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Abstract 

The problem of the weirs design is still receiving attention, - 
especially, the design of the side weirs. The present paper deals 

. with both a theoretical study and an experimental study of the side 
weir problem. The main objective of this study is to verify the . 

theoretical relations used in computing the coefficient of 
discharge (Cd) of the side weir. The effect of the angle (8) 
between the diversion channel and the main channel on the 
coefficient of discharge of the side weir is also studied, with regard 
that the side weir is located at the head of the diversion channel 
perpendicular on its centerline. The models results are presented 
for both the sharp crested side weir and the broad crested side 
weir. The result's show that there is a good agreement between the 
laboratory results and the theoretical results. The following study 
also confirms that the De Marchi relations can be used in 
computing the coefficient of discharge of the side weir (Cd) for 
both the sharp crested weir and the broad crested weir with good 
accuracy. It is found that the angle Q between the diversion 
channel and the main channel affects clearly on the coefficient 
(Cd) up to 0 = 4 9 ,  but when B decreases than 45' the increase of 
Cd is so small t h ~ t  it is not practical to decrease the angle Q than 
45'. 
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Introduction 

Side weirs are used in many purposes such as, a regulating 
structures on the head of both distribution and branch canals, a 
escapes for the irrigation canals to keep on the water surface in 
allowable level, and as a water level adjustment in reservoir to 
keep on dams from collapse, like ~ o s h k i  spillway upstream the 
high dam. It is also used to decanting excess flows in sewerage 
systems. 

In 194 1, De Marchi [2] studied the coefficient of discharge of the 
side weir analytically assuming that the energy remains constant 
along the side weir. In 1979 Kittur, et a1 [3] studied the side weir 
in a rectangular channel with the angle between the main channel 
and the branch channel equals 90' only. Kittur et a1 [3] confirmed 
the following De Marchi relation for computing the coefficient 
(Cd) for the sharp crested side weir:- 

They also confirmed the following relation for computing (Cd) of 
the broad crested side weir; 

In 1972, Subramanya and Awasthy [4] also proposed the following 
relation to compute the coefficient (Cd) for the sharp crested side 
weir: 

where 

Cd Coefficient of discharge of the side weir 

- 66; - 



Froude number at the outset point of the side weir 
with regard to the direction of flow in the main 
channel 
Height of the side weir crest. 
Depth of flow in the main channel at the outset point 
of the side weir. 
Broad crested weir thickhess 

As stated by De Marchi [2 ] ,  for the side weir located in a 
rectangular channel the crest length can be calculated by the 
following equation: 

Then 



Where 

Subscript 1,2 refer to both the outset and the end points of 
the side weir, respectively, as shown in Fig. 1. 
The width of the main channel. 
The length of the side weir crest. 
The effective crest length of the side weir Be 
= B, - 0.05 in meter (Kitter et a1 [3]) 
Specific energy in the main channel at the outset point 
of the side weir. 
Specific energy in the main channel at the end point 
of the side weir. 
Height of side weir crest. 
Depth of flow in the main channel at the outset point 
of the side weir. 
Depth of flow in the main channel at the end point of 
the side weir. 

Experimentatiog 

The laboratory investigations were performed in a 17.40 m long 
brick flume having a rectangular cross section 0.6 m wide by 0.5 
m deep. A wooden rectangular diversion channel of width 
changes from 0.275 to 0.20 m. and 0.5 m depth locates at the 
iniddle of the main channel. The side weir is located at the head of 
diversion channel perpendicular on its longitudinal centerline. The 
general setup arrangement of the experimentation is illustrated in 
Fig. 1. .The main channel was built up from brick, while the 
diversion one was constructed from wood sailed with non 
permeable material to prevent water leakage. The diversion 
channel is connected by the main channel by a flexible connection 
to facilitate changing the angle 8 between the main channel and 
the diversion one. The flow of both the main channel and the 
diversion channel are recirculating in one line and driven by a 
centrihgal pump to the main channel. 



: At the downstream end of the main flume, a variable height weir is 
installed to control the flow depth in the main channel. Water 
levels are measured by vernier point gage and the flow rates are 
controlled with valves and measured with the digital current meter. 
The precautions are considered ,at the upstream tank to reduce 
water level disturbance. The beech side weir models with the 
required properties are fitted perpendicularly on the centerline of 
the diversion channel at its head. The water depths in the main 
channel adjacent to the side weir are measured at both the outset 
point and the end point of the side weir for each case of operation.. 
Also both the discharge and the mean velocity are measured at the 
same positions. 

A- general study 

A various cases of study for both sharp crested weir and broad 
crested weir with different models characteristics, different 
properties of both main and diversion channels, and different flow 
conditions are carried out in laboratory for a side weir locates on 
the head of a 90~diversion channel with the main channel. The 
various parameters, such as, V ,  ,V, , Y ,  Y; , &, W ,  B, , B, , are measured 
for each case of study. The values of (Cd) resulted from laboratory 
experiments are used to verify the theoretical relations used in 
computing (Cd) for the corresponding cases. The cases of study of 
both the sharp crested weir and the broad crested weir are 
illustrated in Appendix, Table 1. 

B- Effect of the angle 0 on Cd of side weir 

The cases of study illustrated in Table 1 for both the sharp crested 
weir and the broad crested weir, respectively, are carried out for 
different values of a confined angle 0 between the main channel 
and the diversion channel,. The considered values of the angle 0 
are go0, 80°, 60°, 45', 30°, and 20' respectively, for the sharp 
crested weir, while the values of 0 for the broad crested weir are 
90°, 80°, 60°, 45', and 30'. The coefficient (Cd) is determined 
for each case of operation for the different values of the angle 0 .  
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Analysis And Interpretations 

The experimental results are graphically and mathematically 
analyzed, in order to verify the theoretical equations used' in 
calculating the coefficient of discharge, Cd of the side weir. The 
effect of the angle 0 between the diversion channel and the main 
channel on the coefficient Cd is also studied. 

A- Sharp Crested Weir 

Experimental and numerical results shown in Fig. 2 illustrate the 
relationship between the coefficient of discharge (Cd) of the side 
weir and Froude number at the outset point of the side weir in 
main channel for both the study of the Author and the other 
studies. From Fig. 2, it can be observed that the experimental 
results of (Cd) resulted from the study of the Author for the sharp 
crested side weir locates at the head of the 90' branch channel 
show good agreement with both the results obtained froin 
theoretical study and the results obtained from the De Marchi 
relation. Also, it can be observed that the coefficient (Cd) 
determined by Subramanya relation [4] differs from that obtained 
by, the theoretical results, the laboratory results, and the results 
obtained from the De Marchi relation. This difference can be 
explained as stated in Kitter et a1 study [3] due to the fact that 
Subramanya did not apply a correction for the crest length, which 
resulted from the flow separation at the left-hand upstream corner 
of the branch canal. 

Fig. 3 shows the effect of the angle between the diversion channel 
and the main channel on the coefficient of discharge of the side 
weir (Cd). It is shown fiom Fig. 3 that the decrease of the angle 6' 
between the diversion channel and the main channel, which means 
an increase of the angle 8, between the side weir and the center 
line of the main channel affects clearly on the coefficient of 
discharge (Cd), i.e., there is an inversely proportional between the 
angle 0 and the coefficient (Cd). From experimental results, it is 
found that the decrease of the angle 0 from 90' to 80' increases 
the values of Cd by an average ratio, 7.75%. It is also found that 



the decrease of the angle 8 to 60' increases the values of Cd by 
an average ratio, 1 1.7%, and the decrease of the angle 8 to 45' 
increase the values of Cd by an average ratio, 13.7%, while the 
decrease of angle 8 to 30°, and 20' increases the values of Cd by 
an average ratios, 14.3% and 14.7%, respectively. This trend can 
be interpreted due to the fact that, as the angle 0 dkcreases the 
separation of the flow in the left-hand side corner of the side weir 
decreases and hence, the streamlines flow smoothly. The decrease 
of separation increases both the flow depth in the left-hand side of 
the side weir and the effective crest length, which increases the 
discharge over the side weir. It is clear that the increase of Cd due 
to the decrease of angle 8 smaller than49 is so small that it is not 
practical to decrease the angle 8 than 45'. 

A- Broad Crested Weir 

Fig. 4 shows the relation between the Froude number at the outset 
point of the side weir in main channel and the coefficient of 
discharge (Cd) of the broad crested side weir resulted from the 
Author experimental study, De Marchi relation, and theoretical 
study for the corresponding cases. It is clear that the experimental 
results show good agreement with the theoretical study results than 
that determined by De Marchi relation. Although this difference 
is very small, it can be explained due to the fact that the De Marchi 
relation was deduced for a 90' upstream edge weir, while the 
experimental work is carried out on a rounded upstream edge 
broad crested weir models. From this study, due to the small 
difference between both the theoretical results and the De Marchi 
results of the corresponding cases, it can be concluded that the De 
Marchi relation can be used in computing the coefficient Cd 
without an observed error compared with its simplicity in 
application, in which the Cd depends on the weir characteristics 
and the Froude number in the outset point of the side weir in the 
main channel. 

Fig. 5 illustrates the effect of the angle 0 on the coefficient (Cd) 
for the broad crest side weir. From Fig. 5, it can be observed that 



the effect of the angle 8 follows the aforementioned trend 
illustrated in the sharp crested side weir, in which the decrease of 

the angle 8 from 90°to 80°increases the coefficient Cd by an 
average ratio, 6.9%, the decrease of angle 8 to 60' increases the 
coefficient Cd by an average ratio, 10.5%, the decrease of angle 

0 to 45' increases the coefficient Cd by an average ratio, 11 .a%, 
while the decrease of angle f3 to 30' increases the coefficient Cd 
by an average ratio, 12.2%. It is clear that as the angle e 
decreases than 45, the values of Cd increase also, but by a 
decreasing rate. 

It is clear that the increase ratios in the coefficient of discharge, 

(Cd) due to the decrease of the angle e in the sharp crested weir 
are more than that in the broad crested one. This can be 
interpreted due to the fact that the big crest thickness of the broacl 
crested weir causes the streamlines to be rearranged, which 
decreases the separation effect at the outset point of the broacl 
crested weir than in the sharp crested weir in the initial position 
of the study, ( the diversion channel is perpendicular on the main 
channel). 

Conclusion 

From the laboratory test results, the following conclusions can be 
drawn :- 

1-The results of the tests carried out in the laboratory for the sharp 
crested side wei; coefficient (Cd) show good agreement with 
both the results obtained from theoretical study and the results 
obtained from the De Marchi relation [2]. 

2-The De Marchi relations can be used in computing the 
coefficient (Cd) for both sharp crested side weir and broacl 
crested side weir with good accuracy. 

3-The coefficient Cd for the sharp crested side weir depends 
mainly on Froude number in the main channel at the outset point 
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Fig. 2 The Coe fi&nt of  
Fro& .*. N u m b e r  ( F I )  
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Fig. 3 The CoefficZent (Cd versus  Proud8 No. o r  d i f ferent  1 va lues  of the ang  e between both the d v e r d o n  a n d  thu 
main Channels (Shay, Crested Wesr) 

Fig. 4   he Coe fio.ient of Discharge (Cd versus  k c' Frwu e N u d e r  (PI) (Broad res ted  Weir) 



Fig. 6 The C o e f f i d e n t '  (Cd v e r s u s  F r o u d e  No. o r  d i f f e r e n t  
v a l u e s  o f  t h e  a n g  1' e b e t w e e n  both t h e  A v e r s i o n  and t h e  
main o h a n n e l s  ( B r o a d  C r e s t e d  Weir) 



of the side weir, while for the broad crested weir beside Froude 
number it depends also on the crest height, head on the crest, anti 
the weir length. 

4-The acute angle 6 between the diversion channel and the main 
channel affects on the coefficient,(Cd) up to 8=&, but when 

8 decreases than 45' th,e coefficient Cd also increases but by a 
decreasing rate. 
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.: List of  symbols 

Width of the main channel. 
Length of the side weir crest. 
The effective crest length of the side weir. 
Coefficient of discharge of the side weir. " 

Gravitation acceleration. 
Specific energy in the main channel at the outset point 
of the side weir. 
Specific energy in the main channel at the end point 
the side weir. 
Froude number at the outset side of the side weir in 
main channel. 
Coefficient . 
Crest width of the side weir. 
Discharge at the outset side of the side weir in main 
channel. 
Discharge at the end side of the side weir in main 
channel. 
Height of side weir crest. 
Normal flow depth in main channel downstream the 
side weir position. 
Depth of flow in the main channel at the outset point 
of the side weir. 
Depth of flow in the main channel at the end point o l  
the side weir. 
Coefficient 

Coefficient 
The angle between the diversion channel and the main 
channeI. 
The angle between the side weir and the centerline of 
the main channel. 



.: Appendix 

Table (1) The ~ x ~ e r i h e n t a l  Cases of Study 

Sharp crcsted Weir Broad crested Weir 



A.flowchnrt of computer progrum uf the theoretical study 

Print Cd 7 
1 

End 
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