Al-Azhar University Civil Engineering Research Magazine (CERM)
Vol. (43) No. (2) April . 2021

Hydraulic Impact of Intake Slope and Entrance Level on Flow
Uniformity

Mahmoud A. Refaey!, Muhammad A. Abdul- Muttalib®, Abd El-Hamid Khater®,
Ahmed K. Dewedar”.

! Professor at Department of Civil Engineering, 2 Assistant Professor at Faculty of Engineering, Shoubra, Benha
University,
**Hydrulics Research Institute, National Water Research Center, Cairo, Egypt.

s dagl) adle

Al g gl cldial) adina b bl ¢ 3 g olopal) J83 A agaall Jilou gl (saa) s gidiall <) goill] yogin
AR i pmiail) (ot g5 pm g SR A b ) 9B L) el cullaly La Ll 9 Auibal) 3 )0 geal) g jliia g
ladl gl Aala ¢yl g A gaall slsall AtaS g gl Ada o agia ) JLgdY) Ol ga (e Ailida g g
O gatl sl s &
e L ol AaS o o Lgralina Cuman g 48 godiSal) <l gl b AATal) Aol jal Lgdl jal adi sapae Eilay
Ay o 00555 ALY ) olpal) J i aind BLIRY A ologall ol gl oalg 31 Al qu jlaiaae (38acil) g A aliiia
ALl AT e olsall cuand dais
Ol e L i LA 8 g LAY Joa g cld ] g i i) iU ) Al (n i) L e
O G ol g 1) J83 Lganl a5 1ALl JSLia (e JIB ouilial) anaiatl) 488 g olpall (3B2 55
paniig Adhial) oda b olsall A Al ol Lgy Giaay ) JAL o LAY Sadal) (e JAE ol g )
O i) B Gy Laa ALl Ly olsall A8 o (35S g ploadal 4y a0 AALl Jafad) dadall
) Jeagill al dd g slual) £ g2 g cilal ga Guday g JSLaal)

1 Abstract:

Lateral intake is a structure created next to a main channel to distract part of the flow
within the channel. Lateral intakes are used by hydraulic engineers for flow diversion in
irrigation grids and water source systems. A 90-degree branching is the easiest method to
distract water from main channels. With impending of the flow to the intake, the flow hurries
in the sloping way and is divided into two portions. Part of the flow is directed into the lateral
intake and the remain quantity goes into the main channel. Intake in an open channel has a
non-uniform flow along the main channel. Velocity and direction change in the lateral intake
lead to non-uniform flow, sediment transport, whirlpools and/or swirls. Intake abstraction
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efficiency decreases due to circulation and non-uniform flow. High maintenance cost is
regularly paid in order to dredge the sedimentation areas and to guarantee abstraction
efficiency. Sediment movements usually cause corrosion to the turbine blades, which
consequently will increase maintenance cost. River flows at main channels and diversions are
geometrically similar and belong to the same class of gravity-driven flows that divided into
two directions and two flow ratios. Therefore, related to all these points and problems, the
aims of this study were to improve the design of the lateral intakes and reach the most
effective design by collecting most effective previous studies.and is has been
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2 Introduction

Rivers are considered as one of the providers of pure water for the nature and human.
The delivery of water has been the most important cost-effective part of the rivers and the
right design of river intakes is one of the most subjects in hydraulic engineering (Raudkivi,
1993) [13]. The water diversion method depends on flow conditions, topology and
morphology of river. Flow diversion study in open channels (intakes) is much used to distract
stream from the main channel or from a river into an irrigation or hydropower channel as
shown in Figure 1.
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Figure 1: General flow patterns of a diversion (Raudkivi, 1993) [13].

There are different kinds of river diversions that depend on river condition and
quantity of water diverted; lateral intake is one of these diversions. Flows through this lateral
intake are turbulent (Hamid, 2008) [5]. Intake in an open channel has a non-uniform discharge
resulting from the abstraction of water through the channel. As the flow enters the intake, it
hurries by the suction forces at the end of intake. The flow may be to divide into two portions
as a reason of last process, one incoming to the intake and the other flow in the downstream
path in the main channel.
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3 Applications Studies

3.1 Flow Characteristics in Intakes

Chung et al., (2002) [4], performed numerical and experimental model for a sub-
critical, right-angled, equal-width, and open-channel dividing flow over a horizontal bed. The
reduction constant at the supreme width of the contracted section in the recirculation is
inversely related to the ratio of discharge at upstream to that at downstream. Under the
statement that the velocities were nearly uniformly distributed at the considered boundaries,
the depth-discharge relationship follows the commonly used energy equation. The predicted
results relate fairly to the experimental data. For practical engineering applications, the
maximum possible discharge in branch channel at a given upstream discharge could be
determined with a prescribed downstream Froude number or the maximum possible
downstream Froude number.

Rashwan et al., (2004) [12], developed a theoretical model for a junction at 90, over a
horizontal bed for subcritical steady flow through main, extension, and branch channels of
equal widths. The developed model was derived essentially based on momentum, energy, and
continuity equations. The model was verified with experimental data from the previous studies
and give a good accordance with them. It was also found that a linear relationship between the
experimental data of the inflow water depth and the branch water depth was valid. The
specific heads upstream and downstream the junction was found to be practically equal.

Amin, (2005) [2], investigated experimentally the velocities distribution at diversions
using a fixed-bed model. He defined the effect of the diversion angles on minimizing sediment
deposition in intake channels, as shown in figure 2. The experimental results showed that the
recommended range of the diversion angles of the channel intake needed to enhance the flow
pattern inside the channel intake is in the range of 1000 to 112 o. In addition, he developed two
empirical formulae to help the designers of intakes. His formulae were verified in the
predictions of sedimentation problems at two locations along the Nile River which were in
accordance with the measured quantities. It was recommended that the influence of the
sediment exclusion measures such as bottom vanes upstream the entrance of the channel
intake should be further investigated.
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Figure 2: Layout of the intake, (Amin, 2005), [2]
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Helal, (2006) [6], investigated numerically and experimentally how to minimize the
effect of the separation zone at open channel junction. This could be achieved by changing the
downstream edge of the junction from sharp to chamfer to circular edge. Experimental runs
were categorized according to the junction and bed types. He measured the water depths,
velocity along the profile, maximum scour depths, and scour-hole lengths. In the numerical
study, the finite element technique was implemented in order to determine the velocity
distribution downstream the junction with different dimensions, using ANSYS software
program. The main factors, that were considered, were the main and branch channel velocities
and radius of circular edge. The numerical runs were categorized into two groups, the first one
was a sharp-edged junction, and the others were circular edge radius as shown in figure 3. It
was concluded that the circular edge radius reduced the scour depths and the separation zone
width with a reduction factor of 85% and 47%, respectively compared to the case of a sharp-
edged junction. No separation zones downstream the junction occurred when a circular edge
radius of 1.33 of the main channel bed width was used.
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Figure 3: Layout of junction edge types (Sharp, chamfer, and circular), Helal, (2006), [6].
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3.2 Water Depths and Water Surface
Discharge ratio and the Froude number are the key factors that affect water depths of

the branch channel system. In the main channel, the lowest water level occurs on the
branching side in the first half of the crossing, and the lowest water level occurs just off the
downstream edge of the river (Hsu et al., 2002) [7]. Ramamurthy (2007) [11] also celebrated
that the depth of water rose at the downstream edge of the lateral channel and in the
downstream area of the junction region on the conflicting side of the lateral channel (about 2%
higher than the water depth in the stagnation zone). In the branch channel, the water surface
drops at the upstream corner at the entrance of the branch channel. In the contraction zone, the
lowest water depth in the lateral channel happens and rises with the decreased separation zone.
Figure 4 displays experimental water depths and a three-dimensional (3D) volume of numeric
turbulent fluid (VOC) estimation.
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Figure 4: Water surface profiles (a) Experimental data, (b) Numerical model [11].

3.3 Separations Zones

Due to the low flow rate and the reverse of water at the same location, separation areas
are occurred. These zones enclose the recirculating flow (Ramamurthy et al., 2007) [11].
There are two main separation zones, as shown in Figure 5.

Separation zope Dividing streamline
m t r \

Figure 5: Zones of separation and stagnation point in the branching channel system
(Ramamurthy et al., 2007) [11].
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This zone appears due to the high momentum of the water flow into the branch
channel in the downstream main channel flow. The location and size of this region depends on
the discharge ratio. An increasing discharge ratio leads to this region decreasing.

Ashok S. and Keshava, (1997) [3], developed a two-dimensional numerical model for
the prediction of flow in open channel diversion. The model employed the depth average form
of momentum and continuity equations. The model performed well in forecasting the
distributions of discharge and computed water surface profiles, depth- average velocity
distribution in the main channel, and size of separation zone that matched fairly with the
experimental observations. Fig. 6 presents a view of the simulated water surface profile when
such a flow condition prevails. These jumps generally occupy about half of the channel width
and the other half will be occupied by recirculating flow.

Figure 6: Water surface profile showing formation of hydraulic jump in the branch channel.

A two-dimensional numerical model for the prediction of flow in the open channel
divisions is developed. The model employs the depth-averaged forms of continuity and
momentum equations along with k-£ turbulence closure scheme. Second-order accurate. The
model performs well in predicting discharge distribution and computed flow features like
water surface profile, depth-averaged velocity distribution in the main channel, size of
separation zone matches fairly well with the experimental observations. There is certain
amount of error in the prediction of velocity distribution in the branch channel. The results of
the model are used to calculate the energy losses at the right-angled junctions. Model studies
show that the energy losses in open channel divisions are similar to those observed in closed
conduits, when the submerged flow condition in the branch channel prevails. The study
appears to be adequate for analyzing the How in open channel divisions for the engineering
design purposes.
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3.4 Velocity distribution and streamlines
The velocity in the branching junction is 3D, towards the main flow (Vx), towards the

branch flow (Vy), and normal to the flow (Vz). After a lot of studies, it was found that an
increase of the main mean velocity (Vr) in the branch leads to a reduction in the size of the
separation zone in the branch channel and extension of the dividing streamline farther into the
main channel. In addition, the strength of the secondary circulation (8) (velocity near the
surface — velocity near the bed) near the upstream wall at the beginning of the branch channel
increases as (Vr) increases. This secondary circulation starts to appear at a threshold velocity
ratio of 0.03. In the junction region, the flow is divided into two regions: towards the branch
channel and towards the downstream main channel. The width of the separating flow towards
the branch channel at the bottom are more than their width at the surface (Lama, Kudoh, &
Kuroki,2003) [8], which rulers to the diversion flow taking more discharge from the lower
layers than the upper layers. This difference between the widths in terms of diversion from a
trapezoidal main channel is less than the diversion from a rectangular main channel
(Moghadam et al., 2014) [9]. Thus, the high momentum in the upper layer navies the flow to
continue towards the downstream end of the main channel (Omidbeigi et al., 2009) [10].
Figure 7 shows the streamlines pattern in the branching channel junction.
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Figure7: Streamline patterns in smooth branching channel junction bed.

Tarek, (2019) [15] studied the study of branching flow in open channels that lateral
channel flow labels any side water removals from main channels. Lateral intake channels have
extensive application in numerous projects, such as irrigation, and many water resources
projects. The flow diversion to the branch channel leads to a decrease in water depth
downstream of the main channel. In addition, the study showed that the highest discharge rate
was obtained when the angle of branching was equal to 45° and then an angle of 60°. While
the lowest discharge rate was obtained at an angle of 90°.

3.5 Numerical models vs. physical models
Rodriguez & Castro, (2003) [14] studied the fundamental difference between the two

types of hydraulic modeling lies precisely in the requirement for the level of knowledge or
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experience surrounding the phenomenon. In the case of physical modeling, it is sufficient to
identify the most relevant acting forces and hence to formulate the parameters and the
criterion of dynamic similarity. There are areas of civil engineering science where the
development of numerical modeling is effectively feasible and very important. Such is the
case of the problems around the flow under pressure, the estimation of the flow profile in
channels and collectors with free surface, in the use of groundwater, among others more
related to environmental sanitation. The alternative use of numerical modeling has much in
common with the use of efficient physical models. The following Table 1 summarizes the
development process in the solution of a problem, with the help of hydraulic modeling, either
physical or numerical, which allows to highlight the fundamental differences between the two

types.

Table 1 Differences between physical and numerical models

Physica \ Numerical model

1 Definition of the problem. Identification of the essential acting forces

Definition of the objectives of the experimental treatment

2 Definition of similarity Definition of the system of equations
criteria

3 Formulation of edge or boundary conditions

4 Construction of the model Development of the scheme for

the solution

5 Model calibration using

6 Measurements — Solution | Calculations — Solution

7 Optimization of the solution according to the objectives of the model

Construction variants in the model Variants in the input data
8 | Calculation for the real conditions of the prototype and verification of the

4 Conclusion and Recommendation
Branching channel flow is considered a very complex flow, as this flow depends on

many factors such as controlling gates at the end of the main and branch channel, velocity,
Froude number and momentum in both of the main and branch channels, and the geometry of
the branching channel system. This review paper highlighted the flow and physical
characteristics of the branching flow. In addition, it reviewed many of the diversion flow
physical and mathematical model’s properties.

Regarding flow characteristics, the branching discharge decreases as velocity, Froude
number and momentum in the upstream main channel flow increases. Moreover, it increases
by increasing the upstream main channel water depth and branch channel bed slope. In
subcritical flow, water depth in the main channel rises downstream diversion area. On the
other hand, it decreases in its depth in the branch channel. There is a stagnation point that
occurs in the downstream corner of the branch channel entrance. Two separate zones form in
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the branching channel system: one in the downstream main channel, in front of the branching
junction, which occurs when a branch channel takes an important amount of water, and
another at the beginning of the branch channel.

Lastly, from this review, it is important to study the effect of the different branching

channel geometries, such as branching angle, and movable bed on the branching water.
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