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Analysis of Attenuation Effect of Multi-layer
Bubble Film on Underwater Shock Wave

LIANG Yun' ,WU Hong-bo> ,CHEN Yong-jia' ,LI Ji-rui' ,HUANG Guo-shu’
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(1. Guangxi New Harbor Engineering Co. ,LTD. ,Nanning 530200, China;2. College of Chemical
Engineering and Blasting, Anhui University of Science and Technology , Huainan 232001 , China)

Abstract; In order to analyze the attenuation effect of multi-layer bubble film on underwater explosive shock
wave ,an underwater explosion test was conducted to obtain shock wave parameters with a No. 8 industrial electric
detonator as the explosion source. The bubble film was designed with different specifications and different layers of air
insulation structure. Furthermore ,the shock wave overpressure peak value and specific shock wave energy were com-
pared based on the shock wave parameters. The results show that the attenuation rate of shock wave overpressure
peak increases with the increase of bubble film number,with the attenuation rates of 1#,2#,3# and 4# bubble film
increasing from 48.32% ,86.08% ,87.87% and 90.34% to 89.10% ,91.33% ,91.45% and 92.37% ,respective-
ly,which implies that the normal film has less influence on the attenuation of underwater shock wave without air in-

terlayers. Specifically,a larger bubble diameter can reach a better attenuation effect with the same number of layers,
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which indicates that the bubble plays an important role in attenuating shock waves. In addition, the specific shock wave

energy consumption of the bubble film is more than 98.50%. In practical applications, bubble film can be used as a

protective material ,which can effectively reduce the harmful effects caused by shock waves on the protected objects.
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Fig. 4 The time history curve of the measured shock wave pressure
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Table 2 Experimental design scheme

RIS Mk n WS Mk n REFS MRS n
1.2 1 17 .18 1 33 .34 1
34 2 19 .20 2 35.36 2

0# 2# 4#

5.6 3 21.22 3 37 .38 3

7.8 4 23 24 4 39 40 4
9.10 1 25.26 1 41 42 — 0
11,12 2 27 .28 2

1# 3#
13.14 3 29 .30 3
15.16 4 31.32 4
F 3 KTREESNEE
Table 3 Measured data from underwater explosions
RS ME&E 0 p/MPa o/ps || AkrR ME4E 0 p/MPa g/ps

1 5.874 8.50 25 0.808 15.50
2 ! 5.780 8.13 26 ! 0. 846 15.80
3 5.411 7.30 27 0.689 14.70
4 2 5.393 7.10 28 2 0.722 15.03
5 0% 5.184 6.50 29 3# 0.658 13.30
6 3 5.154 6.30 30 3 0.614 12.70
7 5.023 11.13 31 0.597 11.33
8 4 4.949 10.20 32 4 0.569 11.03
9 1. 109 10.13 33 0.682 16.80
10 ! 1.028 10.00 34 ! 0.636 16.20
11 0.830 11.30 35 0.588 14.00
12 2 0.859 12.60 36 2 0.576 13.60
13 # 0.776 12.83 37 o 0.568 12.90
14 3 0.773 12.60 38 3 0.524 12.60
15 0.748 10.90 39 0.539 11.80
16 4 0.738 10.73 40 4 0.501 11.70
17 0.946 12.20 41 6.840 17. 66
18 ! 0.952 12.33 42 0 6.798 17.23
19 0.765 12.70
20 2 0.793 12.90
21 2 0.659 10.30
22 3 0.701 10.50
23 0.624 10.20
24 4 0.586 10.03
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Table 4 Peak attenuation rate of shock wave

overpressure under different layers of bubble film

Mok B n P,/ MPa I;W/MPa A/ %
1 1.109 1.028 1.069 84.32

L% 2 0.830 0.859 0.845 87.61
3 0.776  0.773  0.775 88.63

4 0.748 0.738 0.743 89.10

1 0.946 0.952 0.949 86. 08

ou 2 0.765 0.793  0.779 88.58
3 0.659 0.701  0.680 90.03

4 0.624 0.586 0.605 91.13

1 0.808 0.846 0.827 87.87

34 2 0.689 0.722  0.706 89.65
3 0.658 0.614 0.636 90. 67

4 0.597 0.569 0.583 91.45

1 0.682 0.636 0.659 90. 34

s 2 0.588 0.576  0.582 91.47
3 0.568 0.524  0.546 91.99

4 0.539  0.501 0.520 92.37
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Fig. 5 The attenuation rate of different layers

of bubble film on the shock wave wave
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Table 5 Peak attenuation of shock wave

overpressure by a thin film interlayer

R p/MPa  , /MPa  A/%
1 5.874  5.780 5.827 14.55

04 2 5.411 5.393 5.402 20.78

3 5.184 5.154 5.169 24.20

4 5.023 4.949  4.986 26. 88
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Fig. 7 Specific shock wave energy attenuation curve
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