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Development of Numerical Code for Interior Ballistics and
Analysis of Two-phase Flow according to Drag Models

Hyung-Gun Sung* - Jin-Sung Jang* - Seung-Young Yoo** - Tae-Seong Roh***"

ABSTRACT

In order to simulate the ignition-gas injection in the interior ballistics, a two-dimensional analytic
code for two-phase flows has been developed. The Eulerian-Lagrangian approach and the
low-dissipation simple high-resolution upwind scheme(LSHUS) have been adopted in the numerical
code for the propellant combustion of the gun propelling charges. The ghost-cell extrapolation method
has been used for the moving boundary in the chamber with the projectile movement. The calculation
results of the developed code have been compared and verified through those of the dimensionless
IBHVG2 code and the previous one-dimensional code. In comparison with the two-phase flows
according to the drag models, the numerical analysis of the muzzle velocity has been affected by the

drag model.
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Table 2. Initial value of test model

Projectile mass 30 (k)
Friction force 17236893 (Pa)
Propellant density 1569.45 (Kg/m’)
Impetus 911665.4 (Jkg)
Chamber area 0.019478 ()
Chamber length 0.9675 (m)
Exponent in burning rate(n) 0.71
1.33858e-7
Coefficient in bumning rate(a) (Pa)~"(m/s)
Molecular weight of propellant 220 (kg/kmol)
Specific heat ratio 1.2593
Adiabatic temperature 2417 (K)

% Computational domain

Base Muzzle

Fig. 2 Schematic diagram of calculation model for interior ballistics
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Table 3. Calculated results of performances by varying the porosity and the size of the ball diameter

Case Maximum Pressure Muzzle Velocity Muzzle Time
(atm) (my/s) (ms)
IBHVG2 1350 586.8 16.6
Porosity 0.7 1D code 1380 591.6 16.4
Present 1380 589.2 16.4
IBHVG2 1950 706.2 13.6
Porosity 0.6 1D code 2090 713.7 13.4
Present 2070 710.8 13.5
IBHVG2 2680 810.9 11.6
Porosity 0.5 1D code 3070 823.6 11.4
Present 3010 8174 11.4
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Fig. 8 Projectile velocity according to drag models
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Table 5. Muzzle velocity according to drag model at
two phase flow

Case Model A | Model B

Non-combustion 723 m/s 798 m/s

Combustion 942 m/s | 1032 m/s

Interior ballistics 589.2 m/s | 589.4 m/s
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Nomenclature

: porosity

: exchange coefficient of drag factor
: drag force at each cell

: propellant diameter

: viscosity coefficient

: mass of the combustion gas
: coefficient in burning rate

: exponent in burning rate

: pressure

: interphase drag

: grain number density

: burning rate

: propellant surface

: drag coefficient

: particle or propellant
: gas or fluid
: igniter
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