J\”‘ Irrigation Sciences and Engineering (JISE) Vol. 42, No. 3, Fall 2019, p. 179-196

Shahid Chamran
University of Ahvaz

EXTENDED ABSTRACT

Investigating the Flow Pattern in Baffle Fishway Denil Type

Z. Mahmoudian?, S. Baharvand? and B. Lashkar-Ara®*

1- Master’s Degree Student, Civil Engineering Department, Jund-Shapur University of
Technology, Dezful, Iran.

2- Master’s Degree Student, Civil Engineering Department, Jund-Shapur University of
Technology, Dezful, Iran.

3*- Corresponding author, associate professor of civil engineering, Jund-Shapur University of
Technology, Dezful, Iran. (Babak_Lashkarara@yahoo.com).

Received: 9 September 2017 Revised: 14 January 2018 Accepted: 16 January 2018

Keywords: Turbulent, Denil, Fishway, Baffle, CFD. DOI: 10.22055/jise.2019.23693.1689.

Introduction

Denil fishway contains a direct rectangular channel in different slope rates associated with
special baffles inside the channel. The layout of the baffles provides an energy dissipation
process which provides an acceptable operating condition for passing the fish in continues path
along the channel. Denil fishway divides the current to two different parts, including the main
current located at the middle of the channel and lateral currents along the frame position. The
interaction between main and lateral currents provides the main process of mass and acceleration
movement and concludes a significant energy reduction based on the turbulent process. In the
other words, it can be concluded that the frequent baffles make the channel very rough, which
results in a suitable condition for migrating fishes to the upstream (Cea et al., 2007).

Rajarathnam and Katapodis (1983) conducted common research on the hydraulic of the
fishway structures. They focused on the Denil fishway as one of the most important fishway
structures among different types. The result of their study on the Denil fishway is the developed
equation for measuring the discharge of the flow in the channel in various geometric scenarios.
The physical model of the Denil fishway was constructed in the hydraulic laboratory at Alberta
university, and the flow rate and velocity profiles were measured using the electromagnetic
flowmeter and miniature velocimeter, respectively. Rajaratnam and Katapodis (1983) introduced
six different Denil fishway types. The result of this study has shown that the output data are
relatively similar to the Denil type 2. Equations (1), (2) are the main equations of the Denil
fishway type 2 based on Rajaratnam and Katapodis (1983) studies.
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Where Q* shows the dimensionless flow rate, which can be calculated using equation (3), y0
is the flow depth on the fishway baffles, by is the interior width of the fishway’s baffles, and U*
refers to the dimensionless velocity, which can be calculated using equation (4).
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Where Q is the flow rate, S, is the slope of the bed, and u,, is the maximum velocity, which
can be determined using the velocity profile (Rajaratnam and Katapodis, 1983). Wang and
Chanson (2017) studied the hydrodynamic of the fishway in different rough and smooth bed
scenarios. They were taking series of photos from the fish body in the fishway to figure out the
path direction of the swimming fish. They also used the proposed fish swimming path to
determine the velocity and acceleration fluctuations. They found that more bed roughness would
bring better conditions for fish swimming along its path. In addition, their study showed that
fishes have the best reaction against different forces, including drag, hanging, and gravity which
led to finding the safest path for migrating upstream of the channel (Wang and Chanson, 2017).
Considering hydro environmental issues, and in order to reduce concerns about the
implementation of dam construction projects, providing the best condition for fish passing to the
upstream should be taken into account for each project. In this study, flow patterns of the Denil
fishway type 2 were investigated by the computational fluid dynamics method. Also, the
possibility of the safe path for fish swimming in different frame angles was determined.

Methodology

FLOW-3D was used to simulate different geometries and operating conditions. Several
attempts have been made to validate the model with the presented model by Rajaratnam and
Katapodis (1983). Mesh independency was investigated in 21 try and error investigations. As a
result, the total amount of the mesh in the limited boundary was calculated as 201,400 with
aspect ratios close to 1.008 in all three dimensions. A solid model for the fishway was created by
AutoCAD 3D modeling software and imported as a main solid file to the FLOW-3D. Figure (1)
illustrates the 3-dimensional solid model after the validation process. The solid flume includes a
20% slope surface, 16 baffles with different angles compared to the ramp’s bed (45°, 60°), and a
channel width of 1 mand 7.35 m long.

CFD modeling using FLOW-3D Software

Flow field consists of four main equations, including momentum equations in three
dimensions and the continues equation. There is no other theoretical approach to solve the flow
field equations other than using approximate solutions. FLOW-3D solves the flow field equations
based on the finite volume method which is a highly used type of numerical solution methods
(Hirt and Nichols, 1981).

There are different turbulent models which can be applied to the flow field cells, including
Spalart-Allmaras, Standard K-, RNG K-¢, Realizable K-¢, and Reynolds Stress Model. Based on
literature reviews, RNG applied to the model, which is a robust, reasonably accurate, and robust
turbulent model for modeling flow in fishway channels (Baharvand and Lashkar-Ara, 2017).
RNG turbulent model is completely applicable for modeling flow field with frequent vortices.
Based on the physical model data, different inlet volume flow rates were assigned to the model,
and the specified pressure was assigned to the outlet boundary. Sidewalls and bed were assigned
to the wall boundary condition, and the top surface was assigned to the free surface boundary
condition. Measurement stations used in this study can be found in figure (1).
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Fig. 1- Isometric view of the model and position of measuring stations
Results
Flow discharge during simulation
Based on the volume flow rate distribution among the simulation time, the volume flow rate
was relatively consistent after 55 sec. Therefore, 60 seconds was used as the total time of the
modeling in different scenarios (Fig. 2).
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Fig. 2- Volume flow rate changes in the middle section of the structure during flow
simulation

Velocity Profile Result

Velocity distribution in three directions (x,y,z) were exported to figure out the applicability of
the rotational currents (vortices) on fish migration. Velocity distribution along the water depth
was investigated in 45- and 60-degree baffles in order to find the best geometric scenario for
passing fishes to the upstream. Because of the effect of the upstream and downstream pools on
the flow field, the middle pool (Station No0.4) was selected as the main measurement pool.

Flow pattern in pools

Figure (3) shows two different angles of the baffles in the modeled Denil fishway. As can be
seen, there are two general flow patterns existing inside the Denil fishway channels, including the
direct flow and lateral rationing flow back of the baffles. The primary current flowing toward
downstream from the center of the channel cone and the openings of the Denil baffles.
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Considering the potential of pools in creating standing water, the incoming flow by colliding with
standing water in the pools’ intervals, creates vortices flow around the transverse axis of the
pools.

Velocity Magnitude (m's)

a) b)
Fig. 3- Flow pattern in Denil fishway by: a) baffle angle 45° b) baffle angle 60°

Conclusion

Based on the importance of the fishway structures, especially Denil types, the hydraulic
condition of the current at the mentioned structure with 45- and 60-degree Denil baffles was
investigated. The results showed a high accuracy of the FLOW-3D to model Denil fishway based
on the Rajaratnam and Katapodis (1983) experimental data. The velocity distribution in three
different axes for each geometric scenario was proposed. Efforts have been done to figure out the
best geometric condition for developing a safe path for swimming. Different comparisons
between velocity data proved that Denil fishway with 45-degree baffles provides significantly the
safest safe path for fish passage compared to the 60-degree baffles. Also, the turbulent-intensity
investigations determined that Denil fishway in both geometric scenarios have significant ability
to dissipate the energy of the water. In addition, the existence of the low-velocity areas in 45-
degree frame, compared to 60-degree baffles, leads to having more resting pools and safe paths
for fish migration.
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Table 1- Range of the test data in this study

Parameters Dimension Range
bed(Sp) Slope Structural - 720
Flume width B m 1
Interior frame width b, m 0.64
Ratio of flume width to the internal - 1.56
width of the frame B/b,
Flow discharge Lit/s 4.1-67
Characteristic discharge Q- 2.08-29.5
Maximum velocity u, m/sec 0.98-5.69
Characteristic velocity U - 1.1-6.36
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Fig. 16- The flow pattern in the Daniel fish
way with a baffle angle of 45 °
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Fig. 21- variations of intensity turbulence at
different relation depths along the width of the
pool (baffle angle degrees of 45)
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Fig. 23- variations of intensity turbulence at
different relation depths along the width of
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