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Abstract—In this research, the collapse of a spherical bubble contained in a large body of fluid was analyzed
theoretically. The governing equations were derived in the Lagrangian frame of reference, and a fully explicit
numerical scheme was developed using the Galerkin-finite element method for the upper convected Maxwell
fluid of differential model. It was observed that the fluid elasticity accelerated the collapse in the early stage
due to the slow growth of viscoelastic stress, while in the later stage, it retarded the collapse. In the differential
model fluid, the pace of bubble collapse was faster than in the integral model fluid, which was ascribed to
the effect of rest history. During the collapse bubble rebounds were observed and the rebound period scaled
the amplitude.
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viscoelastic £fluid
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outer boundary

Fig. 1. The physical process. A cavity collapses in
a viscoelastic fluid under a pressure differe-
nce. The outer boundary is chosen so that
the motion outside boundary is neglected and

only the pressure exerts a inward radial
force.
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Fig. 2. Bubble collapse in a Newtonian fluid. Each
line represents both the exact and FEM solu-
tion. This result is used for checking the for-
mulation of the problem and numerical algo-
rithm.

Table 1. Initial nodal positions used in FEM

Node Number Nodal Position

1 1.000
2 1.001
3 1.004
4 1.008
5 1.015
6 1.025
7 1.04
8 11
9 115
10 12
11 1.3
12 15
13 1.75
14 2.0
15 2.5
16 3.2
17 4.7
18 6.5
19 10.0
20 15.0
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well AW 7|2 53430 deql o=
3tdck Re=2.0, De=05, We=0.09 2<% JNEE=

FEATE W AL B 4 glon) 2
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RADIUS

Re De
0.0 2otz
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TAU
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TIME

Fig. 3. A typical bubble collapse curve (Re=2 and
De=0.5) The Rayleigh solution is also shown
for comparison.

Solid line: radius. Dashed line: velocity.
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Fig. 4. Bubble collapse curve when the Deborah
number is small.
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Fig. 5. The effect of De on the stress growth during
the collapse (Re=2).
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Fig. 6. The effect of Deborah number on the bubble
collapse when Re=1.0.
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Fig. 7. The effect of Deborah number on the bubble
collapse when Re=2.0.
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(111) TlEd Maxwell FAWl e 228 §-4)
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A} x| o]He] mE-d FA A FASTol
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7| =2
D ‘ rate of deformation tensor
De . Deborah number
E . deformation gradient

. pressure
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r,

6, ¢: spherical coordinate

Re : Reynolds number
t . time
u . Lagrangian velocity
v . velocity
Vv . volume
We  : weber number
X . coordinate
n . viscosity
A . material time constant
[0} * 1-st order interpolation function
\ . zeroth order interpolation function
T . stress
® . defined in equation (35)

S X}
i . inside of the bubble
0 outside of the bubble
0 * reference time or t=0

XA
0 . reference time
! cold time
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