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Large-Amplitude Shock Wave Propagation and Bubble Collapse
in a Water Containing Gas Bubbles

Kiyonobu OHTANI, Hiromu SUGIYAMA** and Kazuhide MIZOBATA

*4 Department of Mechanical Systems vEngineering, Muroran Institute of Technology,
27-1 Mizumoto, Muroran-shi, Hokkaido, 050-8585 Japan

Shock wave propagation and collapse of gas bubbles caused by a shock in a water containing gas
bubbles are of large interest in relation to characteristics of water hammer, blowdown of high
pressure liquids in pipes, damping of dynamic influence of shock waves on obstacles, etc. The large-
amplitude shock wave propagations in the bubbly liquid are investigated using a two-phase shock
tube. Effects of incident shock wave strength and initial void fraction on shock wave pressure
characteristics are clarified for incident shock wave strength ranging from 0.06 MPa to 0.25 MPa.
Behavior of the bubbles collapsing behind large-amplitude shock waves is also clarified by pressure

history measurements and high speed photography.
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Fig. 1 Schematic diagram of experimental apparatus.
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Fig. 2 Photographs of air bubbles and distribution of bubble
diameters in the bubbly liquid. (a,=0.1, 0.5 %)

®. =Y Frarva—FITBEFEEIND,

EREFER LEBROKRBOER. sy,
EEE T A A AZ (PHOTRON FASTCAM-ultima-
UV3) &, HIRELTAZ NS, FF54 b (PHOT-
RONHVC-SL) ZHv, Ny 754 b TRE LT,

ARBRIZEB T DAREREEN AT v FAP (=P, -
Py) DFEFHIL 0.06~025MPa T b | HeBEDEE Y VETER
7> ELBEIRY VBRI E T 4 FEOBERHE 2 AH 8T,

X2 i3, MIHREBORIABOER & [IAER DS
KETRY, AL FRaid, BIEBFHE»S
650mm DB THRE LI-EEREL VY RDEME, 0
EOFEHEIX 0.1~05%Th o7z, 2. FA FROJE
REIT 10%TH Y, BEHFHOKIEOEHNIEER
LUORA FEGHIINZE—FTHDZ L E2HR LT
3,

4. EBRERBIUBER

41 RABKDPEZEBTIEBRROEHEHNE

411 SBBREPOEHERKEHER

X 32, AREART v AP =0.19MPa . ##iK
A FRay=05%DFE 0. K2 EikE L EET
S B OE SR ORBIG 2R,

AKE (R[IEHRE) 75 205mm L HICALBTB3ES
TR PGl CRATZENEH»S, KRPICBIT 59
WIES) Poe AHERBEHHROES P AEH SRS
LBBEEROESN P, REARNDE, B, =D
EREHOBEITIE. PGIOHBIZHVT, KEH

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1648 S ESORET E2ERT 25O EBE L SIOE

PG 3 (x=590mm)

FPG 7 (x= 850mm)
" PG 5 (r= 1070mm)

1 1 1 1

0 2 4 6 8 10
Time (ms)

Fig.3 Typical pressure history in the bubbly liquid.
(AP =0.19MPa, a, =0.5 %)
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Fig 4 Effect of incident shock wave pressure steps on pressure histories in the bubbly liquid. (= 0.1%)
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Fig 5 Effect of incident shock wave pressure steps on shock
wave speed in the bubbly liquid . (a,=0.1%)
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Fig.6 Sequential photographs of air bubbles collapsing at shock arrival in the bubbly liquid. (AP = 0.14MPa, ;= 0.5%)
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Fig.7 Sequential photographs of air bubbles collapsing at shock arrival in the bubbly liquid. (AP = 0.22MPa, o= 0.5%)
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