elements along the 

length of the charge when calculating the intraballistic characteristics based on the gas-

dynamic approach, as well as to study the effect of the porosity of the powder charge on 

its intraballistic characteristics, assuming that porosity is the volume of voids per unit 

volume occupied by the powder elements. A technique for modeling the formation of a 

charge consisting of granulated powder elements and its visualization are presented. The 

initial and final conditions for the formation of a charge consisting of granulated powder 

elements are determined. The paper presents both analytical and experimental dependences 

of the pressure of the powder gases when fired. Systems of equations that are used in the gas-

dynamic approach to the shot process are given. The study of the influence of uneven 

porosity on the nature of pressure development in the gun barrel was carried out. The curves 

of the graphs of the dependence of the pressure in the area of the chamber bottom and the 

ammunition bottom for various conditions of the distribution of porosity over the considered 

section of the chamber are identified. In order to determine how the distribution of porosity 



 

 

along the length of the entire charge affects the pressure of the propellant gases during firing, 

calculations of the intraballistic parameters were carried out for all formed charges on the 

basis of the gas-dynamic approach. The gas-dynamic approach is based on considering the 

movement of the gas-powder mixture along the projectile space. In this case, all intraballistic 

processes are described using a system of differential equations. Based on the results of the 

study, conclusions about the effect of porosity on the nature of the change in pressure 

curves were drawn. 
 

For citation: Nikolay P. Smirnov, Evgeny A. Khmelnikov, Sofya F. Dubinina, Danil 
A. Ryazanov, Alexey I. Dunkov. Investigation of the influence of non-uniform 
porosity of a charge consisting of granulated powder elements on intra-ballistic 
parameters. Butlerov Communications A. 2021. Vol.2. No.4. Id.5. DOI: 
10.37952/ROI-jbc-A/21-2-4-5 

 

References 
[1] I.G. Rusyak, V.M. Ushakov. Intra-chamber heterogeneous processes in stem systems. 

Yekaterinburg: Ural Branch of the Russian Academy of Sciences. 2001. 259p. (Russian) 
[2] I.G. Rusyak, A.M. Lipanov, V.M. Ushakov. Physical foundations and gas dynamics of 

combustion of propellants in artillery systems. Moscow-Izhevsk: Institute of Computer 
Research. 2016. 456p. (Russian) 

[3] V.V. Burlov and et al. Ballistics of receiver systems RARAN; Moscow: 
Mashinostroenie. 2006. 461p. (Russian)  

[4] Nikolay P. Smirnov, Evgeny A. Khmelnikov, Sofya F. Dubinina, Danil A. Ryazanov, 
Alexey I. Dunkov. Investigation of the influence of non-uniform porosity of a charge 
consisting of granulated powder elements on intra-ballistic parameters. Butlerov 
Communications. 2021. Vol.67. No.9. P.37-45. DOI: 10.37952/ROI-jbc-01/21-67-9-37 
(Russian) 


