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Analysis of Elements Influencing on Performance
of Interior Ballistics

Hyung-Gun Sung* - Seung-Young Yoo* -+ Dong-Whan Choi* - Tae-Seong Roh*"

ABSTRACT

The analysis of the performance and the internal flow according to various numerical models
used for the interior ballistics has been conducted. The internal flow has been mainly affected by
the drag model. As results, oscillations of the pressure differences between the breech and the
shot base has been reduced with a deceased drag of the propellant. The major performance of
the interior ballistics has no relation to the models using Nusselt number for heat transfer
coefficient. The negative pressure difference without the heat transfer of the propellant has not

been shown.
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Fig. 1 Section of Interior ballistics
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Table 1. Drag models of two phase flow[9-11]

Model D-A ( Ergun )
(1—a) U, — U
D, 50— YL
Pp ad, »
Model D-B ( Gibilaro & Gidaspow )
3 pluy;—u,)
D_C————
P ppdp
24 0.687 —-1.8
Cd=E(1+O.15Re o for Re <1000
=0.44a" ' for Re = 1000
Model D-N ( Ergun and Fixed bed )
(1—a) 0t — U
D, 50— LDt
Pp adp dp

Robert's Law® ©]&3t9 3 Eq. 7% o] %9
HTH1-8, 12].
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Table 2. Nusselt number correlation of heat transfer

Model Nu-A ( Porterie )

Nu=2+0.4Re?*Pr/?

Model Nu-B ( Ranz and Marshall )
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Fig. 2 Schematic diagram of calculation model for interior ballistics
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Table 3. Initial conditions of interior ballistics

Projectile mass 30 (kg)
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
o . 1.33858e-7
Coefficient in burning rate(a) (Pa)~"(m/s)
Molecular weight of propellant 22.0 (kg/kmol)
Specific heat ratio 1.2593
Adiabatic temperature 2417 (K)

Table 4. Characteristics of igniterl4, 6]

Igniter mass 0.065 (kg)
Side hole diameter 55 (mm)
lgniter density 1763 (Kg/m?)
lgniter impetus 456758.4(J/kg)
Igniter diameter 0.014 (m)
Igniter length(L_l) 0502 (m)
Igniter exponent in burning rate(n) 0.164
Igniter coefficient in burning rate(a) 0;0026
(Pa) " (m/s)
Molecular weight of igniter 22.0 (kg/lkmol)
Igniter specific heat ratio 1.15
lgniter adiabatic temperature 1942 (K)
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Table 5. Igniter conditions

Side hole number 1 2 3

Position ({ro;;l breech 10% | 18% | 26%

Side hole number 4 5 6

Position from breech ® ® 0
(L_a) 34% | 42% | 50%
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b) Base pressure at barrel surface

Fig. 4 Pressure according to drag models
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Fig. 5 Energy transfer from flow to propellant
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Fig. 6 Pressure difference from breech to shot
base using drag models

Table 6. Calculated results of performances by
varying the drag models

Maximum Muzzle | Muzzle
Case Pressure Velocity | Time
(MPa) (m/s) (ms)
Model
D-A 218 711 14.8
Model
D-B 213 710 14.8
Model
D-N 349 656 16.7
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Table 7. Calculated results of performances by
varying the heat transfer models

Maximum Muzzle | Muzzle
Case Pressure Velocity | Time
(MPa) (m/s) (ms)
Model
NU-A 218 711 14.8
Model
Nu-B 218 711 14.8
Model
Nu-N 214 714 144
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Nomenclature
a : porosity
D, : exchange coefficient of drag factor 4
f : drag force at each cell
d : propellant diameter
§] : viscosity coefficient
m : mass of the combustion gas 5.
a, : coefficient in burning rate
B : exponent in burning rate
P : pressure
f : interphase drag
N : grain number density
r : burning rate
S, : propellant surface 6.
o : drag coefficient
q, : heat transfer in propellant
hy : heat transfer coefficient
R : Gas constant 7
k, : Propellant thermal conductivity
ap : Propellant thermal diffusivity
a, : Intergranular wave speed
Subscript
8
P : particle or propellant
f : gas or fluid
ig : igniter
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