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Abstract: This paper presents an experimental study to define the hydraulic characteristics 

of flow over square labyrinth weirs with semi-circle and sharp crest, by using range of 

experiments and compare their efficiency with conventional weirs (Suppressed rectangular 

weir) with same shape of crest, three different heights (p) for each one of these weirs were 

used ( 25,20 and 15 ) cm for  each of the above cases , seven different discharge were 

passed. The overall tests in this study were 84. Data obtained from laboratory and 

according to the result parameters from the dimensional analysis of the factors affecting 

on the flow over the labyrinth weirs, parameters were plotted, it was found that the 

labyrinth weirs gave better performance efficiency when compared to conventional weirs 

(Suppressed rectangular weir) for their passage  and capacity  high discharge. Also the 

results show that the  coefficient of discharge (Cd)  with constant  height  of  weir have a 

high value  in low values of  H/P and decrease  gradually with increase this ratio , where 

gave the square labyrinth weirs with semi-circle the highest value of the discharge 

coefficient reached (2.55). In additional to shape of crest weir has great effect on (Cd) and 

on performance efficiency, where the labyrinth weir with semi -circular crest gave high 

performance from sharp crest.                                                                                                                                                                

 

1. INTRODUCTION 

 

Through Labyrinth weirs, there is likely to be a significant increase in the discharge capacity 

of dams‟ spillways. Therefore, the weirs are worth considering during the implementation of 

regeneration projects because they tend to increase the capacity of flood inflows to various 

dams‟ reservoirs (Ahmad Shakani et al., 2021; Mohd Norazmi et al., 2021f; Mohd Norazmi 

et al., 2021g; Mohd Norazmi et al., 2021g; Mohd Norazmi et al., 2021i). It is also imperative 

to highlight that there is a direct relationship between the variables of the length of the crest 

and the discharge capacity of dams (Faiza et al., 2021; Mohd Norazmi et al., 2021j: Mohd 

Norazmi et al., 2021k; Mohd Norazmi et al., 2021l; Mohd Norazmi et al., 2021m). As such, 

different forms of labyrinth weirs have been developed with the aim of increase the length of 

the crest (Khasturi et al., 2021; Mohd Norazmi et al., 2021n; Mohd Norazmi et al., 2021o; 

Mohd Norazmi et al., 2021p; Mohd Norazmi et al., 2021q). Recently, a lot of scholarly 

attention has been drawn to the relationship between hydraulic parameters (and geometric 

parameters) on labyrinth weirs‟ hydraulic behavior. Specifically, a factor that has attracted 

the most attention entails the discharge capacity of the weirs. Hence, various investigations 

have strived to discern flow characteristics in different canals and rivers.  

For example, Taylor [1] implemented an experimental framework on various labyrinth weir 

configurations. The aim of the study was to establish a relevant design that could improve 

system performance. Also, the study examined the relationship between the performance of 

the labyrinth weir and the attribute of nappe interference (Marziana et al., 2021; Mohd 

Norazmi et al., 2021r; Mohd Norazmi et al., 2021s; Wan Nor et al., 2021). Of importance to 

note further is that the moderating role of the vertical aspect ratio as that which dictates the 

existence of the effect of nappe was evaluated to discern whether or not it could play a 
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moderating role (Nur Hidayah et al., 2021; Mohd Norazmi et al., 2021a; Senin et al., 2021a; 

Senin et al., 2021b; Senin et al., 2021c). The ratio was developed in terms of a single 

labyrinth weir‟s width over the height (w/P). In the findings, the study established that when 

the ratio is large, the effect of nappe interference tends to be minimized or eliminated. On the 

other hand, the study documented that an increase in the ratio causes the effect of nappe, an 

outcome that was documented further to affect the performance of labyrinth weirs.  

In another study, Lx [2] examined the labyrinth weir‟s hydraulic performance based on site-

specific frameworks, as well as flume system designs. The labyrinth weir‟s discharge 

equation was developed based on the aspects of experimentation and dimensional analysis 

(Nor Zanira et al., 2021; Mohd Norazmi et al., 2021b, Mohd Norazmi et al., 2021c, Mohd 

Norazmi et al., 2021d). The study also defined the discharge coefficient for trapezoidal and 

triangular arrangements in the quarter round and sharp-crested labyrinth weirs that were 

investigated. In a similar investigation, Cassidy et al. [3] focused on Boardman labyrinth 

spillway. In the results, it was reported that the performance of the system depended on the 

discharge coefficients that were calculated. In another investigation by Hay and Taylor 

(1970), the findings indicated that at high heads, the discharge capacity varied between 20% 

and 25%. It is also notable that Amanian [4] examined eight half-round triangular labyrinth 

weirs and eleven linear weirs in a selected channel. In the study, oblique labyrinth weirs were 

also considered and investigated accordingly. in the findings, the study indicated that with an 

increase in the HT value, there is likely to be a decrease in the labyrinth weirs‟ discharge 

efficiency. Factors that accounted for these results were documented to include nappe 

interference and submergence. Additional investigation was conducted by Nuri and Hayawi 

[5], who strived to unearth the flow behavior of long labyrinth weirs whose heights were 

20cm, 15cm, and 10cm. in the findings, it was asserted that when the height is low and the 

angle is small, there is greater discharge and better performance.  

In the study by Kocahan and Taylor [6], it was asserted that labyrinth weirs provide room for 

more discharge capacity or flow compared to regular ogee weirs, especially at the initial 

stages of flooding. Also, it was documented that factors of human intervention or mechanical 

equipment do not affect the behavior or performance of the weirs, suggesting a state of 

“passive control” (Zulfadli et al., 2021; Siti Saidatul et al., 2021; Een et al., 2021; Nazrah et 

al., 2021; Senin et al., 2021d). It was noted further that when Q is increased due to an 

increase in the length of the weir in a given spillway channel, with the labyrinth weir used to 

replace the linear weir, the resultant system tends to be efficient and economical and that it 

aids in avoiding the otherwise problematic step of increasing the width of the spillway 

channel (Salsuhaida et al., 2021; Siti Farhani et al., 2021; Salmiwati et al., 2021; Ahmad 

Shakani et al., 2021b; Mohd Norazmi et al., 2021t).  

In the investigation by Emiroglu et al. [7], the aim was to examine labyrinth side weir 

performance and the impact of varying discharge curve coefficients on system performance. 

In a similar investigation, Crookston [8] focused on the behavior of labyrinth weirs in 

rehabilitation projects. In the findings, these studies avowed that when the length of the 

labyrinth weir is increased, the discharge efficiency increases significantly. With an elevation 

in the upstream pool, it was reported further that larger discharge tends to be produced by the 

labyrinth weirs, outperforming the linear weirs (Irfana et al., 2021). Also, the study by Bilhan 

et al. [9] sought to examine the behavior of sharp-crested trapezoidal labyrinth weirs, with an 

analysis technique and hydraulic design achieved based on 21 physical frameworks that were 

developed and implemented. In another investigation by Anderson and Tullis [10] laboratory-

scale physical frameworks were used for the purpose of comparing the Piano Key weir 
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design‟s hydraulic efficiency with the efficiency of a geometrically identical labyrinth weir 

without and with sloping floors that were installed in the outlet and inlet keys. From the 

results, it was established that the Piano Key labyrinth weir exhibits superior performance 

because it is more efficient compared to the case of the rectangular labyrinth weir. Indeed, the 

outcomes could be attributed to reduced loss at the entrance for the case of the Piano Key 

weirs. In this study, the main aim lies in the evaluation of different flow behaviors for 

labyrinth weirs. Particularly, the experimental study focuses on various crucial parameters 

deemed to play a moderating role in shaping those behaviors. 

2. METHODOLOGY 

 

The relationship between the actual discharge (Qact) and the ratio (H/P) was plotted. It is 

apparent from the results in Figs. (9-15). The shape of this  relationship is directly 

proportional  if the height is stabilized and the weir type is changed or vice versa, and for any 

value to ratio (H/P) noted  that discharge capacity for the square labyrinth weirs with semi-

circular or sharp crest  is higher than the Suppressed rectangular weirs (the value of the 

discharge coefficient( Cd) is high in the low ratios of (H/ P) for all models and gradually 

decrease  with  increasing  the ratio (H/P), where the model of  the square  labyrinth weir with 

semi-circular crest gave the highest value of the discharge coefficient reached (2.55), while 

the discharge coefficient reached its lowest value reached (0.719) for conventional weirs with 

sharp crest. This indicates that the ratio (H/P) is affected by the type of weir and shape of the 

crest that would influence the behavior and results in curves shown, while noticed that (Qact) 

inversely proportional to (Cd) in Figs. (16-18) where the value of the coefficient is high when 

the low discharge and gradually decrease as the discharge increases, this is due to the fact that 

in the case of a few discharges there is a smooth flow of water that is good. 

 

3. RESULTS AND DISCUSSION  

 

The dimensional analysis is a function of many variables involved in the calculation of the 

discharge passing over the studied weirs.    

As notes that   represents the number of Reynolds (Re), that its effect on flow can be 

neglected only at very few depths above the weir (Boss, 1989) [12] 

After neglecting Reynold 's number, the equation above will be as follow: 

 

Experimental tests were carried out in a horizontal and rectangular laboratory channel in the 

field of environmental engineering, Tikrit University. The dimensions of this channel are 6m 

length, 30 cm width and 40cm height. This channel is equipped with water by a hydraulic 

pump, the maximum discharge of this pump is 22l/s and controlled by a valve which can be 

changed according to the required discharge.    

All  experiments were carried out on  square labyrinth weirs models from the upper 

perspective having semi-circular  and sharp crest , in addition to conventional  weirs 

(Suppressed rectangular weir models) having  same shape of the crest of the labyrinth weirs 

models (for comparison  purposes). Figs. (1-4) shows samples of weirs used in this study 

before and after test .For each model, three different heights (p=15, 20 and 25cm) were used. 

All models were made by using fiberglass with thickness 1 cm, the head over the weir models 

was measured by using a point gauge. 

The study models of weirs were performed by separated it with two groups, has been used 

(84) discharges by seven runs for each of the twelve models. The discharge of the channel 
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was measured by using a standard triangle weir, which was fixed at the end of the channel as 

shown in Fig. (5). This weir was made by 1cm thickness plastic material plate. 

 

 
Standard triangle weir 

 
Where Qsw is the discharge over a Standard triangle weir (L/s) and Hw is the water depth 

above the Standard triangle weir (cm) 

The discharge coefficient Cd can be calculated as follows: 

  
The relationship between the actual discharge (Qact) and the ratio (H/P) was plotted. It is 

apparent from the results in Figs. (9-15). The shape of this  relationship is directly 

proportional  if the height is stabilized and the weir type is changed or vice versa, and for any 

value to ratio (H/P) noted  that discharge capacity for the square labyrinth weirs with semi-

circular or sharp crest  is higher than the Suppressed rectangular weirs (the value of the 

discharge coefficient( Cd) is high in the low ratios of (H/ P) for all models and gradually 

decrease  with  increasing  the ratio (H/P), where the model of  the square  labyrinth weir with 

semi-circular crest gave the highest value of the discharge coefficient reached (2.55), while 

the discharge coefficient reached its lowest value reached (0.719) for conventional weirs with 

sharp crest. This indicates that the ratio (H/P) is affected by the type of weir and shape of the 

crest that would influence the behavior and results in curves shown, while noticed that (Qact) 

inversely proportional to (Cd) in Figs. (16-18) where the value of the coefficient is high when 

the low discharge and gradually decrease as the discharge increases, this is due to the fact that 

in the case of a few discharges there is a smooth flow of water that is good. 

 

4. CONCLUSION  

 

Referring to the figures the findings, the performance of weirs was documented. For the 

comparison of square labyrinth weirs performance with hydraulic performance of Suppressed 

rectangular weirs variation of (QLs/QCs) with H/p was considered. 
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