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Abstract: Lateral intakes are widely used hydraulic structures for diverting water from rivers into
irrigation and water supply canals. However, flow separation, secondary currents, and non-uniform
upstream velocity distribution often reduce diversion efficiency and hydraulic performance. This
experimental study examines how an angled divider wall installed upstream of a 90° lateral intake
affects the approaching flow and intake discharge. Experiments were performed under four flow rates,
three downstream conditions (closed gate, one-gate opening, and two-gates opening), and two wall
installation angles (0° and 12°). Flow depth, velocity distribution, and diverted discharge were
measured and compared with the control condition. The results showed that the 12° divider wall
improved downstream flow depth, produced a more favorable velocity distribution, and increased the
discharge entering the lateral intake. Under the optimum condition, the diverted discharge increased
relative to the control, demonstrating the effectiveness of the proposed configuration for improving
lateral intake performance.
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Introduction: Lateral intakes are essential hydraulic structures widely used in irrigation, water supply,
hydropower, and flood diversion systems to convey water from a main channel into a secondary canal. Their
hydraulic performance is strongly influenced by the complex three-dimensional flow pattern upstream of the
intake, including flow separation, secondary currents, and recirculation zones. These phenomena alter velocity
distribution, reduce diversion efficiency, and increase sediment entry into the intake canal, affecting long-term
system performance (Neary et al., 1999; Barkdoll et al., 1999). Numerous experimental and numerical studies have
investigated methods to improve intake hydraulics, including submerged vanes, spur dikes, intake geometry
modification, and sediment-control structures (Jalili et al., 2011; Habibi et al., 2019; He et al., 2023). More
recently, Ahadian et al. (2024) showed that a guiding divider wall can effectively modify the approaching flow
pattern and improve hydraulic conditions upstream of a lateral intake. However, the influence of the divider wall
installation angle on the approaching flow and diverted discharge under different downstream flow conditions
remains insufficiently investigated. To address this gap, the present study experimentally examines two divider
wall orientations (0° and 12° relative to the main flow direction) under four discharge conditions and three
downstream gate-opening scenarios. The experimental setup is illustrated in Fig. 3, while the tested scenarios are
summarized in Tables 1 and 2. The objective is to evaluate the effects of divider wall angle on flow depth, velocity
distribution, and discharge entering the lateral intake.

Methodology: An experimental investigation was conducted to evaluate the influence of an angled divider wall
on the hydraulic performance of a 90° lateral intake. The experiments were performed in a rectangular laboratory
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flume equipped with a lateral intake located on the sidewall of the main channel. The three-dimensional flow
pattern within the intake region and the configuration of the laboratory model are presented in Fig. 3. Four inflow
discharges of 40, 50, 60, and 70 L/s were examined under three downstream gate conditions, including a closed
gate, one-gate opening, and two-gate opening. For each hydraulic condition, the divider wall was installed at two
orientations, namely 0° and 12° with respect to the main flow direction, while the control experiments were
conducted without the divider wall. The investigated parameters and experimental scenarios are summarized in
Tables 1 and 2. Flow depth was measured at the upstream and downstream ends of the divider wall using point
gauges, whereas the velocity distribution was determined at three locations along the divider wall using a velocity
meter. The diverted discharge was measured through the lateral intake using a calibrated measuring weir installed
at the end of the intake channel. Hydraulic performance was evaluated by comparing changes in flow depth,
velocity distribution, and diverted discharge between the control and modified configurations. The experimental
data were subsequently analyzed to quantify the influence of wall orientation and downstream flow conditions on
the efficiency of water diversion into the lateral intake.

Results and Discussion: The experimental results showed that installing a divider wall significantly affected the
hydraulic characteristics of the approach flow and improved the performance of the lateral intake. As shown in
Figs. 4-6, the flow depth upstream of the divider wall generally decreased, while the downstream flow depth
increased compared with the control experiments. These changes became more noticeable at higher discharges
and were greater for the 12° wall than for the 0° wall. The velocity measurements (Fig. 7) indicated that the flow
pattern varied with the wall orientation. For the 0° configuration, the velocity decreased along the divider wall and
then slightly increased near its downstream end. In contrast, the 12° wall produced a gradual increase in velocity
toward the downstream end due to the contraction of the flow passage. This flow redistribution created more
favorable hydraulic conditions for water diversion into the lateral intake. The diverted discharge was improved
under all experimental conditions (Fig. 8 and Tables 3 and 4). Compared with the control condition, both divider
wall configurations increased the intake discharge, while the 12° wall consistently provided better performance
than the 0° wall. The maximum improvement was achieved at an inflow discharge of 70 L/s with the two-gates-
open condition, where the diverted discharge increased by 12.1%. These findings are consistent with previous
studies reporting that guide structures improve the approach-flow pattern and enhance the hydraulic efficiency of
lateral intakes (Neary et al., 1999; Barkdoll et al., 1999; Ahadian et al., 2024). Overall, the results demonstrate that
a properly oriented divider wall is an effective and practical method for increasing the discharge entering a lateral
intake.

Conclusion: The present experimental study demonstrated that installing a divider wall upstream of a lateral intake
can effectively improve the hydraulic performance of the intake. Compared with the control condition, the divider
wall modified the approach-flow pattern by reducing the upstream flow depth, increasing the downstream flow
depth, and improving the velocity distribution along the wall. Among the investigated configurations, the 12°
divider wall provided the best overall performance and consistently diverted more discharge into the lateral intake
than the wall installed parallel to the flow direction. The findings indicate that a simple modification to the divider
wall geometry can noticeably enhance water diversion efficiency without requiring major structural changes.
Therefore, the proposed configuration can be considered a practical and cost-effective approach for improving the
hydraulic performance of lateral intake structures in irrigation and water conveyance systems.
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Fig. 1 Three-Dimensional Flow Pattern in a lateral Intake (NeyrT et al., 1999)
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Fig. 2 View of the Experimental Model
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Fig. 3 Schematic Diagram of the Experimental Flume
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Table 1 Range of Parameter Variations in the Experiments

Wall angle relative to flow direction

Parameters Flow rate (L/s) (Q) Number of gate openings (O)

(degree) (ad)
Range of variation 40-50-60-70 0° 0-1-2
ge ot variatt VOV 12° 0-1-2

ol iy poi glogy b (g laisl e ¥ Jgus

Table 2 Abbreviations of the Defined Scenarios

Row  Flow rate (Q)  Wall angle relative to flow direction (ad)  gate opening (O)  Abbreviations

1 0 Q40ad000
2 0 1 Q40ad001
3 40 2 Q40ad002
4 0 Q40ad1200
5 1 1 Q40ad1201
6 2 Q40ad1202
7 0 Q50ad000
8 0 1 Q50ad001
9 50 2 Q50ad002
10 0 Q50ad1200
11 1 1 Q50ad1201
12 2 Q50ad1202
13 0 Q60ad1200
14 0 1 Q60ad001
15 60 2 Q60ad002
16 0 Q60ad100
17 1 1 Q60ad1201
18 2 Q60ad1202
19 0 Q70ad000
20 0 1 Q70ad001
21 70 2 Q70ad002
22 0 Q70ad1200
23 1 1 Q70ad1201
24 2 Q70ad1202
30 30
28 28
265 25
> >
24 24
22 22
80 70 60 50 40 30 90 70 50 30
"""" a cocofibece
Q (I/s) —:— ad000 Q(l/s) e 2000
— & —ad1200 — & —ad1200
(b) Flow Depth Downstream of the Divider Wall (a) Flow Depth Upstream of the Divider Wall
odiS Iz lprd Caws Gl 5o (b2 Geso oatiSlaz 1500 CewsVl 5o by Ges- il

Fig. 4 Effects of the Divider Wall on Flow Depth at the Upstream and Downstream Ends under the Closed-Gate Condition
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(b) Flow Depth Downstream of the Divider Wall
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(a) Flow Depth Upstream of the Divider Wall
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Fig. 5 Effects of the Divider Wall on Flow Depth at the Upstream and Downstream Ends of the Divider Wall under the One-
Gate-Open Condition
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Fig. 6 Effects of the Divider Wall on Flow Depth at the Upstream and Downstream Ends under the Two-Gates-Open
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Fig. 8 Effect of the Divider Wall on the Discharge Entering the Side Intake
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Table 3 Summary of the Results of the Control

Experiments

Gate opening Qtot  Qab yl y2

Closed gate 40 40 25 24.4
1-gate opening 40 16.79 21.1  20.5
2-gates opening 40 16.26 21 20.2
Closed gate 50 50 26.5 258
1-gate opening 50 2427 225 22

2-gates opening 50 23.66 224 21.7
Closed gate 60 60 28 27.6
1-gate opening 60 33.41 235 23

2-gates opening 60 3273 235 229
Closed gate 70 70 29 28.2
1-gate opening 70 37.66 245 235
2-gates opening 70 36.94 24 23.4
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Table 4 Summary of the Results of the Main Experiments with the Divider Wall

Percentage increase in ~ Percentage increase  Percentage
Abbreviations  Qtot Qab  yl y2  water depth before the  in water depth after increase in
wall the wall flow rate
Q40ad000 40 40 245 25 -2.00 2.46 0.0
Q40ad001 40 17.1  19.9 20.6 -5.69 0.49 1.6
Q40ad002 40 16.5 199 203 -5.24 0.50 1.6
Q50ad000 50 50 25.8  26.2 -2.64 1.55 0.0
Q50ad001 50 243 212 222 -5.78 0.91 2.6
Q50ad002 50 237 212 219 -5.36 0.92 2.6
Q60ad000 60 60 275 279 -1.79 1.09 0.0
Q60ad001 60 33.8 227 233 -3.40 1.30 3.1
Q60ad002 60 33.0 22.6 233 -3.83 1.75 3.0
Q70ad000 70 70  28.5 28.7 -1.72 1.77 0.0
Q70ad001 70 384 235 24 -4.08 2.13 3.9
Q70ad002 70  37.7 235 239 -2.08 2.14 4.0
Q40ad1200 40 40 247 252 -1.20 3.28 0.0
Q40ad1201 40 173 204 207 -5.69 0.98 32
Q40ad1202 40 16.8 204 20.7 -5.24 2.48 3.3
Q50ad1200 50 50 26 264 -3.77 2.33 0.0
Q50ad1201 50 255 219 224 -4.89 1.82 7.8
Q50ad1202 50 252 21.7 223 -5.36 2.76 9.2
Q60ad1200 60 60 28 28 -1.79 1.45 0.0
Q60ad1201 60 362 233 238 -2.98 3.48 10.7
Q60ad1202 60 355 232 237 -3.40 3.49 10.8
Q70ad1200 70 70 29 29 -1.72 2.84 0.0
Q70ad1201 70 413 24 244 -4.08 3.83 11.9
Q70ad1202 70  40.6 24 244 -2.08 4.27 12.1
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5- List of Symbols

P (kgm''s?) Pressure in LTW
u; (ms™) Inlet Velocity of LTW
ps (kg/m?) Particle density
v (m%5) Kinematic viscosity of water
Ho (m) Upstream Head Velocity
H (m) Longitudinal Water Depth
Fr Inlet of Intake Froude Number
Re Reynolds Number
Qs (L/s) Intake Discharge
Q (L/s) Flow Discharge
Up (m/s) Inlet /velocity of the Intake
q® Intake Angle
Distance of LTW related to intake

D (m) .
inlet
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