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Abstract:

Hydraulic jump phenomenon is one of the most common phenomena in open channels. Hydraulic jump is a
transition state from supercritical to subcritical flow regime, which normally occurs in conjunction with
hydraulic structures, such as spillways, weirs, and sluice gates. A hydraulic jump phenomenon serves a
variety of purposes, for instance, to dissipate the energy of flow to prevent bed erosion and aerate water or to
facilitate the mixing process of chemicals used for the purification of water. The stilling basin is of the
common and most powerful hydraulic structures for the dissipation of the flow energy. The size and
geometry of the stilling basin affect the formation of flow patterns, which can be influential for hydraulic
performance of the whole system. The depth of water after the jump is related to the energy content of the
flow, and any reduction in energy content with increased energy dissipation in the jump will reduce the
required depth of flow after the jump. Sometimes, these basins are supplied with appurtenances that increase
the overall roughness of the basins. This in turn increases the energy dissipation, decreases the sequent
depth, and requires a shorter basin for the full development of the hydraulic jump. There are plenty of
research studies in the literature regarding the classical hydraulic jump in the usual rectangular straight
stilling basin. However, less are available for the hydraulic jump in other cross sectional shapes of basins.
gradually expanding basin with the rectangular cross section acts as two separate hydraulic structures
including stilling basin and transition. In this type of structures not only the transition can be eliminated, but
also the length of the basin will be much smaller than what is designed for the usual straight basins.
Researchers’ studies show that divergence in stilling basins may reduce the sequent depth and the length of
the jump while increasing energy losses compared to the classic jumps.

In this research, numerical simulation of hydraulic jump was performed in divergence rectangular sections,

and compared with the results of the laboratory, using FLOW-3D software and standard k-¢ and RNG k-¢
turbulence models. The effects of rectangular Strip roughness on the specification of hydraulic jump were
evaluated.

Results showed that standard k-e turbulence model was able to predict water level profiles in hydraulic jump
in divergence rectangular sections with an appropriate and acceptable coincidence. Results showed that mean
relative error of water surface obtained from numerical models and measured values is about 3.55%. Also,
the numerical model as well as the experimental investigations showed the vortices that were accrued
because of diverging walls. The results show that creating the rectangular Strip roughness, reduces the
sequent depth up by 13.65% and the length of the hydraulic jump by11.39%, while it increases the energy
loss by 9.12%, compared to Smooth divergent stilling basin. Results also show that creating the rectangular
Strip roughness, reduces the sequent depth by 24.63% and the length of the hydraulic jump by 17.64%, while
increasing the energy loss as much as 14.46%, compared to the classic hydraulic jumps. Consequently, the
use of roughness in stilling basins would be economical.

Keywords: Diverging Hydraulic Jump, Rectangular strip roughness, k-e Turbulence model, FLOW-3D
software
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