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This paper deals with an experimental study of the dynamics of an underwater bubbles and shock waves, generated by rapid underwater
release of highly compressed gas. Aribag inflators, which are used for automobile’s airbag system, are used to generate the
extremely—rapid underwater gas release. Experimental studies of the complex underwater bubble dynamics as well as underwater shock
wave were carried out in a specifically designed cylindrical water tank. The water tank is equipped with a high—speed camera and
pressure sensors. The high—speed camera was used to capture the expansion and collapse of the gas bubble created by inflators, while
pressure sensors was used to measure the underwater shock propagation and magnitudes. The experimental results were compared
against the results of explosion of pentolite explosive. Several physical phenomena that has been observed and discussed, which are

different from the explosive underwater explosion.

Keywords : Underwater explosion ($5Z5! UNDEX), Airbag inflator (01|08 Q1Z2|0|E]), Gas bubble (7tA HE), Shock wave
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Table 1 Specification of airbag inflators

Position Side Curtain
Model LE-060B(SAB) LE-110D(CAB)
Length 155 mm 282 mm
Diameter 25 mm 25 mm
Weight 245 g 457 g
G\fjlucnfg' 25.4 ml 66.0 ml
Gas pressure 9.8 Mpa 25 MPa
Prax(air) 60k Pa 110 kPa
Time to Ppax 15 ms 25 ms
Moles 0.5 1.1
Ar(80.7%), Ar(85.7%),
He(3.4%), He(3.6%),
Gas ratio N2(5.9%), N2(4.0%),
CO2(4.2%), C02(2.8%),
H20(5.8%) H20(3.9%)
Hybrid Hybrid
Explosion 15% explosive gas | 10% explosive gas
type 85% compressed 90% compressed
air air
Gas temp. 260°C 150°C
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ZPP(90mg)
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Fig. 2 Structure of hybrid airbag inflator
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Table 2 Specification of pressure sensor

Model Piezo electronics model 138A
25000 psi (172.37 MPa)

(£20%) 0.18 pC/psi
(0.026 pC/kPa)

Tourmaline
0 to 100°F (-17.8 to 37.5°C)
10-32 coaxial jack

Measurement range

Sensitivity

Sensing element

Temp. range

Electrical connector
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Fig. 10 Side airbag array explosion (exp7)
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20| S2ek= i

HE0| +=5i0 ﬂl F7| L[H—-ﬂil = tH‘)‘H HEQ| Wb BE2
ZHEO| of2ARICE Table 32 HE2| A S4S Hels ®olct

Table 3 Period and radius of bubbles

st 131 ot 2nd 2nd
Type | MBR | MBT |’ (mBng MBR | MBT
(mm) | (ms) (mm) | (ms)

1 SSA\?- 246 | 19.7 | 432 | 168 | 63.6

2 | B | 233 | 204 | 436 | 163 | 635

3 | Y| 247 | 213 | 428 | 174 | 639

4 || 323 | 228 | 563 | 217 | 815

5 CSA\? 325 | 270 | 58.0 | 211 | 86.0

6 CSA\? 325 | 270 | 565 | 205 | 815

7 |SABAL - 1225 | 515 | - | 770
g |SADAl - | 250 | 505 | - | 715
9 [SABA| - 24.0 | 50.0 - 79.0
10 [SABS] - 225 | 435 - 62.5
SAB.: S.: Single MB: Max. bubble
Side airbag A.: Array BC: Bubble collapse
CAB.: Curtain V.. Vertical R: Radius
airbag H.: Horizontal T: Time

42. % 544 54

IMHzS| ME2 Falg (sampling rate) 2 37H2| U=MIAME
ARB3104 ojofe QIER|0|e Wil =& SHLE ZHSIRUC
Fig 112 3702 MAMollM M= Hgsolct MM 12 ol E2

Ole] &1} 22 4! 150 cm, MM 2= 54! 100 cm, MM 3
2 $=A! 50 cmof| HRRIE|0] A0, ofjoful QlZ2|0|E{2te] 2|
= 2250 cm, 70.7 cm, 111.8 cm O|C}.
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e o ze &
off & |-E|'='4A-| 47| LH oJi=c10) | 2WSk5HH| =) o|o1| 2} e
WALET T Z0{S7 =0, olof| w2} L=HE EO{EA =k ™
HMeoz o] Z0{EHM 0] Z|di 7o EE26iH 32
(negative pressure)0| Z2|AH Elct 20| E20{E= IYoi|A
WS o] SRE BEEE 7 ME(gas jet)7t HHES
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S7|510A] urY

Pressure(kPa)
2

40}

Wﬁv%w

0 02 0.4 06 0.8 1 1.2
Time(s) 1073

Fig. 11 Pressure before reflection shock is reached
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Fig. 12 Major frequency of pressure (exp3)
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Fig. 13 Pressure and bubble shape (exp3)
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