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Abstract

:

Open-channel bifurcations are the most common water diversion structures in irrigation districts. In irrigation water conveyance, water transport efficiency and sedimentation are primary concerns. This study accordingly analyzes the influence of open-channel bifurcations on water delivery in irrigation areas. Herein, the three-dimensional flow at an open-channel bifurcation was studied via numerical simulations using FLOW-3D software and including 15 sets of working conditions. The hydraulic characteristics of the recirculation zone and flow structures in the vicinity of the open-channel bifurcation were analyzed. Equations for the flow diversion width of the surface and bottom layers in the trapezoidal channel were then obtained. The flow diversion widths along the water depth were found to differ between trapezoidal and rectangular channels. The results also show that open-channel bifurcations considerably influence the flow velocity in the main channel. The flow velocity in the recirculation zone of open-channel bifurcations was small, but the pulsation velocity and the turbulent kinetic energy were large. The energy dissipated in this area was relatively large, which was not conducive to channel water delivery. This study provides a reference for channel optimization and operation management in irrigation districts.






Keywords:


trapezoidal open channel; numerical simulation; the recirculation zone; flow diversion width; turbulence kinetic energy












1. Introduction


Diversion channels or river bifurcations are commonly found in natural rivers as a result of the rivers’ dynamics processes [1,2]. Moreover, branch channels are commonly used for water diversion in irrigation networks, domestic use and hydropower projects [3,4,5]. The point at which the main and branch channels meet is called an open-channel bifurcation. Understanding and predicting flow properties at an open-channel bifurcation are important for accurately measuring branch flow discharge, which is necessary for agricultural irrigation and water use scheduling.



The largest body of research on open-channel bifurcations has addressed rectangular channels because they have a simple structure and are easy to measure. The rectangular channel diversion equations are the emphasis of the study. Many investigators have used theoretical analysis methods including a magnitude analysis, the momentum theorem, or energy equation to calculate the rectangular channel diversion equations [6,7,8,9]. These equations match well with experimental results and can be used for actual flow measurement. Meanwhile, with improvements in measurement instruments, research on water flow at open-channel bifurcations has expanded. Laser speed detector (LDA), acoustic doppler velocimeter (ADV) and particle image velocimetry (PIV) systems have considerably improved the measurement accuracy of water flow velocity [10,11,12,13,14]. Under these approaches, open-channel bifurcation flow patterns are first reduced into flow velocity measurements and turbulence characteristics in three dimensions. Then, according to the flow pattern of the open-channel bifurcation, a mathematical description of flow is precisely partitioned [15,16]. The formation and development of recirculation zones have also been explored for their narrowing effects on the inlet branch channel. Studies of physical quantities such as the Reynolds shear stress and turbulent viscosity have further improved the understanding of turbulence in open-channel bifurcations [17,18]. These studies provide an understanding of turbulence in bifurcations. Numerical simulation methods have advanced the understanding of branch channel flow by expanding beyond the limits of field experiments. There exist both mature commercial and self-programmed software packages with improved algorithms for simulating fluids [19,20]. Currently, the most widely used method for numerically simulating open-channel bifurcations is the Reynolds Average Navier–Stokes (RANS) method [21,22]. Among models that use RANS, the most widely adopted is the renormalization group k-ε (RNG k-ε) model. Both methods have been shown to be capable of simulating measured water depth and velocity in river and open-channel water diversions. The literature shows that the RNG k-ε model is widely used in bifurcation studies, and its reliability has been tested [23,24,25,26].



However, the shapes of many open-channel bifurcations vary from the widely researched rectangular shape due to different practical engineering needs [27,28]. In the water diversion and transportation systems in an irrigation area, channel sections are mostly trapezoidal. In such systems, flow diversion sluices are set at the water diversions to control the branch channel flow discharge. These sluices are typically rectangular. Therefore, regardless of the shape of the branch channel section, its inlet is rectangular. In the diversion sections of irrigation systems, the upper layer of clear water is often used to ensure water quality. Accordingly, the elevation of the bottom of the branch channel is higher than that in the main channel, forming a bottom sill. Due to the complex structure of the trapezoidal channel diversions, few studies have been carried out on the flow conditions under these geometries.



In this study, experimental and numerical simulations of an open-channel bifurcation with a bottom sill were accordingly conducted using a trapezoidal main channel and a rectangular branch channel inlet without sluice gates. The main objective of the current study, which is drawn from the above literature review, was to investigate the flow diversion characteristics in trapezoidal channels with different discharge from the main channel and bed widths. Another objective of the study was to find the law of variation of flow diversion widths in trapezoidal channels and compare it with the rectangular channels.




2. Methods


2.1. Experimental Setup


The experiments were performed at the Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Northwest A&F University. The experimental system comprised a pump room, triangular sharp-crest weir, trapezoidal channel, rectangular channel, reservoir, and underground pipeline. The experimental plan layout is shown in Figure 1. The ends of the channels were governed by free outflow. Triangular sharp-crested weirs were set at the trapezoidal channel inlet and rectangular branch channel outlet to measure flow. The trapezoidal channel length was 30 m, the bottom width was 0.3 m, the height was 0.6 m, and the bank slope coefficient was 1.0. The trapezoidal channel in the upstream part of the open-channel bifurcation was called the trapezoidal main channel, and the flow discharge was Q1; the downstream of the open-channel bifurcation was called the trapezoidal branch channel, and the flow discharge was Q3. The elevation of the bottom of the trapezoidal branch channel was consistent with that of the bottom of the trapezoidal main channel. The rectangular branch channel was 8 m long, with a width of 0.36 m, and a channel height of 0.6 m, and the flow discharge was Q2. The elevation of the bottom of the rectangular branch channel was higher than the elevation of the bottom of the trapezoidal main channel, resulting in a bottom sill of 7 cm. This bottom sill was set in the rectangular branch channel 60 cm downstream at the rectangular branch channel inlet. In this channel system, the open-channel bifurcation was 20 m away from the trapezoidal main channel head, ensuring uniform flow conditions at the branch channel. The angle between the central axis of the rectangular branch channel and the central axis of the trapezoidal channel was 90°. The roughness of both channels was 0.011. Measurements were collected in the experiments at five different trapezoidal main channel flow discharges. The water depth was measured using SCM 60 needle water-level gauges with an accuracy of ±0.1 mm (manufactured by Weifang Jinshui Huayu Information Technology CO., Ltd., Weifang City, China.).




2.2. Numerical Simulation Model


Computational fluid dynamics (CFD) uses software to simulate a complex model by applying the physical conservation law of the model to establish governing equations and model-specific nonlinear partial differential equations for numerical calculations. The flow simulations in this study used the mass conservation and momentum conservation equations.



In this study, FLOW-3D software was used for the numerical simulations. FLOW-3D used the improved Tru-VOF algorithm to capture the interface between the water and gas phases to accurately simulate the flow problem with a free interface.




2.3. Governing Equations


It was assumed that the fluid used in this study was incompressible with a constant density ρ and under steady-state conditions. The fluid can thus be described by the mass conservation equation and the momentum conservation equation as follows:


    ∂ ρ   ∂ t   +   ∂ ( ρ  u i  )   ∂  x i    = 0  



(1)






    ∂ ( ρ  u i  )   ∂ t   +   ∂ ( ρ  u i   u j  )   ∂  x i    =  ∂  ∂  x j    ( μ   ∂  u i    ∂  x j    ) −   ∂ p   ∂  x i    +  S i   



(2)




where i and j represent tensor forms with a range of values of (1, 2, 3);    S i  =  F i  +  s i    if the experiment water temperature is 20 °C, incompressible, and if the viscosity is constant,    s i  = 0  .



For turbulent flow, the RNG k-ε model was chosen for this study. The RNG k-ε model is based on the theory of the renormalization group to build a modified equation of the standard model, which reflects the effects of small-scale vortices through large-scale turbulent eddies and modified viscosity terms. The small-scale motion is removed from the governing equations, and the rotation and swirling flows are reflected in the mean flow. Therefore, this model is suitable for flows with a large degree of curvature in the open-channel bifurcation. The k equation and the ε equation are as follows:


    ∂ ( ρ k )   ∂ t   +   ∂ ( ρ k  u i  )   ∂  x i    =  ∂  ∂  x j       α k   μ  e f f     ∂ k   ∂  x j      +  G k  + ρ ε  



(3)






    ∂ ( ρ ε )   ∂ t   +   ∂ ( ρ ε  u i  )   ∂  x i    =  ∂  ∂  x j       α ε   μ  e f f     ∂ ε   ∂  x j      +    C  1 ε  ∗  ε  k   G k  −  C  2 ε   ρ    ε 2   k   



(4)




where k is the turbulent kinetic energy; ε is the turbulent energy dissipation rate;    μ  e f f   = μ +  μ t    in which μ is the hydrodynamic viscosity coefficient and μt is the fluid turbulent viscosity; Gk is the turbulent kinetic energy k generation term due to the average velocity gradient; with αk = αε = 1.39, C1ε* = 1.42, and C2ε = 1.68, all being empirical constants.




2.4. Open-Channel Bifurcation Structure and Boundary Conditions


As shown in Figure 2, a numerical model of a trapezoidal channel with a rectangular open-channel bifurcation was designed to match the experimental conditions. Under fixed working conditions, the open-channel water flow developed into a uniform flow. The upstream of the trapezoidal main channel was set as the flow discharge inlet. The downstream of the trapezoidal branch channel and the downstream of the rectangular branch channel were set to free outflow. The mesh surface that was in contact with the wall of the channel was set as a wall boundary. Because the upper grid was designed higher than the water depth to account for the air, we set a symmetry boundary at the top of the grid. The normal derivative of a physical quantity was zero at the symmetry boundary. The origin of the coordinates was defined at the bottom of the channel head.




2.5. Meshing and Simulation Conditions


Under fixed working conditions, in order to reduce the influence of the mesh size setting on the numerical simulation results, mesh independence verification is required. For a channel width of 1.5 m, simulation meshing blocks set at 1.0, 1.5, 2.0, 2.5, or 3.0 cm were used to simulate the open-channel water flow. Figure 3 shows the simulated water depths of the measuring points on the central axis of the section at different grid sizes.



Under the same working condition, a water depth simulation value decreases as the grid size decreases, and after the grid size is less than 1.5 cm, it remains basically the same. It is shown that the effect of grid size on simulation results is negligible when the grid size is less than 1.5 cm. To ensure the accuracy of the simulation data, a 1-cm grid was used for the calculation. Table 1 shows the comparisons of the simulated and measured water depths, in particular showing that the maximum relative error between them is less than 3%. Thus, the model can be used with confidence. The numerical simulations were then evaluated for 3 different trapezoidal main channel flows, 20, 25, 30, 35, and 40 L/s, and three rectangular branch channel widths, 30, 36, and 40 cm.





3. Results and Discussion


3.1. Water Depth


The water surface line (water depth) is the primary basis for determining the height of the open channel’s side wall, and it can directly reflect changes in water flow pattern. The observed water depth changes were concentrated near the open-channel bifurcation. The water surface curve was drawn according to the water depth at Sections II–VII of the main channel. The variations in water surface lines near the open-channel bifurcation are similar. In Figure 4, the abscissa represents the distance from the measuring point to Section II. The red lines indicate the water depth on the line y = 64 cm in the trapezoidal channel away from the open-channel bifurcation, and the blue lines indicate the water depth on the line y = 94 cm in the trapezoidal channel near the open-channel bifurcation. Figure 4a shows that the variation in water depth in the trapezoidal channel is basically the same at different flow discharges. From upstream of the open-channel bifurcation towards downstream, the water surface exhibited an initial decrease and subsequent increase as a portion of the water flowed into the rectangular channel. Figure 4b shows that the variations in the water depth in the trapezoidal channel are the same at different branch channel widths. The relatively small width of the rectangular branch channel and small flow into it is one of the main reasons for the deeper water depth in the trapezoidal channel than in the rectangular channel at the same flow discharge. As can be seen in Figure 4, changing the width of the branch channel has a greater effect on the change in water depth in the diversion area than changing the incoming flow of the main channel. Therefore, when constructing the main and branch channels in an irrigation area, the design of the channel height should take full account of the influence of the channel width ratio on the flow of water.




3.2. Froude Number


The Froude number (Fr) is the ratio of viscous force to inertial force and reflects changes in water flow patterns. Sediment is not easy to settle in supercritical flow, but it may settle in subcritical flow. In this study, local Fr was extracted on the x–y plane from FLOW-3D for analysis.



Figure 5a shows the change in Fr at a water depth of 5 cm (below the bottom sill height). There is a blue area in the rectangular branch channel called the recirculation zone. As the velocity at the center of the vortex created in this area is zero, the center of the recirculation zone has a small Fr. Flow is forced to enter the opposite (downstream) side of the branch channel because of the presence of this recirculation zone. Accordingly, the Fr is higher (as indicated by the red color) in this region, called the submerged acceleration zone. Figure 5b (at a water depth of 12 cm) shows that there is a large linear shift in Fr at the location of the bottom sill. In this region, the flow entering the rectangular branch channel is blocked by the bottom sill and its velocity increases. Flow in the rectangular branch channel is also affected by the recirculation zone and the submerged acceleration zone. Finally, the velocity upstream of the rectangular branch channel was small, but the downstream velocity in the branch channel was large.



In this study, due to the presence of the bottom sill, the recirculation zone was concentrated in the front of, rather than fully developed along, the rectangular branch channel. This makes the recirculation zone width slightly larger than in a no-bottom sill case, but its length is considerably shortened. Figure 5 shows that the range of the recirculation zone does not change much with water depth. As Fr is close to zero here at the sill, the velocity is almost zero, and the sediment in the channel is easily deposited.




3.3. Width of the Recirculation Zone


The above analysis reveals that velocity decreases in the recirculation zone, allowing the sediment in the channel to be easily deposited. This section discusses the shape of the recirculation zone at different flow discharges and different rectangular branch widths. As the recirculation zone is restrained in front of the bottom sill, its length is fixed at 60 cm; however, the changes in its width can be studied. Figure 6 shows the widths of the recirculation and submerged acceleration zones under different operating conditions. Coordinate points of the same shape and color represent the same rectangular branch channel width. As the width rectangular branch increases, the width of the recirculation zone increases, the width of the submerged acceleration zone decreases, and the narrowing effect experienced by the water flow entering the branch channel increases.



Figure 6 shows that the width of the recirculation zone slowly decreases with increasing Q1, whereas the width of the subsurface flow acceleration zone slowly increases. Their change ranges are small, and the narrowing effect of the recirculation zone does not change significantly with the change in Q1. When Q1 is fixed, changing the rectangular branch widths return the widths of recirculation zone varies substantially. However, nearly no difference is observed in the width of the submerged acceleration zone. Therefore, the flow-narrowing effect of the recirculation zone does not change significantly with the changing rectangular branch channel width. As a result, in an open-channel bifurcation with a bottom sill fixed 60 cm from the branch inlet, the width of the submerged acceleration zone and the flow narrowing effect are almost constant under different working conditions.




3.4. Velocity Distribution in the Main Channel


The streamlines in FLOW-3D were curved near the open-channel bifurcation in the main channel, indicating a drastic change in velocity. The region of the main channel flow diversion was divided into six zones in past research on the open-channel bifurcations of rectangular channels, such as the acceleration zone, stagnation zone, and separation deceleration zone. The velocity distributions near the open-channel bifurcation were also drawn in detail in this study. The velocity in a trapezoidal main channel is different from that in a no-bifurcation open channel, as the former has a distinct component flowing to the rectangular branch channel. When a bottom sill is set in the open-channel bifurcation, the velocity in the z-axis direction is different from that of the no-bottom sill condition. Figure 7 shows the three-dimensional flow velocity distribution at different water depths on Section Ⅴ.



Comparing the velocity changes at different water depths reveals that the velocity changes are mostly identical. The purple velocity distribution line is lower than the other lines, which are all higher than the bottom sill, and its variation law is different from that of the others. In the velocity distribution lines above the bottom sill, the left side is the wall, where the flow does not participate in the flow diversion, and the velocities u and v are the smallest. The right side is the rectangular branch channel, where the flow turns into the branch channel. Thus, the right velocity v is the maximum, whereas u is smaller. The left-center velocity u is the largest, and it gradually decreases as the y-axis coordinate increases. The open-channel bifurcation substantially influences the velocity of the main channel although the flow diversion width is not large in the main channel. For the purple velocity distribution line, the velocity u on the left side is larger than that on the right side, and velocities v and w are smaller than those on the right side, indicating that the right-side flow moved into the rectangular branch channel. Comparing the velocity in Figure 7a–c, the velocities u and w are found to be consistent with the following law: the surface velocity is larger than the bottom velocity in open channels. The velocity v is nearly identical in each layer of water at the Section V.



Comparing the velocity changes across different sections at a water depth of 1.5P (Figure 8) reveals the velocity variation law to be complicated. The velocity u gradually decreases along the x-axis direction in Figure 8a, reflecting the change in velocity from the acceleration zone to the separation deceleration zone in the main channel. The velocity v first increases and then decreases along the x-axis direction in Figure 8b. This indicates that the flow trends into the branch channel at the upstream lip of the open-channel bifurcation. The flow at the downstream lip of the open-channel bifurcation cannot enter the branch channel, and only the water in the main channel diffuses to the entire section and has a y-direction velocity. Three sections have negative values in Figure 8c because of a secondary circulation flow that causes a negative velocity w near the open-channel bifurcation. The existence of the open-channel bifurcation changes the distribution law of the velocity in the open channel, and thus, it plays a qualitative role in the flow measurement and sedimentation in open channels.




3.5. Turbulent Kinetic Energy


Turbulent energy is a physical parameter that provides an indication of the overall turbulence of the water flow and supports material transport and energy transfer. The calculation of TKE is as follows:


  TKE = (   u  ' 2   ¯  +   v  ' 2   ¯  +   w  ' 2   ¯  ) / 2  



(5)







As can be observed in Figure 9, the TKE was generally small in both the rectangular and trapezoidal channels. The minimum TKE in the open channel was 0.075, indicating that the pulsation intensity on the water surface was not large, but the TKE in the recirculation zone was larger, followed by the submerged acceleration zone.



There are vortices of various scales in turbulent flow. A large eddy of the same order of magnitude as the flow field would cause low-frequency pulsation. The small-scale vortex formed after a large-scale vortex rupture would induce high-frequency pulsation. A large-scale vortex continuously extracts energy from the mainstream and transmits it to the small-scale vortex through their interactions. Finally, the energy is converted into heat dissipation by the viscosity of water, which causes the current-average energy to be transformed into pulsating kinetic energy and thermal energy. The obstruction of the solid boundary creates several vortices, and the recirculation zone is formed by the constraints of the bottom sill and side wall. Therefore, many vortices were formed in the recirculation zone, the pulsation velocity was large, and the TKE was as high as 203.11. Due to the narrowing effect of the recirculation zone and the side wall, many vortices were formed in the submerged acceleration region. The random motion of the vortex caused the pulsation of the physical quantity of water, resulting in a high TKE in this region. Similarly, in the trapezoidal main channel, a new vortex was created due to the obstruction of the solid boundary, and the TKE near the side wall was higher than that at the center of the channel.




3.6. Flow Diversion Width


Flow diversion width is the width at which the water enters the side channel from the main channel. The size of the flow diversion width is a direct factor determining the amount of flow into the branch channel. The flow diversion width has been studied from very early on, but primarily in rectangular channels [16]. However, the variation in the flow diversion width along the water depth in a trapezoidal channel differs from that in a rectangular channel.



The velocity at the bottom of a rectangular channel is zero, and the surface velocity is the highest, and at an open-channel bifurcation, both the surface velocity and inertial force are large. Therefore, it is easier to turn the bottom flow into the branch channel than the surface flow. Thus, in a rectangular channel, the surface water (or that slightly below the surface layer) has the smallest flow diversion width, whereas the bottom has the largest flow diversion width. However, we found that the surface flow diversion width was larger at the surface of the trapezoidal channel than at the bottom and that the flow diversion width was the smallest at 0.2–0.4 times the water depth. The difference between the trapezoidal and rectangular channels is reflected in Figure 10a. The flow discharge in the upper part of the trapezoidal channel is larger than that in the lower part, and the flow diversion in the upper part of the channel accounts for a significant proportion of the total water diversion. As the bottom inertial force is small, the bottom flow easily enters the branch channel. Therefore, the flow diversion width in the trapezoidal channel decreases from the bottom of the channel as the elevation increases to a minimum at 0.2 to 0.4 times the water depth, followed by gradual increase. Moreover, the surface flow diversion width is the largest. When the sediment is transported in the channel, it is concentrated at the bottom of the channel. Therefore, in the trapezoidal channel, the surface flow diversion dominates, and less sediment enters the branch channel than the rectangular channel.



Through the study of the flow diversion width under 15 working conditions, the surface flow and bottom flow diversion widths were determined to be related to the flow discharge in the trapezoidal main channel and the width of the rectangular branch channel as expressed by:


   B s  =  K 1  b  



(6)






   B b  =  K 2  b  



(7)




where Bs and Bb are the surface and bottom flow diversion widths; K1 = 4.90Q1 + 0.11 and K2 = 4.60Q1 + 0.06 in which Q1 is the flow discharge in the trapezoidal main channel in m3/s; and b is the width of the rectangular branch channel in units consistent with B. It can be seen from Figure 10b, c that the equations are in good agreement with the simulation data.





4. Conclusions


According to the structure of typical open-channel bifurcations of trapezoidal channels in irrigation areas, a bottom sill was designed in a rectangular diversion channel and the diversion law was studied based on experimentally verified numerical simulations. The results of this research suggest the following conclusions.



The RNG k-ε model in the FLOW-3D software was able to successfully simulate flow phenomena at the open-channel bifurcation, and the simulation results agreed well in comparisons with water depths from field experiment data.



The velocity was substantially affected by the open-channel bifurcation in the trapezoidal channel. Due to the characteristics of the recirculation zone and the submerged acceleration zone in the rectangular branch channel, the velocity after each zone was different.



The recirculation zone was manifested as an observable vortex that was mainly determined by boundary conditions (side wall and bottom sill). It had a near-zero center velocity, resulting in a small Fr, and a large TKE, indicating the value of pulsating velocity was large, and that the existence of the recirculation zone has a narrowing effect on the flow. This study thus concludes that the recirculation zone has a negligible narrowing effect on flow diversion at different rectangular branch widths and different flow discharges.



The flow diversion width in the trapezoidal main channel was different from that in a rectangular main channel, but little other research mentions this observation. The surface flow diversion width in the trapezoidal channel was the largest followed by the bottom flow diversion width. The flow diversion width was the smallest at a depth of 0.2 to 0.4 times the water depth. This was caused by the trapezoidal channel bank slope. In contrast, it has been previously observed that the bottom flow diversion width in the rectangular channel is the largest and that on the surface is the smallest. Thus, because sediments are concentrated at the bottom of channels, trapezoidal channels convey less sediment to branch channels. Because the flow diversion width rule of the trapezoidal channel is different from that of the rectangular channel, this study recalculated the equation for the flow diversion width at the surface and bottom layers when the channel bank slope coefficient m = 1.0.



These results can provide a reference for the simulation and design of water conveyance operations and their complex turbulent flow fields. They also provide a theoretical basis for channel optimization to reduce sediment deposition. However, further study is required to explore open-channel bifurcations at different water inlet angles as well as sandy water laws.
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Figure 1. Experimental plan and section measurement layout. Note: Red points in the figure represent the measurement point arrangement, and Roman numerals represent measurement section numbers. 
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Figure 2. Numerical simulation model and boundary conditions. 
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Figure 3. Grid independence test. Note: b is the branch channel width and Q1 is flow discharge in the main channel. 
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Figure 4. Water depth change along the direction of water flow in trapezoidal open channel for (a) variation in flow discharge and (b) variation in branch channel width. Note: Red lines indicate the water depth on the line y = 64 cm, blue lines indicate the water depth on the line y = 94 cm. 
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Figure 5. Froude number (Fr) contour map at different water depths. Note: Q1 = 40 L/s; b = 30 cm. X* and Y* are obtained by dimensionless processing of X-axis and Y-axis coordinates. (a) depth of water below the sill height; (b) depth of water above the sill height. 
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Figure 6. Relationships between the width of the recirculation zone, flow discharge, and rectangular channel width. 
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Figure 7. Velocity distribution at different water depths. Note: Q1 = 40 L/s; b = 30 cm; P = 7 cm, which is the bottom sill height. (a) The x-direction with velocity u; (b) the y-direction with velocity v; and (c) the z-direction with velocity w. 
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Figure 8. Velocity distribution at different sections. Note: Water depth of 1.5P; Q1 = 40 L/s; b = 30 cm. (a) The x-direction with velocity u; (b) the y-direction with velocity v; and (c) the z-direction with velocity w. 
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Figure 9. Turbulent kinetic energy (TKE) contour map on different sections. 
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Figure 10. (a) Comparison of flow diversion widths in the trapezoidal and rectangular channels and comparisons of the calculated and simulated values of the flow diversion width for (b) surface flow and (c) bottom flow. 
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Table 1. Analysis of the relative error of water depth in different sections at the flow rate of 40 L/s and the branch channel width of 36 cm.
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	Section
	Analog Value/cm
	Measured Value/cm
	Relative Error/%





	Ⅱ
	13.83
	13.46
	2.75



	Ⅲ
	13.8
	13.78
	0.18



	Ⅳ
	13.92
	13.93
	−0.08



	Ⅴ
	14.25
	14.34
	−0.62



	Ⅵ
	14.63
	14.88
	−1.66



	Ⅶ
	14.69
	14.92
	−1.56
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