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

Hyung-Gun Sung* - Jin-Sung Jang* - Sang-Bok Lee* Dong-Whan Choi* Tae-Seong Roh**"

ABSTRACT

A numerical model of the igniter for the interior ballistics has been developed by combining lumped
parameter model with the theoretical equation of orifice. With the developed model of the igniter, the
numerical study on characteristics of the interior ballistics has been conducted according to the igniter
configuration in terms of igniter length, side hole diameter, and distribution of side holes. As results
of the calculation of the pressure difference between the breech and shot base, the low-cycle
oscillations have been influenced by the igniter length, while the high-cycle oscillations have been

affected by the side hole diameter and the distribution of side holes.
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f : drag of propellants gk A7 2ot g s ofF F2 A
h, : heat transfer coefficient 1 A ms Ftel Fofe] i H olF, 1
M : mach number at side hole -] AaTbzol o3k ghate] ThEro] o
m : mass flowrate of the combustion gas e dde] ety ojehe = e
m : mass Zo gk A3 dye Tolx By dEHAE
N : number density of parcel o] &3te] 7] ok & EWAA AHE AF
n : number density of black powder sh= slol etk efd o] SLAl 2
P : pressure 9] o]FH ALFE EAI|A= AF AWy 3
q : heat transfer of propellant Ak A ZAZ QI Aefer A ool
R . gas constant AR @7 gk ol PF, T AR, TF
. . buing rate St Al T #52 AgsE de
Sp : propellant surface = REE el o) AHeste Bed
Tpo : initial propellant surface temperature AH A7E FASARLS].
)  velocity =3, sl F0) G2 ) Feol A
v velme o= gstel Gt A4HR ol 8 X
N . mass fraction "] (Breech)$} &HA(Shot base)9] =}¢tol 5ol
a : volume fraction or porosity AT o) w AR Aol e gtol v
a, : coefficient in burning rate gl B O]-E_q o W wHdEel S5
E geul wag & Aok oz sl Ea)

: propellant thermal diffusivity

Q

pa

B : exponent in burning rate
Y : specific heat ratio

k, : propellant thermal conductivity
u : viscosity coefficient

p : density

0 : intergranular wave speed
Subscript

av : average

f : gas or fluid

ig : igniter

ign : injected igniter gas

p : particle or propellant

pri : primer
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Granular propellant Y % Computational domain
Center axis
Breech Igniter Shotbase Base Muzzle
(0 %) (100%)
Fig. 2 Schematic diagram of calculation model for interior ballistics
Table 1. Initial conditions of interior ballistics Table 2. Characteristics of igniter(4, 6]
Projectile mass 30 kg Igniter mass 0.065 kg
Friction force 17,236,893 Pa Side hole diameter 55 mm
Propellant density 1,569.45 kg/m® Igniter density 1,763 kg/m’
Impetus 911,665.4 Jkg Igniter impetus 456,758.4 Jkg
Chamber area 0.019478 Igniter diameter 0.014 m
Chamber length 0.9675 m Igniter length(L_) 0.502 m
Exponent in burmning rate(B) 0.71 Igniter exponent in burning rate(B) 0.164
Coefficient in buming rate(ay) I 5 o7 Igniter coefficient in burning rate(ay) 0'19026
. rn/s . rn/s
Molecular weight of propellant 22.0 kg/kmol Molecular weight of igniter 22.0 kg/kmol
Specific heat ratio 1.2593 Igniter specific heat ratio 1.15
Adiabatic temperature 2417 K Igniter adiabatic temperature 1,942 K
Table 3. Characteristics of side hole at igniter
. el e INa(@ends L b(delx
Case L_I(m) side hole
hole Type group number-0.5delx) number)
Ign 1SH24_1_24 0.5020 24 1 24 number = 2 number = 1
Ign 25H12_2 24 | 0.5020 24 2 12 number = 3 number = 2
Ign 4SH6_4_24 0.5020 24 4 6 number = 5 number = 4
Ign 2SH12_3_24 0.7530 24 2 12 number = 4 number = 3
Ign 4SH12_2_24 0.9675 24 2 12 number = 5 number = 4
Case name : Ign (Side hole type)SH(Group number)_(Grid skip, L_b)_(Total Side hole), delx = 0.01935 m
B ol% AZE 5 melw, ZieEsl 27 (Lbel AuEEd WAS %% wadd,
71EEL 0.6°] T TFYF X 142 19.35 mm(Ign 1SH24 1 _24),

38.70 mm(Ign
32 sl FU7- EX W vluL
Figure 3% o] #3}7]9|

97 RE 14

2SH12_2,24),
4SH6_4 24) 3 7HAZ 3tk ZHE =] Fo
de]l 2ol o, @A oY, xvjet 27] @4

7740 mm(Ign
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Muzzle

Case Velocity
(my/s)
Ign 1SH24_1 24 706
Ign 2SH12 2 24 711
Ign 4SH6_4 24 711
Ign 2SH12_3_24 708
Ign 2SH12 4 24 706
Side hole dia 4.5 mm 711
Side hole dia 5.5 mm 711
Side hole dia 6.5 mm 711
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