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Abstract: Morning glory spillways are the type of spillways used where there is not adequate space to build
other types of spillways to discharge flood water from reservoirs downslope dams, because morning glory
spillways are placed upslope dams and inside dam reservoirs. In our study, we investigated the effect of
polyhedral spillway crests on the discharge intensity of the flow passing through the spillways and on the
discharge coefficient of morning glory spillways, by constructing physical hydraulic models of morning glory
spillways and through carrying out 180 different experiments on these spillways. Analysis of experimental data
showed that using polyhedral spillway crests caused an increase in discharge passing through the morning
glory spillway and also increased the discharge coefficient of the spillway. The greatest increase was obtained
when trihedral spillway crests were used.
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INTRODUCTION by the orifice flow. From this stage onward, the

When there is not adequate space to construct flow discharge be controlled by the filled tunnel. Of
spillways to discharge floodwater from reservoirs dams, course, we must keep in mind that it is not recommended
especially when dam sites are narrow and abutments are to design spillways on the basis of filled tunnels, but
very steep, use of morning glory spillway is a suitable cases where the drop in height is very small may be
option because these spillways are placed upslope dams exempted from this rule [3].
and inside dam reservoirs. They can also be employed
where tunnels or diversion galleries having sufficient The discharge in morning glory spillways is expressed as
diameters are available. Morning glory spillways are follow:
mostly preferred in earth dams where we prefer to have
the spillway separate from the dam structure and inside Q = C LH (1)
the dam reservoir, because this will reduce the risk of
scouring  and  shell saturation downslope the dam [1]. L = 2 R (2)
The cost of construction and maintenance of spillways
accounts for the main part of the total cost of a dam Where  Q  is  the  discharge  passing  through  the
building project [2]. When the height of water over the morning   glory   spillway, C    is   the   discharge
spillways crest is low in morning glory spillways, the flow coefficient   of   the   morning   glory   spillway,   L  is the
will be  free  and  control  will  be  at  the spillway crest. length  of  the  spillway  crest, H  is  the  height  of water
As water height increases, the control section is moved to over  the  spillway  and R  is the radius of the spillway
the vertical transition and the discharge will be controlled crest [4].

pressurized orifice flow may become dominant and the
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Fig. 1: Trihedral, pentahedral and heptahedral morning glory spillway with crest diameter of 17 centimeters

Morning glory spillways are in charge of discharging concluded that the length, height and orientation of the
excess water from the dam when flooding happens, they blades and their thickness influenced whirlpool control,
keep the water from spilling over the dam crest and with the increase in the length of blades being more
prevent dam degradation (especially in earth fill dams) [5]. effective than the increase in the number of blades.
If, at a constant height of water over the morning glory Zomorredian, et al. [10] constructed physical models of
spillway, we can increase the discharge flowing over the vertical intakes, conducted experiments and concluded
spillway by changing the shape of the spillway crest that the discharge number of the intake decreased with an
(which, in plan has the circular form), this will cause an increase in the circulation number and also that aerating
increase in the confidence factor of the morning glory the inlet of the intake had a negative effect on the
spillway in discharging floodwater and will also lead to discharge number of the intake.
cost cutting. In our study (as can be seen in Figure 1) In our study, we constructed physical hydraulic
trihedral, pentahedral,  and heptahedral morning glory models of morning glory spillways to investigate the
spillways were constructed and the discharge passing effect of using polyhedral spillway crests on the intensity
over these spillways and the discharge coefficients were of the discharge passing through the spillway and on the
compared with those of a morning glory which had a morning glory spillway discharge coefficient, by carrying
circular crest. The results obtained will be shown in the out various experiments on this type of spillways. 
section where we present our conclusions.

Fattor and Bacchiega [6] concluded that in morning MATERIALS AND METHODS
glory spillway, when they are submerged, the discharge
intensity will be 1.34 times that of free flow and if the The physical model constructed to be used in
water conveying tunnel is not aerated, there will be experiments carried out in the laboratory is shown in
turbulent flow at the spillway. Rankin [7] divided Figure 2. It consists of a main tank with a capacity of 2000
whirlpool, into two parts: the central part which is liters  which  supplied the water required in conducting
relatively small, has a high viscosity and is like a rigid the experiments. The main flume, which housed the
whirling object and other part which has a lower viscosity funnel-shaped part of the morning glory spillway, had a
(turns with a lower viscosity around the pressurized length of 250 cm, a width of 90 cm and a height of 40 cm.
whirlpool). In the central part , the fluid in the whirlpool The  side  walls  of the flume were made of eight-
turns in such a way that its tangential speed changes millimeter-thick glass. The flume bottom was made of
linearly with the radius. plexiglas. The side walls and the bottom of the flume are

Nohani, et al. [8] in their research, constructed a anchored by angle irons to resist the pressures exerted on
physical model of the morning glory spillway and them. Water was transferred from the main tank to the
conducted laboratory experiments to investigate the effect flume by four pumps. These pumps could transport
of the number and thickness of whirlpool-break blades on discharge of 100-500 liters per minute for the main pump,
the discharge coefficient of the morning glory spillway. 240 liters per minute for two similar medium-sized pumps
They concluded that the joint effects of an increase in the and 110 liters per minute for the small pump. Four pumps
number and in the thickness of the blades will increase the were used so that for low discharges the pumps could be
discharge  capacity  of  the  morning  glory  spillway. used separately and for high discharges a combination of
Ellesty, et al. [9] built physical models of the morning the pumps could be employed. Forty centimeters from the
glory spillway, conducted laboratory experiments and inlet of the flume, fairing mesh was placed to reduce the
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Fig. 2: General view of the physical hydraulic model used in the laboratory 

speed of the flow. A digital depth gauge with the spillways, the crests were trihedral, pentahedral and
precision of 0.01 millimeter was used to measure water heptahedral. Altogether, 12 models of the funnel-shaped
height over the morning glory spillway crests. part of the spillway were constructed and therefore, there

We used the volumetric method to measure the were four models of the funnel-shaped part for each crest
outflow from the morning glory spillways: the outflow diameter.
from the morning glory spillway tunnel entered a 400-liter In our study, we started the experiments using the
tank to which a piezometric tube was attached so that the morning glory spillway with the crest diameter of 14
water level in the piezometer was equal to that of the water centimeters and the internal shaft diameter of 5.7
in the tank, sensors were installed at points on the centimeters.  First,  we  set  up   the   reference  model
piezometric tube which were a specific distance apart from (with circular crest) and turned the pump on for the water
each other (six points), these sensors were connected to to enter the flume from the main tank. When the height of
a digital plate which recorded the time it took for the water water over the spillway crest became constant, it was
level to reach from one sensor to the other. Given that the measured with a digital depth gauge and, at the same time,
volume of water between the two sensors was known, the the outflow discharge from the spillway tunnel was
discharge passing through was obtained by dividing this measured in the volumetric method. In this way, one point
volume by the time recorded. To increase the accuracy, in the discharge rating curve of the spillway would be
the measurements were carried out in five different time obtained. Then, by turning on one pump and
intervals. To discharge the water from this tank to the combinations of pumps, we could establish a total of 15
main tank, we used a pump with a discharge of 600 liters different water heights over the spillway crest, use the
per minute and a single-phase submergible pump with a volumetric method to measure the discharge passing
discharge of eleven liters per minute. through the spillway which corresponded to each of these

METHODS USED IN THE EXPERIMENTS spillway. Then the funnel-shaped part of the spillway was

We constructed three morning glory spillways with the same as water heights of the previous experiment were
crest diameters of 14, 17 and 20 centimeters (in which the established over this spillway, the discharge passing
internal  diameters of  the shaft, the bend and the tunnel through the spillway corresponding to each water height
were 5.7, 6 and 7.4 centimeters, respectively) in order to was measured and the discharge rating curve of this
investigate the effect of using polyhedral spillway crests spillway was drawn. Then, the funnel-shaped part was
on the discharge passing through the spillway and on the removed and replaced with one having a pentahedral
discharge coefficient of the spillway . In all of these three crest, the above experiments were conducted and the
spillways, the length of the water-conveying tunnel was discharge rating curve of the spillway was drown. Then
one meter, the bend was 90 degrees and the shaft was the  funnel-shaped  part  was  removed and replaced with
vertical. These three spillways, which had circular crests, one having a heptahedral crest, the above experiments
were considered as reference spillway. From the funnel- were carried out and the discharge rating curve of the
shaped part of each of these three spillways, three other spillway was drawn. Then the spillway was removed and
spillways having the same dimensions were constructed, a  morning  glory  spillway  with  a   crest   diameter   of  17
the only difference between these three and the reference centimeters and an internal shaft diameter of 6 centimeters
spillways being the shape of the crest in these three was put in, the above experiments were conducted and

water heights and obtain the discharge rating curve of the

removed and replaced with one having a trihedral crest,
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Table 1: Specifications of spillways used in the experiments and the number of experiments carried out using the physical model in each one of them 
Name of the Diameter of spillway c Number of faces Number of Length of spillway crest 
experiment rest in centimeters in the polyhedral experiments in centimeters
A1 14 - 15 43.96
A2 14 3 15 43.00
A3 14 5 15 43.60
A4 14 7 15 44.00
B1 17 - 15 53.38
B2 17 3 15 51.645
B3 17 5 15 52.55
B4 17 7 15 53.886
C1 20 - 15 62.80
C2 20 3 15 61.01
C3 20 5 15 61.70
C4 20 7 15 62.95

four discharge rating curves were obtained. Then the over each spillway were used to show the effect of
spillway was removed and a morning glory spillway with employing polyhedral spillway crests on discharge
a crest diameter of 20 centimeters and an internal shaft coefficients of spillways. Results obtained are shown in
diameter of 7.4 centimeters was put in, the above Tables 2, 3 and 4. The heights of water mentioned in
experiments were carried out and four discharge rating Tables 2, 3 and 4 for each spillway are for all of the three
curves were obtained. Altogether, 180 experiments were states of free flow (crest control), half fill flow (orifice
conducted. Specifications of spillways used in the control) and completely submerged flow (tunnel control).
experiments and the number of experiments carried out Formula 1 was used to calculate the discharge coefficients
using  the  physical  hydraulic  model  can  be  seen in of morning glory spillways.
Table 1. As can be seen from Tables 2, 3 and 4, using

RESULTS AND DISCUSSION coefficients of the spillway and the largest increase

We used data obtained from conducting 180 also be concluded that the effect of using polyhedral
experiments in  the  laboratory  to  calculate  the  spillway morning glory spillway crests on increasing discharge
coefficient in every  experiment. Several  heights of water coefficients    was more     pronounced    in    free   flow

polyhedral spillway crests increases discharge

happened when trihedral spillway crests were used. It can

Table 2: Discharge coefficients of morning glory spillways with crest diameter of 14 centimeters
Percentage increase Percentage increase in Cd Percentage increase in Cda3 a4

H(cm) Cd Cd in Cd as compared to Cd Cd as compared to Cd Cd as compared to Cda1 a2 a2 a1 a3 a1 a4 a1

2 0.937 1.471 57.56 1.297 38.38 1.124 19.98
4 0.431 0.677 56.85 0.602 39.41 0.562 30.26
6 0.255 0.419 61.36 0.377 48.02 0.340 33.35
8 0.185 0.306 64.8 0.283 52.74 0.243 30.78
14 0.158 0.208 31.77 0.188 18.88 0.173 9.6

Table 3: Discharge coefficients of morning glory spillways with crest diameter of 17 centimeters 
Percentage increase Percentage increase in Cd Percentage increase in Cdb3 b4

H(cm) Cd Cd in Cd as compared to Cd Cd as compared to Cd Cd as compared to Cdb1 b2 b2 b1 b3 b1 b4 b1

2.1 0.867 1.336 53.96 1.113 28.24 0.939 8.21
4 0.702 0.992 41.26 0.875 24.59 0.747 6.33
6 0.420 0.566 34.68 0.515 22.51 0.452 7.46
8.5 0.317 0.386 21.86 0.360 13.7 0.329 3.81
10 0.293 0.3429 16.95 0.321 9.78 0.302 3.06

Table 4: Discharge coefficients of morning glory spillways with crest diameter of  20 centimeters
Percentage increase Percentage increase in Cd Percentage increase in Cdc3 c4

H(cm) Cd Cd in Cd as compared to Cd Cd as compared to Cd Cd as compared to Cdc1 c2 c2 c1 c3 c1 c4 c1

3 1.164 1.577 35.45 1.366 17.31 1.284 10.26
4 0.995 1.245 25.19 1.134 13.99 1.052 5.74
6 0.555 0.689 24.01 0.648 16.66 0.592 6.56
8 0.372 0.460 23.35 0.428 14.85 0.390 4.66
14 0.224 0.267 18.94 0.250 11.42 0.232 3.55
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Fig. 3: Changes in spillway discharge coefficient in relation to depth of submergence in spillways crest
diameter of 14 centimeters 

Fig. 4: Changes in spillway discharge coefficient in relation to depth of submergence in spillways crest
diameter of 17 centimeters 

Fig. 5: Changes in spillway discharge coefficient in relation to depth of submergence in spillways crest
diameter of 20 centimeters 
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(crest control)  and half  fill  flow  (orifice  control)  than crests is more effective in increasing discharge
in completely submerged flow (tunnel control). In the coefficients in free flow (crest control) and half fill flow
following figures, changes in discharge coefficients of (orifice control) than in completely submerged flow
spillway  in  relation  to  depth  of  submergence are (tunnel control), (2) discharge coefficients of heptahedral
shown  for  spillways  with  crest diameters of 14, 17 and spillway crests are close to those of circular reference
20 centimeters. spillway crests, (3) polyhedral spillway crests are more

The following conclusions can  be  drawn  from effective in increasing discharge coefficients when the
Figures 3, 4 and 5: (1) at the same depth of submergence, height of water over the spillway crest is low than when
discharge coefficients of spillways with polyhedral crests it is high and (4) discharge coefficients decrease as the
are higher than those for spillways with circular crests, (2) depth of submergence increases.
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