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Reduced-Scale Experiment Study on the Protective Mechanism of
Foam Coating Against Underwater Explosion Bubble Jet
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2. State Key Laboratory of Mechanical System and Vibration, Shanghai Jiao Tong University,
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Abstract: Underwater explosion poses a serious threat to underwater structures. Flexible coatings or sandwich plates can
reduce the underwater explosion impact responses of underwater structures, and make a research hotspot. Previous studies
focused on the protective mechanism of the coating against shock waves, which is suitable for underwater explosion at a
long distance. Besides the shock wave, the high-speed water jet towards the structure produced by explosion bubble
collapse, is more deadly in the short-distance underwater explosion. In view of this situation, based on the dimensional
principle, the reduced-scale similarity relationship was deduced. Through the reduced-scale-model underwater explosion
test, it is found that, the cavitation micro-bubble group on the surface of the foam coating interferes with the formation
process of the explosion bubble collapse high-speed water jet. The protection mechanism of the foam coating against the

underwater explosion bubble collapse water jet for coated steel plates was put forward.

Key words: foam coating; underwater explosion; bubble jet; protective mechanism; reduced-scale experiment

*

WimBH: 2021-11-29; EiTHEI:  2022-04-21
EERN:  FLERS(1977—), B, i+, &% TR GEIR/EH . E-mail: duzp7755@163.com).
Sl A MRS, AR, B A R SR RN R E SR B LR B g T N BRI,
2022, 43(5): 569-576.
569


http://www.applmathmech.cn
http://www.applmathmech.cn
mailto:duzp7755@163.com

570 VA= I Q= | B A B 2022 4F A 43 %

5 =

IR KX K 5 A s ™ S TR B A SR T — Rk ThES R R TR R, T LA K T AR
el BRI L SR T P A 6 2 )2 AR RE S A /K T F A iy, W AR S22 R B, Al A I P s s ) B i SR T
PRKE Wb VR T BT SRR ARZE P (e i PR 8. Du 250 38 i 4 7 48t 0 B 5 2 A /KT B ke v e 4
&, S E RS R, I UK P A RO, 1R K KA bl R A P 0 LB P 1 o T
GEA YR TN 55 2K N IR . (8] 2 o T JosE R eh il S A R N e LU Y, A
a2, s VAR e BE B 208 0; MG s = e e e, whil P A Sty S 2 m S it L Seiy
TS I Z PR , Sk SO R it A ALy i 2 ok i 157 A 28T DRI 7 i J2 S 5 I 1 e

204
—— with coating
< 154 —— without coating
a
210
e
o]
: . 2 s
L . = g
. 04
. -5 : . : . )
coating 01 02 03 04 05 06
time 7'/s
1 SRR 2K T B 2 A1, T ERE R I L
Fig. 1 The underwater explosion test of coating structure Fig.2 Comparison of surface shock wave pressure with or without
coating
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Table 1  Similar parameters of bubble migration in underwater explosion

parameter prototype geometric similarity model gravity similarity model
maximum bubble radius Rmax AgRMax A RMaxX
bubble pulse period T AT /III/ZT
bubble pulse peak pressure Py Py PP

static pressure of bubble in water D+ Dy D+ Dy A¢ (D + Dg)
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Table 2 Similarity parameters of the foam coating model

parameter prototype similarity model
thickness h Ach
density 1Y pAE/ A
rigidity k LAk
. w w
energy absorption rate v o h?
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Fig. 3 Schematic diagram of test layout
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Fig. 4 The cross section of foam coating section Fig. 5 The foam coating round steel plate and the smooth round steel plate
photograph
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Table 3 Derivations of prototype parameters according to different scale similarities

parameter similarity model geometric similarity model gravity similarity model
equivalent of detonation source 2.25 g TNT 35 kg TNT 5kg TNT
explosion source water depth H/m 1 1 25
maximum bubble radius gM2x/m 0.2 5 1.8
bubble pulsation period 7/ms 37 925 185
foam coating thickness #/mm 20 500 500
foam coating layer density p/(kg/m"®) 0.1 0.1 0.4
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Fig. 6 High-speed video for the explosion test of the steel sheet without foam coating
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Fig. 7 High-speed video for the explosive test of the steel sheet with foam coating
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Fig. 8 The steel plate deformation with foam coating and without coating
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Table 4 Calculation of jet protection parameters of circular plates with or without coating

parameter
status modulus of plate bubble pulsation  maximum bubble radius  blasting cavitation distance
elasticity E/Pa  thickness #/m pressure Py/Pa R™ax/m distance R/m  parameters 4 parameter n
foam coated o 5
circular plate 110 0.022 3.12x10 0.2 0.2 0.0035 1
circular plate 2x 10" 0.0045 3.12x 107 0.2 0.2 144 1
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Fig. 9 Schematic diagram of the bubble protection mechanism for foam coating
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