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Development of Numerical Model for Igniter and Study
on Initial Ignition of Interior Ballistics

Hyung-Gun Sung* - Jin-Sung Jang* - Dong-Whan Choi* - Tae-Seong Roh*'

ABSTRACT

A numerical model of the igniter for the interior ballistics has been developed combining the
lumped parameter model with the theoretical equation of the orifice. With the developed model
of the igniter, the numerical study on characteristics of the interior ballistics according to the
igniter configuration in terms of the igniter length, the side hole diameter, and the distribution of
side holes has been conducted. As results of the calculation of the pressure difference between
the breech and shot base, the low frequency oscillations have been influenced by the igniter
length, while the high frequency oscillations have been affected by the side hole diameter and
the distribution of side holes.
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Fig. 2 Schematic diagram of calculation model for interior ballistics
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Table 2. Characteristics of igniter(4, 6]

Igniter mass 0.065 (kg)
) Side hole diameter 55 (mm)
31 84 =4 Igniter density 1763 (Kg/m)
lgniter impetus 456758.4(J/kg)
y iy o - lgniter diameter 0.014 (m)
Table 1. Initial conditions of interior ballistics \qniter length 0502 (m)
Projectile mass 30 (ko) Igniter exponent in buming rate(n) 0.164
- 0.0026
Friction force 17236893 (Pa) lgniter coefficient in burning rate(a) (Pa)~"(ms)
: 3 a m/s
Propellant density 156945 (Kgm’) Molecular weight of igniter 220 (kg/kmol)
Impetus 9116654 (Jkg) Igniter specific heat ratio 1.15
Chamber area 0.019478 (m?) Igniter adiabatic temperature 1942 (K)
Chamber length 0.9675 (m)
L_a 1 [
Exponent in burning rate(n) 0.71 r—‘L J.j-
1.33858e-7
Coefficient in buming rate(a = =
0| () m ) !
. L 1
Molecular weight of propellant 220 (kg/kmol) Type # 1(Side hole # 1/ Side hole group)
Specific heat ratio 1.2593 - il
Adiabatic temperature 2417 (K) | l r-l s
! !
Sy 224 g s FAFH, dEW £
Ao o] A7A AEHA AL AFeEgT A Type # 2(Side hole # 2/ Side hole group)
1 a 1 B
9= A mde] A4S Figo 29 #a, %7 - —|
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Table 29} %1l Fig. 33 #o] H37] 42 & | l
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o] 41 mmolx daA WA ek wyoz Fig. 3 Side hole type of igniter

7ol 1.707 mmeolty. Al =Y (side hole)
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Table 3. Characteristics of side hole at igniter

- Total side | Side hole | Total L_a(delx x L_b(delx x
Case L_I(m)
hole Type group number) number)
Ign 1SH24_1_24 | 0.502 24 1 24 2 1
Ign 25H12_2 24 | 0.502 24 2 12 3 2
Ign 4SH6_4 24 0.502 24 4 6 5 4
Ign 3SH12 2 24 | 0.753 24 2 12 4 3
Ign 45H12_2 24 | 0.9675 24 2 12 5 4

Case name : Ign (Side hole type)SH(Group number)_(Grid skip)_(Total Side hole), delx = 0.048375 mm
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Nomenclature

: porosity

: exchange coefficient of drag factor

]

f : drag force at each cell

d : propellant diameter

u : viscosity coefficient

m : mass of the combustion gas
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

o : drag coefficient

q, : heat transfer in propellant

h, : heat transfer coefficient

R : Gas constant

k, : Propellant thermal conductivity
ap : Propellant thermal diffusivity

— 960

Subscript
p : particle or propellant
f : gas or fluid
ig : igniter
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