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Fig. 1 Parameters of labyrinth weirs: a) geometric and
b) hydraulic
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Total height of Total length of

Total width of

Total length of the

weir crest / Total width No. of

Model the weir crest the weir crest L the weir crest of the weir crest cycles
P (cm) (cm) W (cm) L/W
W;1-30-10 10 148 30 4.93 1
W;1-30-12 12 148 30 4.93 1
W;1-30-15 15 148 30 4.93 1
W,-15-5 5 148 15 9.87 2
W,-15-6 6 148 15 9.87 2
W,-15-7.5 7.5 148 15 9.87 2

ol ae S5 slp ol by slog e (Sgyee LS
Rl Ca) (25 uyd 5 €3 G55 Job b i LS
Falvey ) s co (a5 (V) alal, 5l oolaul b logs )y g9

(2003

3
Q =2C4/2gLH, " M

IR FRRV:S Egonn Hq JB ol g (g0 w}.oCd S
S5l ol oy gl (H) S pegim glas))) 5y e
Ol ) S5 Gaiym 630%00 cope 0 he

(Falvey 2003) 5405 51,1 (V) alal, & g0

Environment and Water Engineering

98 S1) sy pw gl Julo Y-
sl iosh sl =il gl aJgl Lo lpl 5l 5
O ol 5l Bae oS el golal Jdos ¢ RG]
P el 5o sebate (om Sl v (gum SlaCed
Slo gy S e ;o F5e Sld it als
slosliiwl Ly s 9 995 (oo (owgd (ST
O S Ogi— syl el SSL T 6555
Olssr e 9o sl eyl ead 5l emy 9 S0 S
|y s 60T Gl s LT (6,135,055 052

13 515 (o) 23590

u‘wd.‘.e,cjw).[a.m

Vol. 7, No. 3, 2021

[@w

\F. . ).ul.) <Y c) Loy Y 0,99



Y4

Ol cure 0 g 2Ralesl (o)

f(W.,H;,L.,Sz,Ac,ne,D,P,Ly ,w,W,ny,T,a,Se,b,Q, Vi, ym 8, Ho,u,p,0,v) =0 )

Sl ©jgoty Slwlre slashe )3 1) lae 518 &lge
S ST Sear 95 0 Sl 0) 5 ke o S
ghw b oo s jlade bl cady aile bawgd Jolw
w—"—.’.)ﬁf-” 3leslaiwl b ol > alﬂ s g dales Sl
u.cruj)l.m&).)ou.a ‘oom‘bjwu)wda l.....ﬂs
Vgl hsS pliege 5 (Shwsm 0 Gle bl
ah SYolas ol38ls 5 ol o .(Sangsefidi et al. 2015)
slogd sl eslasl b g )1, Ojgod dol> oo
SOl dlae cpl o aS Nl oo Jo sy S¥olas

A oolatwl [lid s S > leea GMRES

G o~V Y

(Cawdw g sl als S Flow3D  sove Jow
Aaiojee e gl hdaine caSe sl Jolu 51 i
S8le s 5l eolaiul by jelaie yueed 4 aiS oo olx
Slasie p Gdote gamaw Joo S ol Autocad
a4 Jols wmls e g ol o SQLKMLA 1 sl Jse
Sl 9o (68 Sy l.g A adey sl Flow3D 53l
L QS‘»M 6L&:o¢‘é 05)5 )‘ = R ‘;)M kS:L..wL?LA
oy el JUS iy om 5 Jlidley e
FAVOR 9 VOF ‘_nguwj) )‘ oolazw! lJ )Ja..;\))}a o.>5..x.>u
Olej g p3Y 85 gl p aSils atg ol ol (anaSl
Al g ool (Olawlos sl (gl 4l plais
il deleie ALl bglas a5 ol pudas slieSa o

Lo o o3l ol oo plosil ools il 4 S 5y
S ool Cdilopany slgas slbceud 0 Iy,
s azg bass 8 olaal secd e (g e 0dguze
e goas Jow ¢lm JUI Job (S558 Joms ol
A Sos Y0 oM zSla >l el i ls YA CM
3 oSl jebany (8,5 plosl Gl ol (g i
slaes X gz j0 sabobn| (gus e Sloss g4—ozo
gz o 5 VOVA-OF sla 6 Y c gz 40 NOAYS-F
adg 5l e il o b Jae glm AY A0 Sla s Z
dJol byl i g (650 b Sliloee A
(F JSo) o plosl O )b > (s jlwans

Environment and Water Engineering

U e We Juls JUS sia 5 e il
o Ag U ot So (U Jsb Lo o JUS ae (Ho
i sloyiab 5 455l JUS (505 Nl JUIS elai
» S B gl 5l gy gl Dol silosle 55
Ol oYl ;0 GBS B 2 5l 55w gl )| Pyl cens ol
P Wy S o (256 Wi,y 26 Jsbo L
a5l O e gl Caleds T oS load M a5 JS
S5 558 Se bz ol caz b (e ol
o bgye syl (Sl ojlus Jsb B
ey Vin (6,381 cedyb Q ol 5 ol > Sleogas
Sdgyee b Ho (,b> Jbys Gos Ym b y> lawgie
slayall g ol cawdVb o 5y 59, 2 0L S5
Sy o eddlS ol g el 55 Jhw 4 bse
GRS O pgase pyx P Seiletew SV ((Sslno
Gl g golal Jebow (2 65 e b anil e (o
Foeom g syl 2l alal, (V) abal) sla 2l )y
Doty Ghegh orl 0 ST Gl 2 eys 2

551 dalgs (1) alal

Ca=f (%m%) ™

Goue Jowo -Y-Y
&y s 0,5 03l b cslie Jao S FlOWBD 15310 5
Gt slapl 2z dboxr 5l SVl oszmy Blawe Jlos
D o0y dwdin g o1 maw gl a5 Buile .8
GaSd )d Sgazme pax> g,y Sl l38le 5 cnl o all e
.(Marusi et al. 2014) s4i oo oolarw! Lot plate
qolaie aSLl S50 Sgudote x> g, 3l colaiu] Ll 4
CV¥olee Sela wsliiulsge ool wand SYoles JSE
Sy b dgame Jolay g, 0 edd alwlS
oo 5l Baes «Sgyuen Jlos 53 (Siasl g5lo e
ol e (Burns 1987) sgi so coliiwl (gladoles g0
G5 twgie Yol i sl RNG o 5l g5y
3goae Jo ly sl sadoslaisl julen, gley eaus
L oSl ol e OVolro g oadoslizwl FIOW3D |58l 5
SRy Gl pe wlead gove o wguze e )
sy (FAVOR) wlo Sily wrolghas s ol
Sl 4y 10 dgacme x> gy )0 dwdis iy
0,95 cpl (Fadaei-Kermani and Barani 2014)

u‘wwsw)bw

Vol. 7, No. 3, 2021

162

\f"}.:.lL;aVO) Lo svo)js)



Yay

\F-. o ‘J‘f)ijw

i3S 3 siledand 0)50 9 SLRI g g 35 anlie
ol gl 43S Syge Gaman glagileand slaas
sy yo dwsdi Sl om0l oo Gialesl Y rag3,
O g G e 4 pladl FIOW3D l58ls 5 oy Jlasil
ol @y D g0y il jsbies g g5 lulpd
YE 5 (Sosed Joe lulpd jo Gilesl AV slaws jglacs
Eaazme ;o) b plxl goae Jowo Lulys o gilwans

ORI

ssbiod lodbl gpslaez 5 Lotlel el
S esmsd S5 Gy i (20 Jelxiga e
slrosls 1ol colazul (V) alayly doys o (s0g0e dlolas
)lg 9 Sy (2O )5.|£=.2.ch. TR W) Ls)..fo)bﬂ
JUE J=ls jo as 518 lay,pw lp S5 (Sdsyone

A oolao!

Slam

9 (S35 S (Slg s 0 Sdos —1-F
O S oy (Sgyien o Sles g cnl 5
5 PRilel Ojpon dalisn Gla S slass b wgd
O3Bl b e oy 128,50 0)la0 adST jo aS oy LS ealplxl
3 Bl Gl e ol e e Selsien L

! o&‘bé) HT/P > o /fA (§o0gd 4O ‘5!.«0940

CAST cope Gz (0) 5 (WHD)  la S
S50 S 90 9 S ST pwgd (ST oy
b Gl b 8 955 e onaline g wims oo Lii 1) Gialej]
@ o e )y (oled 50 6,05T oo o Sy ane
Gk 5l e gl il 1wy )0 005 e 095
Ho/P) sogome jo a5 Cdlyo ol oo byloges oyl
3 ewsd SN Gl 5o g Gl casdllass e
G caye Sl Cose omb (Sdgues L

.00;64
Sy sy )0 oy gl glas )| i 51 (A0) JSK o)
(S b il LS ses e lid S SO
Wbos pRalS 59,5 0 095 4 JoP e 6,000 o yo
L lecans (0 awgd S5 sleg ) m (58,5 Hhas o b
3 e 90 2 a8 3ed oo cdalive (/) —+/F) (Sdgj0

Environment and Water Engineering

(8550 bul b 5 SEHET o Joo Y-T-Y

e ol 5 SISy O jpon Gl aSD Raghy cnl o
@ @ls (S5 podle &5 0l wdF s 5, gu b
Sl plil Loy b (GYsb 5l pRaalej] olis
e Oley bwgie Cul S5 4 Y 09d (5T ol>
L oS Cowl ooy YF NI Lwgie jsbay oo 0 (gjlwand
4 ol onl Apdey e AL LIS 50 4 azy
isb S¥olee > sbiteas 0,5 gy ki ceeles A sga
Lyls as eolatwl RNG- Kasl Jao jl e gl
D)yt wabosls Glis (F) JS& j0 a5 jebiles (55
Siye byl PrESSUre Y (g5pe byb ol hyyed )
P 9>ly 50 (2916999 i by WAl Jlgys iyl
(>9y> Sy bys g volume flow rate o jsoa a5
5oz 0 by o)l pisen b a8 5,5 s outflow
A ol wall ety

(&)

98 S5 sy sl eadolnl (6550 Lyl -F S
99 w98 ST e — Al R (nl )0 e3liiulsge
S S5 (gd (S0 0y — 0 9 VIO CM glas )| L JSew
Ve om glis,I L

Fig. 4 Boundary conditions generated for arched
labyrinth weirs utilized in this study; a) Two-cycle
arched labyrinth weir with a height of 7.5 cm and b)
Arched labyrinth weir with a height of 10 cm

bt losl -
A all alBilesl 5 soae Jow 5l Jol> s avslie
3 gladse e osdiialesl glados plas oo |l
N0y9% 5 jsbimed 5 (20 capd g5 s (20 Ol S
Slp () o)) atin wiin Jlae S5l Gop

U‘g;“’“"“ﬁ"’ﬁw)m

Vol. 7, No. 3, 2021

Z@w

\F. . )AJ[J <Y o) Loy Y 0,99



Yay

Ol cure 0 g 2Ralesl (o)

@1 63Kl o e £ CM 26 elis )| b S 99
Las cel Jb jo cul oyl (Sdgjae oyl soles 15l
oled 3 IR (Slaen Sl Gl
A wlgae ol Jdo &5 abe malS ey,
3Bl gy jo (dge Blsial g3 (b2 slaass
98 ST Glr e 3 8o 55 2 lld (nl 5,00
PRaslesl g goae s duslio yuizen oyl aie ]
a 0B Y 5l 35S slas asye L Flow3D  (soue
SR b 5l o Ol Sgrsee sileand
clojloges o oolaiulyyge slayel)l bl oo gwgd
olas (V) Jgoz 5o slawslao

RO PRWIXIRY

b ol b aSST s ls Gy o Slae Sy 000 b
YIS U RPRVIRPVRRY) RCUONES K PRV
559 mo9e Bl am b anngs (Gl slears Sl
P p9bar) (Sgyaee o Slee a5 (59, 2 (551 2l
Tyosh yobe ot SIS e (AR Gyl
Jelge 55t ot a5 cel Jb 0 ol 09d oo osalive
3 0 Fre g ugmsme DS 0 Gl oo 1) 00, SIS
2 Selgpaep glaly poled lila 6,081 oy tals
VO CM gl eyl b Sl SO (ougd (ST 25w

Dgad 0ddlie 3w plu 4 Cand

w3 so LS IS 95 Slag w50 (O SSE (o) 2
@ oy, 6,35 cope oS (Sdgyoe slayl yo o

98 S5 Olee (nl 51 &5 dwy o0 095 (e F

0.7
() X EXP-C1H15
B NUM-C1H15
0.65 e o5
‘:( ‘ ~A’A_ _ ® EXP-C1H10
0.6 £ T E § ¢ & NUM-C1H10
xS m A% = EXP-C1H12
3 055 » x%m 0 A NUM-C1H12
A x&’&ll 0‘ *
= WA g
0.5 ° -2 A
.
® o= A4
[ i @
e _
0.45 Py
°
.
0.4
0 0.1 0.2 0.3 0.4 0.5 0.6
H.,/P
0.7
0.65 (‘T)) A EXP-C2H5
: e o
06 AL e B NUM-C2H15
& = o0 :‘ @ EXP-C2H6
0.55 . g ®
[ ] € NUM-C2H6
0.5 u u :0
AR = EXP-C2H7.5
) -e
© 045 - ".‘ R X Num-C2H7.5
0.4
° AN
0.35 X x o *
X
0.3 X L
x X
0.25 % %
0.2 X
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
H./P

IS 59 1) (S ST Lyl yo (@) owed S5 sl e sy «(HO/P) Lt ;o (Cd) &yl Sie 0SS
Fig. 5 A curve depicting discharge coefficient (Cd) to (HO/P) for arced labyrinth weirs; a) 1 Cycle, b) 2 Cycle
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Table 2. Specifications of the Parameters used in comparison charts

Model Introduction of parameters
EXP-C1H15 A single-cycle arced labyrinth weir, 15 cm in height at the experimental state
NUM-C1H15 A single-cycle arced labyrinth weir, 15 cm in height at the numerical state
EXP-C1H12 A single-cycle arced labyrinth weir, 12 cm in height at the experimental state
NUM-C1H12 A single-cycle arced labyrinth weir, 12 cm in height at the numerical state
EXP-C1H10 A single-cycle arced labyrinth weir, 10 cm in height at the experimental state

NUM-C1H10 A single-cycle arced labyrinth weir, 10 cm in height at the numerical state
EXP-C2H7.5 A single-cycle arced labyrinth weir, 7.5 cm in height at the experimental state
EXP-C2H7.5 A single-cycle arced labyrinth weir, 7.5 cm in height at the numerical state

EXP-C2H6 A single-cycle arced labyrinth weir, 6 cm in height at the experimental state
EXP-C2H6 A single-cycle arced labyrinth weir, 6 cm in height at the numerical state
EXP-C2H5 A single-cycle arced labyrinth weir, 5 cm in height at the experimental state
EXP-C2H5 A single-cycle arced labyrinth weir, 5 cm in height at the numerical state
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Fig 6. The general pattern of simulated flow on arced labyrinth weirs (single cycle and double-cycle):
a) One-cycle arched labyrinth weir and b) Two-cycle arched labyrinth weir.
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Abstract

An increase in the hydraulic capacity of flow conveyance over a weir per a given stage of a stream
upstream of the weir is feasible by extending the effective length of the crest of the weir per unit
width of flow section. In this work, in order to study the hydraulics of the flow and compare the
values of the passing discharge, a 3-D simulation of the flow field on arced labyrinth weirs (single-
cycle and double-cycle) was carried out in Flow3D software at the hydraulic loading rate of 0.05 to
0.74 by statistical analysis and the comparison of results obtained from numerical modeling of
experimental data. Weirs utilized in this study were three single-cycle weirs (10, 12, and 15 ¢cm in
height) and three double-cycle weirs (5, 6, and 7.5 cm in height) examined in a rectangular flume
having 8.4, 0.3, and 0.45 m length, width, and height, respectively. The results showed that the data of
the numerical model were well conformed to the data of the experimental model. According to the
results, a 50% increase in the weir's height will raise the discharge coefficient by 25.5%. Furthermore,
the discharge coefficient in a single-cycle arced labyrinth weir at hydraulic loading rates less than 0.4
was higher than the discharge coefficient in a double-cycle arced labyrinth weir. Moreover, the
corresponding values were nearly equal at higher hydraulic loading rates.
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