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ABSTRACT: The supercritical flow as the inflow at upstream of the vertical drops can produce a 
considerable impact, destruction and erosion at the downstream of drops influence by fall and collision. 
Therefore in this study, with the aim of evaluation and prediction of the general behavior of hydraulic 
parameters in vertical drops with the supercritical flow at upstream, 55 experiments were carried out 
with various discharges and Froude numbers. The experimental results indicated that in the supercritical 
flows, by increasing the relative critical depth and Froude numbers, the relative length of drop, the 
relative length of splashing and the relative total length of the drop were increased. However, by 
increasing the relative critical depth and Froude number, the relative depth of the pool initially increases 
and then decreases, and the relative energy loss is initially reduced and then increased. By increasing the 
Froude number at a constant relative critical depth, the relative length of the drop, the relative length of 
splashing, the relative total length of drop and the relative energy loss increases, and relative depth of the 
pool decreases. Also, in a constant Froude number, by increasing the relative critical depth, the relative 
length of drop, the relative length of splashing, the relative total length of the drop and relative depth of 
the pool increase, and the relative energy loss decreases. Meanwhile, the results of the present study with 
the larger range of Froude number were compared with the previous studies and were studied the reasons 
for the agreement or disagreement.
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1. INTRODUCTION
A vertical drop is a hydraulic structure that reduces 

the longitudinal slope to the level of the design slope. This 
structure is used in areas with mountainous topography to 
transfer water from the upstream to the downstream of a 
canal. The inflow, as an important design parameter, is usually 
sub-critical in the upstream of the vertical drops. However, 
in some cases due to the topographical conditions of an area, 
installation of a gate before the drop, or construction of drops 
with short longitudinal distances, the flow pass through the 
upstream of this structure with a supercritical regime.

The most of the studies on vertical drops by researchers 
such as Gill [1], Rajaratnam and Chamani [2], Chamani et 
al [3] focused on the hydraulic parameters of the vertical 
drops with a subcritical inflow at upstream. But there are 
also some studies on investigating hydraulic parameters of 
vertical drops with the supercritical flow at upstream such as 
Chamani and Beirami [4], Tokyay and Yildiz [5], and Liu et al 
[6]. An overview of these studies indicates the differences in 
the results presented for the vertical drops with supercritical 
flows. Therefore, the current research was carried out with 
the purpose of studying the behavior of hydraulic parameters 
in a vertical drop with an upstream supercritical flow and 
comparing the results with the former research.

2. MATERIALS AND METHODS 
Experiments on vertical drops with supercritical flow 

were carried out in a laboratory flume with a length of 5 m, 
a width of 0.3 m and a height of 0.45 m. In the Table (1) the 
main characteristics of the vertical drop with a supercritical 
flow are presented.

3. RESULTS AND DISCUSSION
3.1. The total length of the drop

The distance between the splash point to the brink of the 
drop, which is known as the total length of the drop in the 
supercritical free overflow, is calculated as the sum of the 
impinging jet distance to the bottom from the brink and the 
length of a splash. Fig (1) depicts the relative total length of 
the drop with respect to relative critical depth and Froude 
number.

The results show that the behavior of total length of drop 
with respect to the changes in relative critical depth and 
Froude number are similar to the parameters of the length 
of drop and the length of the splash. With an increase in 
relative critical depth and Froude number, the values of these 
parameters also increased.  Moreover, for a constant relative 
critical depth, the relative total length of the drop increased 
with an increase in Froude number. For a constant Froude 
number, increasing the relative critical depth leads to an 
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increase in the value of this parameter. 

3.2. Pool depth
Fig. (2-a-b) represents the relative changes in pool depth 

below the falling jet with respect to relative critical depth and 
Froude number. According to Fig. (2-a), it can be observed 
that for a constant gate opening, by increasing in the relative 
critical depth and Froude number, the relative pool depth 
increases initially and then decreases.

The results show that by increasing Froude number 
for a constant critical depth, the relative depth of the pool 
decreases. Also, for a constant Froude number, increasing the 

relative critical depth leads to an increase in the relative pool 
depth. 

3.3. Relative energy loss 
Relative energy loss, which is the main function of vertical 

drops, usually occurs as a result of jet impact to the bottom 
of the pool and turbulent flow in the pool below the jet. In 
vertical drops with the upstream supercritical flow, the strike 
to the bottom happens with a higher intensity as a result of 
the higher velocity of flow, which leads to a splash of water 
after the jet strikes the bottom of the pool. The splash in 
the downstream section, can increase the energy loss by 

 
 

  
  

 
  
 

  
 

 
  

  
       

Table 2. Characteristics of the experimental model

 

Figure 1. Variation of the total relative length of drop to a) Relative critical depth and b) Froude number 
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Fig. 1. Variation of the total relative length of drop to a) Relative critical depth and b) Froude number

 

Figure 2. Variation of relative depth of pool versus: a) Relative critical depth; b) Froude number 
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Fig. 2. Variation of relative depth of pool versus: a) Relative critical depth; b) Froude number
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increasing the turbulence and the air-water contact surface. 
Fig. (3-a-b) shows the changes in relative energy loss with 
respect to relative critical depth and Froude number. 

According to Fig. (3-a-b) with an increase in the relative 
critical depth and upstream Froude number for a constant 
gate opening, the amount of energy loss decreases initially, 
then increases.  Also, the results show that in a constant 
relative critical depth, with a decrease in the gate opening and 
the increase in Froude number, the amount of relative energy 
loss increases. Also, for a constant Froude number, increasing 
the opening of the gate, which has a direct relationship with 
the relative critical depth, leads to a decrease in the amount of 
relative energy loss. The reason for the increased energy loss 
after an increase in Froude number is the increased amount 
of flow splash. 

By comparing the behavior of relative energy loss of the 
present research to the research by Chamani and Beirami [4] 
it is found that the results of the present research are in no way 
consistent with the results obtained by Chamani and Beirami 
[4].  Apparently, the reason for the great inconsistency 
between the results obtained by the two studies is that the 
effect of the flow splash after the jet strikes the bottom was 
not accounted for in the research by Chamani and Beirami 
[4]. Also, the comparison between the energy dissipation 
behavior of the present study and Tokyay and Yildiz [5] 
indicates a similarity in the decreasing energy loss with the 
increase in Froude number up to 4.  However, the amounts 
of relative energy loss obtained by Tokyay and Yildiz [5] are 
bigger than the laboratory results of the present study. 

4. CONCLUSION
The following results were obtained for hydraulic 

parameters of vertical drop using the laboratory model of the 

present research:
1- The relative length of drop, relative length of the splash, 

and the relative total length of drop increased with an increase 
in the relative critical depth and Froude number. 

2. Increasing the relative critical depth and Froude number, 
the depth of pool initially increased and then decreased. At 
the same time, the relative energy loss initially increased and 
then decreased by increasing the relative critical depth and 
Froude number. 

3. The results of the present study with respect to the effects 
of the upstream Froude number on the behavior of relative 
energy loss were in no way consistent with the research by 
Chamani and Beirami [4] and the only similarities with the 
results of the study by Tokyay and Yildiz [5] were the overall 
behavior of energy loss for Froude numbers smaller than 4. 

REFERENCES 
[1] M.A. Gill, Hydraulics of rectangular vertical drop structures, 

Journal of Hydraulic Research 17(4) (1979) 289-302.
[2] N. Rajaratnam, M.R. Chamani, Energy loss at drops, Journal of 

Hydraulic Research 33(3) (1995) 373-384.
[3] M.R. Chamani, N. Rajaratnam, M.K. Beirami, Turbulent jet 

energy dissipation at vertical drops, Journal of hydraulic 
engineering 134(10) (2008) 1532-1535.

[4] M. Chamani, M.K. Beirami, Flow characteristics at drops, Journal 
of Hydraulic Engineering 128(8) (2002) 788-791.

[5] N.D. Tokyay, D. Yildiz, Characteristics of free overfall for 
supercritical flows, Canadian Journal of Civil Engineering 34(2) 
(2007) 162-169.

[6] S.I. Liu, J.Y. Chen, Y.M. Hong, H.S. Huang, R.V. Raikar, Impact 
Characteristics of Free Over-Fall in Pool Zone with Upstream 
Bed Slope, Journal of Marine Science and Technology 22(4) 
(2014) 476-486.

 

Figure 3. Variation of relative energy loss versus: a) Relative critical depth; b) Froude number 

 

0.4

0.5

0.6

0.7

0.1 0.2 0.3 0.4

h L
/H

0

yc /h

gate opening=1.3cm gate opening=1.7cm gate opening=2.1cm

0.4

0.5

0.6

0.7

0 2 4 6 8 10

h L
/H

0

Fr

gate opening=1.3cm gate opening=1.7cm gate opening=2.1cm

Fig. 3. Variation of relative energy loss versus: a) Relative critical depth; b) Froude number
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