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BUBBLE SLIPPING ON A SUPERHYDROPHOBIC PLANAR STRAIGHT TRAJECTORY

Abstract Bubble directional transportation using the superhydrophobic surfaces of different specific geometry in the
water has broad application prospects in the fields of mineral flotation and biological incubation. The surface orientation
of the planar straight superhydrophobic surfaces is a crucial parameter for the related engineering structures. However,

it is still unclear that the effect of surface orientation on the bubble slipping along the inclined surface. The high-speed
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shadowgraphy is used to study the movement characteristics of the slipping bubble (Deq = 2.4 mm, Re = 500 ~ 700,
We = 7~13) on the superhydrophobic linear trajectory with the width of 2 mm under different surface orientations
(-90° < B < 90°) and inclination angles (45° < a < 75°). The slipping velocity of the bubble (x) on the trajectory
is approximately stable, and the shape like semi-bullet with multi-ridges. The slipping bubble can be divided into two
shape types: the stable and the unstable according to the fluctuation level of the gas-liquid interface. Stable bubble only
appear when the inclination angle is small and the azimuth angle is large (45° < @ < 70°, | 8| > 45°). As a changes, two
kinds of u—{ relations can be found: When a < 65°, the slipping velocity is approximately a unimodal distribution about
B = 0° (the maximum sliding velocity at § = 0°); When a > 70°, the azimuth angle has no significant influence on u.
The maximum sliding velocity can be upto 0.66 m/s (8 = 0°, @ = 70°), which is much higher than that of the free-rising
bubble of the similar size (~0.25 m/s), mainly as a combined effect of the wall-wettability and the inertial force. Surface
orientation (B) and trajectory inclination angle (@) affect the slipping velocity and the stability of the gas-liquid interface

by changing the driving force, as a buoyance component, of the bubble along the trajectory direction and the bubble frontal

arca.

Key words bubble, superhydrophobic trajectory, surface orientation, inclination
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Fig. 1 Physical picture of superhydrophobic trajectory
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Fig. 2 Experimental setup
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(a) Schematic diagram of trajectory fixation
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(b) Bubble position is related to the trajectory
azimuth (when 8 > 0°, the bubble is located on
the upper side of the trajectory; when (3 < 0°, the
bubble is on the lower side of the trajectory)
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(c) BUIESCHEMALIE (x Fh7K-F-4b)
(c) In the side view of trajectory fixation
(the x-axis is the horizontal axis)
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Fig. 3 Schematic diagram of inclined superhydrophobic

trajectory fixation
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Fig. 4 Typical bubble images captured using Camera I in

three important azimuths at @ = 70°
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Fig. 5 Bubble shapes at different times in the SHBT trajectory
(@=70°1t =0ms, , = 12 ms, t3 = 24 ms, t4 = 36 ms)
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Table 1 When 8 = +£90°, the height of bubble under
the different @ (mm)

a

45° 60° 65° 70° 75°
B
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-90° 0.982 0.923 0.915 0.914 0.916
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Fig. 6 a = 60°, the sliding distance of bubble along the trajectory

direction varies with time under the different 8
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Fig. 7 Motion force model of bubble
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a/(%)

(a) B=£90°, £45°,0°, wufiic B ikE
(P € 23 0o 45 SR 18] 08t
(a) When 8=£90°, £45°, 0°, the bubble slip velocity changes
with the trajectory inclination angle (The blue hollow
symbol in the figure is the data of Ref.[18])
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v =175
052 1 1 1 1 1 1 1
45 50 55 60 65 70 75
a/(°)

(b) B=%£75°, +60°, +30°, +15°, u i BILE
(b) When 8 =%75°, £60°, +30°, 15°, the bubble slip
velocity changes with the trajectory inclination angle
K8 AR BT, RIBHEFEET u b o I
Fig. 8 Bubble slip velocity changes with the trajectory

inclination angle for different azimuth angles
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