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Abstract

Introduction: In designing spillways, chutes and stilling basins the dimension of stilling basin
will reduce if the energy of the flow dissipates along the chute or spillway. One of the most
characteristics of stepped spillways is dissipation of energy along the spillway. Stepped
spillways are able to increase the energy dissipation according to their form and geometry.
The main problem is to increase the effectivity of the steps on energy dissipation. The aim of
this research is to introduce and propose a new form of stepped spillways in order to achieve
a higher level of flow energy dissipation during its transport to the downstream.

Methodology: In this research hydraulic of the passing flow over stepped spillway is
investigated under effect of geometric alteration and change of steps shape to some triangular,
trapezoidal and rectangular labyrinths with equal ratio of L1/W=1.85 (effective length to the
spillway width) utilizing FLOW-3D for a skimming flow of the range of 0.84<y./h<1.69. All the
models utilized in this paper are sketched using AutoCAD® and transmitted into FLOW-3D
for simulation. According to using CFD technic, the governing equations are Navier-Stokes
equations and continuity equation. This CFD package solves the incompressible Reynolds
Navier-Stokes equations using finite volume technic on a meshed domain in order to three-
dimensional analysis of the flow. The VOF method was used to simulate the free surface of the
flow and the RNG k- ¢ model was used for the turbulence modeling. The VOF is a finite
volume method in which the desired region is divided into finer elements and/or control
volumes. When the flow has a free surface, some elements are not filled with fluid and some
of these cells are partially filled. An appropriate method for defining the condition of the cells
is to introduce a parameter (F) that shows part of the element that is filled with fluid. This
quantity is named the function of fluid volume. The RNG k- € model is a two-equation model
in which the first equation declares the energy in turbulence (k is turbulent kinetic energy) and
the second equation defines the dissipation of turbulent kinetic energy (e is dissipation in
turbulence). The RNG k- ¢ turbulence model is used because of its ability in the simulation of
high computational mesh flows and less dependence to empirical constants in the related
equations and also its good performance in flow separation regions.

Results and discussion: The results of velocity distribution achieved from FLOW-3D is
compared and validated with experimental results of Felder et al. (2012) for steps no. 8, 9 and
10. Also, different models are performed and simulated to select an appropriate and optimal
mesh. According to mesh sensitivity analysis and optimum mesh size selection, finally the
coarser mesh was selected to be 1.9 cm (868,271 mesh elements) and the finer mesh was
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selected to be 0.8 cm (1,336,622 mesh elements). Totally 2,204,893 mesh elements with a relative
error of 6.07% were utilized for simulation and modeling. At the first stage, the results showed
that the maximum error of velocity distribution between experimental data of Felder et al.
(2012) and numerical simulation of FLOW-3D for the step no. 8 is 8.58% that indicated good
accordance between the numerical and experimental results. At the second stage, it was seen
that interference of flow blades because of passing over labyrinth shape of the steps is the
superiority of this type of labyrinth stepped spillways. Also, the trapezoidal labyrinth shape
shows a better performance in achieving the highest energy dissipation.

Conclusion: In the same flow conditions, the rectangular, triangular and trapezoidal shape
labyrinth spillway were more effective in velocity reduction by 4.62%, 12.21%, and 23.76% and
in energy dissipation by 5.6%, 13.1% and 17% than standard stepped spillways respectively.
This is because of flow interference and increasing the resistance against the flow in these types
of stepped spillways. The water in the skimming flow regime passes over the spillway as a
continuous later. In this state, the steps act as some excrescences against the flow. So, the most
part of the flow energy in this regime will be dissipated via some rotary flows beneath the false
bed. Reshaping the steps as labyrinths, will increase the recirculating region and will produce
more rotating flows than the standard stepped spillways. These types of spillways have fewer
amounts of the residual head than that for flat stepped spillways. The residual head ratio in
these spillways is Hrs/y~2.57 and in standard stepped spillways is Hrs/y~4.32. Finally, these
types of spillways can be introduced as the next generation of stepped spillways in increasing
their efficiency and hydraulic performance.

Keywords: Labyrinth Stepped Spillways, Energy Dissipation, Flow Interference, Residual
Energy, FLOW-3D.
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