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A MODELING OF A HORSESHOE VORTEX FOR DEPTH-AVERAGED
SHALLOW FLOW EQUATIONS
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Depth-averaged 2D (two-dimensional) shallow flow equations are frequently used for analyzing practical
phenomena in shallow flows, such as, rivers, lakes, etc. The depth-averaged models have a great advantage in
computational efficiency compared with 3D (three-dimensional) models. If 3D flow structures are predominant, the
depth-averaged 2D models are not applicable. Recently, several sophisticated 2D depth-averaged model, in which
some 3D flow structures, such as, secondary currents of the first kind, or the vertical acceleration are incorporated,
have been proposed. However, a horseshoe vortex in front of a buff body, which also contains a typical 3D flow
feature, has not been considered into any depth-averaged models. In order to consider a horseshoe vortex in depth
averaged equations, we propose a novel physical based model for a horseshoe vortex in front of a bed mounted
cylinder. The model can reproduce the horseshoe vortex if the profiles of the depth and the depth-averaged velocity in
the stream-wise directions are given. For model validation, the present model is applied to two kinds of flows, namely,
a potential flow around a circular cylinder and 3D URANS computations of a flow around a square cylinder. The
results showed that the present model can capture the fundamental features of a horseshoe vortex excellently.

Key Words : Horseshoe vortex, Plane 2D model, Shallow flow equations, Flow around a cylinder
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