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Introduction

Weirs are hydraulic structures used to measure, regulate and control the water levels and are
fixed upon open channels and rivers width. Growing magnitude of probable maximum flood
events (PMF) has highlighted the demand for increasing discharge capacity. Application of
labyrinth weir has been suggested as a solution for increasing discharge capacity.

Tullis et al. (1995) evaluated the effective parameters in determining the capacity of a labyrinth
weir. They introduced total head, the effective crest length and the discharge coefficient as
parameters influencing the discharge capacity of a labyrinth weir. Khode et al. (2011)
experimentally studied the parameters of a flow-over labyrinth weir for different side wall angles
(o) from 8 to 30°. They found that discharge coefficient increases by growing side wall angle
values.

Crookston and Tullis (2012a) studied performance of different labyrinth weirs by making
differences between geometric shapes of weirs in plan. The results indicated that discharge
capacity of the arced labyrinth weirs is more than the discharge capacity of horseshoe weirs.

Seo et al. (2016) investigated the effect of weir shapes on discharge of weirs. It was shown that
the discharge of the labyrinth weir had an increase of approximately 71% in comparison with the
linear ogee weir.

In this research, labyrinth weir with sidewall angle equal to 6° was simulated through Flow-
3D model, using experimental results of previous researchers. After validation, the changes of
discharge coefficient of weir with angles of 45° and 85° and apex shapes of triangular and half-
circular shapes were analyzed.

Methodology
Various equations were presented for evaluating the discharge coefficient. Equation (1) is one of
the most valid equations for this purpose,

c . 1%
d(a) LC@HTM (1)

where Cq = discharge coefficient of labyrinth weir, Q= discharge over weir, L~ total Length
of weir, Hr= total upstream head (un-submerged) and g is acceleration due to gravity(m?/s).

Two types of mesh were used to choose the best meshing for the labyrinth weir investigation.
The meshing counts of 564000 and 437000 were evaluated for selecting optimum meshing. In
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mesh number 1, the cell size is smaller than the cell size of mesh number 2 near structure.
Therefore, mesh 1 increases the accuracy of modeling.

Results and Discusspn

In the research by Crookston and Tullis (2012b), the experimental Cq-) data were presented.
The numerical Cqce) using 3 turbulence models (k-¢, RNG k-g and LES models) was conducted in
this paper. The maximum correlation coefficient (0.9875 for H+/p dimensionless parameter) was
obtained using the RNG k-g. The value of this index is close to 1 and it shows that the model is
suitable for simulating.

Based on the previous results of this research and considering the RNG model as a suitable
model, the changes of discharge coefficient of weir with angles of 6°, 45° and 85° were
evaluated. Results show that discharge coefficient increases by growing sidewall angle values.
Discharge coefficients of labyrinth weir with angles of 85° and 45° were on average 2.28 and
1.24 times greater than discharge coefficient of labyrinth weir with angle of 6°, respectively.
Another notable point is decreasing the discharge coefficient by increasing discharge capacity.
An increase of 32.8 times in the discharge leads to 57.2%, 47.4% and 7.8% decrease in discharge
coefficient of weir with angles of 6°, 45° and 85°, respectively. In the next step, the changes of
discharge coefficient of weir with apex shapes of linear, triangular and half-circular shapes were
analyzed. Labyrinth weir with triangular and half-circular apex shapes has the most value of
discharge coefficient. It was found that discharge coefficient of weir with triangular and half
circular apex shapes has an increase of 50.29 and 4.15% in comparison with linear apex.

In this paper, an equation is introduced for predicting discharge coefficient for the labyrinth
weir with different sidewall angles, as defined in equation (2).

C, =0.201(e 4" /P))(0.000386" + 2.3735) (2)

MAE, RMSE and R? values for determining the accuracy of this equation are almost 0.0407,
0.0496 and 0.9122, respectively, which shows the accuracy of this equation for determining
discharge coefficient.

Conclusions

Engineers are looking for solutions for flood control and increasing discharge capacity of
canals and rivers. Application of labyrinth weir is suggested as a solution for increasing discharge
capacity. In this research, labyrinth weir with sidewall angle equal to 6° was simulated through
Flow-3D model, using experimental results of previous researchers. After validation, the changes
of discharge coefficient of weir with angles of 45° and 85° and apex shapes of triangular and
half-circular shapes were analyzed. Based on the results, discharge coefficients of labyrinth weir
with angles of 85° and 45° were greater than discharge coefficient of labyrinth weir with angle of
6°. Also, discharge coefficient of weir with triangular and half circular apex shapes has an
increase of 50.29 and 4.15% in comparison with linear apex . Finally, an equation was proposed
for prediction of the discharge coefficient of labyrinth weir, which is able to estimate the
discharge coefficient with an acceptable level of accuracy.
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Fig.1- Schematic of trapezoidal, triangular, and rectangular congressional overflow
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Table 1- Evaluation indexes to select the network of Ht/p - RNG k-g turbulence model

Mesh Number Cell Number MAE RMSE R?
1 56400 0.002305 0.00295 0.9875
2 437000 0.033866 0.03395 0.9785
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Table 2- Evaluation indexes for selection of the turbulence model for Ht/p

Turbulence Models

Evaluation criteria

MAE RMSE R?
RNG k-¢ 0.002305 0.002946  0.9875
k-¢ 0.00304 0.004145  0.9838
LES 0.00419 0.005612  0.9806
RNG k-¢ 0.0396 0.0523 0.9514
k-¢ 0.05597 0.07194 0.9307
LES 0.06724 0.08552 0.8821
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Table 3- The correlation of Q and H+/p with Cq for different angles of the overflow wall

orrelation index
angle Wall R?

o Ht/p - Cq Q-GCy
6 0.9895 0.9936
45 0.972 0.9723
85 0.8035  0.8433

Fig. 9- The congressional overflow with linear, semicircular and triangular spans

IS e 9 0 IS ¢ a SBGBS b (S0, K5 3y -1 IS

bglas (JS5 e ailad b 3oy g > oS ol )] onims )l
O SOl opn @l 2 (3 G Gy JS5 L (>
E95 A 3 (D o )JALQA s u,ul: xJ‘.SA 2 aS Cawl
Slil e 0 )l o3l BT o8 L (g )90 23
Lgd oo S5 I A 2 copo pilie Q> +/0 (M)
2 e el YYIA Lialidl &S cul ] 500 dn g BB 4SS
5 OFIVD DYV ialS s (610,58 55550 5l (yome Hby>
cosiime D b sl gy 5l 35w (23 o pd (sdo > AF/AY
4355 o ) (2016) Seo et al 55,5 o (e g0 plyes
N rgme (3 Olie 2 oy S8 &8 2Bl Cuwd &S5
Vs e (e 35yl gl gols Cusl 5o o)y
3590 (2 Gaps b HTP gyl alal, (V) S50

Gl 03l 48 Ll

9 0plps sladiles b ordolnl wa> (lajy,yw (1) JSS
Aglj (o y 300 b dw o D Cawl o3l L Ty (2ie
03l )8 a)> (iB Lyl g <ol (gl lazel )3 o) o)l
w2 )3 55 (A) Jryye 9399 453 ojlul (rizmen 9 A3
> adaly popp & (V1) JK5 8 485 a5 s ol el
ool @By (23 cupe b gl

JSi e a5lad L oy 48 conl o 51 Sk mls
9213 5503 Joyp £ 93 @ G |y (23 o pd e (gl
(JSb e Slad b oy Sl (S8 0 e ailad L )
Ay aS cdyS i oo Wl oYL (0 cups gl
i g os cdls 5y alad 0 2, ol oo (gl

23y S (o (3 o pd Gl Cage (e KB @ ()0
sobod (S 0l g (e Alad b o) p 53 (23 oy
P2 s 3l o o d ¥V 90V iy 4 dawgis
23S le (23 copd VL e il oo S Al L o)
@l nlpbs ol o) S8 L gl bolad il



DOI: 10.22055/jise.2018.22395.1604

VY

sy 0N 3 JKo i ST ey 0L 5 (6 e

18
15 (A msimple
12 Atriangular
- .

O 09 Ocircular

0.6
a 6 4
03 @] o)
0
0 0.1 0.2 0.4 0.5 0.6 0.7

03
Q (m¥s)

Fig. 10- The relationship between Cd and Q for different forms of congressional overflow
10,557 35y AlBS Calliseo S K wo Q b Ca dbaly -1 <o

1.6

14 |

1.2
1
G o8
0.6 A
04 |9 @
0.2
0

msimple
Atriangular

®circular

0 0.2

0.6 0.8

H+/p

Fig. 11- The relationship of Cd and H+/p under different forms of congressional overflow
10 5557 395 g LS Callizko S S cox HT/p b Ca daly 1) S

G HIIP 30 2l QIR L oy g5 0l 5 23l
uB)f e Ve u‘?‘u“ 9 A;l:‘_;o u...:l)Bl 0 Cd other/Cd simple
AD 0)l> dgly b (slo SIS 30y > sVl o L (a8
Sl 03)5 o (510, S oy 3ySdas 13 dgupy s
Vo o9 cd)d ¥O o)lgd asly b jojp 53 (2 Gupo ke
3 Ol oyled gl b saype )3 (23 Gupd I Flie Moy
By Lfl)" DAgu o0 &999 4 IV¥ ﬁl).g HT/p L;l)l 4 oS !
Cu other/Cd das g yol)l Jlade oy yin (JS5 ilte ailad |
P o pd e a5 > o Fy /oY ply HT/p il 4 simple
-o)i.lf P (2 oo )IA.SA ).g‘):. Y/A dgd> ‘uLMfu CawdYL
o2 i b pwyy Cuol a0 & dyglj g padiane dild b (4l
Iy 0,Sdes o piciums «slopldas 4lad b oy 45 Conl ]
Caother/Cd  yiol)b (sl Jlado oy 5 i g Canl o0 lis 545
@ ups ol o3l sl /Y ply Hi/p il 4 simple
5y duopd i Sl (slo by wlad b (5lo ST 55y 0
2 0yl g (e wlad (510, SiS 5y g9 90 3, Sles
5 dallas 55 gy aled S0uSs aliie Ly i Help >+ /0
O jodate 4 (cldlaly (2012b) Tullis 4 Crookston
N ANY N A S 0)19_1.) 445]) L_J dlb)ilf ).1)).4..) P W)AD
2 ol 0050,8 4l as > Jas wley S5 50 5 YO Y

lie HT/P ool polie )3 a8 cul o Ui wyp ol
6oL BB o b gy 3390 Jojp £95 A 0 (23 cupd
PSS & (20 o plie HT/p> < /0 gl & S )l
b ooy 0 HIlp jiel)l ad ply YEIVY Wad o oo
WP ups o AFAY alS coge (JSb e alad
a Hrlp Jde b plp YAY 5 WAL ioen i 0
9 OFIVO il (2o g opbes Alad b sy o iy
dos ol W0yl o ]y (00 copd shoyd BYINS
A it HIIP Gl g 3 9 Gl (00 Mo s 88
(V) S5 53 a5 jobplan )35 oo (o alad b o3 22 |y
L Tullis (2012a)4 Crookston akl, zuls el jascie
day o Cand ol )0 05wl il ol Guisd s
@ GBS ol > (peyn D90 S I Sup (03 s
Caother/C ) o 4ilod g > (b 5 b (510, SIS 3o,
Cand ol 085 pay (V) S5 50 Hr/p Jlés )5 (simple
oo (awyy 3y90 Y don ,3 Co other/Cd simple dx 2
o (S 0Sles (39 sllae (Sl 45 5y S I 5L
OB 0yl sl L g peeane fajp & Sl faypw 503 £
b 52y 51y Cdother/Cd simple yiolyb jlade oy yidig (Cauwl a5
Cu yelyl Hlade opyid o0 o &) 4350 AD oyled ay4l;
AR o 7y 420 AD oyled sls b 5y (glys other/Cd simple
o 4 b ol ks canlis Gl S 65 )



VY

VA-1IF o PR Jle ) oled Y oy

ST (oo 5 phe

(b asles b g a4y F o)les 4l b (1SS )
3,5 3551 Y g VD /A5 (S5 4 (59 g ke

Aoy €85 s (5l RMSE 3 MAE s, sloasls
Hlaie el oad Ao (03 oy i 5o oadbddl)|
Jie §) sl > colps duslia §) Juols RMSE asls
sl jlahe g +/+00 & ol ) sdelcunday polie 5 (ods
aday bt €85 Sl 45 53,5 Lol +/-0F MAE
Blse 1o )SUS 523 (23 S eSS S 9y

For (2 oyl St yekiteds (1) daly uols g
u_éfm a5 4 o)I%.} 4:5]) 9 Slady calises dLhJ&w l) dlo)ils
ol 0453 )5

Cd _ 08763(e —2.7285(H; /P))(0'7641ksl.5970) (ﬂ)

Gy EW) 4 candYL S o1 b cows HT/p (1) dladly
IS ) le) US98 L8 e oy 3515 ) (x5
Sl 50 S5 5586 0Bl o 50y 455 g o 1Cd g (0

3.8

) 3.4 ®circular -

g 3 |z ATriangular
d‘; 26 X 0=45 ]
\g 22 M o=85
Ug 18 [ ] "

| |
e B N " n
' 0 0.2 04 0.8 1 1.2 14

0.6
H+/p

Fig. 12- The relationship Caq other/Cdsimple and Ht/p in a congressional overflow
6|e)§2f PIgw 30 HT/p 9 Cad other/CdsimpIe Ayly-\Y Jﬁfb

2
1.5 ®
E | e
= 1 R2=0.924 .7
= e Y
o e
05 PO
o
0 .,." Cd
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Fig. 13- Comparison of discharge coefficients resulted from a numerical model and proposed relation

(Eq.9)

(A daly) solarin 4y § S0 Jow i ol (20 ol yo duglin —1F S5

0.6

0.55

0.5

0.45

0.4

o 0.35
0.3

0.25

0.2

Loge >

e} |

®EQ.9

A Numerical

B Crookston and tullis. (2012)
© Tullis et al. (1995)

0.15
0 0.2

0.6 0.8

04
H./P

Fig. 14- Comparison of Cd from the present study and other studies for 6° angle congressional

overflow

40 4805 b (510,55 33w Slp 0D Slaadlas b yol> §uio5 31 Job> Ca cy duglio 18 <



DOI: 10.22055/jise.2018.22395.1604

V¥

sy 0N 3 JKo i ST ey 0L 5 (6 e

C, =0.201(e ~0.4904(H /P))
(0.000386? +2.3735) 0:)
L)) d Wl S ol )b s HT/D (V+) dlady
2 oy o) wsli 0 (2 g 13 (6y9e (2310 oy
sl adLi 0 bl oo joyw ados oo (Cd g b dlaal
4y osedl) dlal, ¢8> s cgx R2 s RMSE MAE ;)
8y ) SUs 48 adle +/AOVY 5/ FAF o/ FoY g
JSb il e (3 eSS Sl ) (] alis
gl e g5 S5 b o8 Bl ge o8 o ki
e po Bl g M )3 oy &iled JSS oy o)l
soaindy (Ks) S 59816l 5o (lo XS o)y (23 oy
AP &5 95000 )4 (05 polie &y o)y KB ()5 s
3pShes 5 o i JS5 oy an g Ly g5 0 il
4S Gy S Lolasl gl 4 (g)lhie hyyp (Sgyhun
LS 0 S5 el aiBly polats] 4y 6V ks e
ol ol 4315 )i 59y 5l oges Gl bolas b e
D35 (0 Jayye ke 3)Sles cage
A5 Cwlbes (]38l L U cuol oad (W dny dls yo 50
=D oy Sly s oy e Blaw OVNO & YA/ (1) joypm
iy Celbes il 8l S 8 ey 3y90 (108 )y
asled sl 45 33)5 o am yio Bl OY/VD & YA/Y I 55w
s b il e Ao VEV/Y 4NV -£/5 (D) ()15
=15l s Silo o (3L i (A) (6395 Slad Sy olie
20 oo b awslie )0 (HT/P) )5 gl & cundYL IS
Gioyd B0 il58l L acwl sasdoaly Luis (V0) JSb jo
29t (23 cupd e Sl opldany gL sy 3 Bk Calis
Do oo dwlS doyd VIFD lawgie

Coawd &y +[AVY dgds (1) dlayly 5l ols 05 colps g (goue
5 (V) JSCs ilbae) ol (oYU (Siaor ,Sily 5 ]
2 el e Sl Ol dally (39 culie | (S
iy by | Jols (3l (1) S sl
(1995) Tullis et al 4 (2012b) Tullis 4 Crookston
Cawl 03,8 Al 06 b ) s ol jo (ool dladly 4
L (o y S8 530w sl (VF) U5 53 ool Cnwd & ool
RMSE a3l jliie ccuwl 000)5 &l as j3 & 0)lg0d 4yl
Tullis 5 Crookston a b, ,olie 4 wslie 5l ol
o=l ooleiy alal,y 9 (1995) Tullis et al 4 (2012b)
9 '/'Y’\:’Y‘ &'/'\“'\“Y u_u): A (<o )J.)l_QA l_> S_A.QDU 5
Glp 3 MAE asli Jlade fuiomed .b5de] Cawd 4 +/+YA-A
5(2012b) Tullis 4 Crookston (sl by,
4 imgh opl o esaslyl (1) aal,y 5 (1995) Tullis et al
ol 03,5 Jols +/-YYVD g <[ YSAS oo/ YYVY (i
Lo (23 culys @il jl Jobs (Stuon 5 a3 ls
Tullis et 4(2012b) Tullis 4 Crookston akl, zls
S Sy v ol ) (olgiig alal, 4 (1995) al
PRYAVARWRYLVA o RO\ RPN P9 INE U [ T I i g
abaly a8 ol o ol §9b s Egemxe el Cawd 4 +/AQFY
10y oy (23 o pd Cal 3B Gimogy ol > (ool
pdlie gl Cowd a4y v B L1y anpy id o)lgd angl b
o3 ) iy by (ol bily) jl Jol> (23 o po
> ¥ edgdme p3 oS 3yl Al ols a5l Hrp <o /Y
alaly aw yb g cowl oa s S5 0SS 4 ol Hilp
A03y0] Cund (6338 Jde polie 4y b5 polie (odlgid
Lo lop S8y (3 oS (S polatods 3 (V1) dlady
ol 0133,5 &) 0l533 il (gLla;

0.55
A - — & -1t=38.1
0.45 * ~ ceeepeees t=57.15
PAYE S
T T ~
O oas | 0 Tl ‘\ ~
A, T~
0.25 ‘A\\ -
""""" A A
0.15
0 0.2 0.4 0.6 0.8 1

Fig. 15- The relationship between the discharge coefficient and H+/p for 6° angle
congressional overflow

42501 G105 3y ST HT/P § (29 o s Ol aly —10 I



110
VA-1IF o PR Jle ) oled Y oy

ST (oo 5 phe

9 o)_.:.lbw.:_S (oo Sl b L;Ia)ilf Fopw @D eupd

P9 oo (e

2 o (eSS polateds dlayly ¥ puls S )5 0
Sllgy o g 5y alad il JKII cod (g1, S8 )
duslio jl Jols RMSE joslis jlade .000,5 slpiuius «calises
blgy 5l edslcwnay polis ¢ goae Jao 5l Jols (23 culyps
aS ael o a4y o[ OFY g [ SFY (uiog ol 55 (odlpidin
=D G D (eSS dl).s b.,\.».'so\jl)‘ c\.la.sl) Cawlio 8D )I L;b
..\ml)uc dlb)iag )J))MJ

Mde o dks) S5 55518 lgte cod gy JS5 —F
Gy S5 gl blad 3l )l s b 3 oy
) Joys (23 oy g 00 faypw s 3Shes g oy
A e i3l

Sl & G g0, oy cud )b Rl -V
b ol 03l j1)8 a5 3550 1y 5oy ol 5l eoliiin] Coon]  Jas
)3 b a8 39 o0 ey 3u9 (! Sl Jeol> lis 4 oy
5 tlie 6o UK b gloySiS oy eyl oyl 5,8
Joye 2 cape pRIBllly 3 YL ke L ojlgs gl
xS 58 ol po e 3)90

P KRBT

P A @ lew oRih Gl S50 3l dwgp
8 g S YL b3l y8 b elapiamns a0 )48 ,Lasl
P9

S 5 4om

D95 ) «Sloy KIS o)y (23 Gl ol 4 drgi |
agli Gl 422 A0 5 YO & e dw (38,5 L5 5 L p5ls
Slad LSI)—? a);'bpﬁj 9 u*l"" stbegf} JLQ(W.A; 9y o)I%b
Jie 5l ooleiawl L (610, K8 3055 (000 G pud Slynd oy ym
A Gigin ool jl Jeols gl Wb o) FIow-3D (goae
sl pj gy

ol el 3 (slo, SS™ 55 54w 0,lged dygly iuls8l =)
L slo )8 Joyyw (23 cupd 235 (0 (23 cord Gl
s VIYA iy ay o wgio jobods 550 ¥ 9 AD o)lssd (sbls;
ol 423 F 01530 dsgli b 33y (23 copd Hlde ply VY

L oo dy od el g ey S5 s Y
Rore 23 upd DS (o (23 cupd SRl Cage e
FINE 50V Lili bl by dn o psldens 5 tlie il
Oyl (ot &lad b joy g )0 (03 o pd 4 Cund (gdaopd

eLis)) 4 cowdVl (o ,b s o s e iol33l =Y
2 21 Sloy SIS )y 53 (23 cupd GialS (HTID) o)
2 slp 20 cops polie HI/P>+/0 polie > cpimed o)l
E95 Aoy 9 Ngd oo SUIP SIS 4 oy 4ilad JSU5
Sy HT P>+ /0 yolie p3 oo 3,Slas oy JS5

Fore N g Ol (23 glbe (A5 pln YYIA 90 00

5l gdmyd AF/AY 5 0F/VO AVINE jialS o go sl )5S

References
1- Azhdary Moghaddam, M. and Jafari Nodoushan, E., 2013. Optimization of Geometry of
trapezoidallabyrinth Spillway with using ANFIS Models and Genetic Algorithms (Ute Dam Case Study
in the United States of America). Journal of Civil Engineering. 24(2), pp. 129-138. (In Persian).

2- Canholi, J. F., Canholi, A. P. and Sobral, V., 2011. Hydraulic Design of a Labyrinth Weir in
Aclimacéo’s Lake. 12" International Conference on Urban Drainage, Porto Alegre/Brazil.

3- Crookston, B. M. and Tullis, B. P., 2012a. Arced labyrinth weirs. Journal of Hydraulic

Engineering. 138(6), pp.555-562.

4- Crookston, B. M. and Tullis, B. P., 2012b, Hydraulic design and analysis of labyrinth weirs. I:
Discharge relationships. Journal of Irrigation and Drainage Engineering. 139(5), pp.363-370.

5- Esmaeili Varaki, M. and Safarrazavi Zadeh, M., 2013. Study of Hydraulic Features of Flow Over
Labyrinth Weir with Semi-circular Plan form. Journal of Water and Soil. 27(1), pp. 224-234. (In

Persian).

6- Farzin, S., Karami, H. and Zamiri, E., 2016. Study of the Flow over Rubber Dam Using Computational
Hydrodynamics. Journal of Dam and Hydroelectric Powerplant. 3(9), pp.1-11. (In Persian).

7- Hirt, C. W. and Richardson, J. E., 1999. The modeling of shallow flows, Flow Science, Technical

Notes. 48, pp.1-14.



V¢
DOI: 10.22055/jise.2018.22395.1604 s 3 53 KA i 3 0K s 5 (5

8- Hosseini, K., Tajnesaie, M. and Jafari Nodoush, E., 2015. Optimization of the Geometry of Triangular
Labyrinth Spillways, Using Fuzzy-Neural System and Differential Evolution Algorithm. Journal of
Civil and Environmental Engineering. 45(1), PP.81-91. (In Persian).

9- Khode, B. V., Tembhurkar, A. R., Porey, P. D. and Ingle, R. N., 2011. Experimental studies on flow
over labyrinth weir. Journal of Irrigation and Drainage Engineering. 138(6), pp.548-552.

10- Nezami, F., Farsadizadeh, D., Hosseinzadeh Delir, A. and Salmasi, F., 2012. Experimental Study of
Discharge Coefficient of Trapezoidal Labyrinth Side-Weirs. Journal of Water and Soil Science. 23(1),
PP.247-257. (In Persian).

11- Nikpiek, P. and Kashefipour, S. M., 2014. Effect of the hydraulic conditions and structure geometry on
mathematical modelling of discharge coefficient for duckbill and oblique weirs. Journal of Irrigation
Science and Engineering. 39(1), pp.1-10. (In Persian).

12- Noori, B. M. and Aaref, N. T., 2017. Hydraulic Performance of Circular Crested Triangular Plan Form
Weirs. Arabian Journal for Science and Engineering. pp.1-10.

13- Noruzi, S. and Abhadiyan, J., 2016. Effect of Vortex Breaker Blades 45 Degree on Discharge
Coefficient of Morning Glory Spillway Using Flow-3D. Journal of Irrigation Science and
Engineering. 39(4), PP. 47-58. (In Persian).

14- Paxson, G. and Savage, B., 2006. Labyrinth spillways: comparison of two popular USA design
methods and consideration of non-standard approach conditions and geometries. Proceedings of the
international junior researcher and engineer workshop on hydraulic structures, Montemor-o-Novo,
Portugal, Division of Civil Engineering, 37.

15- Payri, R., Tormos, B., Gimeno, J. and Bracho, G., 2010. The potential of Large Eddy Simulation (LES)
code for the modeling of flow in diesel injectors. Mathematical and Computer Modelling. 52(7),
pp.1151-1160.

16- Rezaee, M., Emadi, A. and Agajani Mazandarani, Q., 2016. Experimental Study of Rectangular
Labyrinth Weir. Journal of Water and Soil. 29(6), pp. 1438-1446. (In Persian).

17- Seo, I. W., Do Kim, Y., Park, Y. S. and Song, C. G. 2016, Spillway discharges by modification of weir
shapes and overflow surroundings. Environmental Earth Sciences. 75(6), pp.1-13.

18- Suprapto, M., 2013. Increase spillway capacity using Labyrinth Weir. Procedia Engineering. 54, pp.
440-446.

19- Tullis, J. P., Amanian, N. and Waldron, D., 1995. Design of labyrinth spillways. Journal of Hydraulic
Engineering. 121(3), pp.247-255.

20- Zamiri, E., Karami, H. and Farzin, S., 2016. Numerical Study of Labyrinth Weir Using RNG
Turbulence Model. 15" Iranian Hydraulic Conference, Imam Khomeini International University,
Qazvin, Iran. (In Persian).



	15-956
	16-956

