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Abstract: We present the results of a multi-material numerical investigation of the propagation of a
combustible gas mixture detonation in narrow metal tubes. We use an experimentally tuned one step
Arrhenius chemical reaction and ideal gas equation of state (EOS) to describe stoichiometric H»-O, and
C,H4-O, detonations. The purely plastic deformations of copper and steel tubes are modeled using the Mie—
Gruneisen EOS and Johnson—Cook strength model. To precisely track the interface motion between the
detonating gas and the deforming wall, we use the hybrid particle level-sets within the ghost fluid framework.
The calculated results are validated against the experimental data because the results explain the process of
the generation and subsequent interaction of the expansion wave with the high-strain-rate deformation of the
walls.
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Table 1 Initial condition and parameters of stoichiometric

GH4-O, mixture and stoichiometric H-O, mixture

Working Stoichiometric | Stoichiometric
mediums C2H4-02 Hz-Oz
mixture mixture!!”
Initial density, po | 1.268 kg/m’ | 0.493 kg/m’
Initial pressure, P 1.003x10° Pa 1.01x10° Pa
crmootal 295 K 293 K
emperature, Ty
Specific heat 1232 1333
ratio, y ) )
Molecular 0.01185
weight, Mw 0.031 kg/mol kg/mol
Pre-exponential 8x10* 7x10°
factor, A m*/(kgs) m’/(kgs)
Activation
energy, E 59035 J/mol 69036 J/mol
Chemical heat 4.597x10° 4.867x10°
release, g J/kg J/kg
CJ detonation | 3 55,1065 | 1.773x10°Pa
pressure
CJ detonation | 5343 g 2845 m/s
velocity
9r pa Experiment [6]
—— Simulation [6]
g o
£
g P1 P2 P3
a
<
o

Time, ms

data at four pressure gauges

Elasto-plastic
(304L S8) tube

Stoichiometric
C:Hy-05 mixture

Plane shock
for lynum\

—

127 mm

Fig. 1 Comparison of experimental and numerical
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Void
300 mm
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Fig. 2 Schematic of a 2D simulation setup
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Table 2 Initial conditions and parameters of copper

tube
Working mediums Copper'"?
Initial density, po 8930 kg/m’
Initial temperature, T, 293 K
Shear modulus, G 43.33 GPa
Possion’s ratio, v 0.35
Heat capacity, ¢ 383.5 W/(m K)
Gruneisen coefficient, T’y 2.0
Normal sound speed, co 3940 m/s
s 1.49
Initial yield strength, oy, 90 MPa
A 292 MPa
n 0.31
B 0.025
m 1.09
————————— 0.1 mm
3 —-————- 0.05 mm
N 0.02 mm
r e 0.01 mm 'd
25} !
o i
=
g |
t:I,) 1.5F
(2]
e
o 1F
o.sw
 E— 10 15

Fig. 4 Pressure profiles of four different mesh sizes
(0.1, 0.05, 0.02, and 0.01 mm)
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Fig. 5 Detonation structure and CJ pressure for increasing
initial pressures in a stoichiometric Hp-O,mixture
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