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Table 1 ~ Simulation parameters

Case H/mm W/ mm 0/(°)
1 0.3 0.5 60
2 0.3 0.5 90
3 0.3 0.5 120
4 0.2 0.5 90
5 0.4 0.5 90
6 0.5 0.5 90
7 0.3 0.3 90
8 0.3 0.4 90
9 0.3 0.6 90
10 0.3 0.7 90
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Fig.2 Wall temperature along the flow direction
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Fig.3 Film thickness for different grid densities at

X =10 mm (without a rectangular groove)
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Fig.4 Film distribution ratios for different Re numbers
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Fig.6  Film distribution ratios for different rectangular

groove widths
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Fig.7 Film distribution ratios for different rectangular

groove depths
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Characteristics of liquid film flow on plates with an arrow-shaped
arrangement of rectangular groove

JIANG Bin  YANG Li

(College of Architecture & Civil Engineering, Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: As a result of the effects of surface tension and contact angle, the liquid film which on a general smooth
flat plate tends to form a stream, with dry spots on a heat transfer surface. A set of plates having an arrow-shaped ar-
rangement of rectangular grooves has been proposed in order to solve this problem. By means of reliable computational
fluid dynamics (CFD) simulations and two-phase flow theory, a mathematical model of a three-dimensional unsteady
falling film on a flat plate has been established. The characteristics of liquid film flow on the plates with an arrow-
shaped arrangement of rectangular groove were studied by CFD simulation, and the influence of the micro groove
width and depth, and the arrow angle on the film spreading on the plate were investigated. Our study found that the
arrow-shaped arrangement of rectangular grooves effectively guides the film spreading on the plate transverse section,
so that the liquid film wetting area increases, reducing the surface dry spots. Within the scope of the study, the opti-
mal parameters were found to be a rectangular micro groove width of 0. 5 mm and a depth of 0.3 mm; under these
conditions, the wetting area increased from 62% to 89% on the smooth surface and from 84% to 94% on the surface
within the groove. The 120° arrow structure has a significant effect on the horizontal spreading of the liquid film at low
Re number, and the guidance effect of the 90° arrow structure improves with increasing Re number.

Key words: microstructure ; two-phase flow; numerical simulation; liquid film
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