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Visualization of Vortex-induced Mixing at the Liquid-liquid-gas
3-phase Contact Line

Tae-Hong Kim, Hyoungsoo Kim, Seungho Kim and Ho-Young Kim

Abstract. Although the motion of the three-phase contact line on a solid substrate has been extensively studied
thus far, the understanding of the dynamics of the contact line of liquid/liquid/gas phases is far from complete.
Here we deposit a drop of isopropyl alcohol (IPA) on water and HFE-7100 whose free surfaces are exposed
to air to observe the flow field around the contact line. By combining the shadowgraph and high-speed imaging
techniques, we find that vortices are spontaneously generated at the contact line, which grow in size with time.
The flow is attributed to the Marangoni stress that pulls a liquid of lower-surface tension toward a liquid surface
having a higher surface tension. However, it is not still clear why the entrained lower-surface-tension liquid
should whirl rapidly beneath the contact line. We also visualize the flow by the particle image velocimetry
(PIV) to find out that the rotational velocity reaches the order of 1 mm/s near the free surface.

Key Words Vortex(&H7), Mixing(Z3), 3 3541 (3-phase contact line),

4’3 <A (Particle image velocimetry)
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Fig. 1. Preparation for visualization experiments.

line when a drop deposits on a bulk of liquid.

Table 1. Properties of liquids.

Water IPA HFE-7100
- 0.073 0.022 0.014
p 998 786 1,493
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