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Investigation of Pressure and Velocity Distribution in the Stepped
Region of a Stepped Spillway Using ANSY'S Fluent

Ali Mirizadeh

Department of Mechanical engineering, Parsabad Moghan Branch, Islamic Azad University, Parsabad, Iran

Abstract

In recent decades, the rapid expansion of dam construction projects has highlighted the critical importance of
efficient flood discharge systems, particularly in high dam structures, to ensure reservoir safety and sustainable
operation. Spillways must be designed to safely convey large flood discharges while maintaining acceptable
construction costs and preventing excessive stresses and potential damage to the dam body and downstream
infrastructures. Among various spillway configurations, stepped spillways have gained increasing attention as an
effective and innovative solution due to their superior energy dissipation capability and their ability to induce
natural aeration within the flow, thereby offering a cost-effective alternative for dam applications. Consequently,
extensive research efforts have been devoted to investigating the hydraulic performance of stepped spillways in
recent years. However, the complex flow behavior over stepped spillways, characterized by the coexistence of
multiple flow regimes and intricate vortex structures, presents significant challenges for accurate hydraulic
analysis. Therefore, further studies aimed at improving the understanding of the governing flow mechanisms and
refining the design criteria of stepped spillways are essential. In the present study, the stepped spillway of the
concrete Zhave Dam, located approximately 35 km south of Sanandaj, Iran, was selected as a case study. A two-
dimensional numerical simulation was conducted using ANSYS FLUENT within the framework of
Computational Fluid Dynamics (CFD) to investigate the pressure and velocity characteristics of the flow over
the stepped region. The numerical results reveal that the pressure distribution along the step floor is strongly
affected by the vortex structures formed within the step cavities. The pressure initially exhibits positive values
and then decreases along the step floor. Subsequently, an increase in pressure is observed, reaching a maximum
value before decreasing again near the step edge due to flow separation and jet detachment. For all investigated
discharges, the maximum pressure occurs at approximately 0.92 of the relative step floor length (X/L),
corresponding to the jet impingement point from the upstream step onto the step floor. In contrast, the minimum
pressure values are observed within the range of X/L = 0.30-0.35.

Keywords: Stepped spillway, pressure field, velocity field, ANSYS Fluent, flow patter
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