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 Morning glory spillway is one of the spillways that used to passing of flood from high 

to low level. This spillway is used in the reservoir dams that are placed in narrow 
valleys and in many locations with high slope in reservoir walls. The advantage of this 

spillway is high capacity in passing of discharge that occurred in the failure condition 

of discharge. In the Morning glory spillways, the vortex flow can reduce discharge, 
discharge coefficient and the performance of spillway. Vortex-breaker is one of the 

effective methods to control vortex which is used in many dams in order to increase the 

discharge and discharge coefficient. In this study, a physical model spillway was made 
with a circular cross- section and the other with new square cross- section. The effect 

angle of vortex breaker and different modes of number of anti-vortex piers (160 

experiments were performed) on discharge coefficient with different experiments on 
these spillways under free flow condition, were studied. The analysis of experimental 

data showed increasing the number of anti-vortex piers increases the submergence 

threshold in the square morning glory spillway and the greatest impact on discharge 
coefficient and the maximum values of inflow and water height (Imax & Ymax) in free 

flow condition (submergence threshold) in square Morning glory spillway was 

observed under using 12 vortex breakers. Increasing of vortex angle of vortex breaker 
decreased the passing flow under submergence threshold conditions. In regard to square 

spillway the greatest impact on discharge coefficient and the flow parameters in 

submergence threshold (Imax & Ymax) was observed under vortex breaker with angle 
of 30 ° 
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INTRODUCTION 

  

 When there is not adequate space to construct spillways to discharge floodwater from reservoirs dams, 

especially when dam sites are narrow and abutments are very steep, use of morning glory spillway is a suitable 

option because these spillways are placed upslope dams and inside dam reservoirs. They can also be employed 

where tunnels or diversion galleries having sufficient diameters are available. Morning glory spillways are 

mostly preferred in earth dams where we prefer to have the spillway separate from the dam structure and inside 

the dam reservoir, because this will reduce the risk of scouring and shell saturation downslope the dam. The 

spillway discharge is calculated using the following general equation: 

 

Q = Cd .L . H
3/2

                                                                                                        (1) 

 

 Where Q is the discharge passing through the morning glory spillway, Cd is the discharge coefficient of the 

morning glory spillway, L is the length of the spillway crest, and H is the height of water over the spillway [8]. 

 In circular Spillways L (Crest length) is perimeter of circular inlet at the beginning of the ogee curve. Crest 

length is (πD). Crest Control (free-flow), tube or orifice control and full pipe flow, are three possible flow 

conditions for a morning glory spillway. In crest control mode, the Spillway flow in crest, transition and outlet 

pipe is completely free and submergence does not happen. Control shifting from crest control to orifice control 

is the beginning of spillway submergence. Equation (1) used to calculate the spillway discharge in crest control 

condition. With the onset of Submergence and control mode shifting from crest control flow to orifice control 

flow, Spillway performance decrease severely and water level in the reservoir rises severely (figure 1). This 

represents a severely loss in discharge coefficient (Cd) of Spillway in this condition. Morning glory spillways 
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are generally designed for crest control or free-flow condition. Full pipe flow design for spillways, except those 

with extremely low drops, is not recommended. 

 Due to severe performance Loss in Submergence condition, increasing the submergence threshold -The 

maximum outflow that Spillway can discharge without being submerged- can increase the efficiency of 

Spillway. Also, the risk of arising out of spillway discharge capacity flows is reduced. Other problems that 

usually occur in the morning glory spillways, is vortexes and circulation flow. In the submergence condition this 

problem will be increased. In circulation flow, flow path is longer than straight flow and this lead to increasing 

loss of water energy, and energy loss leads to reduce spillway discharge coefficient. 

 

 
 

Fig. 1: Discharge-stage diagram in a morning glory spillway for different flow conditions. 

 

 Anti-vortex piers are used to solving this problem. These piers reduce vortexes and circulation by flow path 

correction. In addition, if they can increase submergence threshold, they causing delay in spillway submergence, 

and vortexes and circulation intensify. It seems that the bilateral effect of Anti-vortex piers, will lead ultimately 

to increase spillway efficiency. Therefore, this study examines the effect of number of Anti-vortex piers on 

increase of submergence threshold in the morning glory spillways. Another problem in these spillways is that, 

because of the need to build the circular section and ogee profile simultaneously, in terms of implementation, 

construction of morning glory spillways is difficult and building each spillway takes a long time and requires 

spending much money and using unique shuttering for Concrete. Hence, a solution to simplify implementation 

and reduce cost and time of construction adopted, and it is: use a square section instead of circular for inlet, and 

change compound arc of spillway wall (ogee profile) to few slops. Because the experiments are conducted in 

free flow condition, the cavitation problems are not expected. Equation (1) is also used to calculate the discharge 

in the square spillway. In this case, L is the length of spillway and equal to the perimeter of the new section 

(square) is considered. Bagheri, et al. [1] in their study, constructed physical hydraulic models of morning glory 

spillways to investigate the effect of using polyhedral spillway crests on the intensity of the discharge passing 

through the spillway and on the morning glory spillway discharge coefficient, by carrying out various 

experiments on this type of spillways (Figure 2). They concluded that using polyhedral spillway crests increases 

discharge coefficients and that the biggest increase in discharge coefficients of morning glory spillways happens 

when spillway crests are trihedral and at the same depth of submergence, discharge coefficients of spillways 

with polyhedral crests are higher than those for spillways with circular crests. 

 

 
 

Fig. 2: Spillways used in Bagheri’s research. 

 

 Christodoulou, et al., [2] have studied the effect of piers on the discharge capacity of a morning glory 

spillway. They concluded that placement of piers on the crest is an efficient way of coping with the negative 

effects of the vortex. The significance of piers is evident mainly for high discharges, as they can limit the stage 

increase to about half the value observed without piers, and also suppress water level oscillations. Kashkoli, et 

al., [5] have studied the effect of guide pier on hydraulic behavior of morning glory spill way and concluded that 

using piers, discharge coefficient and discharge capacity Increased. But it is not possible to approach the 

theoretical discharge capacity - or, alternatively, the discharge coefficient - simply by using a large number of 

piers. Nohani, et al., [6] in their research, constructed a physical model of the morning glory spillway and 
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conducted laboratory experiments to investigate the effect of the number and thickness of whirlpool-break 

blades on the discharge coefficient of the morning glory spillway. They concluded that the joint effects of an 

increase in the number and in the thickness of the blades will increase the discharge capacity of the morning 

glory spillway. Ellesty, et al., [3] built physical models of the morning glory spillway, conducted laboratory 

experiments and concluded that the length, height and orientation of the blades and their thickness influenced 

whirlpool control, with the increase in the length of blades being more effective than the increase in the number 

of blades. Kamanbedast [4] has studied Discharge Coefficient and near optimal arch dam shape for the Morning 

Glory Spillway Using Artificial Neural Network and concluded the positive effect of anti-vortex piers on the 

spillway discharge coefficient. In above researches, circular spillways have been used. In this study examines 

the effect of number and angle of Anti-vortex piers on submergence threshold in the square morning glory 

spillways and in crest control condition using physical model. Also for comparison, a series of experiments have 

been performed on a circular spillway. 

 

Dimensionless Numbers: 

 In Equation (1) that was used to calculate the Discharge coefficient of spillway, Cd is the customary 

dimensional coefficient of discharge in meter
1/2

 per second. Replacing C in equation 1 by 𝐶  2𝑔 yields: 

 

𝑄 = 𝐶  2𝑔 𝐿 𝐻3/2                                                                                                       (2) 

 

 Where C is a dimensionless spillway discharge coefficient and g is the acceleration of gravity in meter per 

second per second. The length of the spillway crest, L, may be expressed as the product of a constant, k, and a 

characteristic dimension of the spillway inlet geometry, the constant k depending upon the spillway inlet 

geometry and the crest shape. For example, for a circular spillway crest, L = πD, where D is the diameter of the 

spillway inlet in meter and k =π. For a square spillway crest L = 4B, where B is the dimension of a side of the 

spillway inlet in meter and k = 4. In spillways that was used in this research, the dimension of a side of the 

Square spillway inlet, (B), equals to the diameter of the circular spillway inlet, (D), so B=D. Therefore the 

length of the spillway crest, L = kD. 

 The value of k for other crest and spillway inlet geometries would be computed from direct measurements 

of the crest and spillway inlet. Equation (2) is made dimensionless by substituting kD for L and dividing both 

sides of the equation by 𝑄 = 𝐷5/2 2𝑔to yield: 

 
𝑄

𝐷5/2 2𝑔
= 𝐶 (

𝐻

𝐷
)3/2 3  

 

 Equation 3 was used for determining C. To present results with ease and because these dimensionless 

numbers value are small: 

 

𝐼 = (
𝑄

𝐷
5

2 2𝑔
) × 103&     𝑌 = (

𝐻

𝐷
) × 103 

 

 In Anti-vortex piers using condition, the dimensionless parameters N (number of piers) and A (angle of 

piers) also affect the flow. Therefore the parameters I, Y, N and A were used for plotting curves for spillways. 

 

MATERIALS AND METHODS 

 

 This research was performed using a physical model. The physical model constructed to be used in 

experiments carried out in the laboratory is shown in Figure 3. It consists of a reservoir model, water tank, 

pump, water transport and control equipment, spillways, Anti-Vortex piers and the water outlet pipe. The 

reservoir model as a cube had a length of 100 cm, a width of 100 cm and a height of 50 cm. three sides of the 

side walls of the reservoir and its bottom were made of metal (galvanized) and one side of side walls was made 

from ten millimeter thick glass. For water entering slowly and from all directions into reservoir model, a 

rectangular close channel depends on the dimensions of 10 × 10 cm that was holes throughout its length, was 

used(was made of metal) alongside of three walls of reservoir model. Water was transferred from the tank to the 

flume by a centrifugal pump. There was a control valve to regulate the water entering the model and a digital 

flow meter to show the flow discharge installed in the pump output pipeline. Using the digital flow meter is 

made possible to obtain discharge rate values easily and with minimal errors. After filling reservoir model and 

raising water to elevation of spillway crest, water returns to the tank through the outlet pipe. 
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 A circular spillway a height of 18 cm and crest diameter 20 cm of polyethylene was designed and built. The 

spillway was a 1/140 scale model of the morning glory spillway of WhiskeyTown dam in the United States. The 

square spillway built of the same material and height of circular spillway and side length of inlet section equals 

the crest diameter of circular spillway (20 cm). In the square spillway to reduce losses caused by sharp corners, 

square corners of the spillway designed 45 degrees beveled (Figure 3). By calculating the square spillway length 

in AutoCAD, the parameter k (the coefficient of D, in calculating the length of spillway - see the Dimensional 

Analysis -) equals 3.75. 

 In design of the ogee profile of square spillway, each arc of compound arc of spillway wall (ogee profile) 

changed to few slop. Such that total slopes of spillway walls was very well conformed to the compound arc of 

ogee profile in circular spillway. All anti-vortex piers made of white Plexiglasa thickness of 5 mm. In this 

research, 160 experiments at different discharge rate in range of 25 to 250 liters per minutes on square and 

circular spillways with different modes of number of anti-vortex piers were performed (Figures 4-6). In each 

experiment, the different values of discharge rate (Q) and water height (head) on the spillways (H) were 

obtained. Data collecting was continued until appearance of the first signs of the submergence (creating spiral 

vortexes in spillway) and the last obtained values of Q and H were collected as the number of submergence 

threshold (Qmax&Hmax). For each test case, discharge-stage diagrams (and their equations) with power regression 

method were plotted using Excel, and Seven fixed discharge and related water height were extracted from 

diagrams and equations. Then the discharge coefficient (Cd) was calculated using equation (1) for each 

discharge and water height. 

 To using the results of physical model in the real world, the results should be presented in dimensionless 

form. Therefore, dimensionless numbers that were introduced (I&Y), for each discharge and water height were 

calculated.  

 

 

Fig. 3: Schematic of the physical model. 

 

 
 

Fig. 4: Spillways used in the experiments. 
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Fig. 5: Schematic of modes the experiment.

 

 
 

Fig. 6: Square and Circular spillway that used in the experiments.

Discussion and Conclusion: 

The results of the analysis of experimental data are presented in Figures (diagrams) and tables. 

Figure 7 represents Imax and Ymax values in Different modes of number and angle of anti-vortex piers using in the square 

spillway. Imax and Ymax values are the submergence threshold. In other words, Imax and Ymax values are the maximum of 

inflow and water head on the spillway (dimensionless) in crest control (free flow) condition. 

 

 
 

Fig. 7: The effect of number (left) and angle (right) of Anti-vortex piers on submergence threshold in Square spillway. 

 

 According to these diagrams, increasing the number of anti-vortex piers increases the inflow and height of water 

before spillway submerging (increases submergence threshold) and increasing the angle of anti-vortex piers decreased 

the inflow and height of water before spillway submerging. In other words, with increasing the number of piers, 

spillway can discharge greater flows and heads without being submerged and happening problems such as severely 

decreasing discharge coefficient and severe and dangerous vortexes (that can increase the risk of spillways and dams 

damage). This represents an increase in the spillway capacity. In regard to square spillway, increasing of vortex angle of 

vortex breaker decreased the passing flow. 

 Table 1 represents the maximum values of inflow and water height (Imax & Ymax) in free flow condition 

(submergence threshold) in two modes best number and angle of anti-vortex piers and without them in square spillway. 

Also, shows the increasing percentage of Imax and Ymax values at best number and angle of anti-vortex piers compared 
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with without them. According to the results of the experiments, the best value of Imax and Ymax was acquired with using 

12 anti-vortex piers for number of piers and 4 anti-vortex piers with 30
º
 for angle of piers in the square spillway. 

 
Table 1: The effect of Anti-vortex piers on flow parameters in submergence threshold. 

Increase 

Percentage for best 

angle of piers 

Increase 

percentage for best 

number of piers 

with best 
angle of piers 

with best 
number of piers 

without piers parameters 

33.1% 29.8% 138.4 135.0 104.0 Ymax 

37.3% 29.2% 57.8 54.3 42.1 Imax 

 

 According to the table (1), increasing the number and angle of anti-vortex piers increases the capacity of inflow and 

head before submergence beginning in the square spillway. The increase at best mode of using anti-vortex piers in the 

square spillway is 29.8% for water height and 29.2% for inflow, and at best angle of piers is 33.1% for water height and 

37.3% for inflow. The results also show that the effect of the angle of piers is more than the number of piers in square 

spillway without vortex breaker. The reason for this is that using a large number of anti-vortex piers, like a barrier 

against the flow blocking that and the values of Imax and Ymax will be less.  

 Figure 8 represents Cd and (
𝐻

𝐷
) values in Different modes of number and angle of anti-vortex piers using in the 

square and circular spillways. With more investigation, for influence of number of piers, the maximum discharge 

coefficient was observed when 12 vortex breakers were installed and for influence of angle of piers, different modes of 

angle of piers discharge Coefficient values are not significantly different from each other. However, the maximum 

discharge coefficient was observed when 4 vortex breakers were installed at the angles of 30 and 60 degrees. 

 

 
 

Fig. 8: Comparison Chart of discharge coefficient and Depth of submergence. 

 

Conclusions: 

 Conclusions which can be drawn from this research through investigating and analyzing the above tables and 

figures are as follows: 

 Increasing the number of anti-vortex piers increases the submergence threshold in morning glory spillway, and 

submergence of spillway for greater values of inflow and head occurs. In other words, the higher values of Imax and Ymax 

for flow and water level in the spillway occurs. the greatest impact on discharge coefficient and the maximum values of 

inflow and water height (Imax & Ymax) in free flow condition (submergence threshold) in Morning glory spillway was 

observed under using 12 vortex breakers. 

 Increasing of vortex angle of vortex breaker decreased the passing flow under submergence threshold conditions. In 

regard to square spillway the greatest impact on discharge coefficient and the flow parameters in submergence threshold 

(Imax & Ymax) was observed under vortex breaker with angle of 30 °.  

 According to The above conclusions, in general, because better hydraulic conditions, ease of construction and 

reduced cost and time of projects performing compared with circular spillways; square section for spillway inlet and 

using different modes of number and angle of guide piers can be introduced for morning glory spillways as a proposed 

option for the replacement of circular inlet to further investigate. For final construction recommendations, more 

research and testing are needed. 
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