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Abstract—The motion and deformation of contaminated bubbles driven by a surrounding liquid in a horizontal Hele-Shaw
cell has been studied. For the effective analysis of interfacial deformation, immiscible water-silicone oil system was adopted as
a two-phase flow environment. The effects of interfacial contamination on the motion and deformation of water bubble were in-
vestigated with the variation of the controlled quantity of surfactants. For the small basic flow of silicone oil, the shapes of bub-
ble were formed as a circle or a ellipse. As the magnitude of basic flow was increased, the shape of deforming interface was
elongated along the flow direction. And the elongated bubbles moved faster than the basic flow. If the bubble was con-
taminated under the critical micelle concentration and it moved faster than the basic flow, the elongated bubble transformed it-
self into sharp-tailed bubble with round-front cap. And the length of elongated bubble with sharp tail was shorten with in-
creasing the concentration of surface-active contaminants up to the critical micelle concentration. It is considered that theses ob-
servations may be due to the influence of surface-active contaminants. The present study suggests that the Marangoni effect
due to the different interfacial tension along the interface makes the shape of water bubble in a silicone oil unstable.
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Fig. 1. Schematic of a bubble motion in a Hele-Shaw cell.
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Table 1. Variation of the interfacial tension with surfactant concen-
trations at 22 °C

SDS concentration in water Interfacial tension(dyn/cm)

(% CMC) Air-water Silicone oil-water

0 72.80 40.80
10 63.30 34.36
20 55.05 29.16
30 4954 26.96
40 49.09 22.52
50 44.65 19.97
60 4287 16.64
70 42.05 14.90
80 41.63 13.66
90 41.10 14.04
100 40.14 13.96
120 40.20 13.95
150 40.15 14.29
180 39.83 14.65
200 39.65 13.88
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Fig. 2. Schematic diagram of the experimental setup.
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Fig. 3. Photographs of various bubble shapes.
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Fig. 5. Plots of U/V vs. Ca for contaminated water bubbles.
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: bubble diameter [m]

: gap of Hele-Shaw cell [m]

: concentration [mol/m’]

: capillary number, pU/o,

: mass diffusivity [m/s’]

: gravitational acceleration [m/s’]

: dimensionless y-component of bubble shape
: length of bubble [m]

: modified x-component of bubble shape [m]
Ma : Marangoni number, -@Cy o;)(aa/al')r'

HnrE® ggao s

n : unit normal vector

P : pressure [N/m’]

Pe : Peclet number, aU/D

t : width of bubble [m]

T : unit tangential vector

T :total stress tensor [N/m’]
U : velocity vector [m/s]
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u : dimensionless velocity
W :width of Hele-Shaw cell [m]
X, y, z: dimensionless Cartesian coordinate

as8joja 2

I'  :interfacial concentration [mol/m’]
n : viscosity [N/m’]

p  :density [kg/m’]

] : surface tension [N/m]

ARXL

i : interface

SHARL

0 : bulk phase

max : maximum value
r : reference state
s : surface
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