The Scientific Journal of Cihan University — Sulaimanyia PP: 13-30
Volume (3), Issue (1), Jun 2019
ISSN 2520-7377 (Online), ISSN 2520-5102 (Print)

/ Study the Effect of Tapered Channel on the Flow Over Side Weir\

Ayat Mehdi Kadhiml, Dr. Faisal Abdulrazak Majid 2

1Department of Civil Engineering, College of Engineering, University of Wasit, Wasit, Iraq
eng.building2005@gmail.com
’Assistant Prof. at Department of building and Construction Technical Engineering, Islamic University of Najaf,
Najaf, Iraq
dr.abdulrazak@iunajaf.edu.iq2

o /

Abstract

Weir is usually used in different hydraulic purpose, and mainly for head the discharge water
relationship in channel. In this research the flow has been carried out over horizontal side weir
(6=0°) with a constant crest length and height 15 cm, 5 cm respectively. The tapering part of the
channel designed to be 15 cm length and have five values in narrowing of the channel widths. The
tapered channel is started with a width of 20 cm, and terminated with a width of 18 cm, 16 cm, 14
cm, 12 cm and 10 cm consequently. The discharge over side weir increase with increasing the
degree of constriction, the discharge reach to the maximum value at the highest degrees of
constriction. When the construction of tapered channel increase the discharge over the side weir

increase as the same time the height of water after side weir increase, that maybe use to supply
another sub- channel with water. The water surface profile along the side weir is studied and taken
under consideration for side weir and tail weir. The ANSYS program was used to calculate the
discharge value over side and tail weir of the channel and compare this result with those calculated
theoretically from laboratory work result. ANSYS program also used to show the surface water
profile over side and tail weir in all cases of constriction. The water surface a long side weir is
stable and close to the straight line in most cases, except the surface profile over tail weir for the last
three cases of constriction (20-14) cm, (20-12) cm and (20-10) cm, the shape of water surface will
be disturbed and unsteady. The purpose of this study to know the effect of changing the transition
section channel on the discharge over the side weir with applying spatially varied flow theories over
the weir crest, the effect of the flow velocity in the main channel on the discharge coefficient of the
side weir according to tangential and radial flow across the channel and the discharge value and
water surface profile a long side weir and tail weir from ANSYS software and compare them with
the results that obtained from laboratory work.
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1. Introduction:

Side weir is a hole located on the wall of the main channel, which have a crest length and height
from the bottom of the main channel, to allow a part of excess water to spill over the side weir,
when the water level in the main channel is higher than the edge of the side weir [1][2]. The side
weir can be used in the irrigation process by creating a side opening on the wall of the main
channel. It also used to control the water level in the irrigation channel, by disposal the excess water
into sub channel, can be work as a side escapes [3]. Therefore, it can be used in the sanitary
engineering, to drain the excess of rain water from the internal sewage of the cities, and disposal
them in the rivers [4]. The flow over the side weir can be considered as a spatially varied flow [5].

This research have been studied the discharge coefficient over the side weir and they used the width
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of channel as a variable. The purpose of this study is to know the effect of tapered channel on the
flow over side weir and tail weir. Finally, the water surface profile over side weir and tail weir also
studied by used ANSYS program. By reducing the width of the channel provides financial amounts
due to reduce of quantities of drilling and lining. When the discharge in main channel is low, it is
unable to feed another side channel with water, but with using contraction channel, it is possible
because contraction channel increases the height of water after the side weir. So that it can feed

another sub channel with water.

The first who carried out the laboratory experiment tests on structures of side weir were Engels
(1918);Coleman and Smith(1923) and Forchheimer (1930) . They solved the problem by analytical
solution to assume the energy line parallel to the weir crest and the channel bottom with linear
water surface profile over the crest.

De Marchi (1923), Gentilini (1938), Nimmo(1928),Favre (1933), Noseda (1955),Schmidt
(1954),Mostkow(1956),Ackers(1957),and many others has theoretical approach to prove that the
energy head along the weir crest is essentially constant. When rising in sub critical flow and
dropping in supercritical flow.

2. Theoretical work:

The water surface profile along the side weir for tapered channel can be known depend on this
equation theoretically.

A = By (D)
A=area of channel
B=channel width

y=the channel height

dA dy dB

= - BontYa 2)

The total energy at a channel section is:

2

- L
E—y+z+2g 3)

By differentiate equation (1) obtained the following equations

dH dz dy , a ,20dQ 2Q% dA

=—t+—=—+—(G =55 ) 4)

dx dx dx 2g “A2dx A3 dx

Hence, substitute equation (2) into equation (4) it becomes

2dA 2(gdy, 4B
S0 — Sf _ %Qax = ﬂ — _aQ dx ﬂ — —aQ (BdX+de) (5)
gA2 dx A3g dx gA3
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With more simplification:

aQqgx “QZY:—E dy aQ?B
sf -2 = le = 1 227 (6)

SO — =
gA2 gA3 dx gA3

The final differential equation for water surface variation in tapering channel with a decreasing

discharge [6]:

0 anydB

aQqgx dx

—sf - +

dy _ so—sf gA? gA3 %
dx _aQ*B

The discharge over the side weir depend on the height of water over it, it is represent theoretical
discharge as follows:

Q=329 Bh'* ®)
Where:
h=(y-s)

y=total water height in the channel
B=the length of the weir crest

s=sill crest height above the channel bed
h= water height over the weir

The actual discharge calculation by dividing the volume of water spilling over the weir on the
certain time, which is represented experimental discharge [7].

The discharge coefficient Cd can be calculated by dividing experimental discharge on the
theoretical discharge [8].

The water surface profile was drawn and calculated by used ANSYS program the commercial CFD-
Code has been used in this study, by ANSYS'® FLUENT package [9]. That depended on the finite
element method that has more recently entered the fray. It can be used for helping in design
consideration for the experimental work that can achieve optimum condition. Conducting numerical
simulation for test across section of the impingement effusion and the impingement/effusion,
confirmation with conducting a three — dimensional model. The continuity solution, conservation,
and momentum equations can be used, to analyze the flow field inside three systems.

3. Experimental work:

The experimental work has been carried out in the engineering workshops, of the college of
engineering at the University of Wasit.
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Open channel was constructed of iron sheets of 3 m long, 20 cm wide and 20 cm height. The side
weir is located on the side of the main channel, at a distance of 1.425 m from the beginning of the
channel, the side weir is horizontal at a height of 5 cm from the bottom of the main channel for all
cases, and the side weir is a sharp crested weir. The tapering part of the channel designed to be 15
cm length and have five degree in narrowing of the channel widths. The tapered channel is started
with a width of 20 cm, and terminated with a width of 18 cm, 16 cm, 14 cm, 12 cm and 10 cm
consequently, as shown in figure (1). Three tanks have been used; the main tank dimensions are
0.91 m wide, 0.9 m long and 1 m height. The other tanks one is fixed below side weir and the
second is fixed below the tail of the channel with dimensions of 0.68 m wide, 0.68 m long and Im
height. The main tank has been connected to the pumps to supply the water for the channel, and for
get a continuation of flow in the main channel. The flow in the channel can be changed, by
controlling a number of operations pumps along the experimental work. Part of the water spill over
the side weir, and the other part of flow was continuing to flow at the end of the channel. The actual
discharge can be calculated by volumetric method, by dividing the volume of spilling water over the
weir on a certain time required. The theoretical discharge is calculated by depending on the height
of water over the weir. Therefore, the discharge coefficient Cd for each case will get by dividing the

actual discharge on the theoretical discharge.

Figure (1): Tapering channel
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4. Results and discussions:

The discharge coefficient and water surface profile was calculated with depending on the following:

1. Calculation of the theoretical discharge over the side weir. The average depth of water over the
side weir is measured, to be used in equation (8) which is mentioned before [10].

2. From the tank which is below the side weir, also the tank in the end of the channel, the actual
discharge can be measured depending on the water depth, which is rising in the tank for a
certain time, and the cross section area of the tank .So, by applying equation (9) can be found
the actual discharge as follows [11][12].

volume

Q= ©)

time

3. Finally, to find the discharge coefficients Cd for both side weir and tail weir of  the channel, it

can be found by dividing the results of the experimental discharge on the theoretical discharge
[13][14].

Cd=7% (10)

The discharge coefficient has been measured five times for each case of construction.

4. The water surface profile over side weir and tail weir as well as the value of discharge over both
side and tail weir was found depend on ANSYS to compare that result with those was calculated
from laboratory work.

Table (1), (2), (3), (4) and (5) represents the discharge calculation for tapered channel. These tables
contain three main columns, the first column represent the results for the tank below the side weir.
The second column represents the results, for the tank at the end of channel. The third column
represents the discharge result, for the channel before side weir.

The symbols which are mentioned in those tables and what does it mean
Yav=the height of water inside the tank

h=the height of water over the weir

Qsth= theoretical discharge over side weir

Q2th = theoretical discharge over tail weir

Qsact=actual discharge over the side weir

Q2act=actual discharge over the end weir

Q1= total discharge in the main channel

Y1 = height of water in the channel before the weir

Cd, =discharge coefficient for side weir

Cd, - discharge coefficient for end weir
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Vl1=the velocity in main channel before the side weir

Fri=Froude number in the main channel before side weir
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Table (1): Tapered channel of width (20-10) cm with a horizontal side weir

Tank below side weir Tank below the end of channel Discharge and velocity before side weir
H=(y-s) Qsth Qsact H=(y-s) thh Q2act WSO
3 Yav 3 m°/s Yav 3 Q2act) Yl Vi
m m°/s m m>/s | Cd, m #1074 m m°/s Cd, s m /s Frl
*10° | *10™ *10™ 107 *10™ Y e

5.8 1.956 0.07 1.078 [ 0.55 6.3 1.45 0.07 1.078 0.74 2.156 0.075 | 0.0143 0.0166
5.5 1.806 | 0.065 1 0.55 5.9 1.314 | 0.065 1 0.76 2 0.07 0.0142 0.0171
5.2 1.661 0.06 0.924 | 0.55 5.6 1.215 | 0.057 | 0.878 0.72 1.802 0.065 | 0.0138 0.0172
5 1.566 | 0.052 | 0.801 | 0.51 54 1.151 | 0.052 | 0.801 0.69 1.602 0.06 0.0133 0.0173
4.6 1.382 [ 0.048 [ 0.739 | 0.53 4.8 0.964 [ 0.051 | 0.786 0.81 1.525 0.055 | 0.0138 0.0187
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Table (2): Tapered channel of width (20-16) cm with a horizontal side weir

PP: 13-30

Tank below side weir Tank below the end of channel Discharge and velocity before side weir
H=(y-s) Q;th Yav Qs3act cd, H=(y-s) Qgth Yav Q23act Q1(Qsact Y1 V1
m m°/s M m°/s m #10° m°/s m m°/s Cd, +Q2act) m /s Frl
107 #10™ #10™ #10™ #10™ m3/s *10™
5.3 1.709 | 0.053 | 0.816 | 0.47 5.8 2.076 0.066 | 1.0172 0.49 1.833 0.075 | 0.0122 0.0142
5.1 1.613 0.05 0.77 0.47 55 1.917 0.06 0.924 | 0.48 1.694 0.07 0.0121 0.0146
4.8 1.473 | 0.043 | 0.663 0.45 5.2 1.762 0.053 0.816 | 0.46 1.479 0.065 | 0.0113 0.0141
4.5 1.337 | 0.038 | 0.585 Lzs 4.8 1.563 0.045 0.693 | 0.44 1.278 0.06 0.0106 0.0138
4 1.121 | 0.033 | 0.508 045 4.5 1.418 0.04 0.616 | 0.43 1.124 0.055 | 0.0102 0.0138
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Table (3): Tapered channel of width (20-12) cm with horizontal side weir
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Tank below side weir

Tank below the end of channel

Discharge and velocity before side weir

H=(y-s) Qsth Yav Qs?,act H=(y-s) Qgth Yav Q23act Q1(Qsact Y1 Vi
3 m°/s m°/s cd 3 m°/s m°/s +Q2act) Frl
m *10 4 M 4 m *10 m 4 cd 4 m m/s
*10° *107 *10-4 *10° m3/s *10°
5.6 1.856 | 0.068 1.048 0.56 6.1 1.667 | 0.067 1.032 0.61 2.08 0.075 0.0138 0.016
5.4 1.757 0.06 0.924 0.52 5.8 1.546 | 0.065 1 0.64 1.924 0.07 0.0137 0.0165
5 1.566 | 0.055 0.847 0.54 5.5 1.427 | 0.056 0.863 0.6 1.71 0.065 0.0131 0.0164
4.8 1.473 0.05 0.77 e 5.3 1.35 0.052 0.801 0.59 1.571 0.06 0.013 0.0169
4.4 1.292 | 0.045 0.693 0.53 4.8 1.163 | 0.048 0.739 0.63 1.432 0.055 0.013 0.0176
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Table (4): Tapered channel of width (20-14) cm with a horizontal side weir

Tank below side weir Tank below the end of channel Discharge and velocity before side weir
H=(y-s) Qgth Yav Qs3act H=(y-s) Qgth Yav Q23act Q1=(Qsact Y1 V1
m m°/s M m>/s | Cd; m m°/s m m°/s Cd, +Q2act) M /s Frl
107 #10™ #10™ #107 #10™ #10™ m3/s *10™

5.5 1.806 | 0.065 1 0.55 6 1.905 | 0.066 | 1.0172 | 0.53 2.0172 0.075 | 0.0134 0.0156
53 1.709 | 0.06 | 0.924 | 0.54 5.6 1.718 | 0.062 | 0.955 0.55 1.879 0.07 0.0134 0.0161
4.9 1.519 | 0.055 | 0.847 | 0.55 53 1.582 | 0.058 0.893 0.56 1.74 0.065 | 0.0133 0.0166
4.6 1.382 | 0.05 0.77 | 0.55 5 1.449 0.05 0.77 0.53 1.54 0.06 0.0128 0.0167
4.1 1.162 | 0.04 | 0.616 | 0.53 4.6 1.279 | 0.041 0.631 0.49 1.247 0.055 0.011 0.0149
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PP: 13-30

H=(y-s) Qsth Yav Qsact H=(y-s) Q2th Yav Q2act Q1=(Qs Y1 Al Fr1
m m3/s m m3/s cd m m3/s m m3/s cd act M m/s
107 *10* *10 *107° *10 *10 +Q2ac)
m3/s
*q 0-4
5.2 1.661 0.048 0.739 0.44 6 2.058 0.065 1 0.48 1.739 0.075 0.0115 0.0134
5 1.566 0.04 0.616 | 0.39 5.5 1.806 0.06 0.924 0.51 1.54 0.07 0.011 0.0132
4.5 1.337 0.033 0.508 0.37 5.3 1.709 0.05 0.0.77 0.45 1.278 0.065 0.0098 0.0122
4 1.121 0.026 04 0.35 5 1.566 0.045 0.693 0.44 1.093 0.06 0.0091 0.0118
3.6 0.956 0.023 0.354 0.37 4.6 1.382 0.04 0.616 0.44 0.97 0.055 0.0088 0.0119
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Figure (2) shows the relationship between the theoretical and the actual discharge was drawn in
the case of the tapered channel of five degree of constriction as mentioned before. It found that
the coefficient of discharge increased, with the increasing of constriction. These increment is
Cd=0.52 for tapered channel (20-18) cm, Cd=0.54 for tapered channel (20-16) cm, Cd=0.57 for
tapered channel (20-14) cm, Cd=0.6 for tapered channel (20-12) cm and Cd=0.62 (where Cd
represented the average value of discharge coefficient for tapered channel (20-10) by depend on
the actual discharge and theoretical discharge as shown in figure 2) cm. It has been observed that
the discharge coefficient Cd increases when the narrowing of the channel increases, so that the
water flow over the side weir should be increases also. At the same time, the height of water still
in the channel increases with increasing of constriction, which helps to provide another sub
channel with water when it is needed.

cd=0.62

1.20E-04
Qact =0.62 Qth - 9E-07/’

1.00E-04 R2 :3‘*/;

8.00E-05 *
Q /
E 6.00E-05
-
&
&

4.00E-05

2.00E-05

0.00E+00 /

0.00E+00 5.00E-05 1.00E-04 1.50E-04 2.00E-04 2.50E-04

Qth(m3/s)

Figure (2): The relationship between theoretical and actual discharge for tapered channel (20-
10) cm

The relationship between the height of water over the side crest weir and the discharge passing
over it drawn in figure (3) for tapering channel .It is found that the maximum discharge occurs at
the highest value of constriction. The discharge over the side weir should be increase with the
increase of constriction degree. The discharge over side weir decreases when the height of water
over it decreases.
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2.50E-04

2.00E-04

1.50E-04
1.00E-04
5.00E-05 .
0.00E+00

5.20E-03 5.00E-03 4.50E-03 4.00E-03 3.60E-03

discharge over the weir( m3/s)

height of water over the weir (m)

M tapered channel (20-18) M tapered channel (20-16) M tapered channel (20-14)

tapered channel (20-12) M tapered channe (20-10)

Figure (3): The relation between height of water over side weir and discharge over it for
tapering channel

Figure (4) shows the relation between the water height over the side weir and Froude number, for
tapered channel for all degree of constriction. It is found that the Froude number should be
increases when the constriction degree increase until the constriction of tapering channel reach to
(20-12) cm. Froude number behavior changes, and must be unstable for tapering channel at the
degree of constriction (20-12) cm and (20-10) cm. That must be belong to the change in the
channel width when the tapered channel reach to maximum degree of constriction, Froude
number shall be un stable, which is fluctuated between high and low level.

0.02

0.015
0.0
0.005

0

5.20E-03 5.00E-03 4.50E-03 4.00E-03 3.60E-03

Froude number
=

height of water over the weir(m)

M tapered channel (20-18) ® tapered channel (20-16) ® tapered channel (20-14)
tapered channel (20-12) W tapered channel (20-10)

Figure (4): The relation between height of water over the weir and Froude number for tapering
channel.
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Figure (5), (6) and (7) shows the water surface profile over side and tail weir in tapered channel.
The water over the side weir is stable and close to the straight line in all cases of constriction
while the water surface profile over tail weir special for the last three degree of constriction (20-
14) cm, (20-12) cm and (20-10) cm shall be disturbed and un stable. This is return to the sudden
increase, of the water height after the side weir. Due to increased speed of movement of water
molecules, this must be lead to this disturbance, caused by water molecules collision. Where the
number in figure 5 represented the main discharge in the main channel (where take three

experimental discharge and show the height of water over side weir for each one).
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Figure (5): Water surface profile over the side weir for tapering channel (20-16) cm
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Figure (6): The height of water over side weir for tapering channel (20-16) cm
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Figure (7): Water shape over the weir at the end of tapering channel (20-14) cm

5. Conclusions:

The discharge coefficient was calculated for the side weir depending on the degree of tapering
channel, it is found that:
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1. The large discharge over the side weir occurs in the maximum degree of construction (20-10)
cm.

2. The discharge over side weir increase the discharge remain in the channel increase also that
return to used tapered channel

3. The water surface profile over the weir at the end of the channel is stable and close to the
straight line in most degree of constriction except for the last three degree of constriction (20-14)
cm, (20-12) cm and (20-10) cm. The shape of water surface is disturbed. That must be return to
the sudden increase of the water height after the side weir. Due to increase the speed of water
molecules movement which is lead to this disturbance, caused by the collision of water

molecules.

4. Froude number values in a contraction channel increased with increasing the constriction of
the channel, but this behavior reaches to unstable of Froude number in maximum constriction

case (20-16) (20-18).

5. From ANSYS software that found the profile of water level over the weir at the end of
channel is linear, except the three cases of construction (20-14) (20-16) and (20-18) the water

surface profile be distributed and unsteady.
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