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ABSTRACT

This paper presents a numerical investigation on detonation of a kerosene-air mixture in the copper
tube and the structural response associated with combustion instability in liquid rocket engine. A
single step Arrehnius rate law and Johnson-Cook strength model are used to describe the chemical
reaction of kerosene-air mixture detonation and the plastic deformation of the copper tube. The
changes of flow field and tube stress which are induced by plastic deformation, are investigated on

the different tube thicknesses and nozzle configurations.
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: Champman-Jouguet

x

: total energy density
: pressure
. gas constant

: velocity
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: mass fraction of the reactant mixture
: strain

: cauchy stress tensor

: deviatoric stress tensor

: level

TR N Q9 ™

: r-axis in 2-D cylindrical domain

N

: z-axis in 2-D cylindrical domain
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Table 1. Initial condition and parameters of kerosene—
air mixture.

Kerosene-air mixture

1.2364 kg/m’

Working mediums

Initial density

Initial pressure 1 bar
433 K
728123 ]/ (kg-K)
0.03036 kg/mol
8.0X10° m’/(kg-s)
71036 J/mol
1.55X10° J/kg
18 bar [4]
1750 m/s [8]

Initial temperature

Specific heat ratio

Molecular weight

Pre-exponential factor

Activation energy

Chemical heat release

C-J" detonation pressure

C-J" detonation velocity

*Chapman - Jouguet

2 ps 4 us 6 us 8 us 10 ps
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Fig. 1 Pressure histories along detonation propagation
(black lines) and temperature profile at 10 ps
(red line).
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Fig. 2 Schematic of a 2D problem setup for tube.
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