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Abstract; In order to study the bubble pulsation characteristics of low energy detonating cord, an underwater explosion experiment was carried out by
high-speed photography technology. The experimental results show that the bubble pulse shape in the shooting section remains a clindricality at the
first bubbles pulsing time, and irregular cylinder from the second bubbles pulsing time. The outside edge of bubbles is blurry because of the effect
from shell fragments. The first bubble pulsation period is 21.5 ms and the second is 15.5 ms. The maximum diameter of bubble is 11.2 cm in the
first bubble pulsation period. In addition, the bubble growth time is 15 ms while the contraction time is 6.5 ms in the first bubble pulsation period.

The bubble growth time is longer than the contraction time.
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1 Introduction

The underwater explosion of energetic materials generates
high pulse pressure formed by bubble pressure reaching doz-
ens of GPa, and the bubble pulsation will produce such main
types of damage to underwater targets as whipping and jet-
ting"). A great deal of experimental data about bubble pulsa-
tion and bubble jet were obtained with high speed photogra-
phy technology in the underwater explosion. The existing re-
search results regarding underwater explosion were based on
spherically symmetric movement theory which restricted a
sphere charge in related experimental studies'''. However,
more cylindrical charges were used in practical engineering
applications where the initiation mode was non-centro-sym-
metric firing. The bubble pulsation law of cylindrical charges
was found different from that of sphere ones. There were some
achievements in terms of underwater explosion bubble pulsa-
tion characteristics with linear and cylindrical charges in exist-
ing research. For example, Kedrinskii'®! adopted the detona-
ting cord to simulate bubble pulsation of linear charge in un-
derwater experiment, and the cylindrical bubble pulsation
model was obtained with the Kirkwood-Bethe theory, but the
results of the calculation appeared deviate at the initial period
of bubble growth. Menon™’ found that the bubble collapse of
detonating cord was non-spherical. Yan'' obtained the explo-
sion shock wave and bubble pulsation parameters with cylin-
drical charge of underwater explosion, and then the relation-
ship between wave front pressure and the distance from explo
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sive origins was gained. Global and local dynamics of bubble
generated by cylindrical charges with different detonation man-
ner and length-diameter ratio were obtained experimentally
and numerically in Huang’s work'”’. The analysis of bubble
collapse and jet formation showed that the jetting process was
strongly influenced by the non-spherical collapse of bubble™’.
From the above research, it can be found that there exists obvi-
ous difference in terms of underwater explosion bubble pulsa-
tion characteristics among linear, cylindrical and sphere char-
ges. Many researchers probed into the underwater explosion
bubble pulsation characteristics of cylindrical and sphere char-
ges and fruitful results were scored in this regard. However, re-
search on the underwater explosion bubble pulsation character-
istics of linear charge is yet limited. Therefore, in order to
know more about the bubble pulsation characteristics of linear
charge, we hereby devised an underwater explosion experiment
in which the low energy detonating cord was used. With the
high-speed photography technology, we studied the character-
istics relating to the first bubble pulse period and the maximum
diameter of low energy detonating cord in underwater explo-
sion, with a high length-diameter ratio cylindrical charges.

2 Experimental device and measuring system

2.1 Experimental device

A cylindrical steel container used in experiment was
26 mmx2.5 mx2 m (thicknessxheightxdiameter) (see in Fig-
ure 1), and a circular hole was opened on it at 1.2 m from
the ground on one side for shooting, where a plexiglass plate
with a thickness of 40mm was mounted as a capture window.
The cylindrical container was full of water when the experi-
ment was implemented.

2.2 Test system

The whole optical measuring experimental system was
shown in Figure 2. A CamRecord 1000 from optronis, a com-
pact stand-alone high speed recording camera with a shooting
frequency of 1000 ~ 200000 fps ( frame per second) and a
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maximum resolution of 1280 x 1024 pixels, was used. The
CamRecord unit consists of a processor, camera lens and con-
trol software.

Fig.2 The optical measuring experimental system

1—support frame, 2—initiation, 3—container, 4—water, 5—plexi-
glass, 6—detonating cord, 7—object, 8—high speed camera, 9—ac-
quisition system

In order to adjust the detonating cord in the center of the
high speed camera focus, a low energy detonating cord
(1.2 m) was fixed on the support frame. A dividing ruler was
laid horizontally aside the object to measure the radius of bub-
bles thereby captured for process the image data. A part of the
low energy detonating cord was selected as the object, which
gave the limited shooting scope of the high-speed camera’s
capture window. The selected object was able to characterize
the underwater bubble pulsation of the low energy detonating
cord, because the shock wave and bubble pulse showed a
good axial symmetry in this test system.

2.3 Data analysis

The photographic image of bubble diameter analysis as
shown in Fig. 3. It can be seen from Fig. 3 that the bubbles
captured by the image lens were not full-sized, but rather a
part of the bubble diameter. AB was the horizontal dimension
of camera lens and CG was cylindrical bubble diameter. The
bubble diameter was two times the length of the CE. In the ex-
periment, lens distance and low energy detonating cord dis-
tance all stand at 1.5 m.

Based on the above data, the actual bubble radius could
be obtained through the equations(1) and (2):
prAE- JAE -4CF 1)

2

CE= /CF +EF (2)
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Fig.3 The bubble diameter analysis
3 Underwater explosion bubble pulsation experiment

3.1 Experimental methods

A 1.2 m low energy detonating cord was placed at the
center of the cylindrical steel container, which was full of wa-
ter. The diameter of the detonating cord was 1.8 mm and line
density was 1.8 g - m™". Shooting frequency was 2000 fps,
which could ensure a 0.5 ms interval between two images and
a full captured bubble pulsations.

3.2 Analysis of the experimental results

The bubble pulsation photographs of underwater explo-
sion were shown in Fig.4. From Fig.4, five cylindrical bubble
pulsation processes were captured by CamRecord in the seg-
ment, while the expansion and contraction of the underwater
bubbles persisted until the bubbles disappeared.

In the Fig. 4, the cylindrical bubble was formed as a result
of the detonation products compressing the fluid around the
cord at t=1 ms, which was followed by an increase of cylin-
drical bubble radius. With the increasing of bubble radius and
decreasing of the gas pressure inside the bubble, the bubble
expansion speed decreased. Excessive expansion of the bubble
happened when the bubble pressure equilibrated with the sur-
rounding fluid pressure. The radius of bubble reached its maxi-
mum diameter of 11.2 c¢cm at 15 ms. Then the bubble began to
shrink and the bubble radius hit its minimum at 21.5 ms,
which was the end of first bubble pulse. Then the second bub-
ble pulsation started, and the bubble pulsation period was
15.5 ms. However, the cylindrical bubble pulse shape was ir-
regular and the outside edge of bubbles was blurry, which was
mainly caused by the shell fragments of the low energy detona-
ting cord piercing the bubbles, as confirmed by the shell frag-
ments collected afterwards ( shown in Fig.5). As shown in
Fig. 4, the second bubble pulse began to form wider at irregu-
lar bubbles traits, which was mainly due to the continuous
floating of bubbles. A large number of small bubbles were still
visible at 963.5 ms, which indicated that the time of bubble
pulse by low energy detonating cord lasted long.

The curves between the bubble diameter of low energy
detonating cord in the underwater explosion and the detonating
time of the first bubble pulse in the captured segment were
shown in Fig.6. It can be found that the data points have large
spans during the early stage of expansion and the end of con-
traction, which indicated that the bubble movement velocity
was fast. The maximum radius of the bubble expansion near the
bubble radius basically did not change much, which showed
that the expansion and contraction of the bubble velocity was
slow. The expansion time was 15ms and the contraction time
was 6.5ms during the initial bubble pulsation period, so the
expansion time was longer than the contraction time.
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t=21.5ms

t=51.5ms

t=70.5ms
Fig.4 The typical images of cylindrical bubble pulsation process

4 Conclusions

(1) In the segment captured by CamRecord, the bubble
pulse shape remained a cylindrical at the first bubbles pulsing
time. Starting from the second bubbles pulsing time, the bub-
ble pulse shape became an irregular cylinder, and the outside
edge of bubbles was blurry because of the effect from shell
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t=05ms

t=15ms

t=30ms

t=58ms

t=76.5ms

t=44ms

t=963.5 ms

fragments of the detonating cord.

(2) In the segment captured by CamRecord, the first bub-
ble pulsation period was 21. 5 ms and the second was
15.5 ms. At the same time, the bubble growth time was 15 ms
while the contraction time was 6.5 ms in the first bubble pulsa-
tion period. The maximum diameter of bubble was 11.2 cm in
the course of the bubble movement. The bubble growth time
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was longer than the contraction time. References:
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