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EFFECTS OF THE FREE SURFACE ON THE FLOW PATTERN PAST A SQUARE CYLINDER

Hyungsu Ahn and Kyung-Soo Yang*

Dept. of Mechanical Engineering, Inha University

The characteristics of flow past a square cylinder submerged under the free surface have been numerically
studied. An immersed boundary method was adopted for implementation of the cylinder cross-section in a
Cartesian grid system. Also, a level-set method was used to capture the interface of the two fluids. The case for
Reynolds number 150 was examined. At the specific Reynolds number, by varying the gap ratio(0.25, 0.40, 0.55,
0.70, 1.00, 1.50, 2.50, 5.00) the effects of the free surface on the force coefficients and Strouhal number of vortex
shedding were identified. The presence of the free surface very close to the cylinder significantly affects the
shedding pattern, resulting in considerable deviation of the force coefficients and Strouhal number from those of
the single-phase flow. In addition, the influence of Froude number was considered in this study. By increasing
Froude number(0.2-0.4), flow topology change was identified at the specific gap ratios(0.40, 0.70, 1.50, 5.00).
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Fig. 3 Time-averaged streamlines at (a) #/D = 0.25, (b) /D =
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Fig. 4 Time-averaged vorticity( [l : negative, [l : positive ) at (a)
/D =0.25, (b) i/D = 0.40, (c) /D = 0.70, (d) //D = 1.50,
(e) /D =15.00, Re =150, Fr=0.2
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Fig. 5 Time-averaged vorticity( [l : negative, [} : positive ) at (a)
WD=04, () /D=0.7,(c) VD= 1.5, (d) /D=15.0, Re =
150, Fr=0.3
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Fig. 6 Time-averaged vorticity( [l : negative, B : positive ) at (a)
WD=04, () D=0.7,(c) VD= 1.5, (d) /D =5.0, Re =
150, Fr=0.4
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Fig. 7 (a) Normalized mean drag coefficient, (b) Mean lift
coefficient, (c) Normailzed mean strouhal number
depending upon the ratio(#/D) and Froude number, Re =
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