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Abstract:

The main use of the lateral intakes is water conversion from a main channel into a branch

channel for different purposes such as water distribution network, irrigation and cooling

systems at thermal power plants. The flow structure at the intake is very complicated due to

sediment diversions. The intake usually installed making a right angle with the main channel

flow direction, it have been noticed that the right-angle intakes produce a large sediment

diversion and reduce flow rate inside the intake. Thus, the optimum angle of an intake is very

important to minimize sediment volume at the intake channel and to maximize flow rate.

Therefore, a physical model utilized to investigate the different obtuse angle of the intake.

Five different intake angles (110°, 130°, 145°, 160° and 170°) investigated for the lateral

intake with different flow ratios. For further investigation sensitivity and parametric analysis

using LSL and ANN-based models applied to experimental results. Analysis of experimental

results showed that the intake angle 160° gives better results compared to other intake angles.

In addition, the results indicated that the separation zone vanishes at the highest flow
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discharge ratio at both the intake angle of 160° and 170°.LSL results found that the diverted

sediment Svr is most sensitive to the intake angle with 55.3% influence, followed by the

discharge ratio with about 40.2% and by the width ratio with about 4.5%. Two ANN-based

models were developed using the experimental results combinations from the most influential

parameters on the sediment ratio diverted to the lateral intake (Svr) and contraction coefficient

(Cc). The ANN models for predicting ��ᵽ and �� performed well with an average R2 of 0.98.

The error measures, RMSE shows low values.

From analysis, the optimum lateral intake angle is 164°. Also, the intake angles range 150 to

170 we can neglect effect the width ratios.

Keywords: lateral intake, intake angles, sediment volume, sediment diversion, ANN-based
models.

1. Introduction
Lateral intakes used to divert flow from a main channel into a branch channel for purposes of

irrigation, water supply and cooling system for thermal power plant. Sediment transport is a

key issue while discussing lateral intakes performance. Diverted sediment has been the

subject of interest for researchers and hydraulic engineers for many decades. The aim of

hydraulic engineers while designing an intake is the water deflected by the lateral intake has

maximum flow discharge and minimum sediment volume. Sediments may have transported

into intakes and deposited at different parts inside the lateral intakes. In addition, the lateral

intake channel' discharge capacity will be affected because of the sedimentation process. In

case of high flow velocity, turbo machines such as pump and turbine systems suffer from

damage due to passing suspended particles through its intake.

Rough materials could lead to erosion of the channel walls. In addition, sedimentation

facilitates the conditions for vegetation growth, which increases channel flow resistance.

The study of flow phenomena in front of the lateral intake channel has attracted the attention

of researchers such as full knowledge of the diversion flow pattern is a necessary condition to

study the intake sediments. (Taylor 1944) was the first to study the flow pattern in the right

angle of the intake channel and proposed a graphical method for determining the two-

dimensional flow patterns. Also, (Neary and Odgaard 1993) studied the right intake angle
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and stated "separation zone and the secondary current varied from the bed to the water

surface".

The first developed and validated numerical method for modeling 3D lateral intake flows was

that of (Neary “et al.” 1999), which stated, "The diversion flows are essentially 3-

dimensional". Some features of them are represented in Figure. 1.

As the flow approaches close to the intake channel, it accelerated laterally due to the suction

pressure at the end of the side intake channel. The acceleration divides the flow into two parts,

a portion enters the intake channel, and the other continues to the downstream in the main

channel as illustrated in Fig. 1 [6]. The former illustrated in Fig. 1 by surface called the

Dividing Stream Surface (section 2-2). In the rectangular main channels, the diversion flow

width at the bed is greater than that in the surface, which reasons the sediments entry into

lateral intake, resulting from their high density in the bed. The stream wise curvature in the

dividing stream surface yields imbalance among forces; the transverse pressure gradient,

shear force and centrifugal force. Consequently, a secondary current in a clockwise direction

formed. Another secondary current also formed along the main channel wall. The more these

current advances toward downstream, the more reduces its strength primarily due to the fluid

viscosity. The secondary current besides the separation zone along the inner wall of the lateral

channel (Zone A) gives rise to a complex three-dimensional flow. The extent of dividing

stream surface in the main channel determines the rate of flow and sediment discharge to the

lateral channel.

Figure. 1. The flow pattern in the intake entrance, (Neary et.al, 1999)

In the past decades many researchers studied the diversion angle of the lateral intake and

effect it on the control the flow in diversion and sediment volume inside the intake channels.
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Angle of Diversion is the angle of deflection between the direction of flow in the main

channel and the direction of flow in the lateral intake as illustrated in Fig 2. (Egyptian

Engineers 1949) stated, "The angle of diversion is considered an effective factor on sediment

diversions into the intake channel", (Vanoni 2006).

Fig. 2 the diversion angle (α) of the lateral intake

(Vanoni 2006) mentioned that "H. Bulle (1926) and A. Schoklitsch (1937) studied the intake

angle and stated that there is nothing called optimum angle for the intake channel because this

angle would vary with discharge ratio and the location of intake. For a given angle the best

solution to the problem is to probably select the diversion angle by the model study for

dominant discharge ratio".

(Razvan E. 1989) defined the best diversion angle (between the main channel and the lateral

intake) to be between 95° and 120°. (Novak 1990) stated that the worse angle for water intake

is right angle . Also, (Arved J. Raudkivi1993) recommended that an optimum angle for

minimum sediment diversion to be 105°-110°.

(Amin, A., 2005) investigated experimentally the velocity distributions at intake channel

using a fixed-bed model. He studied the effect of the diversion angles on enhancing the flow

pattern at channel intake. The experimental results showed that the recommended range of the

diversion angle of the channel intake needed to enhance the flow pattern inside the channel

intake is in the range of 100° to 112°.

(Afrouz A. 2016) used numerical modeling only. This study revealed that increasing

diverting angle might cause separation zone decreased normally and stated "Separation zone

is narrowing and shorting with increasing diverting angle".

Previous researches carried out for studying separation zone and sediment diversion at the

right angle revealed that at a right-angle intake, a large separation zone occurs and high
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sediment diversions. Few studies done to understand flow separation only inside the intake

channel with different angles.

This paper is devoted to experimentally study the effect of width ratios (0.3, 0.4, 0.5 and 0.6)

(lateral channel bed width / main channel bed width) with lateral intake angels of 110°, 130°,

145°, 160° and 170° installed on a rectangular channel on the flow characteristics and the

diverted sediment to achieve maximum flow discharge with minimum diverted sediment.

2. Experimental Setup and Methodology
To study the flow pattern and the diverted sediment to intakes, the experiment reported herein

conducted in a recirculation flume inside the Northern experimental hall of the Hydraulics

Research Institute (HRI), Egypt.

The channel consists of five main parts; head and tail tanks, main and lateral channels and

bypass channels. Two centrifugal pumps are used; the first one is to supply water to the head

tank from the underground sump, while the other one is at the end of the lateral channel to

deliver water to the bypass channel. Water flow controlled using a control valve installed on

the pipe connected to the feeding pump. The head tank has a weir and a gravel box. The weir

is calibrated to measure the outflow which feeds the main channel, while the gravel box is

used to provide an even flow distribution across the main channel. The flow enters the main

channel through an inlet screen to dump the oscillations in the water surface. All tanks are

brick built, sealed with cement mortar and covered with a non-porous material as illustrated in

Figure.3.
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Figure.3. The Experiment Setup in Plan

The model is constructed using smooth cement-sand mortar overlaid on a layer of sand of 0.5

m thick. To represent the movable bed, the movable material is scattered on the main channel

bed, which extended 3.0 m upstream and 2.50 m downstream the intake of the lateral channel

respectively.

The experiment is composed of the main channel which has a rectangular section with 0.6 m

width, 20.0 m length and 0.60 m depth together with a lateral channel which has a rectangular

section with variable width (0.18, 0.24, 0.3 and 0.36 m), 3.0 m length and 0.6 m depth .

The lateral channel is set at eight meters from the entrance of the main channel with variable

obtuse angles 110°, 130°, 145°, 160° and 170°. A tailgate located at the downstream end of

the main channel controls the tail water depth.

The movable bed material is Polyvinyl Chloride (PVC) with a thickness of 0.15m. The used

PVC has a specific gravity of 1080 Kg/m3and D50 of 2.5 mm. This material is chemically

inert so that it does not react with eventual actions in water and it does not have electrostatic

nature as well. A precise point gauge installed to measure the bed level and the water depth.

The fixed floor elevation of the intake leveled with a movable bed in the main channel. The

intake channel has a sediment collection trap followed by a screen to collect the bed material.

To study the influence of the intake angle on sediment diversions inside the lateral channel,

main channel flow kept constant at 25 Lit/sec as the tailgate closed completely and the

backwater started to fill the flume until reaching a depth higher than the required water depth.
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Then, the pump of the main channel switched on and the upstream feeding start whereas, the

required discharge of the main channel controlled by the control valve and measured by

Ultrasonic Flow Meters with accuracy %1 .

While four discharge ratios (Qr= 0.10, 0.20, 0.30 and 0.40) with width ratios ( Br= 0.3, 0.4,

0.5 and 0.6) are considered for the lateral channel, where the pump of the lateral intake

channel is switched on and the required discharge of the lateral intake channel is controlled

with using the control valve and measured by ultrasonic flow meter. The tail water depth(yt)

at the end of the main channel is fixed to be equal 0.14 m.

Twenty runs conducted including four runs for each intake angle. For each run backwater

feeding is started first until the depth reaches more than the required downstream depth (yt ),

Then, upstream feeding starts to adjust the depth of tail water and the tailgate is screwed

gradually until the required depth is reached. Several trials conducted to find the optimum run

duration. Two-hour duration is the best duration for sediment movement, so that it kept fixed

for all runs under consideration. Flow velocity measured using an electromagnetic current

meter with accuracy ± 1% of the measured value. To clarify and compare between different

intake angles and their effects on the separation zone, an examination of length and width of

separation carried out by permanganate powder, current meter and wire inside the intake

channel as illustrated in Figure. 6. Separation zone defined by the area of reduced pressure

and re-circulating fluid with low velocities. Therefore, it has a strong sediment deposition

potential in which sediment particles enter the intake channel.

- ve+ ve

Fig. 4. Determination of separation zone

By the end of each run, the flume emptied and the volume of sediment that entered the lateral

channel measured. A squared beaker (of 0.168 m x 0.168 m x 0.82 m) used to measure the

sediment volume. The working part recorded with precision point gauge to monitor the bed
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topography on a grid of 0.2 m size in the transversal direction and 0.1 m in the longitudinal

direction to estimate the maximum scour depth beside intake.

3. Results and Analysis
From dimensional analysis, the following dimensionless groups illustrate the influence of the

intake angle on the diverted sediment and flow characteristics

Sv Svt, ds yt, Ls yt,wmax yt, Cc, Qr, Br,Fr

Where:

Sv Svt

The ratio between sediment volume diverted to the lateral channel and the
sediment column volume where it represents a square beaker whose dimensions
are (0.168*0.168*0.82) m

ds yt
The ratio between the maximum scour beside the outer wall of the intake and the
water depth

Ls yt
The ratio between the separation length and the water depth

wmax yt
Cc
Qr

Br

Fr

The ratio between the maximum separation width and the water depth
The ratio between effective width of lateral intake and width of the intake
The ratio between the diverted flow discharge to the total flow discharge
The ratio between the branch channel width to the main channel width
Tail Froude number of the main channel

To describe the variation of Sv Svt with Qr, Table 1 shows the results for different α and Br.

The following figures show sample results for the case of Br of 0.3.

Table 1: Ratios sediment volume with different parameters

α Qr

The main
channel

downstream
Br = 0.6 Br = 0.5 Br = 0.4 Br = 0.3

Fr Sv/Svt Sv/Svt Sv/Svt Sv/Svt

110 0.1 0.23 0.043 0.107 0.20122 0.274

130 0.1 0.23 0.037 0.055 0.13415 0.177

145 0.1 0.23 0.004 0.005 0.00732 0.01

160 0.1 0.23 0.000 0 0.00047 0.001

170 0.1 0.23 0.000 0 0.0011 0.002

110 0.2 0.20 0.2378 0.334 0.44146 0.53
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130 0.2 0.20 0.1780 0.277 0.36829 0.466

145 0.2 0.20 0.0220 0.027 0.07561 0.085

160 0.2 0.20 0.0002 0.0003 0.00197 0.0037

170 0.2 0.20 0.0004 0.0006 0.00171 0.0040

110 0.3 0.18 0.4878 0.604 0.72561 0.902

130 0.3 0.18 0.4293 0.518 0.67317 0.795

145 0.3 0.18 0.1951 0.222 0.28049 0.311

160 0.3 0.18 0.0028 0.008 0.00887 0.013

170 0.3 0.18 0.0039 0.015 0.01829 0.043

110 0.4 0.16 0.905 1.07 1.29634 1.466

130 0.4 0.16 0.760 0.943 1.14024 1.287

145 0.4 0.16 0.544 0.573 0.66341 0.726

160 0.4 0.16 0.012 0.014 0.0439 0.157

170 0.4 0.16 0.028 0.032 0.07317 0.201

To describe the variation of Sv Svt with Qr, Figure. 7 is drawn considering investigated width

ratio (Br) of 0.3. The intake angle, 110° gives the highest values of Sv Svt as the maximum

value reached 1.466 at a discharge ratio 0.4. This value decreased gradually until it became

0.274 at a discharge ratio 0.1. As depicted that increasing the intake angle from 110° to 160°,

decreased Sv Svt . The value Sv Svt decreased to 0.157 at discharge ratio 0.4, while at

discharge ratio 0.1 it was 0.001.

Figure. 7 Relationship between �� ��t,��and α for �� � th�
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Comparing the angles of different intakes to the width ratio of 0.3 for the highest discharge

ratio showed that angle 160° reduced the volume of diverted sediment material by 89%, while

for the lowest discharge ratio was 99.5%.

As depicted for all values of Sv Svt , the values Sv Svt are significant until the intake angle

145°. There is no significant difference between the intake angle (α) 160° and 170° at

sediment volume reduction for 0.1≤ Qr ≤0.4.

As also depicted, Sv Svt is increasing proportionally to discharge ratio (Qr) while inversely to

the intake angle. The intake angle 160° gave the minimum sediment diversion Sv Svt for all

the discharge ratios.

Results indicated that the discharge ratio of 0.1 for the angle 160° do not divert sediments

inside the lateral intake.

To describe the variation of ds yt with Qr, Figure 8 is drawn considering investigated width

ratio (Br) of 0.3. The intake angle 110° gave the highest values ds yt as the maximum value

reached 0.71 at a discharge ratio 0.4. This value decreased gradually until it became 0.24 at a

discharge ratio 0.1. Increasing the intake angle from 110° to 160°, decreased Sv Svt to 0.29 at

discharge ratio 0.4, while at discharge ratio 0.1 it was 0.10.

Figure. 8. Relationship between �� �t and α for �� � th�

It is seen that ds yt increased as the discharge ratio (Qr) increased while ds yt decreased as

the intake angle increased. It is clear there is an indirect relationship between intake angles

and ds yt . Increasing the intake angle reduces the scour beside the intake channel. Results
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showed that the intake angle of 160° gave the minimum scour beside the intake for all

discharge ratios.

Figs. (9 and 10) represent the noticed variation of non-dimensional length Ls bd and width

wmax bd of separation zone with the intake angles for different discharge ratios and width

ratio of 0.3.

For intake angle 110°, the relative separation length and width have maximum value as the

maximum relative separation length and width reached 4.0 and 0.43 respectively at discharge

ratio 0.1. These values gradually decreased until it became 1.36 and 0.21 respectively at

discharge ratio 0.4.

It is seen that increasing the intake angle from 110° to 160°, reduced the separation length and

width along the intake channel as the maximum relative separation length and width

decreased to 1.14 and 0.11 respectively at discharge ratio 0.1, while the separation zone

completely vanishes at discharge ratio 0.4.

Fig.9. Relationship between �� �t �t� � for �� � th�
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Fig.10. Relationship between ���� �t �t� � for �� � th�

Studying the discharge ratio and its effect on the separation zone revealed that there is a direct

relationship between the length and width of the separation zone, while there is an inverse

relationship between separation zone and the discharge ratios. It is clear that increasing the

width ratios leads to an increase in the length and width of separation zone. There exists a

direct relationship between the width ratio and the separation zone. This could be close to that

concluded by (Amin A., et al. 2014) .

To describe the variation of contraction coefficient Cc with the intake angles for different

discharges, Table 2 shows the results for different width ratios (Br) and the following figures

show the sample results for Br of 0.3.

Table 2: Contraction coefficient with different parameters

α Qr

The main
channel

downstream
Br = 0.6 Br = 0.5 Br = 0.4 Br = 0.3

Fr Cc Cc Cc Cc

110.00 0.1 0.23 0.361 0.383 0.5 0.667

130.00 0.1 0.23 0.431 0.45 0.583 0.778

145.00 0.1 0.23 0.611 0.633 0.625 0.806

160.00 0.1 0.23 0.875 0.867 0.875 0.917

170.00 0.1 0.23 0.694 0.783 0.75 0.917
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110.00 0.2 0.20 0.486 0.517 0.625 0.75

130.00 0.2 0.20 0.583 0.6 0.688 0.806

145.00 0.2 0.20 0.722 0.717 0.729 0.833

160.00 0.2 0.20 0.903 0.900 0.896 1

170.00 0.2 0.20 0.75 0.85 0.833 1

110.00 0.3 0.18 0.597 0.65 0.729 0.806

130.00 0.3 0.18 0.681 0.717 0.771 0.833

145.00 0.3 0.18 0.792 0.783 0.833 0.889

160.00 0.3 0.18 0.958 0.983 1 1

170.00 0.3 0.18 0.833 0.967 1 1

110.00 0.4 0.16 0.667 0.683 0.792 0.833

130.00 0.4 0.16 0.722 0.8 0.833 0.889

145.00 0.4 0.16 0.847 0.85 0.896 0.917

160.00 0.4 0.16 0.986 1 1 1

170.00 0.4 0.16 0.903 1 1 1

Figure 11. represents the variation of contraction coefficient Cc with the intake angles for

different discharges. It is obvious that the contraction coefficient reached 1.0 at the intake

angle 160°. This result reveals that the contraction coefficient Cc increases as the intake angle

increases and this result valid until 160°, while at the intake angle 170° happen inflation in all

most cases.

Fig.11. Relationship between �t �t� � for �� � th�
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This indicates that decreasing the width of the separation zone, the effective width increases

and therefore the flow discharge inside the intake improved. It is clear that, the intake angle

has a direct relationship with contraction coefficient, while it has an indirect relationship with

separation zone. Also, as increasing the intake angle a movement happens to the separation

zone inside the intake that reduces the area of the separation zone which defined by (Pirzadeh

B., Shamloo H. 2007) the area of reduced pressure and re-circulating water with low

velocities; therefore, it has a strong sediment deposition potential in which sediment particles

enter the intake channel.

4. Sensitivity Analysis

Ranking Parameters for uncertainty by (Verbeeck et al. 2006) showed that the model input

parameters can be ranked for uncertainty using the technique of multiple linear regression.

This analysis estimates the uncertainty contribution of each one of the input parameters to the

overall input uncertainty. The least square linearization considered one of the most power full

methods used to rank the influencing parameters according to their contribution on the output

or the target equation. This method has the advantage of varying all input parameters at the

same time unlike other methods where only one parameter can be perturbed at a time. LSL

method is a multiple regression between the parameter deviation from the mean and the

output (Lei and schilling 1996). The following equations provide a mathematical background

to the LSL method which is in essence a multiple regression between the parameter deviation

from the mean and the output. Consider a variable, y, that depends on a number of

independent variables, v1, v2,…, vn.

The variation of y a function of small variations in independent variables can be expressed

as:

∆� � ��
��1

∆�1 +
��
��2

∆�2 + ……… + ��
���

∆�� Eq. (1)

Where ∆�� is defined as the difference between�� , the random chosen sample of parameter i

and ��� , the mean value of parameter i of all the random samples, and � is total number of

input parameter

∆�� � �� − ��� Eq. (2)

If y is considered as �� + ∆�, then:
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� � �� + ��
��1

∆�1 +
��
��2

∆�2 + ……… + ��
���

∆�� Eq. (3)

When m Monte Carlo simulations are carried out, ∆vi for each parameter and the model

output y are calculated for each simulation. Next, a multi-linear regression on the obtained

dataset is performed. The ∆vi values are considered as independent variables and the output y

is the dependent variable. This gives the following regression equation:

� ≈ � + �1�1 + �2�2 + ……… +���� Eq. (4)

The regression coefficients (wi) are estimated by minimizing the sum of squared errors.

Comparing this with Equation 4, it can been seen that the coefficients w1, w2,…, wn are

estimates of the partial derivatives of y with respect to vi and b is an estimate of the value of y

at default parameter values (i.e., when ∆vi = 0 for all i).

If the uncertainties of the independent parameters are statistically independent, the overall

variance of the model output Var (∆y) can be calculated as:

�tᵽ ∆� ≈ ��1
� ��2h� �tᵽ(∆��) Eq. (5)

Where: Var (∆vi) is the variance of the calculated difference ∆vi.

Based on the regression coefficients and the variations of the parameter uncertainties, the

sensitivity coefficient of each parameter i (SVi) can be approximated as:

��� �
��2h�tᵽ(∆��)
�tᵽ ∆�

∗ 100% Eq. (6)

From previous research and dimension analysis, the sediment ratio diverted to the lateral

intake can be assumed to be a function of the intake angle and the discharge and the width

ratios as follows:

��ᵽ � F �,�ᵽ,�ᵽ, Eq.(7)

�� � � �,�ᵽ,�ᵽ, Eq.(8)

where Svr is the sediment ratio diverted to the lateral intake and Cc is contraction coefficient.

Table shows the regression coefficients wi obtained through multiple linear regression, the

variance ����
2 for the difference between the mean value of input random realizations and the

chosen realization. These values are inserted in Eq. (6) to obtain the required input parameter

sensitivity. It is found that the diverted sediment Svr is most sensitive to the intake angle with

55.3% influence, followed by the discharge ratio with about 40.2% and by the width ratio

with about 4.5%. Other input parameters such the width ratio had lower contribution to
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sediment ratio with about 4.5% influence, whereas It is found that the contraction coefficient

Cc is most sensitive to the intake angle with 56.8 % influence, followed by the discharge and

width ratios with about 27.5 % and 15.7% respectively.

Table 3 : LSL regression coefficients and sensitivity results

���

α Qr Br

�� -0.011 1.791199 -0.60247

����
2 461.7722 0.012658 0.012658

��� 55.3 40.2 4.5

�t

α Qr Br

�� 0.005253 0.698611 -0.52667

����
2 461.7722 0.012658 0.012658

Cc 56.8 27.5 15.7

5. Artificial Neural Networks

Artificial neural networks (ANN), computer models which belong to the domain of artificial

intelligence are mathematical models that imitate the recognition and generalization

capabilities of human brain (Chen et.al 2012).

Recently, artificial neural networks (ANN) models have been used widely and have been

accepted as technology used to simulate the undefined and nonlinear problems which describe

a wide range of problems in several areas of civil engineering. (Mabel et. al 2008)

ANN is an important and very powerful tool to be used specially when dealing with nonlinear

problems for forecasting the target value with acceptable error value on the other side it does

not need complicated computational process or large programing effort since they can learn

by training the input data and the ANN models are integrated to an easy to use programing

tool box. (Pengzhen Lu et al. 2012)
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In the current study the ANN-based models will be developed using the MATLAB ANN-

fitting tool box. A multi hidden layer feed-forward neural network was trained by back

propagation algorithm using iterative weight adjustment procedures and Levenberg-Marquarts

activation function. (Sheikh et al. 2012).

5.1 Evaluating Predictive Model Performance

The developed Predictive models works on constructive and feedback principle, once you

build a model you must score the model to check the accuracy and get the feedback from the

statistical performance indicators, make some improvements and try again until you achieve

an acceptable accuracy, (Steel 1960).

The developed ANN-models will be scored on a set of performance indicators. These

indicators are the coefficient of determination (R2), root mean square error (RMSE),

These indicators are calculated from the predicted value (P) and observed value (T) and can

be expressed by the following formulas:

5.1.1 Determination coefficient

Statistical indicator used to check the statistical models whose main purpose is prediction of

future outcomes. This coefficient provides a measure of how well observed outcomes are

replicated by the model, based on the proportion of total variation of outcomes explained by

the model (Glantz et al. 1990). And will be calculated using the following formula:

��2 �
1
� ��1

� ��−�� � �� −���

��1
� ��−��

2
� � ��1

� � �� −��
2

� �

2

Eq.(3.16)

5.1.2 Root Mean Squared Error

RMSE is the most popular evaluation metric used in regression problems. It follows an

assumption that errors are unbiased and follow a normal distribution. Here are the key points

to consider on RMSE (Witten 2016):

1. The power of ‘square root’ empowers this metric to show large number deviations.

2. The ‘squared’ nature of this metric helps to deliver more robust results which

prevents cancelling the positive and negative error values. In other words, this metric

aptly displays the plausible magnitude of error term.
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3. It avoids the use of absolute error values which is highly undesirable in mathematical

calculations.

4. When we have more samples, reconstructing the error distribution using RMSE is

considered to be more reliable.

5. RMSE is highly affected by outlier values. Hence, make sure you’ve removed outliers

from your data set prior to using this metric.

6. As compared to mean absolute error, RMSE gives higher weightage and punishes

large errors.

The RMSE metric is given by:

ܵ�ܯ� � ��1
� (��−��)2�

�
Eq.(3.18)

5.2 Developed ANN Models

Two ANN-based models were developed using the experimental results combinations for the

most influential parameters on the sediment ratio diverted to the lateral intake (Svr) and

contraction coefficient (Cc) Chosen from Table . No strong correlation or interdependency

was found among the predictor variables, the database was randomly divided into training and

testing subsets. The selection was made such that the descriptive statistical parameters (mean

and standard deviation) of both the training and testing and validation subsets were consistent.

Out of the 80 values measured for building each model, 60 (75%) were used to develop the

models, and 20 (25%) were used to test the developed models.

Numerous ANN models, each differing in one or more of the following Aspects: number of

input variables, number of hidden layer neurons, order of the data set and type of weight

adjusting procedure were developed in an effort to arrive at a most optimally trained ANN

model. For every ANN model, the data set was shuffled randomly and it was ensured that the

data points with highest and lowest input/output variables were in the training set rather than

in the testing set. This would avoid the need for extrapolation in the testing process. Using the

optimum parameter settings for the ANN model the developed ANN models for the prediction

of (Svr) and (Cc) had high scores and low prediction errors.

Table. shows a general statistical overview for the performance of the developed ANN models

for prediction of (Svr) and (Cc).The ANN models for predicting ��ᵽ and �� performed well for
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both the training and testing datasets, with an average R2 of 0.98 for training and of 0.96 for

testing datasets. The error measures, RMSE shows low values for training and testing datasets.

Table.4: Statistical performance of developed ANN prediction model

Fig.12 and Fig.13 shows Measured Sediment ratio ��ᵽ and Contraction Coefficient �t versus

that predicted by the ANN-model respectively. It is clear that the ANN models for ��ᵽ and �t

showed excellent agreement with slight errors and with no significant over- or under-

predictions.

Model Data Partitioning R2 RMSE

Svr
Train 0.98 1.65E-04

Test 0.97 1.85E-04

Cc

Train 0.97 7.08E-04

Test 0.96 9.18E-04
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Fig.12: Measured Sediment ratio ��� versus that predicted by the ANN-model

Fig.13: Measured Contraction Coefficient �t versus that predicted by the ANN-model

5.3 Parametric analysis using the developed ANN models

This section is intended to show the robustness of the developed ANN models and how they

provide correct physical trends for the predicted the sediment ratio diverted to the lateral

intake (Svr) and contraction coefficient (Cc) versus input parameters as confirmed and shown

from the measured data.

The predicted sediment ratio and contraction coefficient as calculated by the ANN is plotted

against intake angle.

It is observed that the increase in intake angle causes an observed decrease in the sediment

ratio diverted to the lateral intake (Svr) to reach an optimum angle of 164 and the an inverse
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trend will happen also an observed increase in the value of the contraction coefficient (Cc)

with the increase of angle as show Fig.14 and Fig.15.

Fig.14: Variation of Svr and Cc with angle of inclination

It is observed that the increase in intake (Qr) causes an observed increase in the sediment ratio

diverted to the lateral intake (Svr) to reach also an observed increase in the value of the

contraction coefficient (Cc) with the increase of Qr.

Fig.15: Variation of Svr and Cc with Qr

It is observed that the increase in intake Br causes an observed decrease in the sediment ratio

diverted to the lateral intake (Svr) to reach also an observed decrease in the value of the

contraction coefficient (Cc) with the increase of Qr,as show Figure 16.
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Fig.16: Variation of Svr and CC with angle of Br

6. Conclusion

This research focused on the study of the effect of different values of the intake angles on the

sediment volume and flow pattern inside the intake channel by testing a wider range of the

dimensions and the intake angles using physical model tests and ANN-based models.

Two ANN-based models were developed using the experimental results combinations for the

most influential parameters on the sediment ratio diverted to the lateral intake (Svr) and

contraction coefficient (Cc)

The ANN models for predicting ��ᵽ and �� performed well for both the training and testing

datasets, with an average R2 of 0.98. The error measures, RMSE shows low magnitude of

error

Physical Model results showed that the intake angle has a significant influence on controlling

sediment diversion and enhancing flow discharge inside the lateral intake channel under

different discharge ratios. The intake angle 160° gives better results compared to the other

angles and there is no significant difference between it and 170°. The intake angle (α) 160°

gives 89 % sediment volume reduction compared to α of 110° whereas the intake angle (α)

170° gives 86 % sediment volume reduction compared to α of 110° for the highest discharge.

In order to validate the developed ANN Models and showing the robustness of the developed

and how they provide correct physical trends for the predicted the sediment ratio diverted to

the lateral intake (Svr) and contraction coefficient (Cc) with the input parameters Parametric
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Study had been conducted and trend lines had been drawn for the developed models and the

physical models showing complete matching with a very low magnitude of error

Developed ANN-based Models showed that the predicted sediment ratio and contraction

coefficient as calculated by ANN-based model observed that the increase in intake angle

causes an observed decrease in the sediment ratio diverted to the lateral intake (Svr) to reach

an optimum angle of 164 and the an inverse trend will happen also an observed increase in

the value of the contraction coefficient (Cc) with the increase of angle.

From ANN-based and physical models observed that the optimum lateral intake angle is 164°

for all results also the intake angle range between 150 to 170 we can neglect effect Br.

This research revealed that as increasing lateral intake angle the sediment diversion reduced

until the optimum intake angle 164° and then with increasing the intake angle increase the

sediment at the range between 164° to 170°. The experimental tests results indicated that the

separation zone vanishes at the highest flow discharge ratios at the angles of the intake 160°

and 170°.

Both intake angles 160° give maximum flow discharge and minimum sediment diversion for

all investigated discharges.

From ANN-based and physical models, it is found that the diverted sediment Svr is most

sensitive to the intake angle with 55.3% influence, followed by the discharge ratio with about

40.2% and by the width ratio with about 4.5%. Other input parameters such the width ratio

had lower contribution to sediment ratio with about 4.5% influence, whereas It is found that

the contraction coefficient Cc is most sensitive to the intake angle with 56.8 % influence,

followed by the discharge and width ratios with about 27.5 % and 15.7% respectively. These

values have been verified using the parametric study performed in the last section also the

relation trends have been tested to know the direct relation shape and effect as soon as the

correlation.
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List Of Symbols Units

bm: Main channel width…………….…………………………………………..……. (L)

bd: Intake channel width…………….…………………………………………..…… (L)

ds: Maximum scour depth at the front of the intake…………….………………...…. (L)

D50: Median grain size of sediment……………. ………………………………….....(L)

Qd: Discharge passing through the intake channel…………….……………...… (L^3/T)

Qm: Discharge passing through the main channel…………….……………….... (L^3/T)

Qr: Relative discharge =Qd /Qm……………….………………………………...……. (-)

SV: Volume of sediment entering the intake channel…………………………...… (L^3)

SVt: Volume of sediment column………………………………………………..... (L^3)

α: Later intake angle ………….………………………………………………...……. (°)

Yt: Tailwater depth of the main channel…………….………………………….……(L)

Ū: Mean flow velocity of the main channel…………….……………………….... (L/T)

Vb: Velocity near bed inside intake…………….………………………………..... (L/T)

Ls: Separation length…………….……………………………………………...……(L)

wmax: Maximum separation width……………………………………………….….. (L)
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