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Experimental Study on Multicellular Structure Induced
by Thermocapillary Effect in Free Liquid Film
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Thermocapillary-driven flow in a free rectangular liquid film (i.e., liquid film with two gas-liquid interfaces
in a rectangular hole) under a temperature gradient parallel to the free surfaces is investigated experimentally.
Pettit, a NASA astronaut, conducted a series of experiments on the International Space Station (ISS) in 2003 .
Among the variety of demonstrations, he formed a thin free liquid film of drinking water inside a ring of metal
wire, and placed a heated iron close to one side of the ring. He indicated the fluid was driven toward the
heated area. This apparently strange phenomenon led to extensive research on the induced flow in the free
liquid film. After this on-orbit experiment, Ueno and Torii 2 revealed there exist two major basic flow patterns
in the rectangular free liquid film (Fig. 1.) depending on their aspect ratios: double-layered flow (DLF) and
single-layered flow (SLF). The shapes of liquid film is described by the two types of the aspect ratio, I, (=
Ly/d) and I, (= L,/Ly), and the volume ratio V/V,, where V is the volume of the liquid film itself and V, is
the volume of the hole to sustain the liquid film (= L,dL,). Experimental investigation indicated that the
direction of the flow induced by the thermocapillary effect is dominated by the volume ratio of the free liquid
film 9, and the cross-sectional flow structure of the single-layered flow as well as the double-layered flow 4.

Such effect was discussed via numerical simulations>” and physical model® as well.

In the present study, we focus on multi-cellular structures in SLF in the free liquid films of varying aspect
ratios. We form a rectangular free liquid film of 6-cSt silicone oil. For visualization of the flow field, gold-
nickel-alloy coated acrylic particles are suspended as tracers. Marangoni convection is generated by providing
designated temperature difference between the both ends of the free liquid film, one side of the plate with a
rectangular hole is heated by a cartridge heater, and the other side is cooled by applying the cold liquid flow
in a channel drilled in the sustaining block from a constant temperature bath. The temperature distribution on
the free surface is monitored by an IR camera from above the free liquid film, and the particle motion is
monitored using a high-speed camera from beneath the free liquid film via a cubic mirror. We successfully
indicate that the induced flow exhibits a different number of cell structures depending on the aspect ratio of
the liquid film (Fig. 2.). We illustrate the correlation among the non-dimensional wave number, the visualized
particle motion, and the aspect ratio.
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Figure 1. Schematic of experimental apparatus. Figure 2. Temperature distribution and particle
trajectory line in free liquid film (I, = 14,
V/Vy = 0.9).
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