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Abstract - The flow over and under weir-gate structure that is placed inside a flume with obstacles 
downstream is studied experimentally. The distance between the first obstacle and weir-gate 
structure as well as the spacing between the obstacles are both considered constant. The goal of the 
present research paper is to characterize the interference between the weir-gate structure and the 
emerged square-shaped obstacle. The computation results show that the obstacles have a major 
role on dominating the trend between the several hydraulic variables. For instance, the relation 
between the discharge coefficient and upstream Froude number is adverse to the relation between 
the discharge coefficient and downstream Froude number. The increase of actual discharge leads to 
an increase in discharge coefficient. However, there is a dramatic trend in relation between the flow 
velocity at downstream and discharge coefficient. Another noticeable dramatic trend shown 
between the average downstream water depth and the discharge coefficient. In addition, it is found 
that there is a nonlinear trend in relation to Reynolds number and discharge coefficient. The 
present work discovered the impact of the flow across sectional area, which crosses the gate on the 
actual discharge and discharge coefficient, considering the number of obstacles at downstream 
regime with various obstacle thickness. Generally, any alteration in hydraulic response of weir-gate 
structure is attributed to the presence of obstacles at downstream of hydraulic regime, regardless 
of the number of obstacles and their dimensions. 
 
Keywords:  Flume, Gate, Hydraulic Structure, Obstacles, Weir. 

1.  Introduction 
 

Weir-gate hydraulic structure can be described as 
a device to manage water resources in an open 
channel environment with a minimum variation in 
its functional requirements. The functional aspect 
relies on hydraulic variables and dimensional 
variables. Here, the interference between these 
variables have a direct effect on the device. Many 
research-papers have dealt with this issue. Qasim et 
al. (2020) carried out many experimental works to 
investigate the flow pattern which passed the weir- 
gate structure and encountered obstacles at the open 
channel downstream. The obstacles are with or 
without rectangular opening, considering two 
different types of flow conditions. The investigation 
concentrated on the hydraulic and dimensional 
characteristics separately in order to assess the 
presence of the obstacle with and without an 
opening. From the results obtained, it is found that 
the obstacle with an opening produces a significant 
effect on the obtained value of composite hydraulic 
structure discharge coefficient [1]. In this research, 
an experimental work was carried out by Ibrahim 
(2017) to reveal the shapes of block influences on 
the flow pattern at the downstream of a radial wall. 
The tests illustrated that the blocks had a strong 

ability to limit the disconnected influence of the flow 
pattern at the downstream [2]. Samadi-Boroujeni et 
al. (2013) studied the hydraulic jump characteristics 
in flume which has a rectangular across the section 
over the triangular corrugated beds. Also, results 
illustrated that the folded bed affected the conjugate 
depths of the hop and the water powered hop length 
to be decreased by 25% and 54.7% separately [3]. 
The work of Lim et al. (2009) concentrated on the 
flow, the shear layers and the recirculation zones 
over and along the three streamwise cube surfaces 
[4].  Izadjoo and Shafai-Bejestan (2007) performed 
the tests of hydraulic jump on a bed of a trapezoidal-
shaped corrugated roughness. From the results they 
obtained that the shear force in a rough bed is higher 
than that in smooth bed [5]. Ead et al. (2000) carried 
out tests realized an open channel where the flow is 
noticed, turbulent, and discovered that the intense 
mixing resulting from the rough bed leads to 
important  Reynolds shear stress and reduction in 
the velocity pattern above the corrugation [6]. The 
momentum approach is used by Raju et al (1983) to 
the case of vertical cylinders with rectangular 
channel. The vertical cylinder is considered an 
obstacle. They found a quadratic approximation for 
the break water. Good agreement is obtained 
between their solution and experiments [7].  
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The main aim of this research-paper is to identify 
the ability of multi-obstacle square models placed at 
the downstream regime of weir-gate hydraulic 
structure in changing the hydraulic characteristics of 
hydraulic structure.  It should be mentioned that 
these cases represent a challenge which alters the 
hydraulic behaviour of hydraulic system.  
 

2. Fluid Concept 
 

Three different shapes of weir-gate hydraulic 
structure are used in the current experimental work.   
The procedure of the actual discharge calculation is 
shown below: 

 

2.1 Triangular weir – Ellipse Gate 
 
It aims to estimate the actual discharge that 

crosses the combined structure, when the flow 
condition is described free and the submerged of the 
actual discharge can be calculated from:  

 

                                  (1) 
 

Theoretical discharge which crosses the weir can 
be calculated from (Streeter, 1983) [8]. 

 

                          (2) 
 

Theoretical discharge which crosses the gate can 
be calculated by using the continuity equation, the 
continuity equation (Streeter, 1983) [8]: 

 
Q = V A                                                                            (3) 

                                   

(4) 

                                                    (5) 

     (6) 
 

2.2 Rectangular Weir – Ellipse Gates 
 

It aims to estimate the actual discharge that 
crosses the combined structure, when the flow 
condition is described free and the submerged of the 
actual discharge can be calculated from: 

 

                                (7) 
 

The theoretical discharge which crosses the weir 
can be calculated from (Streeter, 1983) [8]. 

 

                               (8) 

The theoretical discharge which crosses the gate 
can be calculated by using the continuity equation, 
the continuity equation (Streeter, 1983) [8]: 

 
Q = V A                                                                      (9) 

 

                          (10) 

                                            (11) 

      (12) 
 

2.3 Parabolic Weir – Ellipse Gates 
 
It aims to estimate the actual discharge that 

crosses the combined structure, when the flow 
condition is described free and the submerged of the 
actual discharge can be calculated from: 

 

                                       (13) 
 

The theoretical discharge which crosses the weir 
can be calculated from (Bos,1989) [9]. 

 

                                          (14) 
 

Theoretical discharge which crosses the gate can 
be calculated by using the continuity equation, the 
continuity equation (Streeter, 1983) [8]: 

 

Q = V A                                                                    (15) 

                                

(16) 

                                            (17) 

          (18) 
 

For free flow condition 

                                                (19) 

 

For submerged flow condition 

                                       (20) 
 

Where H: upstream water depth, h: weir water 
head, y: vertical distance between weir and gate, d: 
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gate opening height, A: gate cross section flow area, 
V: flow velocity, f: focal distance, b:  Rectangular weir 
width, θ: Notch angle, g: acceleration due to gravity, 
Q_w ∶weir discharge, Q_g: Gate discharge, Q_theor: 
Theoretical discharge, Q_act: Actual discharge, c_d: 
Coefficient of discharge, the Reynolds number and 
Froude number are calculated by using the following 
equations [10,11]: 

                                                           (21) 

                                                              (22) 

 
Where: ν is the kinematic viscosity of water. 

 
 

3. Experimental Work 
 
The experiments’ have been done in the 

hydraulic laboratory of Basra Technical Engineering 
College. The experiments have been performed in 
the flume with the following dimensions: 2m long, 
7.5 cm wide and 15 cm deep, where the flume cross- 
section is rectangular. 

 
Figure (1): The different shapes of weir-gate structure. 

 

 
Figure (2): Location of Weir-Gate Structure and Obstacles 

The bed of the flume is horizontal, fixed and flat. 
The actual discharge is measured by utilizing the 
volume method, while the depth of water is 
measured by utilizing the scale which is fixed at the 
flume wall. The weir-gate structure models are made 
from 5mm wood sheet thickness.  

This structure is beveled along all the edges at 
(45⁰) with sharp edges of thickness (1mm). The 
blocked obstacle models are made by using wood 
material.  

 
The blocks have square shape with dimensions 

(7.5cm x 7.5cm) while the study adopted two 
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different thickness and these are 1cm and 0.5cm. The 
obstacle blocks are located at a specified distance 
which are equal to 20, 40, 60 cm at the downstream 
regime from the weir-gate structure, where the 

distance interval between the successive obstacles 
are equal to 20cm. In addition, the distance between 
the weir-gate structure and the first block’s equal to 
20cm. 

Table (1): The Model Dimensions and Details of Different Shapes of weir and Ellipse Gate 

 
Table (1) shows the selected dimension of weir-

gate structure. Figure (1) illustrates the shapes of 
weir-gate structure and figure (2) illustrates the 
entire hydraulic system which includes both the 
weir-gate structure and blocks. In each experiment, 
the following are measured: upstream water depth, 
water head above weir sharp crest, actual discharge 
and water depth at flume downstream. In brief, the 
current work deals with submerged  flow. 

 

4. Results and Discussion 
 

 Water flow analysis between weir-gate structure 
and obstacles are performed in laboratory to 
investigate the effect of using multi – obstacles.   

Figure (3) shows the scatter distribution of 
discharge coefficient for various downstream Froude 
number, considering various numbers and thickness 
of obstacle. It is observed that the downstream 
Froude number decreases with the increase in 
number of obstacles and leads to increases in 
discharge coefficient. The discharge coefficient and 
downstream Froude number distribution values are 

based on number and dimension (length, width and 
thickness) of obstacles, especially the thickness.  

 
 
The obstacles spacing is constant, so the spacing 

has no direct impact on the distribution. Also, it is 
obvious from this figure, that the maximum 
discharge coefficient value is equal to one regardless 
of the number of obstacles. 

Figure (4) shows the scatter distribution of 
discharge coefficient for various upstream Froude 
numbers considering various numbers and thickness 
of obstacle. 

It is observed that the upstream Froude number 
increases with the increase in number of obstacles 
and leads to the increases in discharge coefficient. 
The discharge coefficient and upstream Froude 
number distribution values are more sensitive   to 
the number of obstacles and obstacle dimensions 
(length, width and thickness), especially the 
thickness. The obstacle’s spacing is constant, so the 
spacing has no direct impact on the distribution. 
Also, it is obvious that the maximum discharge 

Model 
No. 

Weir Shape 
Gate 

shape 
h 

(cm) 
y 

(cm) 
d 

(cm) 
H 

(cm)    

1--1 Rectangular Ellipse 1 4.5 2.5 8 0.5625 4.908 0.0818 

1--2 Rectangular Ellipse 2 4.5 2.5 9 0.5000 4.908 0.0727 

1--3 Rectangular Ellipse 3 4.5 2.5 10 0.4500 4.908 0.0654 

2--1 Triangular Ellipse 1 3.5 2.5 7 0.5000 4.909 0.0935 

2--2 Triangular Ellipse 2 3.5 2.5 8 0.4375 4.909 0.0818 

2--3 Triangular Ellipse 3 3.5 2.5 9 0.3889 4.909 0.0727 

3--1 Rectangular Ellipse 1 4 3 8 0.5000 7.068 0.1178 

3--2 Rectangular Ellipse 2 4 3 9 0.4444 7.068 0.1047 

3--3 Rectangular Ellipse 3 4 3 10 0.4000 7.068 0.0942 

4--1 Parabolic Ellipse 1 4.5 2.5 8 0.5625 4.908 0.0818 

4--2 Parabolic Ellipse 2 4.5 2.5 9 0.5000 4.908 0.0727 

4--3 Parabolic Ellipse 3 4.5 2.5 10 0.4500 4.908 0.0654 

5--1 Triangular Ellipse 1 3 3 7 0.4286 7.069 0.1346 

5--2 Triangular Ellipse 2 3 3 8 0.3750 7.069 0.1178 

5--3 Triangular Ellipse 3 3 3 9 0.3333 7.069 0.1047 

5--4 Triangular Ellipse 4 3 3 10 0.3000 7.069 0.0942 

6--1 Parabolic Ellipse 1 4 3 8 0.5000 7.068 0.1178 

6--2 Parabolic Ellipse 2 4 3 9 0.4444 7.068 0.1047 

6--3 Parabolic Ellipse 3 4 3 10 0.4000 7.068 0.0942 



Experimental Investigation of Multi Obstacles Impact on Weir-Gate Discharge Structure 

 

 

International Journal of Mechatronics and Applied Mechanics, 2021, Issue 9 80 

coefficient value’s equal to one regardless of the 
number of obstacles at downstream region. 

Figure (5) shows the scatter distribution of 
discharge coefficient for various downstream flow 
velocity considering various numbers and thickness 
of obstacle. 

 
 

Figure (3): The relation between discharge coefficient 
and downstream Froude number, (a) t=1cm, (b) 

t=0.5cm 
 

From this figure, it is obvious that the increasing 

number of obstacles causes decreasing in the 

downstream flow velocity and discharge coefficient. 

In general, there is no direct relation between 

discharge coefficient and downstream flow velocity. 

Also, this figure shows a complex distribution of 

discharge coefficient and downstream flow velocity. 

This distribution occurs due to the interferences 

between the hydraulic variables that control the 

discharge coefficient and downstream flow velocity 

and the interaction between the over flow and under 

flow velocities which is reflected on the trend of 

relation between discharge coefficient and 

downstream flow velocity. 

Figure (6) illustrates the scatter distribution of 

discharge coefficient for different downstream 

Reynold numbers considering various number of 

obstacle.  

It is clear from the figure that as the number of 

obstacles increases the Reynolds decreased number. 

The decrease in Reynold numbers occurs due to the 

reduction in water depth near or above the 

obstacles. This behavior will be reflected on the 

downstream flow velocity and leads to the reduction 

in Reynold numbers, moreover, Reynold numbers 

are directly proportional with the water depth and 

flow velocity. 

 
Figure (4): The relation between discharge coefficient 
and upstream Froude number, (a) t=1cm, (b) t=0.5cm 
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Figure (5): The relation between discharge 
coefficient and Flow velocity at downstream, (a) 

t=1cm, (b) t=0.5cm 
 

Figure (6): The relation between discharge 
coefficient and Reynolds number, (a) t=1cm, (b) 

t=0.5cm 
 

 

Figure (7): The relation between discharge 
coefficient and actual discharge, (a) t=1cm, (b) 

t=0.5cm 
 

 
 Regarding any change in downstream water 

depth and flow velocity will be reflected also on 
Reynold number values. However, it should refer to 
the number of obstacles and their dimensions, which 
have major impact on the relation between Reynold 
numbers and discharge coefficient. Likewise, it is 
observed that the discharge coefficient decreases 
with increases in obstacles. This result from the fact 
that the interaction between over flow velocity and 
under flow velocity is affected by the obstacle 
numbers and dimensions.  

 Generally, there is no direct relation between the 
Reynold numbers and the discharge coefficient. 

Figure (7) shows the scatter distribution of 
discharge coefficient for various actual discharge, 
considering various numbers and thickness of 
obstacles. It is observed from this figure that any 
increase in the actual discharge will be reflected on 
the discharge coefficient and visa versa.  This is due 
to the direct proportionality between them, 
regardless of the number of obstacles and their 
dimensions. Also, it is observed that, as the number 
of obstacles increases, the actual discharge and 
discharge coefficient will be decreased, respectively. 
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 Figure (8): The relation between discharge coefficient 
and average water depth at downstream, (a) t=1cm, 

(b) t=0.5c 
 

Figure (8) shows the scatter distribution of 
discharge coefficient for various average 
downstream water depth, considering various 
numbers and thickness of obstacle.   

 

Table 2 The relation among the ratio Ag/BH,   actual discharge and discharge coefficient (t=1cm) 

 

Table 3 The relation among the ratio Ag/BH,   actual discharge and discharge coefficient (t=0.5cm) 

Ag/BH Q (L/sec) Cd 

One 
Obstacle 

Two 
Obstacle 

Three 
Obstacle 

One 
Obstacle 

Two 
Obstacle 

Three 
Obstacle 

One 
Obstacle 

Two 
Obstacle 

Three 
Obstacle 

0.148 0.157 0.166 0.726 0.689 0.656 0.540 0.540 0.540 

0.178 0.182 0.182 0.514 0.495 0.478 0.454 0.454 0.454 

0.118 0.201 0.220 0.438 0.424 0.412 0.459 0.459 0.459 

0.106 0.119 0.119 0.952 0.890 0.836 1.000 1.000 1.000 

0.123 0.136 0.139 0.806 0.761 0.721 1.000 1.000 1.000 

0.082 0.145 0.177 0.560 0.538 0.517 0.875 0.875 0.875 

0.150 0.163 0.165 0.699 0.665 0.634 0.178 0.178 0.178 

0.175 0.189 0.192 0.548 0.527 0.507 0.231 0.231 0.231 

0.201 0.118 0.178 0.441 0.427 0.414 0.314 0.314 0.314 

0.157 0.163 0.163 1.060 0.984 0.917 1.000 1.000 1.000 

0.131 0.131 0.131 0.896 0.836 0.847 0.859 0.859 0.859 

0.145 0.082 0.145 0.560 0.536 0.515 0.662 0.662 0.662 

0.065 0.113 0.113 0.820 0.769 0.728 1.000 1.000 1.000 

0.105 0.171 0.178 0.545 0.523 0.503 0.450 0.450 0.450 

0.118 0.178 0.209 0.471 0.454 0.439 0.454 0.454 0.454 

0.135 0.236 0.255 0.419 0.405 0.393 0.460 0.460 0.460 

0.065 0.106 0.065 0.811 0.761 0.721 0.388 0.388 0.388 

0.073 0.073 0.111 0.750 0.708 0.673 0.660 0.660 0.660 
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Both of them, the average water depth and 
discharge coefficient are considered independent 
variables because there is no direct relation between 
them. On the other hand, it is shown that both of the 
variables increase simultaneously with an increase 
in obstacle numbers, regardless of the obstacle 
thickness and spacing. 

Tables 2 and 3 show the relation among the ratio 
Ag/BH, actual discharge and discharge coefficient, 
considering the obstacle numbers for different 
obstacle thickness. In general, when the cross 
sectional area of the gate increases, the discharge 
quantity which crosses the gate will be increased 
and any fluctuation in discharge will be associated 
with the interaction between the over flow discharge 
of the weir and under flow discharge from gate. 
However, the presence of obstacles will alter the 
general behavior of the discharge quantity, passing 
through the weir-gate structure. Also, the presence 
of the obstacles leads to the decrease in discharge 
quantity and this decrease rises with the increase in 
number of obstacles. In addition, any change in 
discharge quantity will be reflected on the discharge 
coefficient of the weir-gate structure. 

 

5. Conclusions 
 

The following noticeable points are apparent in 
the present paper: 

1- The relation between upstream Froude 
number and discharge coefficient is considered 
adversal to the relation between the downstream 
Froude number and discharge coefficient. 

2- The number of obstacles has a direct impact on 
the hydraulic variables which dominate, the weir-
gate hydraulic structure operation. Also, the 
dimensions of obstacles, especially the thickness that 
has the same impact on hydraulic variables while the 
spacing will not have any impact. 

3- The interaction between the over flow velocity 
and under flow velocity always controls the 
hydraulic variables, regardless of the presence and 
number of obstacles. 

4- The number of obstacles at downstream 
regime has a direct impact on average downstream 
water depth. 

5- Any increase in actual discharge will be 
reflected on discharge coefficient, regardless of the 
number of obstacles due to the direct proportionality 
between them. 

6- The complex relation between the flow 
velocity at the downstream regime and discharge 
coefficient is resulting from both of them, being 
considered as independent hydraulic variables. 

 
 
 
 

Ag/BH Q (L/sec) Cd 

One 
Obstacle 

Two 
Obstacle 

Three 
Obstacle 

One 
Obstacle 

Two 
Obstacle 

Three 
Obstacle 

One 
Obstacle 

Two 
Obstacle 

Three 
Obstacle 

0.145 0.139 0.139 0.7149 0.679 0.647 0.532 0.5317 0.532 

0.163 0.163 0.163 0.588 0.564 0.542 0.520 0.520 0.520 

0.118 0.118 0.118 0.406 0.394 0.383 0.426 0.426 0.426 

0.091 0.093 0.102 0.938 0.877 0.824 1.000 1.000 1.000 

0.102 0.073 0.121 0.816 0.770 0.729 1.000 1.000 1.000 

0.091 0.082 0.142 0.680 0.648 0.619 1.000 1.000 1.000 

0.137 0.141 0.143 0.624 0.596 0.571 0.158 0.158 0.158 

0.105 0.143 0.147 0.491 0.474 0.458 0.207 0.207 0.207 

0.139 0.171 0.189 0.392 0.381 0.371 0.279 0.279 0.279 

0.121 0.137 0.141 0.791 0.748 0.709 0.859 0.859 0.859 

0.087 0.101 0.109 0.698 0.681 0.630 0.670 0.670 0.670 

0.093 0.082 0.082 0.521 0.500 0.482 0.616 0.616 0.616 

0.093 0.101 0.104 0.768 0.723 0.687 1.000 1.000 1.000 

0.152 0.157 0.165 0.644 0.612 0.586 0.531 0.531 0.531 

0.118 0.171 0.178 0.478 0.460 0.445 0.460 0.460 0.460 

0.135 0.135 0.135 0.380 0.369 0.359 0.417 0.417 0.417 

0.099 0.101 0.101 0.769 0.725 0.688 0.369 0.369 0.369 

0.101 0.113 0.117 0.726 0.686 0.654 0.640 0.640 0.640 
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7- The relation between the Reynold number and 
discharge coefficient will be affected by the number 
and thickness of the obstacles. 

8- The flow cross-section area of the gate has a 
major impact on the discharge quantity and 
coefficient of discharge. Also, the flow area will be 
affected by the number of obstacles. 
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