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Fig. 1. Numerical simulation of the bubble motion equation :
(a) The initial position of the bubble is 0.1 m; (b) the ini-
tial position of the bubble is 0.05 m; (c) the initial position
of the bubble is 0.076 m.
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Fig. 2. Comparison between the analytical and numerical

solutions of Basset forces.
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Fig. 3. Effect of Basset force on the equation of motion of
bubbles.
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Fig. 4. Force analysis of bubble: (a) Comparison of component forces in the early and late stages of bubble sinking; (b) contribu-

tion of bubble component force to bubble displacement.
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Fig. 5. Experimental instrument: (a) Shaker and bottle; (b) power amplifier; (c) signal oscilloscope.
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Fig. 6. Bubble image processing: (a) Background image; (b) image with bubbles; (¢) subtraction processing; (d) local image with

bubbles; (e) denoising; (f) 3 x 3 filtering; (g) local stretching; (h) image binarization; (i) image filling.

5, I 0 BT UG A B4R B AR AE R

FUGAL R FR AN T

1) PlAb 3. B 5 R 6(a) A1l A <Y
FHR K] 6(b) 54k IR BE KR, R4~ I 2 TR 5k
FH B 52 0 b 34 201 R4 3R R P R AT ol ik i A
FE 6(c), i i matlab 3¢ B2 I BUR A A
SRR EUR IR B 6(d).

2) M VR SR /N i s A 3
J5 B UG ABCT- T AR B, 5B UG I A 75 2] 6(e),
PR 3 x 3 I IR B X UG A T v 108 It 75 3]
Pl 6(f), b3S SIS — B PG R IKEEEAE N 0,
RS 5 S2Ab 3.

3) W G X Ah BRSPS A T AR
PASE B X (0] AR Zhi 3] [0, 1) IX[a], #14R
{Ei% K [0.05, 0.3], JEADKHN 0.005, 153 6(g).
X 35 I EMGAR B (B Ry 0.3, KR 3R K BE(EAE
B LA 0, BIME DL ERAE R 1, K
9 0.03, 152 6(h). FHXTERMGHA TR EIE 6(1).

4) IR R IKEEME A 0 R R AT 2
SRR S, AAFRCE AT 5 A
ez 2930 HANAH

R=./5/x. (37)

4.3 ZWNEHIAFHE M

PLAES AR A 2 A, IR R
AR A3 (A1 53 HER 55 P 2 S i SO RSE 4 I, 757
BRI i AN BEEA T B . P T
FIREONEL X 7E 0.85—1 Z ], X I A A K 25 00 A
0—0.5 Z ], KM (37) XIHH LR AHHE
B + 2.6%0PY. ZAA5 R R R, A A
BESARBAAER 2, KIRZEN £ 1IRF, Kl
ERBIATERE N + 6.5%, 76K RbRE LT,
NI S AEPLTC L 58 4 AT, Fr ROSEORN 52 PR BE A
FERZE, LRI 100 mm, R mE
A 1 mm, SHLERPIANERE N + 0.3%.

4.4 BEBNKIE

2Kk 2 B SN A HAR B, KT R shate
S IR, TR K UIRG IE s
3l MR S BIG SR X B, HO AR
A i b TR, XA R IR IR Z 2 Fh
AR REFFLEARK T[], PREFAKA: IO HR S A

244602-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 24 (2020)

244602

A YR SRR SRR, R LIRS AR
W ) S URALIZE B A AR, B LN IRGIN R
s iz o).

BN 55 it SRR RINE 114 £ JBE 43 BT A< T
JEIA, PRSI, WA R R sh 4 St ok —
AN R PRI, A S — AR 0 1), HE
LB BT — W, AN TRE RGN E
Xy VA b, ST Z SR AR/, S AR AR
et A/, FE—A I, B BT 5 R Y SRARAL
NEAS A LS RS T, ST G LT S
FROEIRGNE X, LT, HArsz iR AR iR,
AR RS LE A BRI o £ 1) SRRSO B K, SR
TR T UL

S DK T Bl AR R A BRI, BEIUR
FH R ER A I X 5, I SRR E IR
BFRALE, 5 (36) A I Im SR EE X, 47 X%
Lb, f20 & 7. 255K, 7852 B HAL 2 g
MIEOLT, SARAE— D RE IR W A &, S
SR ERG AL ES (36) 4 H A G AR
Xo AHAF, AHRTERZEFE 5% LA,

0.114
o112 — %o
O exp
0.110 | 4,2
=15
g
0.108

0.106

z/m

0.104

0.102 |

0.100

0.098 ey
0.55 0.65 0.75 0.85 0.95 1.05
A/R
K7 BB {ES SEBRE 6 L
Fig. 7. Comparison between theoretical value and actual

value.
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Mechanism of bubble sinking in vertically vibrating water”
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Abstract

When a container filled with water is subjected to vertical vibration, bubbles in the water may sink. This
phenomenon exists widely in the field of engineering, and has a mnon-negligible influence on aerospace
engineering and ship engineering. Therefore, it is of great significance to study the movement of bubble sinking
in order to reduce the adverse effect caused by bubble sinking in the project. In previous papers, the effect of
Basset force on bubble motion was usually ignored. In this paper, the bubble motion model based on the ideal
gas equation is built for spherical bubbles, and the influence of the Basset force on the bubble motion is
considered in the model. In the process of solving Basset force, the motion is directly separated and the
convergence factor is introduced in theoretical solution. The equal step composite trapezoid formula is applied
to the numerical solution. The results of numerical calculation show that the added mass force is important for
bubble sinking. We find that the Basset force has no effect on the stable oscillation position of bubble, but it
can accelerate the later trajectory of bubble motion. Importantly, we demonstrate that the bubble is hindered
by the following component forces: buoyancy, viscous resistance, and flow thrust (which are ordered from large
to small value). The movement of the bubble is observed to be in the form of oscillation, and there exists a
depth, i.e. a critical depth: the bubble oscillate steadily at this depth, specifically, the bubble rises above this
depth and sinks below this depth. When the vibration pressure changes, the location of the bubble’s stable
oscillation will also be affected. The origin can be ascribed to the change of added mass force caused by the
change of vibration pressure. Meanwhile, on the basis of digital image processing method, denoising, filtering,
local stretching, image binarization and image filling are used to extract the characteristic dimension of bubbles.
The theoretical value of the critical depth of bubble sinking matches the experimental result and their relative
error is less than 5%. These new findings enrich the understanding of the moving bubbles in liquid materials
used in nuclear reactors, rocket propulsion fuels and chemical experiments.
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