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Dynamics of flow transition of themocapillary-driven flow in free liquid film
— Report on activities of space utilization research WG on ‘Heat/mass transport
phenomena in interfacial thermo-fluid systems’ —
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Abstract; It is of great importance for technological applications to control of thermal-fluid
phenomena, such as wetting/dewetting processes of the solid material by the liquid, and heat/mass
transport without any mechanical parts in microgravity/microscale systems. In JFY2011 our group
focus on the flow dynamics in thin free liquid film induced by thermocapillary effect. We have
carried out two series of parabolic flight experiments as well as a series of experimental and
numerical works. This manuscript introduces some essential topics of the researches.
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Fig.1 Flow in a free liquid film of water induced by placing
a soldering iron near the wire holding the film (captured from
a DVD of ‘Saturday Morning Science’ delivered from Dr.
Donald Pettit. (c) NASA).
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Fig. 2 Temporal variations of surface temperature of the free
liquid film of (Ly, d, L;) = (2 mm, 0.2 mm, 2 mm) under
normal gravity; volume ratio of the film is V/V, < 1 (top),
VIV, ~ 1 (middle) and V/V, > 1 (bottom).
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Fig. 3 Snapshot of surface temperature of the free liquid film
of (Ly, d, L;) = (2 mm, 0.2 mm, 2 mm) under reduced gravity;
volume ratio of the film increases from the top left (V/V, < 1)
to the bottom right (V/V, > 1) (bottom right). Note that the
positions of hot and cold walls are opposite to those in Fig. 2.

Fig.4 Snapshot of numerical result in the system taking
account of ambient gas region around the free liquid film;
temperature and vectors on the surface observed from above
(left) and cross sectional view (right). Rectangle by dashed
line corresponds to the free liquid film.
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Fig. 5 Amplitude and frequency of hydrothermal

wave arisen in free liquid film against aspect ratio of
ambient gas region.
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