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ABSTRACT

The analysis of performance and internal flow according to various numerical models for interior
ballistics has been conducted. The initial flow has been mainly affected by the drag model of
propellants and their drag degradation reduces oscillations of differential pressure between the breech
and the shot base. Models of Nusselt number haven’t influenced the major performance of interior
ballistics. The negative differential pressure isn't generated in the case without the heat transfer of

propellants.
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: heat transfer coefficient

=

: mass flowrate of the combustion gas
: number of propellant at each parcel

: pressure
: heat transfer of propellant

. gas constant

~- ®mAa T Z 3.

: burning rate

9p]
<

: propellant surface

—

po : initial propellant surface temperature

: velocity

< =

: mass fraction

: volume fraction or porosity

: coefficient in burning rate

=

: propellant thermal diffusivity

=]
S

: exponent in burning rate

: specific heat ratio

™ < ™ O 9 @

=

: propellant thermal conductivity
: viscosity coefficient

: density

a o =

: intergranular wave speed
Subscript

f : gas or fluid
ig : igniter

p : particle or propellant
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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) D¢ | Up — U,
D, 50— rgselte
Pp ad, »
Model D-B ( Gibilaro & Gidaspow )
DU — U,
Cd3 pyluy—u,
Py
24

Ci=p (1+015R 0887 "8 for Re <1000
=0.440" for Re > 1000

Model D-N ( Ergun and Fixed bed )

(1—a) 0| Up — U,
D, 10t gl
Py ad, P
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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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Model Nu-N ( Non-heat transfer )
Without heat transfer
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Fig. 2 Schematic diagram of calculation model for interior ballistics.

Muzzle

Table 4. Characteristics of igniter[4,6].

L_a
I | - - Igniter mass 0.065 kg
() ( [ ; :
- - - Side hole diameter 55 mm
| No.1  No.2  No.n Igniter density 1,763 kgim®
] 1
L_i Igniter impetus 456,758.4 Jlkg
Fig. 3 Igniter dimension. Igniter diameter 0014 m
lgniter length(L_1) 0502 m
Table 3. Initial conditions of interior ballistics. lniter exponent in burning rate(@) 0.164
Projectile mass 30 kg . S . 0.0026
Friction force 17.236.893 Pa lgniter coefficient in burning rate(ay) Pa® « /s
Propellant density 156945 kg/m?’ Molecular weight of igniter 220 kg/kmol
Impetus 91,6654 Jkg Igniter specific heat ratio 1.15
Chamber area 0019478 n? ) —
Igniter adiabatic temperature 1,942 K
Chamber length 09675 m
Exponent in burning rate(B) 0.71
Table 5. Igni itions.
Coefficient in buming rate(ay) I &7 ol ® forter condrs
Pa® «mys Side hole number No.l | No2 | No3
Molecular weight of propellant 220 kgkmol Position from breech 10% | 18% | 26%
Specific heat ratio 1.2593 Side hole number No4 | No5 | No6b
Adiabatic temperature 2417 K Position from breech 3% | 42% | 0%
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gae) o]F Agle 5 molw, FUwEe] 27 &3k Fig 48 ¥9 wdd g 27 Az
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a) Breech pressure at barrel surface
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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 flows to propellants.
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Fig. 6 Differential pressure from breech to shot
base using drag models.
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b) Base pressure at barrel surface

Fig. 9 Pressure according to heat transfer models.
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Fig. 10 Differential pressure from breech to shot

base according to heat transfer models.

Table 7. Calculated results of performances by varying
the heat transfer models.

Maximum Muzzle | Muzzle
Case Pressure Velocity | Time
(MPa) (my/s) (ms)
Model
NU-A 218 711 14.8
Model
Nu-B 218 711 14.8
Model
NN 214 714 14.4
FE 54 Ael7k vehgon mAFAAe
FYe Al AU A0l B At
J4EE FAAFATH Nusselt & EdE2 Wi
F543 A%0 48e T4 = Aoz Uy
Hn @AY 18 olne Agdel SAdw 4%
o =
= TT

A= 7 ol 2% s}
AdE Hast AAk A= ZES LA
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