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Table 1 Details of AGARD gun V.

Term Data Term Data
Bore diameter (mm) 132 (constant) Propellant mass C (kg) 9.5255
Travel of projectile (mm) 4318 Propellant solid density p, (kg m™) 1578
Initial position of projectile 762 Propellant geometry Cylindrical
from breech (mm) 7-hole
Bore resistance P,., (MPa) 13.8 (constant) Size of propellant grain (mm) 91143 x 254
Heat loss to the barrel is neglected Diameter of propellant 1.143
grain hole (mm)
Projectile mass M, (kg) 45.359 Propellant burn rate cofficient 0.078385
- flat base a (cm s MPa™)
Igniter mass Cj, (kg) 0.2268 Propellant burn rate pressure index n 0.9
Igniter density p;, (kg m?) 1799 Propellant adiabatic flame temperature 2585
Ty (K)
Igniter adiabatic flame temperature 1706 Propellant impetus 1009
Toig (K) Fpr (T gh
Igniter impetus F, (J g) 392.6 Propellant covolume 1083.8
b (cm® kg')
Igniter molecular weight 36.13 Propellant ignition temperature (K) 444
(g molY)
Igniter specific heat ratio y;, 1.25 Propellant thermal conductivity 0.2218
ki (W s1KY
Initial temperature of air and 294 Propellant thermal diffusivity 0.08677
propellant in chamber (K) @, (mm? s)
Initial pressure atmospheric Propellant molecular weight 21.3
(g mol)
Molecular weight of ambient air 29 Propellant specific heat ratio y,, 1.27
(g molY)
Specific heat ratio of ambient air vy, 1.4 Propellant intergranular 254

wave speed a; (m s™)

For 1D simulations the igniter mass is injected uniformly throughout the region x = 0 mm (breech) to x = 127 mm, and
y =0 mm to y = 66 mm over a 10 ms time frame.
For 2D simulations the igniter is vented uniformly throughout the region x = 0 mm (breech) to x = 127 mm, and
y =0 mm to y =22 mm over a 10 ms time frame.

Table 2 Comparison of predicted results with other codes .

Code Max breech pressure Max base pressure Muzzle velocity
(MPa) (MPa) (m sV
0D ¢, =0s 396 360 700
0D 397 361 703
2D Whole igniter 393 360 695
2D Center igniter 400 360 699
IBHVG?2 (0D) 395 358 689
XKTC (1D) 357 330 695
MOBIDIC-NG 1D 355 325 685
MOBIDIC-NG 2D 360 328 687
FHIBS (2D) 386 356 686
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Interior ballistics simulation of the AGARD gun using
two-dimensional axisymmetric solid / gas two-phase flow
model and effectiveness of simulation method

Hiroaki Miura T and Akiko Matsuo

The interior ballistics simulations were carried out using the developed codes of the lumped parameter
method and the solid / gas two-phase flow model for two-dimensional axisymmetric calculation, in order to
reproduce the combustion process of the granular solid propellant in the chamber of projectile accelerator.
Predicted results for AGARD gun condition by the lumped parameter method and two-dimensional axisym-
metric calculation code using the representative particle method were compared with the results of the other
codes for validation, and were in good agreement with that of the other codes. The predicted histories of the
breech pressure and projectile muzzle velocities well agreed between the lumped parameter method and two-
dimensional axisymmetric calculation codes, but there was clear difference in these histories of differential
pressure since the pressure distribution in the two-dimensional axisymmetric simulation are quite differ-
ent from the assumption in the Lagrange pressure gradient model of the lumped parameter method. Two-
dimensional axisymmetric calculation predicted that the projectile base pressure rises and the differential pres-
sure takes negative value in the ignition stage due to the movement of solid propellant grains. The predictive
capability and effectiveness of solid / gas two-phase flow simulation for interior ballistics events, where the
large distribution of solid phase volume exists, were shown by the simulated results.

Keywords: Interior ballistics, Solid propellant, Two-phase flow, AGARD gun.
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