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THE FORCE PARAMETER AND PROFILE CHANGE OF LIQUID BRIDGE BETWEEN
TWO UNEQUAL SPHERES—AN EXPERIMENT STUDY?

PuCheng Liu Fengyin? Wang Shaohan  Zhong Lijia
( Institute of Geotechnical Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract  The study of liquid force, which is commonly encountered in nature, has a special meaning to
crystallization, removal of heavy metals from wastewater, and particle separation in industry. The Nano UTM T150
tensile machine and CCD camera were used respectively to record the force value and the profile change of liquid
bridge between two unequal particles during stretching. The influences of radius ratio and liquid volume on the liquid
force-displacement curves, maximum liquid force, and rupture distance were analyzed. And the experiment results were
then compared with the calculating results according to the circle hypothesis and Y-L equation. Finally, the deficiency
of the circle hypothesis in calculating the liquid force was analyzed, meanwhile, combining the influence of gravity, the
changes of liquid profile in the whole process of stretch were further analyzed. The results show that the maximum
liquid force was greatly influenced by radius ratio while the rupture distance was influenced by liquid volume a lot.
What is more, the circle hypothesis can well predict the maximum liquid force, while its prediction of liquid force
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during the whole stretch is not accurate, this can be attributed to the fact that the liquid profile cannot be expressed as a
ring after the liquid force reaches its maximum. Last but not least, based on the influence of gravity, the changes of
liquid profile during the experiment were simplified as a circular to a quadratic parabola when the influence of gravity
can be neglected; An ellipse which ratio of the long axis to the minor axis gradually increased when the influence of

gravity is in the transition stage or has little impact. And a “cooling tower shape” to a hyperbolic, which upper out

curvature is small and lower out curvature is large, when the influence of gravity can not be neglected.

Key words liquid bridge, unequal particles, liquid profile, experiment study
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Table 1 Physical mechanical parameters for

glycerol and water at 20 °C

Liquid  Density/(g'em™)  Surface tensile/(N'm™")  Viscosity/(Pa-s)
glycerol 1.26 0.063 0.15
water 1.00 0.071 1.009 x 107
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Table 2 Results of measurement and calculation

Radius ratio Liquid volume/uL 7| e/ MM 7' tighy/ MM ro/mm Fliq e/ MN Fliq rign/ UIN Fiig equal/ WN Experimental results/uN

0.1 0.40 0.23 0.70 0.38 0.57 0.48 0.42

0.25 0.41 0.48 0.85 0.52 0.47 0.49 0.45

0.8 0.5 0.45 0.44 0.90 0.53 0.54 0.54 0.47
1.0 0.35 0.80 1.00 0.76 0.45 0.60 0.47

1.5 0.70 0.64 1.03 0.50 0.53 0.51 0.48

0.1 0.45 0.45 0.71 0.36 0.36 0.36 0.35

0.25 0.39 0.50 0.75 0.43 0.37 0.40 0.37

0.5 0.5 0.41 0.50 0.79 0.46 0.40 0.43 0.38
1.0 0.65 0.80 0.90 0.42 0.38 0.40 0.39

1.5 0.81 0.83 1.00 0.40 0.44 0.42 0.39

0.1 0.35 0.35 0.78 0.50 0.50 0.50 0.50

0.25 0.41 0.43 0.88 0.55 0.53 0.54 0.52

1.0 0.5 0.50 0.48 0.99 0.58 0.60 0.59 0.55
1.0 0.58 0.63 1.08 0.61 0.58 0.60 0.58

1.5 0.64 0.70 1.12 0.61 0.58 0.59 0.58
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Table 3 Bo number and effects of gravity

+=3 BoHFRENHFMNE

Radius ratio V/uL v & Bo V*-Bo Gravity effect
0.1 0.015 0.071 0.013 1.9x107* No
0.25 0.038 0.147 0.027 0.001 No
0.5 0.5 0.076 0.278 0.051 0.004 No
1.0 0.152 0.500 0.092 0.014 Transition
1.5 0.228 0.732 0.135 0.031 Yes
0.1 0.009 0.070 0.013 1.1x107* No
0.25 0.022 0.167 0.031 0.0007 No
0.8 0.5 0.044 0.316 0.058 0.0026 No
1.0 0.088 0.556 0.102 0.0090 No
1.5 0.132 0.750 0.138 0.0182 Yes
0.1 0.006 0.064 0.012 7.6x107° No
0.25 0.016 0.142 0.026 0.0004 No
1.0 0.032 0.253 0.047 0.0015 No
0.064 0.463 0.085 0.0054 No
0.096 0.670 0.124 0.0119 Transition

(b1)

(c1)

(c2)

Ko W ESL L
Fig. 9 Changes of liquid bridge shape

(c4)
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