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Numerical investigation of the energy dissipation process in stepped
spillways using finite volume method

Majid Pasbani Khiavil, Mortaza Ali Ghorbani2, Milad Yousefii3
Abstract:

The purpose of this paper is to investigate the energy dissipation in stepped spillways using
numerical method with ANSYS CFX software. In this study, finite volume method based on
element was applied for modeling and the SIMPLE iterative algorithm was applied to couple the
velocity and pressure terms. Field of flow solution was continued until reaching to remaining with
amount of 10°. The RNG k-& model was used to evaluate the turbulence using CFX software to
model the mixing of two-phase water-air and free-surface flow called Free Surface. This research
has been continuously analyzed. To perform the validation and capability of software, at first a
broad-crested weir mode were modeled and the results of model were compared with the
laboratory model. Then the laboratory model of stepped spillway was selected and analyzed for
various discharge. Consider to results of the energy dissipation in stepped spillway and broad-
crested weir and comparing with experimental results, it can be concluded that numerical method
as well as laboratory method has the ability to provide acceptable results in field analysis of flow
in different types of stepped spillways and their results can be used to predict flow behavior for
different conditions. The results of the presented numerical model showed the appropriate
efficiency of stepped overflows in energy dissipation. For the model with the ogee crest, the
dissipation rate for the selected flow discharge obtained from 80 to 90% and for the model with
the broad cast weir, the energy dissipation obtained from 55 to 80%.
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Numerical investigation of the energy dissipation process in stepped
spillways using finite volume method

Majid Pasbani Khiavil, Mortaza Ali Ghorbani2, Milad Yousefi3
Introduction
Stepped spillways are among the hydraulic structures that have become more popular with
designers because of increasing energy dissipation rates in the present century. Steps reduce the
cost of building of the energy dissipater installations significantly by increasing the dissipation
intensity at the spillway level.
Depending on the passing discharge over the body and the geometry of the steps, the flows over
the stepped spillway fall into three categories: Nappe flow, transitional flow, and skimming flow.
At low discharges, the flow through the stepped structure will be in the form of successive free-
fall small spray jets or nappe flow. The outflow from each step collides with the downstream step
bed by a free fall spray, depending on the passing discharge rate, it may be either a complete or
incomplete hydraulic jump, or without a hydraulic jump formation. The main causes of the
dissipation in this flow are the propagation of spray in the air, the collision of the spray with step
bed, or the formation of a complete or incomplete hydraulic jump.
In skimming flow in large discharges, the current flows down the sloping steps as a frictional flow
attached to the edge of the steps. The flow moves over the skimming flow line, has a power
velocity profile, and begins to emerge gradually below the flow line as the rotational flows.
The purpose of this paper is to investigate the energy dissipation in stepped spillways using
numerical method with ANSY'S CFX software.
Fluid dynamics is a scientific computation that predicts fluid field, mass and heat transfer,
chemical reactions and related phenomena using numerical solution of a series of mathematical
equations. The equations that need to be solved for prediction of the phenomena are the well-
known conservation equations consist of mass conservation, momentum and energy .

Methodology

In this research, modeling and analysis is performed by computational fluid dynamics software
of ANSYS CFX. Finite volume method based on element was applied for modeling and the
SIMPLE iterative algorithm was applied to couple the velocity and pressure terms. In this method,
the fluid region is first separated by a number of volumes and then the conservation differential
equations will be solved by integrating these separated volumes. Therefore, the equations are
transformed continuously into a series of linear or nonlinear algebraic terms that will be solved
by a numerical method .

Field of flow solution was continued until reaching to remaining with amount of 10e-5. The RNG
k-¢ model was used to evaluate the turbulence using CFX software to model the mixing of two-
phase water-air and free-surface flow called Free Surface. This research has been continuously
analyzed. To perform the validation and capability of software, at first a broad-crested weir mode
were modeled and the results of model were compared with the laboratory model. Then the two
models of stepped spillway was selected and analyzed for various discharge. In order to consider
the assumptions at the model boundaries, accurate input must be defined to the software .
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Discussion and conclusion

In this research Ansys CFX software is used to solve the flow equations. The software output
parameters and the energy dissipation calculation for 5 different discharges were calculated and
compared with the experimental results. The results show that the numerical and laboratory results
are in good agreement. Therefore, it can be concluded that the numerical model, similar to
laboratory model, has good capability for modeling and analyzing the flow field.

Consider to results of the energy dissipation in stepped spillway and broad-crested weir and
comparing with experimental results, it can be concluded that numerical method as well as
laboratory method has the ability to provide acceptable results in field analysis of flow in different
types of stepped spillways and their results can be used to predict flow behavior for different
conditions. The results of the presented numerical model showed the appropriate efficiency of
stepped overflows in energy dissipation. For the model with the ogee crest, the dissipation rate
for the selected flow discharge obtained from 80 to 90% and for the model with the broad cast
weir, the energy dissipation obtained from 55 to 80%.
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