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Article Info ABSTRACT
Article type: Tnfroduction: There is a nimber of evidence for the constriction of weirs and diversion dams
Research Article in river hends. and sometimes huilding water intakes on hoth sides of the river hend are

needed However. this enconnters nrohlems in terms of asvmmetrv of flow distribution into
the intake structures. Most recent studies have heen conducted for clear water flow conditions.
The main nurnose of this studv was to investioate the nniformitv of sediment transnorting

Article hiStOl‘y: flows into hilateral intakes on hoth sides of a snillwav in a channel hend FT.OW-3D
Received 5 October 2022 mumerical model was nsed to test the effects of intake anole. intake sill and shiice wav on the
Received in revised form mniformitv of flow and sediment load entering the intakes and the distribution of sediment
23 January 2023 f‘lenosits 'in the intake area. The numerical model was czlihlja'ted and confirmed hased on the
Accented 25 March 2023 mformajmn of the nhvsical model fnf clear water ﬂ_nw cnndmn_nq T'hep the nimerical model
Publighed online 12 October 2023 for sediment transnort flow was validated and adiusted. and it was imnlemented for seven

scenarios of the arrangement of the weir and its related strictures in the channel hend. The
resnlts showed that the most of the sediment denosition is towards the inner-hend intake.
Withont the intake sill and sliicewav. the ratio of onter to inner intake for five intake anoles of
zero. 30. 50. 60 and 90 deorees is about 2.1. 3.8 5.0.4.17 and 2.4 resnectivelv. Usine a 90-
deoree intake is more efficient due to less sediment entrv and uniform inflow distribution to
hoth hilateral intakes. Tnchision of sill and shiicewav in the intake svstem resnlts in the
reduction of the ratio of outer to inner intake to he reduced to 1.1 and 1.3 for the two intake
anoles of zero and 90 deorees. resnectivelv. The resilts show that it is necessarv to nse the
intake sill and the sluice way to control the sediments entering to the intakes, especially in
inner intake.
Methodology: In this study, FLOW-3D numerical model was used to simulate sediment
transport flow into bilateral intakes on both sides of a diversion dam in a channel bend. The
eometric conditions of modeling are considered based on the laboratory study (Farhadi-
ansuleh and Yasi, 2019). The la%)oratory channel is a rectangular channel with a 90° bend.
Numerical model based on physical model information (Farhadi-Bansuleh and Yasi, 2019) for
clear water flow conditions, calibration and validation; and validated and adjusted for
sediment transport flow. In realitg, dewatering from diversion dams takes place at different
angles, therefore, in this research, an attempt has been made to investigate the effect of
diéerent intake angles on the uniformity of water distribution and the entry of sediments into
intakes, so there are seven scenarios to test the effects of intake angles, intake sill, and sluice
way, in checking the flow pattern and deposition of sediments in the area of intakes, and the
distribution of flow and sediment load to outer and inner intakes
Results and Discussion: In the modeling of sediment transport flow, the results show that the
uniformity of water distribution is better in intakes with a zero degree angle. So that the rate of
sediment ‘into the outer and inner intakes is 9 and 14 times E{gher than the 90° intakes,
respectively. The rate of sediment into 90° intakes is 6, 4.4 and 3 times lower for the outer
intake, and 18, 17 and 15 times lower for the inner intake than at 30, 50 and 60 degrees.
Inclusion of sill and sluice way in the intake system results, the uniformity of water
distribution in intakes with zero and 90 degrees angle is improved by 47 and 45 percent,
respectively. In the zero-degree intakes, the sediment load into the outer intake dF())es not
change significantly compared to the condition without a intake sill and sluice way; But this
amount decreases by about 65 percent in the inner intake. These results are also true for the 90
degree intakes, so that the sediments load into the outer intake does not change, but in the
inner intake it decreases by about 71 percent compared to the condition without mntake sill and

sluice way.
Keywords: Conclusion: The results showed that the most of the sediment deposition is towards the inner-
Channel bend bend intake. Without the intake sill and sluiceway, the ratio of outer to inner intake for five
FLOW-3D model intake angles of zero, 30, 50, 60 and 90 degrees is about 2.1, 3.8, 5.0, 4.17 and 2.4,
Intake res ective%y. Using a 90-degree intake is more efficient due to less sediment entry and uniform
Sediment transport inflow distribution to both bilateral intakes. Inclusion of sill and sluiceway in the intake system

results in the reduction of the ratio of outer to inner intake to be reducedto 1.1 and 1.3 for the

Sluice way two intake angles of zero and 90 degrees, respectively.
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Figure 1. Step-by-step flowchart of the research
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Figure 2. Experimental arrangement of the curved flume with a broad-crested weir and intakes, and measuring cross
sections (Farhadi-Bansuleh and Yasi, 2019)

Table 1. Error values of water depth estimation from the FOLW-3D model (Farhadi-Bansuleh and Yasi, 2019)

. . Mesh grid (m) Discharge Section at  Correlation Error Error Range of
Weir location Before In After Ws) bend () (Rz) Index Index error
bend bend bend (MAE) (RMSE) (7o)
60 degrees from the 0 0.89 0.004 0.004 1.7
beginni 003 0.02 0.02 75 15 0.93 0.002 0.002 1
45 0.92 0.002 0.002 1.1
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Figure 3. Graph of average kinetic energy versus timeTable 2. Modeling scenarios for sediment transporting flows
into bi-lateral intakes in the 90° channel bend

Tabel 2. 22222?

. Mesh grid (m) Angle of . .
Scenarios Before bend In bend After bend intakes (°) Intake Sill Sluice way
1 0.03 0.02 0.02 0 -

2 0.03 0.02 0.02 30 -

3 0.03 0.02 0.02 50 -

4 0.03 0.02 0.02 60 -

5 0.03 0.02 0.02 90 -

6 0.03 0.02 0.02 0 *

7 0.03 0.02 0.02 90 *
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Figure 4. Plan view of the 90° channel bend with a broad-crested weir and bi-lateral intakes with different angle of
intakes: (A) 0°, (B) 30°, (C) 50°, (D) 60°, and (E) 90°



RA b 5340 9 39U (e | ] SO gy 13 Syl e (Gl 43 gy JUTT b O] Gy (5l

ey g b Y
b oo )b 93 (sl Sl Jold) ol osilin @ sl ogmy JUiBI L Ol bz silodse (Y) J il
ol @l el 3,5 Ll (g 455 (el g Sl sl (g 2> A0 9 50 D2 & Gho (Sl
A @i GBI g 5 Sl 3959 55 51 syt bulpd it 423 A0 g sio 1T gl 93 (g0l &
5 so aglj 93 b oy ik 9 (cla Sl (sl o)l 9 o gl JeaST )3 cqpiml 51 azdls 1) oSl 4 (639
&35 hp glio Cin (giload @bt (Y Joio) 1 4B)F L3 55 Cogus) 4l55 (gl oo g Wil L olyen a0
ol 03 @) (V) Jgi 5 (B g 52 5 (201 @ 3) e By 93 slopSel ) gy Sl g f Gl 0y
5 ol il o cilisee (gblaj 50 L ySl) Jsl sl @y 0 S 0gmy 5 by sl 4 bsryo ol
435 b el o 4 amo e Lt (0) JSS -l 0 03l (Lt (1) b (8) slo S g0 (g 4455 (el
& 42l ol 2 I8 g 03,8 S jo oIy 1T Cenns 4 o 3 g B g o 4 Sligusy 42y sho
Slhgwy Fy g b dmolee 4l p,SolS /YD Jolee 31 1 KT 0 (639)9 Cguy 1S5ke 4S5 pobds .anl 03l
2SS e e (25 1Sl 4 (9395 gy £ 135 25l p)SSLS YEID Joleo (I S0l 4 (639
4 (839)9 gy £ b duglie )3 ke (] 45 A5 dslome £ S 8 LSl nl 4 (0399 ey JS o g 456
ol o[oo¥F B 4 cans 2B Sl 4 (639)5 gy JS Cus g Canl 0l Hln Jlade 3D LK
Blo Ol by lade ol .ol od e Y/ Hlade (L3I & cand ()8 uS0T 50 bys ok Cond v
sl 03g: (1Sl G Ol @i BI9Se) Kol (g S )

Table 3. The results of the distribution of flow and sediment load in the bi-lateral intakes in different scenarios

Mean inflow rate to Mean sediment load to  Sediment to intakes Outer to Inner Outer to Inner intake
Scenarios intakes (Q: m%/s) intakes (Q,:Kg/s) (Vi:Kg) intake flow sediment load

Inner Quter Inner Quter Inner Quter (You/qin) Mean Total

1 0.010 0.021 0.350 0.001 26.5 0.090 2.10 0.002 0.003
2 0.0052 0.020 0.510 0.009 35.2 0.0612 3.85 0.017 0.001
3 0.010 0.050 0.470 0.006 33.47 0.044 5.00 0.012 0.001
4 0.0120 0.050 0.340 0.003 28.47 0.040 4.17 0.008 0.001
5 0.010 0.024 0.026 0.0014 1.90 0.010 2.40 0.005 0.005
6 0.018 0.020 0.130 0.001 9.16 0.080 1.11 0.007 0.008
7 0.016 0.021 0.007 0.0012 0.550 0.010 1.31 0.171 0.018
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Figure 5. Plan view of modeling and simulation results for Run (1): (A) Deposition pattern and (B) Flow pattern
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Figure 6. Plan view of modeling and simulation results for Run (2): (A) Deposition pattern and (B) Flow pattern
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Figure 7. Plan view of modeling and simulation results for Run (3): (A) Deposition pattern and (B) Flow pattern
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Figure 8. Plan view of modeling and simulation results Run (4): (A) Deposition pattern and (B) Flow pattern
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Figure 9. Plan view of modeling and simulation results for Run (5): (A) Deposition pattern and (B) Flow pattern
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Figure 10. Plan view of modeling and simulation results for Run (6): (A) Deposition pattern and (B) Flow pattern
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Figure 11. Plan view of modeling and simulation results for Run (7): (A) Deposition pattern and (B) Flow pattern
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Figure 12. Comparison of the uniformity of sediment transport distribution in two outer intake and inner intake, with
different intake angles (without intake sill and sluice way)
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Figure 13. Comparison of the uniformity of flow distribution in outer intake and inner intake, with different intake
angles (with intake sill and sluice way and without intake sill and sluice way)
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