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1. Introduction

Morning glory spillway is one of the spillways that convey flood from the dam reservoir to downstream.
Vortices and spiral flows affect streamlines not to be formed toward the spillway shaft. As a result, its efficiency
is reduced and the spillway discharge coefficient will be decreased. The morning glory spillway is including a
crest, a conical transition, a vertical shaft, a bend and an outlet tunnel. Vortex breakers are installed on the
morning glory spillways crest and inlet of the vertical intakes as normal attachment to decrease vortex forces
and as a result increase the discharge coefficient of the spillway. So far, experimental studies have been carried
out to investigate the formation of swirling flows, vortex power and submergence threshold in vertical intakes
by various researchers such as Zielinski (1968), Daggett and Keulegan (1974), Jain et al. (1978), Yildirim and
Kocabas (2002) and Wang et al. (2011). Set of researchers including Christodoulou et al. (2010), Tavana et al.
(2011), Kashkoli et al. (2013), Kabiri-Samani and Borghei (2013), Musavi-Jahromi et al, (2016) and Shemshi
and Kabiri-Samani (2017) were used different vortex breakers to investigate their influences on discharge
coefficient of the morning glory spillway. In the present article, a physical study of morning glory spillway was
undertaken using pyramidal vortex breakers with triangular base in group of three, four and six pyramids to
investigate their influences on discharge coefficient of the morning glory spillway. Studies conducted by
hydraulic structure scholars in the field have not yet probed the effect of pyramidal vortex breakers on
weakening vortexes in the morning glory spillways.

2. Methodology
2.1. Dimensional Analysis

In the present article, Buckingham Method was used for dimensional analysis and the final equation of
dimensional analysis is concluded to be as follows:

_, H b=t h
Ca=fF25, 505 M (1)
Where Cq is the discharge coefficient of morning glory spillway, Fris the Froude number, H is the water level
over the crest of spillway, D is the diameter of the crest, h is the height of vortex breakers, ¢ is the thickness of
vortex breakers, b is the width of vortex breakers, n is the number of vortex breakers. Since the bases of the
pyramids in the present study were considered equilateral triangle, the width and thickness become equal at
the base.
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2.2. Experimental study

In the present article, a physical model of morning glory spillway as Fig. 1-a. was stabilized in SRBIAU
Hydraulic Laboratory to investigate the effect of characteristics and number of pyramidal vortex breakers with
triangular base in group of three, four and six pyramids on discharge coefficient of the spillway. 165
experiments have been conducted in the hydraulic laboratory. However, the flow discharge ranges 1.7 Lit/s up
to 7.5 Lit/s. A physical setup including a 3 cubic meter polyethylene tank, a Plexiglas first flume with 60™
heightx 120m widthx 120m length was employed as well. In addition, another Plexiglas flume with height of
60cm, width of 50m and a 180 length also was applied in the physical setup. A 440-liters Plexiglas volumetric
tank, a morning glory spillway, a triangular weir, pumps, water transfer equipment, bypass, gauging equipment
and vortex breakers also were included in the physical setup. Water circulation of the laboratory setup was
undertaken using two pumps. The discharge of both pumps was ranged 250 Lit/min up to 1100 Lit/min. Flow
discharge was measured frequently and as a result, the triangular weir through volumetric discharge tank was
calibrated. However, at the same time, the discharge from model of morning glory spillway was measured by
triangular weir at the second flume. Dimensions of vortex breakers are represented in Table 1 and Fig. 2-a.
Moreover, details of morning glory spillway physical model demonstrate in Fig. 3-a. As shown, crest diameter
24<m, crest length 75.4™, conical transition diameter 8.5 in 12.9em distance from the spillway crest and final
part of the model is the outlet tunnel which its diameter is as same as transition diameter.

[

1-Resevoir
2-Outlet gate
3-Feeding pump
4-Drain pump I—QD :

S-Valves

6-First flume

7-Stairs 7
8-Monitoring section ~—
9-Digital depth gauge
10-Morning glory spillway
11-Flow damping screen
12-Second flume 8
13-Triangular weir -
14-Volumetric tank o ;
15- Sensors
16-Electrical board

Section A-A

() ()

Fig. 1. Plan and overall view of the physical model in laboratory

Table 1. Dimensions of vortex breaker

b/D h/D t=b (mm) H (mm) Test
0.083 0.068 20 16.3 Air
0.125 0.102 30 24.5 Aiz
0.167 0.136 40 32.7 Ais
0.208 0.170 50 40.8 Ais

3. Results and discussion

3.1. Extraction of Optimal Relationship for Discharge Coefficient of the Morning Glory Spillway with
Pyramidal Vortex Breaker

In this research, Applying nonlinear regression analyses using SPSS statistical software, empirical equations
were obtained for estimating the discharge coefficient of morning glory spillway with triangular pyramidal
vortex breakers. Accordingly, the relations are associated with the triangular pyramid in crest control (Eq. 2)
and orifice control (Eq. 3) respectively:

Cq = 16.854(exp(2)) 1% + 138.077 = — 166.572 = + 0.004(n)>*® — 0.223(F,)*5' — 14.806 (2)

Cq = 0.721(exp(2))">%* + 45.822 — 56.064 = + 0.013(n)*5* + 1.304(F,) 13 — 0.27 3
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Subject to the present test limitations of 0.083<b/D<0.208, 0.068<h/D<0.17 and 0.05<H/D<0.1 for Eq. 2 in
crest control and limitations of 0.083< b/D<0.208, 0.068< h/D<0.17 and 0.115< H/D<0.621 for Eq. 3 in orifice
control. Through comparison of results of these new predictors and observed data, the determination
coefficients of training and testing data were calculated as 0.917 and 0.99 in the crest and orifice control,
respectively.

3.2. Sensitivity analysis of discharge coefficient with triangular pyramidal vortex breaker

The sensitivity analysis was also performed to investigate the effect of factors affecting the proposed predictors
of the morning glory spillway discharge coefficient. Therefore, by removing each dimensionless parameter
from Egs (2) and (3), sensitivity analysis was performed using SPSS mathematical software. Sensitivity analysis
of Eq. (2) showed that it is sensitive to n, b/D, h/D, H/D and Fr, respectively. Besides, Eq. (3) is sensitive to H/D,
b/D, h/D, n and F;, respectively.

4. Conclusions

Findings show that pyramidal vortex breakers in group of six pyramids cause the discharge coefficient to
be increased significantly. It is showed that the discharge coefficient due to triangular pyramidal vortex
breakers existence on the spillway's crest is increased 50.97% in crest control and 11.80% in orifice control
more than the non-vortex breakers in the morning glory spillway. According to the results of this research, the
triangular pyramidal vortex breaker with dimension of b/D=0.167 and h/D=0.136 at the crest and orifice
control in groups of six pyramids are recommended.
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