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Abstract

The flow passing through river-crossing structures such as weirs and low-fall dams is dominated by rapidly varied flow including
hydraulic jump. The intense unsteadiness of flow velocity and free surface profile affects the stability of such hydraulic structures. In
particular, the steady hydraulic jump generated at high Froude number conditions includes remarkably air entrainment, making the flow
characteristics more complicated. In this study, a large-eddy simulation was performed for turbulence effect and the hybrid VoF
technique to simulate the steady hydraulic jump at the Froude number of 7.3 and the Reynolds number of 15,700. The results of the
numerical simulation showed that the instantaneous maximum pressure and time-average pressure distribution calculated on the bottom
surface downstream of the structure could be reasonably well reproduced being in good agreement with the experimental values.
However, the instantaneous minimum pressure distribution in the direct downstream of the structure shows the opposite pattern to the
target experimental measurement value. However, the numerical simulation performed in this study is considered to reasonably predict
the minimum pressure distributions observed in various experiments conducted at similar conditions. The vertical distributions of flow
velocity and air concentration computed in the center of the hydraulic jump were found to be in good agreement with the experimental
results measured under similar conditions, showing self-similarity. These results show that the large eddy simulation and hybrid VoF
techniques applied in this study can reproduce the hydraulic jump with strong air entrainment and the resulting intense free surface and
pressure fluctuations at high Froude number conditions.
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Fig. 1. Side view of the experimental channel and measurement locations of Yoo et a/. (2018)

Fig. 2. Computational mesh
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Fig. 4. Computed [/eff] instantaneous and [7ighd time-averaged free surfaces colored by computed streamwise velocity
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