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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. Dr. Donald Roy 

Pettit, a NASA astronaut, demonstrated a series of experiments in the International Space Station in 2003 1). In this 

experiment, he formed a thin free liquid film of water in a metallic ring and placed a heated iron close to one side of the 

ring. From this experiment, he found that the fluid was driven from a colder region to a hotter region even though the 

fluid has a negative temperature coefficient of surface tension. After such unique demonstrations, Ueno and Torii 2) 

indicated there exist two major basic flows in a free liquid film; double-layered flow and single-layered flow. Flow 

structures in the single-layered flow are indicated as functions of the shapes of liquid film; the aspect ratio 𝛤𝛤𝑧𝑧𝑧𝑧(≡ 𝐿𝐿𝑧𝑧 𝐿𝐿𝑥𝑥)⁄   

and the volume ratio 𝑉𝑉 𝑉𝑉0 < 1⁄ , where 𝑉𝑉 is the liquid volume and 𝑉𝑉0 is the volume of the hole region (= 𝐿𝐿𝑥𝑥𝐿𝐿𝑧𝑧𝑑𝑑). Fei 

et al. 3) indicated the flow direction induced by the thermocapillary effect is dominated by the volume ratio of the film and 

visualized the cross-sectional flow structure of the single-layered flow as well as the double-layered flow. Such effect was 

discussed via numerical simulations as well.4-6) 

In the present study, we focus on a multicellular flow structures in the single-layered flows by changing 𝛤𝛤𝑧𝑧𝑧𝑧. In our 

experiments, a liquid film of 6-cSt silicone oil (Pr = 83.25) is formed in a rectangular hole in the aluminum plate. Target 

geometry is shown in Fig. 1. The variation of the cell numbers in a single-layered flow against of the liquid film is illustrated 

through a series of experiments (see Fig. 2). We will discuss the formation of the multicellular structures by making 

comparisons with numerical results. 

 

 

 

 

 

 

 

 

 Fig. 1 Schematic of experimental apparatus 
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Fig. 2  (a) Temperature distributions on top free surface measured by IR camera and (b) path lines of suspended particles of 15 μm in 

diameter accumulated for 1 s taken by CCD camera under (1) 𝜞𝜞𝒛𝒛𝒛𝒛 = 𝟔𝟔 and ∆𝑻𝑻 = 𝟑𝟑.𝟔𝟔 K and (2) 𝜞𝜞𝒛𝒛𝒛𝒛 = 𝟏𝟏𝟏𝟏 and ∆𝑻𝑻 = 𝟓𝟓.𝟓𝟓 K. 

http://creativecommons.org/li

