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Flow Characteristics of Vertical Falling Film
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Abstract: An experimental platform is established to study the effects of surface structure outside
the enhanced tube on flow characteristics of vertical falling film. A comparative study of an
enhanced tube and a smooth tube is experimentally carried out by using a spectral confocal
displacement sensor and a high-speed camera. Falling film flow rate is controlled by adjusting the
height level H of a hydrostatic column in the higher water tank and the annular gap Ad of
distributor. The Reynolds number of working fluid varies from 0 to 4 500 in the experiments.
Test results show that the liquid film thickness of the enhanced tube is the same as that of the
smooth tube when the Reynolds number ranges from 0 to 2 000. However, when the Reynolds
number is greater than 2 000, the liquid film thickness of the enhanced tube is gradually larger
than that of the smooth tube, and the difference gradually increases with the increase of the
Reynolds number. Besides, it is found that the minimum flow rate for wetting the wall of the
enhanced tube is about 1/3 of that of the smooth tube, indicating that the enhanced tube is

beneficial to the spread of liquid film. Furthermore, when falling film is in laminar flow, there is
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no significant difference on falling film fluctuation characteristics between the enhanced tube and

the smooth tube in the entrance region. But the falling film of the smooth tube enters to the full

development region earlier, and then the fluctuation intensity of the smooth tube is gradually

lower than that of the enhanced tube. When the falling film is in turbulent flow, the fluctuation

of the enhanced tube is obviously higher than that of the smooth tube. When Reynolds number of

the falling film reaches 4 200, the average fluctuation intensity of the enhanced tube is about 8%

higher than that of the smooth tube, which shows that the surface structure of the enhanced tube

raises the disturbance of the liquid film and is more conducive to heat and mass transfer in falling

film evaporation. These results will provide a useful reference for the study of the enhanced tube

used in vertical falling film evaporator.

Keywords: enhanced tube; vertical falling film flow; liquid film thickness; wetting

characteristics; interface fluctuation
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