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Available online: facilitate access between downstream and upstream hydraulic structures crossing
Agusut 23,2023 the river, such as dams, to eliminate the inability of fish to swim upstream, and to

facilitate their downstream movement. Therefore, in the present study, in order to
determine the optimal shape of the barriers used in the T-shaped fishway, the
structure was simulated numerically with four types of barriers using OpenFOAM
software and the K-¢ turbulence model. The numerical model was validated by
Kgywprds: Turbulence | comparing its results with the results of the related laboratory model. The findings
Kinetic Energy, Energy ! indicate a good agreement between the results of the numerical model and the
Dissipation  Percentage, | |aboratory results. Among the four specific configurations taking into account

Fishway, T-Shaped ' different factors, the D3 configuration of T-shaped barriers achieved 38.6% and
Barriers,  OpenFOAM | 41.5% of reverse flow, 85.9% and 92.3% of flows with velocities less than 0.5
Software m/s, 51.6% and 17.8% of kinetic energy values of turbulence less than 0.02 m?/s?

and 72.1% and 19.3% of energy dissipation greater than 8, in longitudinal and
transverse flow profiles respectively. had the best performance.

1. Introduction
There are several species of fish that swim in the opposite direction of the flow to reach their

homeland. Continuation of this instinctive behavior has become a factor in the survival and
reproduction of these fish. Therefore, it is necessary to pay attention to the design and construction of
hydraulic structures called fishways in the vicinity of intersecting structures with watercourses.
Although the construction of fishways and other similar structures alone cannot solve all the
environmental problems related to aquatic animals, but it can be a useful and practical solution for the
movement and migration of fish upstream of obstacles. Today, environmental issues are one of the
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major concerns in the planning and implementation of projects related to water resources (Food
Agriculture Organization, 2002).

2. Materials and Methods
In order to investigate the flow behavior in fishway with T-shaped barriers and with different

configurations, the dimensions in the present numerical model are similar to the dimensions of the
problem solved by Mao et al. (2019b). Laboratory flume has length 24.5 m, width 2 m, height 1.2 m,
slope 2.6% as well as T-shaped and rectangular barriers were located in different positions along the
flume. The flow rate used in the laboratory model is 0.4 m3/s. The canal consists of a total of eight
pools. Except for the first and last pools, all pools have T-shaped baffles. Numerical simulation in the
present study was performed with a scale equal to the laboratory model in order to validate the model
and after ensuring the accuracy of the model, the changes considered in the research are applied. To
ensure uniform flow in the first pool and also not to affect the flow results in the final pool, the
channel length in the numerical model was considered 26 meters. Excess length of 24.5 m was
applied in two first and final pools.

3. Results
In the present study, the basic design, D1, D2 and D3 configurations, were taken from T-shaped

barriers and the best configuration was selected by comparing different hydraulic parameters. Figure
(1) shows that the OpenFOAM model has the ability to simulate flow in a fishway structure with high
accuracy. The error MSE = 0.098 and RMSE = 0.31 obtained for the numerical and laboratory results
show a satisfactory correlation of the results.

—e— Mao et al. (2019b)
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Figure (1): Comparison of velocity values in laboratory and numerical model

Also, among the four configurations, taking into account different factors, the D3 configuration of T-
shaped barriers achieving 38.6% and 41.5% of reverse flows, 85.9% and 92.3% of flows with velocity
less than 0.5 m/s, 51.6% and 17.8% of the turbulence kinetic energy less than 0.02 m2/s2 and 72.1%
and 19.3% of energy dissipation percentage greater than 8, in the longitudinal and transverse
directions of the flow, respectively, had the best performance.

4. Discussion and Conclusion
Results show that each of the configurations exhibits specific behaviors. In terms of criteria such as

limit values along the structure and the percentage of reverse flows in the pools, the best configuration
form was selected. Comparison of the results shows that the D3 configuration has the best
performance in flow velocity (in both limit velocity and reverse flow percentage), turbulence kinetic
energy and energy dissipation, both longitudinally and transversely.
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