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the morning glory spillway. In the present article, a physical model of morning glory spillway is designed

ABSTRACT: Morning glory spillway is built upstream of the dam in the reservoir to convey water
from the reservoir to the downstream. The main problem of the spillway is the swirling flow and vortex

and constructed to study the effect of the number and characteristics of pyramidal vortex breakers on the  Keywords:
discharge coefficient of the spillway. 209 experiments have been conducted in the Hydraulic Laboratory Morning glory spillway
of SRBIAU, Tehran. Applying non-linear regression analyses, empirical equations were obtained for Vort

ortex

estimating the discharge coefficient of morning glory spillway with pyramidal vortex breakers. Through

comparison of results of the new equations and observed data, the determination coefficients of training Discharge coefficient

and testing data for triangular and square pyramidal vortex breakers was calculated as 0.99 and 0.926, Experimental study
respectively. Also, sensitivity analysis is performed to investigate the efficient variables on the discharge  Pyramidal vortex breaker
coefficient of morning glory spillway with pyramidal vortex breakers. Findings show that pyramidal
vortex breakers in a group of six increase the discharge coefficient significantly. The discharge coefficient
performance due to pyramidal vortex breakers existence increases by 11.80% up to 16.13% compared to

the non vortex breaker morning glory spillway.

1. INTRODUCTION effect of inclined vortex breakers on the discharge coefficient.

Morning Glory Spillway (MGS) is one of the spillways that
convey flood from the dam reservoir downstream. Vortices
and spiral flows affect streamlines not to be formed toward
the spillway shaft. As a result, the efficiency and discharge
coefficient of the MGS will be decreased [1]. The normal
practice for decreasing vortex forces and as a result increasing
the discharge coefficient is installing the vortex breakers on
the crest of MGS. Fattor and Bacchiega (2001) investigated
at the early stages of submergence in the MGS and showed
that this state is unstable and intense [2]. Tavana et al. (2011)
undertook laboratory research to find out the effects of
height and number of vortex breakers on the MGS discharge
coeflicient. It is concluded that the vortex breakers increase of
the discharge coefficient [3]. Nohani and Jamali-Emamgheis
(2015) studied the effect of vortex breakers with a group of
six on the discharge coefficient of MGS through a laboratory
model. It has been concluded that by increasing the length
of the vortex breaker, the more influence on the efficiency
of spillway discharge is observed [4]. Musavi-Jahromi et
al. (2016) used a physical model of MGS to investigate the
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Findings showed that utilizing a group of six 45-degree
vortex breakers is the most effective approach to increase the
discharge coefficient significantly [5]. In the present article,
a physical study of MGS was undertaken using square and
triangular pyramidal vortex breakers in a group of three,
four, and six to investigate their influences on the discharge
coeflicient of the submerged 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 MGS.

2. METHODOLOGY
2.1. Dimensional Analysis

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

Cy=f(F 2 = =~ — R, w ' n) (1)

Where C, is the discharge coefficient of MGS, F, is the
Froude Number, H is the water level over the crest of spillway,

Copyrights for this article are retained by the author(s) with publishing rights granted to Amirkabir University Press. The content of this article
BY _NC is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY-NC 4.0) License. For more information,

please visit https://www.creativecommons.org/licenses/by-nc/4.0/legalcode.

277



F. Sayadzadeh et al. , Amirkabir J. Civil Eng., 52(3) (2020) 277-280, DOI: 10.22060/ceej.2019.15213.5853

|

1- Reservoir -
2-Outlet gate
3-pump

4-Drain pump
5 ves 5
] 16
6- First flume - 5
7- Stairs e
8- Monitoring section
9-Digital depth gauge 5
10-Morning glory spillway = SE}

y.«

15 nsors
16-Electrical board

B, B

Biy Bis
Ajg A3

Dl

il
Ayt

A-A Section

\ ' 24em

>
) ez

12.5 cm

35em’T

—
8.5 cm

M) ()

Fig. 1. Details of physical model set up (a) Plan view of model (b)
Pyramidal vortex breakers (c) Funnel dimensions of the MGS

D is the diameter of the crest, h is the height of vortex
breakers, t is the thickness of vortex breakers, b is the width
of vortex breakers, n is the number of vortex breakers, R is
the Reynolds Number, and W, are the Weber Number. In
the present study, the bases of the pyramids were considered
equilateral triangle and square (b=t). Also, the Weber and
Reynolds Numbers were large enough that neglected due to
their little effect on the vortex [6-8].

2.2. EXPERIMENTAL SETUP

A physical model of MGS as Figure la was stabilized
in the Hydraulic Laboratory of SRBIAU, Tehran. Physical
model setup including a reservoir, first flume, second flume,
volumetric tank, MGS, triangular weir, pumps, valves, water
transfer equipments, bypass, gauging equipments and vortex
breakers. The flow discharge range was between 5.51/sup to 7.6
1/s. Water circulation of the laboratory setup was undertaken
using two pumps. 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 the model of MGS was measured by
triangular weir at the second flume. In the present study,
pyramidal vortex breakers with triangular (A,) and square
(Bij) bases were tested in the vertical state on the crest of MGS
and groups of three (i=3), four (i=4) and six (i=6) in different
sizes (j=1,2,3,4) for various discharges. Dimensions of vortex
breakers are represented in Figure 1b and Table 1. Moreover,
details of the funnel dimension of the MGS demonstrate in
Figure 1c. The final part of the MGS is the outlet tunnel which
its diameter is as same as transition diameter.

3. RESULTS AND DISCUSSION

In this research, to find the optimum number and size
of the pyramidal vortex breakers, the discharge coefficient
performance (% P) are represented according to Equation 2
and Figure 2:
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Table 1. Gaeometric parameters of pyramids

AiBis | AisBis | ABi | AiBi
0.170 | 0.136 | 0.102 | 0.068 | h/D
0.208 | 0.167 | 0.125 | 0.083 | b/D

EAil BBil BAi2 "Bi2
207 DAi3 WBi3 SA4 OBi4

Fig. 2. Variation of discharge coefficient performance versus the
number of pyramidal votex breakers
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Where C, is the discharge coefficient of non-vortex
breaker MGS, C,, . is the discharge coefficient of MGS with
pyramidal vortex breakers, and n is the number of test for
equal depths.

According to Figure 2, the discharge coefficient
performance due to pyramidal vortex breakers existence in
a group of six increases by 11.80% up to 16.13% compared
to the non-vortex breaker MGS. Applying nonlinear
regression analyses using SPSS mathematical software,
empirical equations were obtained for estimating the
discharge coefficient of MGS with pyramidal vortex breakers.
Accordingly, the Equations 3 and 4 are in orifice control for
triangular and square, respectively as follows:

F

0.013(m)%3% +1.304(F,) 1138 _0.279

_ H . 2646 b h
=0.721x(exp( ) +45.82 7 -56.064 1+ 3)

_ H 2528 b h
c —0.556><(exp(D)) +53.01D 65D+ (4)

d
0.032(m)>47 1+ 1.024(F,)7072% _0.26

Subject to the present test limitations of 0.083< b/
D<0.208, 0.068< h/D<0.17 and 0.115< H/D<0.621. Through
comparison of results of the new equations and observed data,
the determination coefficients of training and testing data for
triangular and square pyramidal vortex breakers was calculated
as 0.99 and 0.926, respectively. Besides, by removing each
dimensionless parameter from equations 3 and 4, sensitivity
analysis was performed using SPSS mathematical software.
Sensitivity analysis of equation 3 showed that it is sensitive to
H/D, b/D, h/D, n and F, respectively. Besides, Equation 4 is
sensitive to n, b/D, h/D, H/D and F, respectively.
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4. CONCLUSIONS

Findings showed that pyramidal vortex breakers in a
group of six cause the discharge coefficient of MGS to be
increased, significantly.
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Table 3. Geometric parameters of pyramidal vortex breakers
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Fig. 3. Schematic of pyramidal vortex breakers with triangular (Aij) and square (Bij) bases
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Table 4. Definition and number of experimental tests
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Fig. 5. Observations by installing pyramidal vortex breakers in different groups
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Fig. 7. Head discharge rating variations for 4 pyramidal
vortex breakers
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Fig. 6. Head discharge rating variations for 3 pyramidal
vortex breakers
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Fig. 10. Variation of discharge coefficient versus
submergence depth for 4 pyramidal vortex breakers
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Fig. 11. Variation of discharge coefficient versus

submergence depth for 6 pyramidal vortex breakers
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vortex breakers
L% OA31 @E31 AA3Z +B32
07 - AA33 eB33 XA34 ©B34
068
066 o
064 - ‘g -
0.62 - . 1
= ] mCQ ﬁl &’
= 06 A
L) am O Q A ‘t
< 058 - . Y +
o o .
0.56 - w © i‘x&m
0.54 n o
4 u [ |
0.52 .,
0.5 A
0.48 . . . . ; . . |
0050125 0.2 02750350425 05 0575065
HD

(0 S 5 3l G & o 2 b ks & S
Fig. 9. Variation of discharge coeflicient versus
submergence depth for 3 pyramidal vortex breakers
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Table 5. Range of discharge coefficient for selected

pyramidal vortex breakers
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Fig. 15. Variation of discharge coefficient versus Froude
Number for 3 pyramidal vortex breaker
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Number for 6 pyramidal vortex breaker
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Table 6. Errors analysis of the developed equations for triangular and square pyramidal vortex breaker
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Fig. 18. Measured versus estimated data of discharge
coefficient for square pyramidal vortex breaker
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Fig. 19. Measured versus estimated data of discharge
coefficient for triangular pyramidal vortex breaker

13 .
MA E = ; z Cd (measured ) Cd (estimated ) | (\ )
i=1
1 &
RMSE = \/;Z(Cd(measured) _C"d(estinmted))2 (\ \ )
i=1
NRMSE = RAJSE oY)

d (measured )

RSS = Z (Cd (measured) ~ Cd (estimated ) )2 (\ \“)
i=1



VWA Y -AY doxio VYRR Jlo 0yl DY 093 €308 paol () yos (it &y pui

U el gyl 5o ol shlidgi b pols Gudid (0 g o 00 guze d i Y oo

Table 7. Comparing discharge coefficient of the present study in group of six with previous researches
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Table 8. Sensitive analysis of the developed equations of discharge coefficient (7 & 8) for triangular and square pyramidal

vortex breaker
S P o o2
F: n h/D b/D H/D n h/D b/D H/D Sl
0/0086 | 0/0157 | 0/0141 | 0/0141 | 0/0109 0/0030 | 0/0068 | 0/0109 | 0/0119 | 0/0128 MAE
0/0105 | 0/0176 | 0/0171 | 0/0171 | 0/0136 0/0039 | 0/0082 | 0/0122 | 0/0137 | 0/0161 | RMSE
0/0175 | 0/0291 | 0/0283 | 0/0283 | 0/0225 0/0067 | 0/0140 | 0/0210 | 0/0233 | 0/0275 | NRMSE
Al & S N B B3 e -S ]
6.6 A
®
QLS a9, S o slp Yslee cnl 5o 0830 Jelge 51 G o] o
: o
. c . . . . g 481
u&wu‘o)fl.»‘s:o e (S aJoles MLMA} ul,w:\folo g4_2_
o 36 1 1Be2 x* X
O ol 3 slel glsinl Bas Glp iy a4 e ey L3 aaes x F
- +Bo63
. . = o s 1.8 4
u‘fua Oyeiodd ] 09,9 A€ ¢ u.iw u‘d; Slass “SAJ\&vQ S 1.2 | ©Musavi-Jahromi et al(2016)
0.6 - *Kashkoliet al(2013)

(e 2R GBS bl (S Sl S sl sl i A

ke Cow 4 —F
eSSl oidle
mYs . obyr @0 Q
Fore & w;@ C,
M e g6 Jsbo iy g6 glad 2y g6 565 LLR,D
My Jood S8 e b gl dr
N e
m b g5, o elis)  H
m . Jas5 b gb 59, ol gl jlelis))  H
m?/s «J&s olus %/
m/$ «s yus
M S8 Ol oy g culins gl )l Ju b.E,h,X
oxb ol S olas M
39,8 30 ¢ ug O3 el dae F,,WE,R
b5 oSk jime  MSE
oo slbs Sl MAE
RMSE

s Sleryo (Sl 5

ARRY]

30 45 60 75 90 105 120 135 150
H (mm)

o 15
O, Sleing Ry b ol Gudnd Jbl - (90 (S duan Lo Yo IS0
L5‘{'.. oo qu)‘ )\>

Fig. 20. Comparing head discharge rating variations of the
present study in group of six with previous researches
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