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Abstract: Flow over low-head dams was complicated, and dangerous downstream 

rollers often develop. Particle-based flow visualization, a foundation for the 

preparatory work, and analysis of counter-current flow on the downstream were 

conducted. This study is to evaluate the relationship between upstream water level 

and tailwater height within the downstream counter-current existence. Variation of 

setup for height over the sharp-crested weir, (h/P) 0.3, 0.4, 0.5, 0.6 and height of 

tailwater, (tw/P) 0.7, 0.8, 1.0 used. The result for velocity in X-direction for the dowel 

computed and plotted in contour graph show the different flow patterns and counter-

current formation depend on (h/P) and (tw/P). 
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1. Introduction 

Weirs allow the water to pool behind them, thus enabling the water to spill continually over the top 

of the weir [1]. The term of weir may be used to refer to the crest of a spillway on a wide embankment 

dam. For example, in hydroelectric installations, spillways are needed as an outlet system to release 

water from the dam [2]. Low-head dams are common hydraulic structures that have historically been 

built to serve a wide variety of purposes [3]. Although these structures are comparatively small, they 

typically stand between 3 and 5 m in height and possessing a relatively calm and quiet nature. They 

have proved to be simply so-called drowning machines [4]. 

Sharp-crested weirs may be built in a range of shapes, such as rectangular, triangular, trapezoidal, 

and semi-circular. Sharp-crested weirs have a lower flow potential relative to finite crest length weirs 

and are typically used in labs and narrow channels [5]. Bagheri and Heidarpour presented a recent 

analysis on sharp-crested weirs focused on the incorporation of velocity due to free-vortex motion 

assumed between the upper and lower nappe profiles [6]. Understanding the characteristics of the flow 

over a sharp-crested weir and its counter-current form does not fully understand.  

Open channel flow can be defined as fluid flow with a free open surface to the atmosphere. The 

transport of sediment has been traditionally described using empirical or semi-empirical formulations 
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[7]. The example of open channel flow in real life includes the flow in natural river course and artificial 

open channel [8]. According to the past study, the upstream inlet should be located at a sufficient 

distance from the weir to let the flow fully develop [9]. 

In this study, a sharp-crested weir in the open channel was tested with different heights of upstream 

flow water over the weir and the height of tailwater at the downstream flow. The downstream counter-

current at specific tailwater height and the effect of tailwater height on the formation of downstream 

counter-current on sharp-crested weir flow characteristics has been studied.  

 

2. Materials and Methods 

The open channel setup in this study was including the open channel itself, sharp-crested weir, and 

the hydraulic bench. For marker for the visualization and observation of the experiment, a dowel was 

used. The dowel used comes in a cylindrical shape. This dowel needs to dip in a beaker containing water 

and mass reading after the dowel takes out from the beaker. The proven observation and the counter-

current formation were captured by a high-speed camera. The high-speed camera was equipped with 

softbox lighting and its tripod stand. Figure 1 shows the full setup of the open channel for the whole 

experiment. 

 

Figure 1: Equipment setup for the experiment. 

 Open channel setup 

The sharp-crested weir model was placed at the center of the open channel flume. This can give a 

length for the water flow from the inlet of the flume to stable before the flow goes through the sharp-

crested weir. This is important because the formation of the downstream counter-current will oscillate 

if the flow from the upstream is not stable. The detail of the sharp-crested weir and its dimension shows 

in the figure below:  
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Figure 2: Sharp crested weir from Techquipment brand. 

3. Results and Discussion 

The downstream counter-current existence for flow over sharp-crested weir was observed. 

Displacement of dowel in the counter-current formation was recorded, and Froude number and velocity 

in X-direction were calculated. The relationship between upstream head over the sharp-crested and 

tailwater height on the performance of the counter-current was analyzed. 

 Velocity distribution in X-direction on weir downstream 

Contour graph plotted by using the velocity distribution in X-direction. The contour graph for the 

velocity distribution in X-direction was divided into three zones. The first zone, defined as Zone 1, 

represents the peak of the sharp-crested weir to the entrainment point. For Zone 2, the counter-current 

zone indicates from the entrainment point to 3.25 coordinates in the longitudinal direction. Lastly, the 

zone where the dowel exceeds the recovery line and flows to the outlet of the open channel is known 

as Zone 3. For a positive velocity value, the flow moves away from the weir. The negative velocity 

value represents the flow of the dowel towards the weir in the counter-current area. 

3.1.1 Case 1 and 5 

Figure 3 below shows the result of velocity distribution in X-direction obtained from plotted contour 

graph for the combination of Case 1 and 5 with setup height of flow over the weir (h/P) 0.3 and tailwater 

height (tw/P) 0.8. The velocity in X-direction is calculated and plotted with the coordinate for its velocity 

using Origin Lab 2019. The information of setup, velocity and the number of the point plotted shown 

on the graph. 

 

Figure 3: Velocity Distribution in X-direction for (h/P) 0.3 and (tw/P) 0.8 
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Based on the experiment, the contour graph was produced using data for Case 1 and 5 due to the 

same setup. The contour graph in Figure 3 shows the highest velocity was on the entrainment point 

between water flows from the upstream to the downstream. The minimum velocity shown in the graph 

is -0.126 m/s, which is the counter-current velocity. Thus, the range of the velocity distribution in the 

contour colour scale ranges from -0.1 m/s to 0.1 m/s. Next, observation of tailwater height (tw/P) 0.8 

encourage the formation of counter-current with (h/P) 0.3. Circulation of dowel in the counter-current 

takes a moment before it can reach Zone 3. The tailwater height use help in the formation of the 

downstream counter-current. 

3.1.2 Case 2, 3, 9 and 13 

Figure 4 below shows the result of velocity distribution in X-direction obtained from plotted contour 

graph for the combination of Case 2, 3, 9, and 13 with setup height of flow over the weir (h/P) 0.5 and 

tailwater height (tw/P) 0.8. The velocity in X-direction is calculated and plotted with the coordinate for 

its velocity using Origin Lab 2019. The information of setup, velocity and the number of the point 

plotted shown on the graph. 

 

Figure 4: Velocity Distribution in X-direction for (h/P) 0.5 and (tw/P) 0.8 

The contour graph was plotted from four cases with the same setup as shown in Figure 4. The higher 

velocity value was located in Zone 2 with 0.491 m/s. This velocity indicates that the dowel passing 

through the entrainment point and flows in the counter-current zone. The minimum velocity for this 

case is -0.254 m/s, slightly lower than Case 1 and 5. Therefore, based on the contour graph, the counter-

current velocity in X-direction for this case is high. 

The tailwater height used in this case was the same as the previous case. Increasing (h/P) to 0.5 

gives a counter-current formation with a higher velocity value. Therefore, it can be concluded that the 

setup used in this experiment encourages counter-current existence. 

3.1.3 Case 4 

Figure 5 below shows the result of velocity distribution in X-direction obtained from plotted contour 

graph for the combination of Case 4 with setup height of flow over the weir (h/P) 0.6 and tailwater 

height (tw/P) 1.0. The velocity in X-direction is calculated and plotted with the coordinate for its velocity 

using Origin Lab 2019. The information of setup, velocity and the number of the point plotted shown 

on the graph. 
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Figure 5: Velocity Distribution in X-direction for (h/P) 0.6 and (tw/P) 1.0 

From the plotted graph above, there is no counter-current existence from the peak of the sharp-

crested weir to the downstream outlet. Therefore, the velocity of the dowel flowing from the upstream 

to the entrainment point is lower than the velocity flow in Zone 2, which is 0.450 m/s.  

The value of (h/P) and (tw/P) for this case is higher. The yellow scale of velocity located in the 

graph indicates the velocity value that higher than 0.100 m/s. Increased tailwater height does not affect 

the counter-current since there are no counter-currents in this case. 

3.1.4 Case 6 

Figure 6 below shows the result of velocity distribution in X-direction obtained from plotted contour 

graph for the combination of Case 6 with setup height of flow over the weir (h/P) 0.6 and tailwater 

height (tw/P) 0.7. The velocity in X-direction is calculated and plotted with the coordinate for its velocity 

using Origin Lab 2019. The information of setup, velocity and the number of the point plotted shown 

on the graph. 

 

Figure 6: Velocity Distribution in X-direction for (h/P) 0.6 and (tw/P) 0.7 
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the tailwater height was low. 

0.375

0.450
0.250

0.375

0.250

0.250

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

0.0

0.5

1.0

1.5

2.0
D

e
p
th

 o
f 
W

a
te

r 
(Y

/P
)

Longitudinal Direction (X/P)

-0.5
-0.4
-0.3
-0.2
-0.1
0.0
0.1
0.2
0.3
0.4
0.5

Velocity Vx (m/s)

h/P = 0.6  V
max = 0.488 m/s  V

ave 
= 0.147 m/s 

tw/P = 1.0  V
min = 0.043 m/s  No of point = 43 

 

0.320

0.390 0.350
0.3200.270

0.100

0.080

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

0.0

0.5

1.0

1.5

2.0

D
e
p
th

 o
f 
W

a
te

r 
(Y

/P
)

Longitudinal Direction (X/P)

-0.5
-0.4
-0.3
-0.2
-0.1
0.0
0.1
0.2
0.3
0.4
0.5

Velocity Vx (m/s)

h/P = 0.6  V
max

= 0.390 m/s  V
ave 

= 0.227 m/s 

tw/P = 0.7  V
min = 0.051 m/s  No of point = 26 



Mohd Ali et al., Research Progress in Mechanical and Manufacturing Engineering Vol. 3 No. 1 (2022) p. 403-413 

408 

3.1.5 Case 7 

Figure 7 below shows the result of velocity distribution in X-direction obtained from plotted contour 

graph for the combination of Case 7 with setup height of flow over the weir (h/P) 0.5 and tailwater 

height (tw/P) 1.0. The velocity in X-direction is calculated and plotted with the coordinate for its velocity 

using Origin Lab 2019. The information of setup, velocity and the number of the point plotted shown 

on the graph. 

 

Figure 7: Velocity Distribution in X-direction for (h/P) 0.5 and (tw/P) 1.0 

The formation of counter-current flow can be seen in Zone 2. The counter-current velocity in the 

graph was -0.208 m/s. The impact velocity of the dowel is located near the entrainment point with 0.200 

m/s. Next, for the bed current velocity, the maximum value is 0.453 m/s. However, there are areas or 

points in the graphs that revealed the velocity is equal to 0 m/s. It was due to the dowel was located at 

the same coordinate for a short time. 

The downstream depth is directly proportional to the tailwater height. It is because the dowel 

circulates in the counter-current for a moment before it approaching the recovery region. Increasing 

tailwater height will increase the high of the counter-current region so that the dowel will pull deeper 

into the downstream region. 

3.1.6 Case 8 

Figure 8 below shows the result of velocity distribution in X-direction obtained from plotted contour 

graph for the combination of Case 8 with setup height of flow over the weir (h/P) 0.4 and tailwater 

height (tw/P) 0.8. The velocity in X-direction is calculated and plotted with the coordinate for its velocity 

using Origin Lab 2019. The information of setup, velocity and the number of the point plotted shown 

on the graph. 

 

Figure 8: Velocity Distribution in X-direction for (h/P) 0.4 and (tw/P) 0.8 
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Figure 8 shows the tabulated velocity distribution for Case 8 with an average velocity of 0.056 m/s. 

This case was conducted with a flowmeter reading of 20 Lpm to produce (h/P) 0.4. From Zone 1, the 

impact velocity for the dowel at the entrainment point is 0.200 m/s same as crest velocity. Thus, uniform 

flow creates a clear boundary for the maximum velocity at the bed current and counter-current velocity 

region on the graph.  

Tailwater depth encourages the formation of counter-current in this case. The higher counter-

current velocity shown on the graph is -0.157 m/s. The velocity value near the entrainment point is 

0.050 m/s. It is represented by the flows of dowel that circulates for a while in the same coordinate. 

3.1.7 Case 10 

Figure 9 below shows the result of velocity distribution in X-direction obtained from plotted contour 

graph for the combination of Case 10 with setup height of flow over the weir (h/P) 0.5 and tailwater 

height (tw/P) 0.7. The velocity in X-direction is calculated and plotted with the coordinate for its velocity 

using Origin Lab 2019. The information of setup, velocity and the number of the point plotted shown 

on the graph. 

 

Figure 9: Velocity Distribution in X-direction for (h/P) 0.5 and (tw/P) 0.7 

The contour graph for Case 10 is shown in Figure 9, with 38 points plotted for the coordinate and 
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downstream outlet without experience any counter-current. To obtain the value of (h/P) 0.5, it requires 

the flow meter reading to exceed 30 Lpm. The average velocity was 0.130 m/s with the maximum 0.364 

m/s located in Zone 2 and 0.022 m/s when the dowel reaches the water surface and flows to the 

downstream outlet. 
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Figure 10 below shows the result of velocity distribution in X-direction obtained from plotted 

contour graph for the combination of Case 11 with setup height of flow over the weir (h/P) 0.3 and 

tailwater height (tw/P) 1.0. The velocity in X-direction is calculated and plotted with the coordinate for 

its velocity using Origin Lab 2019. The information of setup, velocity and the number of the point 

plotted shown on the graph. 
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Figure 10: Velocity Distribution in X-direction for (h/P) 0.3 and (tw/P) 1.0 

The result from conducted experiment for Case 11 is illustrated in Figure 10. The plotted contour 

graph shows the lack of information in analysis for the surface velocity in Zone 3. The limitation for 

this case to be repeated is due to pandemic Covid-19. Hence students were not allowed to experiment 

in the lab. However, the existing result for the experiment shows that the repetition of dowel flow in 

the counter-current without exceeding the recovery line. 

From Figure 4.10, the impact velocity for the dowel is high compared to the crest velocity, which 

is defined as the maximum velocity in this case. The dowel flows through and circulates in Zone 2 

caused by the counter-current. The dowel in Zone 2 flows toward the entrainment point after passing 

through the bed current with a counter-current velocity of -0.093 m/s. Since there is no data for the 

dowel move toward the downstream outlet, there is no surface velocity in this case.  

3.1.9 Case 12 

Figure 11 below shows the result of velocity distribution in X-direction obtained from plotted 

contour graph for the combination of Case 12 with setup height of flow over the weir (h/P) 0.4 and 

tailwater height (tw/P) 1.0. The velocity in X-direction is calculated and plotted with the coordinate for 

its velocity using Origin Lab 2019. The information of setup, velocity and the number of the point 

plotted shown on the graph. 

 

Figure 11: Velocity Distribution in X-direction for (h/P) 0.4 and (tw/P) 1.0 
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From the existing plotted coordinate with velocity distribution contour shown in Figure 12, the 

maximum velocity of 0.315 m/s located at the collision zone between Zone 1 and 2. The velocity of the 

dowel increase when the dowel flows reached the entrainment point. The minimum velocity was -0.138 

m/s, in which the dowel flows toward the entrainment points in the counter-current. 

3.1.10 Case 14 and 15 

Figure 12 below shows the result of velocity distribution in X-direction obtained from plotted 

contour graph for the combination of Case 14 and 15 with setup height of flow over the weir (h/P) 0.4 

and tailwater height (tw/P) 0.7. The velocity in X-direction is calculated and plotted with the coordinate 

for its velocity using Origin Lab 2019. The information of setup, velocity and the number of the point 

plotted shown on the graph. 

 

Figure 12: Velocity Distribution in X-direction for (h/P) 0.4 and (tw/P) 0.7 
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its velocity using Origin Lab 2019. The information of setup, velocity and the number of the point 

plotted shown on the graph. 
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Figure 13: Velocity Distribution in X-direction for (h/P) 0.6 and (tw/P) 0.8 
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decreases after it flows through Zone 2. Tailwater height used in this case does not contribute to the 

formation of counter-current. High flow from the upstream hinders the counter-current formation since 

the tailwater height was not enough. 

4. Conclusion 

This study successfully introduced the downstream counter-current of an open channel with the 

different upstream and downstream water levels. The method used in the experiment was simple and 

easy to handle regarding open channel flume, hydraulic bench, Rengas dowel as flow visualization 

marker, and high-speed camera to record the counter-current formation. Based on the experimental 

result, the objective of this study was achieved.  

i. The flow height over the weir is directly proportional to the tailwater height. Investigation 

through the experiment shows that the water level on the upstream (h/P) and tailwater height 

(tw/P) encourages the counter-current formation. Thus, the upstream water level plays a 

significant role in controlling the size of the counter-current. It is because the flow from the 

upstream controls the flow through the downstream region.  

ii. Higher tailwater will increase the downstream depth tend to the formation of the counter-

current. Low tailwater height at the downstream, with high flow height over the weir, can 

prevent the formation of downstream counter-current  

iii. The downstream zone is divided into two sections: counter-current and bed current. The 

velocity of flow in the bed current region is faster than in the counter-current region. Therefore, 

a higher velocity identified when the dowel entered Zone 2 with the range distance is between 

the entrainment and middle regions. 
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