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Fluids at Micro Scale: Properties of Microbubbles
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Abstract

This paper describes our recent progress in understanding of bubble properties on micro
and nano scales. (1) Mechanical stability of nano-bubbles: With molecular dymamics
(MD) simulations, we confirmed that the Young-Laplace equation holds even for nano-
scale bubbles, and the surface tension was found to be almost independent of the bubble
size. (2) Effect of electrolytes: By measuring the lifetime of bubbles floating on aqueous
solution surface, sodium chloride (NaCl) was found to stabilize bubbles, while sodium acetate
(CH3COONa) was not, which suggests that ionic distributions in liquid film is a relevant
factor when considering the bubble burst dynamics. (3) Simulation of bubble collapse: We
have proposed a MD-CFD hybrid scheme with moving region boundary technique to simulate
collapsing dynamics of bubbles.
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Figure 1: Example of air bubbles in water generated with a microbubble generator. The
mean diameter is about 30 pm.
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Figure 2: Cross-sectional view of a nano-bubble in water; molecular dynamics simulation[10].
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Figure 3: Radius dependence of surface tension and liquid pressure; (left) Lennard-Jones
liquid([9], (right) TIP4P water at T = 300 K[10].
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Figure 4: Trajectories of floating bubbles under alternate current (2 Hz, 3346 V/m).
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Figure 5: Evaluated ¢ potential of bubbles; (left) in NaCl solution, (right) pH dependence.
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Figure 6: Measurement of bubble lifetime; the experimental setup and an example of
picutres.[18] The typical diameter of bubbles is 2 mm.
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Figure 7: Mean lifetime of bubbles on solution surface; dependence on concentration.[18]
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Figure 8: Histogram of bubble lifetime[18]; (left) NaCl solution, (right) CH3COONa solution.
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Figure 9: Example of MD-CFD hybrid simulation; non-spherical collapse of a vapor bubble
when planar pressure wave passes. Curves show the pressure contours in the CFD region.
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