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Numerical investigation of gaseous detonation observed in the

elasto-plastic metal tubes

Min-cheol Gwak”, Yeong-dea Do™, Jeong-su Park™, Jai-ick Yoh""

ABSTRACT

We present a numerical investigation on gaseous (ethylene-air mixture) detonation in
the elastoplastical metal tubes to understand the wall effects associated with the
developing detonation instability. The acoustic disturbances originating from the rapidly

expanding tube walls reach the
distortions and total energy losses.

detonating flame surface,
The compressible Navier-Stokes equations with

thereby causing flame

equation of state for gas and elasto-plastic deformation field equations for inert tubes
are solved simultaneously to understand the complex multi-material interaction in the
rapidly expanding gas pipe. In order to track governing variables across the material
interface, we use the hybrid particle level-set and ghost fluid methods to precisely
estimate the interfacial quantities. Features observed from the deforming (thin) tube
show substantially different behavior when a detonation propagates in the rigid (thick)
tube with no acoustically responding wall conditions.

Key Words : Multi-material interaction, Detonation, Expansion wave
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Table 1 Initial conditions and parameters of
ethylene—air mixture

Initial temperature T 293
Initial pressure Py 1.33X10"
Initial density Do 0.158
Adiabatic index Y 1.15

Molecular weight M 29X10’

Pre—exponential factor A 3.2X10°

Activation energy E. | 35.35RTy/M

Chemical energy release Q 48.82RTy

Table 2 Parameters of metal tubes
Tungsten | Copper | Aluminum
Nkg/m’) 1.4 2.0 2.0
okg/ m3) 17600 8930 2700
C{W/mK) 477 385.5 1000
k,

(J/(kgK)) 38 401 170
o GPa) 1.51 04 0.255
TYK) 298 298 298
E(GPa) 200 117 70

v 0.29 0.35 0.35
G(GPa) 124 43.33 26
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Fig. 1 Density (unitt kg/m3) in 1 mm

thickness thin copper tube

0 01 02 03 04

9 0.03

Fig. 2 Effective plastic strain rate at 120 ps
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Fig. 3 Tube expansion
metal tubes

ratios of different



w2} 745 1.5 mme 78 #e A$+= 120
us7kA gkl ZE S JhE B s o) o3 ¥

=

of W2 1 mm #5% Wi HALE e
obef Fig. 49} #o] & o] 22 dFuw
o AS, & AIZE e w2 wy 4 i 9y
Zute] Autg % ¢ de v, FE ek 8
2" A Hip =2 Wy wsS Folg S
AT

- = = = Aluminum

o
-~

-
o
o

Tube expansion ratio (r/r0)

L
0.02 0.04 0.06 0.08
Time, ms

Fig. 4 Tube expansion ratios of different
metal tubes
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