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Propagation of reactive cracks and characterization of reaction violence
in spherical charge under strong confinement
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Abstract: High temperature gaseous products of conductive burning on explosive surface can penetrate into preformed crack
inside explosive bulk under high pressure to form so-called convective burning. The high rising gaseous products pressure
resulting from the convective burning in turn will create cracks inside the explosive bulk, leading to the formation of new
channels for convective reaction and the more reaction surfaces for burning. In this paper, a new experimental method is
designed for a pressed HMX-based PBX, in which a highly confined spherical charge is ignited on center point via non-shock
initiation. The propagation of such kind of reactive cracks inside is recorded and evaluated with the total reaction violence
growth behavior characterized by reaction pressure and confinement wall velocity profile. In the experiment with a transparent
window, the early stage evolution of crack inside explosive sphere is invisible and the crack system after the crack break

through to the spherical surface shows a 4 fold symmetric crack pattern which is deduced to be related with outer layer
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confinement conjunction manner. The violence evolution experiences a sustaining low pressure growing rate stage for 100 ps.
Then it is observed that a rapid burst pressure in about 10 ps is up to over 1 GPa during the confinement wall movement stage,
which gives to a typical explosion outcome with ~20% of bare explosive detonation calculated by air blast over pressure. In the
experiment with a 20 mm steel wall, the velocity of the wall has reached 500 m/s at the moment of confinement wall rupture.
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Fig. 1 Schematic representation of experimental setup and diagnostic arrangement of spherical charge
under strong confinement with optical window
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Fig. 2 Schematic representation of experimental setup and diagnostic arrangement of spherical charge
under full steel confinement without optical window
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Fig. 3 High-speed photos of full evolution process of reactive crack system in the experiment
with PMMA window (frame rate of 18 000 s™)
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Fig. 4 High-speed photos of the crack propagation at the early half of stage II (frame rate of 18 000 s™")
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Fig. 5 High-speed photos of full evolution process of case rupture and reaction illumination in the experiment
with steel shell (frame rate of 18 000 s™")

120 - PDV-1 1000 ¢
—— PDV-2
100 | — PDV-3 800 Pressure gauge 1
80
o I
£ 60
=
40 +
207 Stage |
0 — I B , : . . ,
0.60 0.65 070 0.75 0.80 0.85 0.90 0.95 0.830 0.834 0.838 0.842 0.846

t/ms t/ms
6 T I S S A A P g
Fig. 6 Pressure inside confinement and velocity profiles in experiment with window
{5 2 A ST T T 7 1% I A PDV W S 7 0 7001 B B R A O 15, W T R TR A
L A AR — DAY IR (R, BITE 100 s W E] A JE 37T 200 MPa, Bifi 5 38— PR ) S0 13 %
Bir B AE 20~ 40 ps 1] IR )88 3d 1 GPa, FEARIZICGHEEZY 500 m/s.

500 PDV-1 o Pressure gauge 1
— PDV22 1200 | Pressure gauge 2
—— PDV-3 saee
400 + 1000 r
» 300 F § 00
£ S 600 f
= 200f
Stage ]]I Stage lV 400
100} - 200 | Stage Il
Stage [ | Stagell il
sl Swell P 1 0 b
0.65 070 075 080 085 090 095 0.70 0.72 0.74

t/ms
Bl 7 SR b S 0 e AR R P R ) g

Fig. 7 Velocity profiles and pressure inside confinement without window
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Fig. 8 Recovery fragments of full steel confinement in second experiment
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Fig. 9 The air blast overpressure measured in the experiment with and without window
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Fig. 10 The early and late stage evolution of reactive cracks inside explosive bulk under confinement
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