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Abstract: Weir is usually used in different hydraulic purposes, mainly for head discharge-water relationship in channels. In this
research, the flow has been carried out over the side of spillway using three cases of crest inclination by means of increasing one side
of the weir a half centimeter each time with constant crest length equal to 15 cm. This means that the angle 6 equals to (1.91°, 3.82°
and 5.71°) respectively towards of the flow and is opposite to the flow with decreasing a half centimeter. Also in case of the breadth is
horizontal (6=0), seven cases have been tested. It is known that the greater amount of discharge occurs when the breadth is horizontal
(6=0). In case of the inclination of the weir is inclined opposite to the flow direction, the discharge is greater than that of which the
weir inclined towards the flow direction for all cases of inclination. The greater discharge was obtained when decreasing the angle,
which is opposite to the flow direction. The amount of discharge over the side of weir decreases by increasing the angle of the slope
opposite to the direction of the flow and become more decreasing in case the inclination of side weir towards the flow. In case of
increasing the angle of inclination in flow direction, the amount of discharge over side weir will be decreased. The effect of Froude
number has also studied with the discharge coefficient and found that, they are proportionally related to each other. Also the water
surface profile along the side spillway weir is studied and taken under consideration theoretically and experimentally in this research.
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1- INTRODUCTION

Side spillway is a hole located on the side of the main channel, which has a crest length and height from the bottom of
the channel, to allow a part of excess water to spill over side spillway, when the water level in the channel is higher than
the edge of the side spillway. The side spillway is used in the process of irrigation by creating a side opening on the wall
of the main channel. It also used to control the level of water in the irrigation channel by disposal the excess water into
the sub channel below working as side escape. Also it used in the sanitary engineering to drain the excess of storm water
from internal sewage of cities and dispose it to the river. The flow over the side of spillway has considered to be
spatially varied flow. It has studied by [1],[2],[3].[4].[5].[6].[71.[81.[9],[10],[11] and [12]. All researchers studied the
discharge coefficient over the side spillway and they used different variables, including the length of the side spillway,
the height of the weir at the end of the channel and the angle of weir inclination. They also studied the relation between
the discharge coefficient and Froude number. The purpose of this study is to know the effect of inclination angle of the
side spillway in both with and against the flow direction on the discharge coefficient. Finally, the results of the relation
between Froude number and discharge coefficient is taken into consideration.

2- THEORETICAL WORK

If specific energy is considered constant, the energy equation can be used to solve the discharge over the side of the

spillway, where the energy equation is [13]:

VZ
E—y+Z+£ (1)

By differentiate equation (1), the following equations is obtained [14]
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where T is the top width of the channel which is equal to the bed width in rectangular channels
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Equation (4) is the dynamic equation for spatially varied flow, with decreasing discharge which is almost constant @ = 1
the energy coefficient for steady and unsteady types of flow where:
T=the surface width,
s,.= energy coefficient,
s,=channel bed slope,
sy = energy slope,
and Q= channel discharge.
Equation (4) is used to know the water profile a long side spillway through the experimental and theoretical results, it is
found that the discharge coefficient effected by several factor such as:
Cd=f (h,s,0) 5)

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

Q=229 BhS, (6)

where: h=(y-s),

y=total water height in the channel,

B=the length of the weir crest,

S=sill crest height over the channel bed,

and h= water height over the weir.

The discharge calculation depends on the volume of water spilling over the weir during certain time, which is
representing experimental discharge (actual discharge). The discharge coefficient is calculated by dividing experimental
discharge by the theoretical discharge

3- EXPERIMENTAL WORK

The experimental work was carried out in the engineering workshop of the college of engineering at Wasit University. A
rectangular channel with a 3 m length, 20 cm width and 20 cm depth locally manufactured was used. The channel
contains a sharp crested weir made of iron with a constant height (5cm) placed at the end of the channel. The channel
contains, also, an inclined side spillway 15 cm long, and 5 cm in height and located at the center of the channel wall. A
movable gate with dimension (20 cm wide and 15 cm height) is used for controlling the inclination of the side weir as
shown in Fig. (1). Three tanks were used to store the water. The main tank dimensions are 0.91 m wide, 0.9 m long and
1 m height. The other tanks, where one is fixed below side spillway and the second is fixed below the end of the channel
with dimensions of 0.68 m wide, 0.68 m long and 1m height as shown in fig. (2). The main tank has connected to the
pumps to supply the water for the channel and to get a continuation of flow in the channel. The flow in the channel will
be changed by controlling a number of pumps operations along the experimental work. Part of the water spill over the
side spillway and the other part of flow was continuing to the end of the channel. The actual discharge is usually
calculated by means of the volumetric method way which is dividing the amount of spilling water over the weir in
certain time required. The theoretical discharge is calculated as a function of the height of water over the weir.
Therefore, by dividing the actual discharge on the theoretical discharge to get the discharge coefficient for each case.
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Fig. (1) inclined side spillway opposite to flow direction

Fig. (2) tanks sequence and channel side spillway

4- RESULTS AND DISCUSSIONS

The discharge coefficient is calculated as follow:
By using equation (6), the theoretical discharge over the side weir is calculated. The average depth of water over the

1.
side spillway is measured to be in the equation.
2. The actual discharge was measured depending on the water volume in the tanks below the side weir and at the end
of the channel during a certain of period time. Equation (7) calculates the actual discharge.
Q:volume (7)
time
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3. Finally, to find the discharge coefficients for both side weir and tail weir of the channel, the results of the
experimental discharge is divided by the theoretical discharge.
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_Qexp
Cd= ot (8)

The discharge coefficient was measured five times (which means the discharge in main channel changed five time
according to the change in water level in the upstream of channel ) for each case of the three angle of inclination in both
directions with and opposite to the channel flow as well as for the horizontal crest. Tables (1) ,(2) and(3) represent the
discharge calculations for inclined side spillway with flow direction (5-6) cm, inclined side spillway opposite to flow
direction (5-6) cm and horizontal side spillway .These tables contain three main column, the first column represent the
results of the tank below the side spillway. The second column represents the results of the tank at the end of channel.
The third column represents the discharge results of the channel before side spillway (which represents the main supply
discharge).The symbols that are mentioned in tables (1), (2) and (3) are:

Yav=the height of water inside the tank

h=the height of water over the weir

Qsth= theoretical discharge over the weir

Q2th = theoretical discharge over the end 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

V1=the velocity in main channel before the side spillway
Fr,=Froude number in the main channel before side spillway
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Table (1) inclined side spillway with the flow direction (5-6) cm

Tank below side spillway Tank below the end of channel Discharge and velocity before side spill

H=(y-s) Qsth Yav Qsact Cd, H=(y-s) Q2th Yav Q2act Cd, Q1(Qsact+Q2 | Y1 V1 Fry

m *107 m3/s m3/s m *107 m3/s | m m3/s act) m m/s

*10* *10 *10™ *10™ m3 /s *10™ *1073

45 1.337 0.027 0.416 031 |52 2.212 0.068 1.048 0.47 | 1.464 0.075 9.76 0.0113

4 1.121 0.024 0.369 033 |5 2.085 0.06 0.924 0.44 | 1.293 0.07 9.235 0.011

3.7 0.997 0.018 0.277 027 | 4.6 1.84 0.055 0.847 046 | 1.124 0.065 8.64 0.01

35 0.917 0.014 0.215 023 |42 1.605 0.045 0.693 0.43 | 0.908 0.06 7.566 0.0098

0.727 0.01 0.154 0.21 1.492 0.035 0.539 0.36 | 0.693 0.055 6.3 0.0085
Table (2) inclined side spillway opposite to the flow direction (5-6) cm
Tank below side spillway Tank below the end of channel Discharge and velocity before side spillway
H=(y-s)m Q2th Yav Qsact Cd, H=(y-s)m Q2th Yav Q2act Cd, Q1(Qsact Y1 V1 Frl
*10° m3/s | M m3/s *10° m3/s | M m3/s +Q2act) m m/s
*10* *10™ *10™ *10™ m3/s
*10™
4.8 1.473 0.033 0.508 034 |5 2.085 0.065 1 0.47 1.508 0.075 0.01 0.0116
4.5 1.337 0.027 0.416 031 |47 1.901 0.058 0.894 0.47 1.31 0.07 0.0093 0.0112
4.2 1.206 0.023 0.354 029 |42 1.605 0.05 0.77 0.48 1.124 0.065 0.0086 0.0107
1.121 0.02 0.308 0.27 1.492 0.04 0.616 0.41 0.924 0.06 0.0077 0.01

35 0.917 0.016 0.246 026 |35 1.221 0.032 0.493 0.4 0.739 0.055 0.0067 0.0091
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Table (3) horizontal side spillway

Tank below side spillway

Tank below the end of channel

Discharge and velocity before side spillway

H=(y-s) m Qsth Yav Qsact Cd; H=(y-s) m Q2th Yav Q2act Cd, | Q1=(Qsact+Q2a Y1 V1 Frl
*10° m3/s M m3/s *10° m3/s M m3/s c) m/s
*10 *10 *10* *10™ m3/s *10™
5.7 1.906 0.061 0.940 0.49 5 2.086 0.063 0.971 0.46 1.911 0.075 0.0127 0.0148
5.4 1.757 0.05 0.77 0.44 4.5 1.781 0.055 0.847 0.47 1.617 0.07 0.0115 0.0138
5 1.566 0.043 0.663 0.42 4 1.492 0.042 0.647 0.43 131 0.065 0.01 0.0125
4.8 1.473 0.037 0.57 0.38 3.5 1.221 0.036 0.554 0.45 1.124 0.06 0.0093 0.0121
4.3 1.249 0.035 0.539 0.43 3 0.97 0.02 0.308 0.31 0.847 0.055 0.0077 0.01
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Form the results and Figures (3), (4) and (5) of all cases, the discharge coefficient reached a maximum
value in case of horizontal crest side spillway where cd=0.61 whereas the minimum value of discharge
coefficient cd=0.43 in case of inclined side spillway with flow direction for the inclination angle (5.71) (5-
6.5) cm. The discharge coefficient in case of opposite to flow direction is larger than which of with flow
direction for the same angle of inclination. It is clear from the obtained results that when the angle of
inclination increases the discharge coefficient decreases. The discharge in the tail of main channel is
greater than the discharge over the side spillway for all cases except in the case of horizontal side spillway
where, the discharge over side spillway (cd=61) is greater than the discharge over the end weir (cd=0.58).
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Fig. (3) the relation between theoretical discharge and actual discharge to find discharge coefficient for inclined side spillway with
flow direction (5-6 )cm
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Fig (4) the relation between theoretical discharge and actual discharge to find discharge coefficient for inclined side spillway
opposite to flow direction (5-6) cm
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Fig. (5) the relation between theoretical discharge and actual discharge to find discharge coefficient for horizontal side weir

From Figures (6) and (7) it is clear that the ratio of the discharge over side weir to main discharge (Qs/Q1)
for inclined side spillway opposite to flow direction larger than in the case of inclined side spillway with
flow direction for the same angles.
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Hinclined side weir in flow directin (5-6) M inclined side weir opposite to flow direction (5-6)

Fig. (6) the relation between Qs/Q1 and height of water over the weir for inclined side spillway with flow direction (5-6) cm
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Fig. (7) the relation between Qs/Q1 and height of water over the weir for horizontal side weir

Figures (8) and (9) show the relation between cd and © for inclined side spillway. The discharge
coefficient affected by several factor. The important one is the angle of inclination ©; this relation can be
represented by equation (9) for inclined side spillway with flow direction.

Cd=0.5899 6+0.0105 9)
and equation (10) for inclined side spillway opposite to flow direction.

Cd=0.5432 0 +0.0132 (10)
0.655
0.65 +0.0105 0.58996=cd ..-®
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Fig. (8) the relation between cd and inclination angle for inclined side spillway with flow direction
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Fig. (9) the relation between cd and inclination angle for inclined side spillway opposite to flow direction

5- CONCLUSION

The discharge coefficient was calculated for the side spillway depending on inclination of weir crest
angle with flow direction and opposite to the flow direction, and it was found that:

1. The large discharge occurred when the crest for the side spillway was level (6=0) if compared with the
other cases of inclined side spillways.

2. The discharge over side spillway is greater than the discharge in the tail of the main channel for case
(6=0) horizontal side spillway.

3. In the case of inclined side spillway, the best discharge occurred when the crest inclined opposite to
flow direction with smaller angle 6=1.91,0f inclination (5-5.5 cm). The minimum discharge occurred
when side spillway inclined with the direction of flow for large angle (6=5.71) of inclination (5-6.5 cm).

It means that the results of (g) when side spillway inclined with flow direction are larger than results
obtained from the side spillway inclined opposite to flow direction.
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