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Simulation of Sedimentation Pattern in Upstream of Duckbill Weirs Using
Submerged Vanes

Mahla Tajari Amir Ahmad Dehghani Mehdi Meftahhalaghi

Abstract Duckbill weir is one of the water level control structures in irrigation networks. If Sediments are
transferred into the irrigation networks, they trapped in the upstream of weir and effect on the upstream
water level. In this study, submerged vanes are used for flushing the sediment to downstream in addition of
gates. The Flow-3D software has been also used for simulation of flow and sediment pattern. The results
showed that submerged vanes create secondary flow which is so effective for flushing the sediment
especially in value of head over side wall to the weir height more than 0.33. The results of image processing
showed that the maximum relatived error for simulation of sediment pattern is 14.4 percent.

Key Words Sediment pattern, Duckbill weir, Submerged vanes, Discharge coefficient, Flow-3D Software.

3l g WA O oy 5B 5 AVANY Wlie s gl *

LB S anb e 5 (555L5S ke oK2ils (ol dige 03,5 ¢ ol laosle iyl wlid S soiils (V)

Email: a.dehghani@gau.ac.ir OB S b il 5 g355LS poke oKl ol digr 05,5 HLiils oJ gtms sk 5 (Y)
OB S ak e 5 (55,5158 ke sl (T dige 05,5 il (7)



il S0 S gy e GtV o (S sy (555 (il

AL

alss k;b_z LS‘“%'—&)’ cé.})‘ 5}3 duﬁ)ﬂ acley 3
2k a8 s Sl

o 423 53 85355 355 56 [V] S
Bhr AT s ) S e S S
35 S 5 5500 o 52 AL LT )50
3y dar g bl Sl b IS o s S
Wl 3 adaly 5o
C=a) Gor ) =) o

W/ CHY \He) \Wp-wy

ol e Hyeno sl Jb gy ol o H &
PoerS o oo 5o 2l 48 Hipegs e sVl
el Glas Wy oS e 55 e Jsb Lyt 35, (Sl
ool asly) Sassl ashy a (Jie asles Wyds
S i (55 et el (0L 2 Sl b 5 e
s O s T s 5 e i SR L
s8hes @ arg by b alS 0L 5,IK]
53 LT 5015 2T oS da 53 s 58 ol o5
S aslial l0S #3150

sor A e s Clbeslis
SHAKT o g, St AL
2B amlis als (sl K8 (Gl o3 Ol r
doys N 5T IS gy sl aS sls oLis Lo
gy 3 Shas 5 sols e b ey i)
Ay S gy 515 SRl L s s, gl s
Sl » O IS e o
Al Sl Lo N b jsbay adllaes ) s
AT addles 4 [4] 0L 5 Ll Coani sy
Sk s, Shee 1 NSy 5 6l U
s BT 0L Bl s (glailsnad gl
il b3l 5 6 Wb e 5l Jols zb
LaS sls QLES 3w (05 w2 VL JUKS s
A b gia ssbas 5o, (3 a2 S 65 SRS
b i 5l oM s S5 SRl B L el s
Lo 3V 5o (23 2 Sl s e GLE ) g g
o33 SIS sy S5 5o maman b e ol

4o dls

S5 s ol aass vgr sl 51 S g
o3l 3 g5 b 4 g pn i Ol 55 I
et ol 02 age G2 0T 5 Shas 5 5kl 035
= SIS (Sl g s Ol o 5 S o L
Ll e 2l 1 JUsl cgr p"ﬁ 22 9 00,8 ol
=SSl Ly Olgea bassle ool 31 pioman
2208 5 s S S e sl 55 (5050
G e il (S5,1 S5 5y e oLl saJUS s
oAy s 5 kel o3l SO Olsea (Sol S
b b b tmlin 52 01 (Sis s & Ok >
2o Al Gl 0L s 3 SYL LIS e
S o3l CansVL 3 OF e G Ol s 5 JUS
Ll 4 55550 A e oo Ob = bl 31y
Jie b s il esle b Sayl S5
Wl Jyene siad Gl & Cand G50
Loalie 03 ik @ Mo dinle
Sl el 5 G2se L AUS Gl Jsens slas
Cald 4 ar s bodas e s s S alls
sdas ($le S Slags w5 S S slag
534S Sl skl &l S 5 e a5 Solalllas
el o Saztls Lol 4 aslsl

Slo S8 5 (S, S5 Sl 2 i 53
ozl a5 il sl el Jl-al (oL 5 Sladlas
5 OB 1] s S Sldlas 4 Ol e O]
OLes 5 25 3,4] 0L 5 0Lk 2] & s
L Ol o [N i 55 (5 st 5 oo (55251 5 [5]
3 go

oy 2S5 5 okl sls b s
S o S 35 Slgas 5 sle ST s
Lo oS lgm) ol (Se pdb Jiale b bl s
03 5 ek 4 sl el Bl by Bl Lol
5 35l Ay S o 1y e L e sV
S el 63405 4oy (ITRC,2007) (o Ll liiss

H“M LM"‘/MA,‘J)}WJLN

i35 Oy pailigs 4o i



AO

‘;«‘:MC/.CM (Slgo —u.:'[iz.J Je}/j:n/—‘jj?u"){‘w

I3 5 AT 5 5 b St Lot
o S ol L lag s g5 ol (S01 e e 5
2303 5t bl ) Sl i el (S LS
Oldalie Jg wsls slelg 1) 5 m ablos )5 ey s
23 o w8les 3wy &S A e 0L Sl
R Y S BT~y
S5 Slguy adgo ot Ll 5 e S 5
33 gy oo 36 A Jie el 4 | sl
5 L3Vl g3, md s &S L eVl
03 4S ol Oldlas s Sgh o e Cewd il
A1 Oes 5 Ll sy s O goman A o LEI VL
Oen 5 eliassls sls N Gl 5 5152w
el 0 (g ;S 4 55 [13] 0L 5 S50 5 [VY]
LU s G ates Dlmio a3 513 G 5o

wh S Sypo ol Sldlas aojlps o gl
J14] a8 5 5,855 05 s kel o
B itms Sl 3 )8 s 4 [15] S 5 5,800
sty Wl 53 oS (6l 635,00 SLJLE s
SO asls T ol (O Gas 4 amio plis))
b Gl Y pln 0l e e L olbio
Shle 6 eS Wssad sleddy O ptne Slvio 4y
S35 2 B piims Sl Sloslil 56 ) 2 4 [16]
G50 S b S s s ol bl by
Llg o o g 2see S 55 G R Slio
Aas il Ao VY Ol 4 1 I8 o e
Sloio dhols Sl oy p 0 [17] 0L 5 50 S
Sl Dlomds s w13 L ST wlas 53 B it
e 343 A o 53 ST (635)5 Dgmy J S
S Glp S Ldewy s opl 45 Ll 1 Sen
ol ol L Ol G ats Slovin ol 4yl
Al SRl 5 Ol b Al sl (S
s el ST 2 60T sl 3 il
o il m 5 | Qb cp 5 i A3 V0 (KT
SRIAN L LS (S s 5 Sl L
Sy RS 55 Slio Obedily (5,0 S

VEY Sl a0 e g5 SRl om gl
S @l op 255 R (23 S G
2 o dsb 53 LS Sl gy S ol OF )
Lo b alie o g p sy IS s 515
L Ol e bl sl gy Ok il 50 OF Dl joss
3 e Ak SRl (IS s e Ll
sV ey Ol YU 30 aadllae & V0] 01, 0n
5l g fed Sl slra sl -
SAT VL L sl LIS s izl Db 03 o 2
S a2l da 5 Ol Gas (sl 5o Sty
5 oo alS el O da ks b e il
Y/AY 51 el pl lde oS gl Sa D A )
O O3 p = 50 VAT 4 oyl S s
el a3l 2alS

Sy miias 50 W] Glead s Gl st
St L Ok kil s ol o 2ty o
DA ooz b sl e SVl ot il
SR LS e e DL 0Ll G ol L
B s S35 2T Ae 5 O Gas (Dl $L5 |
Al A LIS s s AL s

o5 AU DY] OLLSKen 5 sldasgls 35l
JIFEUTIN VI QU S PRCET N RO ¢
JJM6L%_&J@§;@\4{)§%JL§;)\L§}
et Ui 2 AT S0 S5 i)
Fore ool H>§ A sl s LK
St 083 0T VU e 3105 () e U, P s
A a6 IS o el el s

SISy Sl S50 [18] 0L 5 Sl
oo b s ) e e IR iyl
23 SO g 5 48 ke 5 4ol 4 5 A3l 13
L 3o GoIT o do 53 V0 B e VL
Aas e Jals

s (Sl S glag e Pl 51 S
5 NS 6 amps 5 OT sV 3 e
Sllos el O Dbl 5 sV O s

oS Dt pligr &yl

”‘VQ/\ £4M;)L¢«i&f’j-’jwd[~4



il S0 S gy e GtV o (S sy (555 (il

Al

o Az Sl slime S5k glls pluS o iS
ke Olasile M) Ji..: 0 A eslanad (Lo
Jsdr 53 el 00 03,51 B ats Slio 5 e
() dsd= 5 5 bdie ks olasis (V)
gLl el o 03,51 Slmis wdia Slasiis
XS 5 3,85 oy ol 6 e Sl £ Slonis
el b 5 Lol s & [15] J 5 5,851 5 [14]
S Slio gyl B s Sl
sl L ladhe Gaea . Las an S L ys g IS sy
Gaasls L a4z 55 YO 5 OLSS (@) (St
Ldde gl5 51 Y0 (8) & paims Dlmin L O o gr
03wy gl s e ST LS 56 (P)
VeA (Lg) oF Jsb s e sl ) (Pg) 5, ables
Sy b ladie gaen ;3 2o sl

Coslize Saasb f o gly o0 Vs bt
3 O pke Olmdo Sl glite plES1 E L il aom o
oSz 1Y B /0N GIOL o5 sesl A pla]
ShcasVU O Gas o o5 03kl gl p 5 55 46 5
<YL G JMH)EW.M,:MH:#&
Luﬁujidlja(wlﬁ)ﬂtwjnpJﬁ,ﬂ&;t}.
L Ok e 5 23 SS el gk s 3 V=010
S LR I B B R
P fjfjltf V/A u‘;ﬁuj el s g e
\ CL&S)l 4 e anle ¢ Sl e deys &S
TON QU CTRPICH 5 Sy Bt I TS S CINE ) PR PR
Jhe VL 53 (OIS gy S Oy S0
-t B e u;:;_uj 20 05 Clsw,y Jml 8 Sb)
05 SSUH Sl 6))167.' olile BL Db gy (U
P ui.il.aﬂ a1 gyomeasd LAd o 355 WOl 5 ol
AT Jute (1) K8 53t ploil g3l 41
ol ol 0351 sl s 3w, LIS

o 4 [18] O 5 (S edp sllae .l o a8
e S5 5 ST Sl G55 Gkt Dlomiis |
olis cu s gy a3 00 OBl il (gl ys Ol
el el 3 e Sl (5 5 S 3 IS 5l
alie 53 Sloio sVl S5 Of mhaw 515
ol 5 hie Sl 358 a0 amios Ok -
DL gl el 253 00 (5T s 2 Sl
e e Yol b Gt Olbis &S 0l
ad 4 [T IS5 5 e 3ls 6T Ol
ad 55 Gris amin S Je 0L Ols (g5l
3 JU s wly il ST sV 5 sl
s B pitans dmiin SO Saand g I ol 5 VA
bl A KT eV 5 el slaad 4
S N e e
oles bagl =l esls  Fluent 5L, Jus b o
Sl ad 5w (6,551 3 S oy 2 aS 5l
ol by adds amio gl S ool J-
DB Ay Ye=Y0 50 5 6\41)!)'@)?{;.? IEY
sVl & s amin (6,551 3 S oz 5 o)l
VL blie 3 s amin slesl &8 ol A
Sols 3 am s Yo BV s glas gl LﬁiT

23 S A e Ol Gdew Bl o 2K
oS3Vl 5 G ren Ot 5,8 o s
oile cpl sVl s sy J xS sl Sol S
$S8w )..SU Syl 4..9).<; PP I N L
o a Sl oY ) Sl JWE S Dlio
ol 03 o eVl 53 0Lz 5 S s 5 S
LGS nl s s e s sy S
S sy 65 il 5 AKELST
SN D= ps Sl S ops,m cwsVl s
Flow-3D )lp\rf' b O ats Slmdo 5 ool e s
A als

LS, gl

AotV G s e VY sk asls s L]
S S5 e Jde b3 sk cnl 53 b ol

H“M LM"‘/‘M‘[‘_})}L{‘NJLN

i35 Oy pailigs 4o i



‘),iZAC/.Cu (Slgo —L}_/'MAJ .,Le;-/ﬂ/—‘jjar_;)téu

X=0/vYd m

<
n
=

A

A=A

=
=

[eWFiy)

Ghaaw Lot OO Ll el s S5l S5 amy yo= 5y o oS 5 e s Slasiine ) KS

ladde s Slasiia ) Jyde

€M) Ly, (o5l a3 sk

(cm) Py, sbr a5 gLl

\ /A

\

\VA%

ARYAl

ol G s 4y K G ats Dl ks Slaseia ¥ Jgdr

(cm) dy Jsb alols dy oo, dols L Slmin Jb Sl ¢l Sl o osled
(cm) (cm) (cm) Silomds
\e Yy \RIA AT \
A/ \V/0 A £V Y Y
a% VY)Y /A AT A\
A Y/A AT ¢
3 -
¥y

ol i 3 I ALl Je Y IS

s Ot pbige &

H“‘M ‘w;‘)w‘fsjﬁjwdlw




il S0 S gy e GtV o (S sy (555 (il

AA

G Wil 53 Sligw g5 a5 b e
(Sl s, Olgear 5 b i 0S1 % g
Sl S5 5y e sVl 5> (Packed Sediment)
R P U
o= o, 3l eslatal LFlow-3D 5L 5 Jus
Ol jen JUih= iy sy Sl dslae 5 g sli
Shestial b5 S o 3500 1) e Sbyoey JUis
Job o2 03 e o BN b o )
3L 0L AL S o e b Sl
3B 53 pymase daily (ol B 5 dlw 3 g s 3

ougrift , — (1 1 ) K
ot drift P Ps fsps r

oo Weo gy D)5 S Ugeadasly ol s
Db o St K e e e
3 e S pallr LA (650 Pl 5 gy
Sy b3 sl e Ugrifes S 5 g
O Ll 5 GRlep e A AN
Sl Gl onl 00,8 oo e o 53 Sl
DT el gy 5 e 5 Sl e
Cid (S ys Joe oS Sl s slas e S Sbe
AL 3 05 iS5, S S A ol
b bl 0AF) Sals sl e Gl s, Ui
Ay oS 35S a5 e 5 DS L e Gl
03 AE Bme Sl bl play bl cl O
[21] o o 03,51 3 eyl asles (0) ol

To

= pG-Dgdy ©)

Ty

WJlw JEpolyd s dg Gdles l,l T4

O T D3 s S s (IS ki g
De 5l 5 e 5 eyl ke STl s
elsl b e Jl e DL O3 sk OF e
dealowe L350 0o 0ol Ol T, sl b Sl ey 3l

JUml Ol 5 o 0T Gl o s b aslise 5 5l 2l L

S5 5 Gilwand

Flow- i53le 5 51 M8 s 6 S (g 3leancd sl
Ol=io 5 dle b gl 5 V)Y 05,5 3D
SVslee i oslizal YOIV IS 51 515800 5 51 3 jans
Flow-3D ,153le 5 53 Jhw il oS15 0L 2 oSb-
ki ($ Sl e pgmage Ablae 5 Sty ol
Vsl ol Flow-3D Jl5le 5ol 550, Gl
Ul 5 bl e Slals a2 655 L sdman
=B ol i o Ol Bles 035 Juke
35 St gm ales ol s VL Sl S oo L

el D) LB O pots o 58 Slas

ﬁ@ aqu + aVAy aWAZ _ RSOR
pc2 ot ax dy az  p

™)

& Rsor el aedls p O o oz SV

jVM.MC}AMﬁr)JQb}CZJJLi}p g(ajz-
LS\_)" u.>=la...~ 6LA_)~'5 Azj AyLAXj &y b;-‘ w
BE r‘}:ﬁﬁ‘}ﬁ Adsles Lo Z Y X S 2 Ul‘i)}

CM(J{')CJ)}&MXQ@}}U.;J;)EQLQJN

6u+1{A8u+ A8u+ Aau}

ot Vpuxx Vyay Wix G,
10p

—E&‘ch-l-fx by

)
51 b Ol Frewidy Ol Gyalolas oyl 3
A s J bl gladkame 55 0L 2 il by )
Jusl Ll g o FIow-3D g 5 5 sl 5 Je
Slre Sl JWE1 5 g b Al 3 s e olgs
Slgw 5 el 53 S as s | 0,8 5 0L >
Bl go Glas Dl 5 0S1e Sliswy D50 53 4
Ol Bl Gl Glae Sl 5 LS L b s
de 00 o She Slgey S 6 S > v b 5 00
e e P

Rl 02 S o S p o pd S 3 O (o

H“M LM"‘/‘M‘[‘_})}L{‘NJLN

i35 Oy pailigs 4o i



A4

‘;«‘:MC/.CM (Slgo —u.:'[iz.J Je}/j:n/—‘jj?u"){‘w

S 3 Gl gladsho sldas (gluand o sl 5
S K ISl () S s gy Vebee e o
S r AT adllas 55 ol sddail )l e ol
L 0L O0d 3l b Slswy oS > 5l (oS
Obr ol cazm o ¥ 8 035 iy 2 ol JUK
Sl e 5 mb la s Sl Slesl s LT s
el A plil sy 50 5 4 Ol ) U 05 (255
b gy O &y 0528 b o Easly IS oy
5 4 S IS IS gy 55 Ol DA 3l
P SPRP R PSSP G TR YRR [F
w3 S JSs S gy 8 5, LS & 0L
S S S s Gl il 5s sl L
adsl kil i o a4 0Lz 2sss b Slise,
JA Slsws s Jhw &S Glosllla (Bl dus
L () Jsd= s as i ms oSl Jlw o8
Gl ol G 5 eslaials s Obgw, ghoals

ol s

Gzl 53 enliialsy o Db gy (gAudls ¥ J sl

(mm) olys ks (1) Sl gy deoys
Y/Yo /AN
Y/ AVARY
Y YY/E
WV AAVAR)
VY YENY

G KT o 0
ol bl (A) ol 5l g, IKT oy, alows (51
:k;sw(

v
Cd =

()

So55 (22
Oialesl a3 s w5355 O (ABls 03
Al o s a5 el 5l 65 23 s oo s
Qr = Qg, +2Qg, + Qw +Qq )

.J\J‘)(Jj JWJJ’:J-)}A ‘)J:.«v-.?)LJ. Q\)J &;SJ>- 6..)&[4"_5
Sy Dlasele iy a5 Sl JWah g5laand ol

S8 b de @ O i) i 53 O s
— oo dsles Y VY 05,5 Flow-3D BIFCUSISEI
(VAAL) cply 05 5 (V44Y) ks «VAEA) Juo 5 2o
VLY IV ISPV B SR PRy | = ROV e
sl ¥ e L dgal (gilaand dir ol b R
3 s b AERLST glaesls b mls amlis
oslanul dslas ol 51[22] Jse 5 o e dslas 5 5
A3 S e 3 S e s e dbslae A
5 LU xey 3 Gy Jl e SYsles
ol 03,51 (V) sl 53 OF aslas a5 ol Ladils

G|

3
k\2
(E) YRS = 0.047(ys — Y)Dp,
1 2 2
Y\3 (Ys—Y\3 3
+0.25 (g) (—ys ) q;,
V)

&))jy nC)b.J ML:A o)'\.l.;\ Dm‘J:“"“-’ )Lg qbQT BE LY
gt Rcsm) 005 o sase 035 Vsl (o sases
. k . . . .

iy 5l Cad Sl S B S O (S

.v\.ﬂdﬁ Cwd 4 (V)

i=(f) )

44.‘5:),«:(:\;\.1))'\1: Wbk wgece, WV

adol byl 5 (550 Jaul 4
(Volume flow rate) s 35,5 3,0 Lo slp
S bl (x=6m)6>.-j)>'clgi‘)>,(x=4.5m)
L5 JUS S 5 lae,l s «(Outflow) =5 = OL >
D& e bb ol w5 Wall) o)l 5
Slwbe ladshe slal ad eslaal (Symmetry)
o Ol ssleand Gl Ja Ol sluasS
i as S ks e e 0 Jeke o3l b el eSS

oS Dt pligr &yl

”‘VQ/\ £4M;)L¢«i&f’j-’jwd[~4



il S0 S gy e GtV o (S sy (555 (il

)‘J.'Mff.’ s e ‘_}M_{:J Yous CU.T)l s A Lo e
VS L Sl oS 1) 82555 a8 52 Matlab
S A ol s G Ll 5005 0
-quu(..apszuﬁ slaas s ols LSy sl
(O8) daly 5 eslized b 2T 5 5 sdelcawsa &l
S (lwdnnd ot Lo s Slan b gesd 53 C3D|

JAT &LMJM(S)\KU}M:)

& slize Lo oSy 3ltas

PR ENER

e

AT 2l 3 Jde ool bl 1
Ak e 5 s dsb 53 Ol e Jibs
ol (I8 s 68 (gl e sllax s s
i O polie Uast 5 s planil b imen LIS
2 (Sl St b)) A s Sl
NS UL G Y S TR v g R T
ol A axs S L 55 V/0 5 A o/ VA /0l
Sl b Sl plE I LA Jbs (g3lwand
AT s b sl s 5 A el
Soland opl 534S slamell Jlade 31 5 L e lie
SV ol (gilatnd gl s 0l s w8 S S @
A eslal

olEiule)T

o (5w Ay

SN S5 5 ZewsVL 5 sl SIS gy ST IS

q.
Qg, = Cag, A1y/28H, CED)
Qg, = Ca,, Azy/28H, O\
3
Qu = Cay 21/28 LyHZ, Ov)
3
Qu = Ca,>+y/28LaHz )

Az Cqpy Ay Cay H Ly Cqy Hy Ly Cay, S

o dsb (63T o 5 5 4 (HHP=HY) Hye
Cesles 03 35 & 525,) S o o 535 2l da
oo da 5 S3ol S s sk (KT o
a3 Sl 5 (LIS o e S sladL
sl e cwsVL g_JT Gos 5 ool S 5 sl
L bl 5 A& il pslis 0ols 513 0

ol U s o ds oYU O Gos Flow-3D
SHAKT s o ables 55 ol da 5 5
@ Flow-3D 5 L, Je b gl s 5 a0, LT

L;jiﬂ Solwand 5 J‘ﬁé‘ff.' s g
6)‘3§~Hrw
Gt IS sy @) sl Ol Al
3l 5 03 s 231 ey b (AT 5 el
Matlab ,f;8le 5 .44 el Matlab  R2013a
L oS ol pmad (B3I 2 ain 03 13l 5 Setld
s g o 3Y ) s el 4 LB sl i g
Il sy ool 03 oSl LOT sl Olsae 5 s g
s (St (OIS gy Sl g 53 olad
S5 e S0) oy 2050 Ll 5 (sl AT
SHeOlSe (ol 3 K 5 Slmis S gl
Matlab Ssle s o2 oSE 33l e 9 s3]
LS f sl sbas @ g s eas Sl

Shls Gais cpl 53 Bl s Gl gad slal

W‘M ;M@L«J‘NJJJWJLW



4\

il lide (st = lins o] ol =5 27 Mg

YR
VALY
a) VALY
Ve

YARL:]

() oty
0

AT
FAY-T:] g

YR (=}

YAy
NEEER

ERE

IER !

82
g
©0.004 m
00.005 m
£ 0.008m
WERR ERE

(4585 s e ) oo

hy = 0.04 mA Joke ;e o310 5 e il £ IS0

(<)

QJ«]«‘_;}QI(;_)‘Qliﬁ-L;)ﬁl(Jl:)wﬂ):c,&ﬁj\ﬁr_@.]a,la;'—;dliﬂ-‘_;)ﬁloJiﬁ«

O s Slmis 3 (A5 x5 48U glall >
sVl 55 Sy S (0 0) K8 5 o
plauars Lol sl osls DL So)l S5 5w
Cs o B s Dlis s 53 65 Sl ol K4
52 456 GOl 2 m s SLE &S aily als Job
03 S e 5 A B b Sl Dl
o sl G0, 510k o b S esm po e b

&:«M‘ owbt?;i‘

SN gy 5 S
AT I, S Q) I sls IS

Sl S5 g SVl s 1) sld (ilad

o g s
s 5 0L 5 S
Syl sdds (ileand 0L > S (Ll 0) IS s
boglast oS Sl aseiia K3 opl 4 4 55 b ol 0l
J s Cewsul G 4 VL 51 &S L
b 5l s S s 4t ¥4y LIS >
03 433 3 s 5 03,5 55 JUB 58 e 51 0L
bobs s azws Y Ly e G)b'- o asles
OLr 5 03,8 2,55 2 O it b Slmds 0 0L >
ooyt Ok b oeddobnl Olbeio o S
Lgd o ol by glaasm s 5 Culgss Dlio
SASJE Sl Slmio g 25 2 Ok bkt

s Ot pbige &

!V‘M ‘M;JL‘;.JTJJJMJL«



il S0 S gy e GtV o (S sy (555 (il

qy

Golwannd 5 3 hilasly Jame Cowsopmly 4 Lais
s 005 5L b ol 331 BT s 55 0
modd s g e CdVU 51 el sba Sbse
G 4 ekd leans S Cals &S
S S Gl A L s sl el 5 sl
o SV 5l gy Sedas i DA 2ot
2> Slguy sy pde I 4 s s Cald
Slido pLi 1 pens el 4Bl )53l ) e sV
G s Do 45 552 4658l st o3 3 B s
S8 3kt 3 1) et o 50S (g e oY gl L
534S el O 5 el ol e bilazils (6108 S gy
Sl S b3 e Y Slmis 6,8 S0 -
5 ARELT S 53 53 Dl Sodas yvg
55 OOl 2als Gl 5 Bl adsu sl (g5lwand
S il last doys 2alS Culg)s 5 s
sl 0l (5,18 5

3 Sl e (DL Q) sla 1K s -+ S
2 il AT G 5 (Sileand Olesda
53 Ok sdaie la foy 5 ahd (5ol e e 0L
el QI Sl LS b S
@ O atas Sl s Slas &5 5l OLi lualis
Ears 3l AUSS Olesde 53 &S 55 WL g
5Ol Glodes Caand aids 0 3sd> ilejl
o h g Bld e it Sl 4 e eVl
e o3V T s Ol 5 G s Slomis i
i oS Sl JUEH Oley il o il
S pe e Sl Olaa 53 Dl gy Sl (Glodas Cad
53 0L slados 5 pdad s o Sl 4l e 4
Slois ol 3 Shee 5 Sl 30 ls e e Ol
@bl LT plil bl S30LLE a3l ansl

25 e |y Jeol 5 de o Sles elide Ol 55 o

o) s ) (V) (V) SE s calesls OLES
2 S A gl g, oS 4 by
Wae Vit el b G pitas Dl 5 ) 5 sV
JSKo @ ar g Ll o 4 S S 4 g e Sl
g k5 5 = 01 53 S il aita (V)
Ol L sl a8 S S ame 55 05 gds 5 b

23 Sy sbas Bl JEl g 5 Ql‘.)*")g S

- onl & Sl Sodes i LB §= 0.4 &
G a4y Lo el Jame e s
geed S Sl asie i gileand SIS 5
sdalive LG 55 0l (g 3luand V= 3 Sl i L,
manily (V) JKa b aline sis, (W) 5 (V) IS8 .l
S cl ol 5 V) IKS LSS 5l sl Ll
«:AQ@?JQQF)JGM@QQWCL&:)(&\);!
5 =033 0= 04Cus 5l 5 a5l
53 Q) IS s ad sdd (A) 5 (V) S oy

Sl Gl s Dl 5l o b;@% =01
Syl 4 Sl Godas i E =025 2o
G s Slomio 33 3 SOLE 45 ol sk Jitie
warg b gob el Ol sl g e oY
- Flow-3D Jjils 5 o5 el asiio b IS5 o
V= ol 53 ) s, S s
Aled (gilwand
G pslas bas Sl glges (00) IS s
S el o 0l OLES (6 b bl 4 (M g
et Olas U 5 Ot oy gl 93 ol Gudad L
Do 53 el s 4 (518 sy (5801 (g3l
2 s, S ileas s sl (8)
Jodor 4 a5 Ll 0 03,51 Cilisen slacons
oS Ml D Gl Lt oS ol it (8)
S 2= 01 S 53l Bl RS s 5 ol

Uz 53 03 5koms sy 5 035 508 0L (Sid]

H“M LM"‘/‘M‘[‘_})}L{‘NJLN

i35 Oy pailigs 4o i



qy LféZACkM (Slgo —L}_:'MAJ M/ﬂ/ - )’t(x

Z

AL
ol (§5luan
flf..iiujl
. P )
. . f/t;?fé\\ 1/? ‘,\\ i 1/ 9 Q\\
ol (glands §; } IS ?0 Y%
X | [\ - . s \
&=y \/ f‘t-’?\\\/ S \/ S 2\
/ J \/ Y ‘_ 3 ’1 1_‘ 4. A
SR S CU%
H_ H_ H_ H H H
p-0-1 p-0-2 p-0.26 $=0.33 5=0.4 5=0.5
hy = 0.07m: Ss,l S5 5w sVl 3 G gy NNV IS
dalf,.':dnl.aﬂ
ol LSJL"“‘:"‘:" 3 o N &
SN x / S 2\
(Y IN T2
-4 > B .
H_ H_ H_ H_ H_ H_
p-0-1 02 0.26 $=0.33 >=0.4 505

hy = 0.1m: Sa,l S5 55 m CwedVb 53 ISy 5NN IS

(.:‘“J’f‘")/f’"w"'!"“;f:‘” JT"?/\‘Q;JL@.JTJ;JWJLN



il S0 S gy e GtV o (S sy (555 (il

a¢

Sl e

il sl (£) I ok (3lund 5 AR LST Sl 53 6l (OIS sy 58 e pos 35l )0 S

M sy S

G s S (3Lt sl & J gk

+/o e oYY A oY o g
O/A AR¥A \Y/0 VY VF/¥ /6 (1) Ut St
- oten 3lie Sl ol 3D oS o s ST g o

L b 5l 4l 23l Ly el /Y 513
KT gy e 3 e sl T s Sl
o Y3 5eS slie sy s ol 4l sl
303 3y e S B ol bdde LT (s
Cloe s 50S LC ks KT s e 1 5

s Sl bl ple Sl 5 A (Sl s

~ o oS 5 dbe gl 2 AT e O)) JE s
SN Y et Sldo Gl So)l S oase s
ol 63,1 (3) b (L) DB S e S A e Y
Sl L oS ol i IS5 ol 4 a5 Lo
(5 S Sl M 4 IRy

ol s Y S FeS T e (S el Bl el

W‘M ;M@L«J‘N:J;w‘ﬂw



40

‘;JZLSC/.CM (Slgo —L}J'MA.J ,h}/ﬂn/—‘jﬁu")tgx

o 2 8es 5 55h e il Gl s ses
S KT s ams 5wl
Bla= 5 Sl b 5l g xe o0 E Olio
Comd 50 TN Dl (gl (65380 76 1581
S 53 C dde Gl i g 0 Dlmis
2 =05 s 3B i sl 5 403 )0 5 =01
53 5 ladde dal.«.? sl wf;l,:a BV -TUGAWI IR WRTS o
G g dos Vi Sgodes Ll
el 03 S Ty il e /0 E Olomis 4 s
esia (1Y) Jﬁ.ﬂ s s s gb e
o2 s sl Flow-3D 5L, Jas a5 ol
53kl Sleans 1 (Sl S5 3K
ST g o tlone s llast ST (0) Jsr
1 55 b AT b arle (gllast Ll st
Sl Gas abe sl 4 (AT oo ) o

Sl 2zl s Flow-3D Jos Lo 5

il
N

o O A dwi

I T N « P '+ Cdl A adas

A CdB- Sl
Pl

S R e i Cd, B Aasdan

F Cd, -l

. Cd, O Aedae

BT "';:.'D o Cd,D-wln

[ )

.... Cd, D edes

N
i Al i it

Al
A o CdA-Jslo
N
A e €0, Ao
viha o e
Bayte, D A B sl
b R VT
J ’3] “.-..Q e saeeas Cd, B Fdan
fv a0 Cd, Gl
70 @r, o
R €0, Crates
" L2 .
o -, sl
P s o CdD-d
...... €d,D-Jadas
elts
e Al i i¥
() HfP

Gl oy wdd Sk Sl s ol
Loisl ol Ll el cnl s ol al ials
L Bb Sl ol azmns (Sadsl colas 5058l
o)y ) S 7 KT s Ay s
old (IS i 1l g Bl 5 ol 5 e
ol O aeslie 5 (V) J_i,w G oaxg Locd
s hy=007m &l S cl Lasis hycilie
hy, =0.04m & s 5,380y, by =0.1m
Slmis S ol 01 ol ol s .l 4l 2alS
e 03 e e N g etV el L G
O VL 5 (g5 5l il 5l sl 5 aiyls 5l 3 oL >

Cepp A 5 ekd g CedVo O Gee
S G N Slomis Gl ol 4Bl 2alS (6, IKT
oo s CewdVl 51 a8 SL > gy gLl
355 5 Ot Olds 4 03 S S > Cawd ol
T 2 G e Dlis O3 e wax S L 3 S

wﬁ)dlﬂf‘b}bé"&:wb‘ﬁ)ﬂwl}du

A
A
il o Cd,A- el
...... Cd, A flas
Al
A CdB-Slwla
o AN
QT e, S s Cd,Br daddas
7 Cd, Gl
i Cd,Cr Fedas
e ‘. i3 CRRC T R
..... Cd, D Fedne
N
i Al it if
() H/P
il
A
o CdAmdwii
S GTTA S e Cd A Tdaa
A CdB-ilslie
PR
©
L 1 . Cl, B adas
wife X Cd, G- Swlze
Lo G ledae
e E"f.;' . o CdDdnlue
¢é‘
“““ Cl,D-Hedas
N
; fal [Fas it
(@) W/

hy =013 me dhy = 0.1 mez dhy = 0.07 me dhy = 0.04 Moz Sa5l S s HIKT V) IS

oS Dt pligr &yl

”‘VQ/\ ‘w;)wf_})jwdl«r



il S0 S gy e GtV o (S sy (555 (il

a1

SIS S . G T I P RN L PN

2/0 | /8| XY AR ERYAS

/)

H

P

VA | VA \VA% \/0 \/0

Vo | () e sl STam

Y Olans 6;‘)[544 I BE) C JJ.A 6)&]
S o3 V0 b g jsba 5 5w g e Sl
Sldl 5 0L = b Gui 5 see Col (6 20 +/VY)
s e N Gl e g s e
Gl 5 odle Slmis ol 5 Conl ol (5,3
- : H . _H
Sy JEE Gl 58 oS 5 st 25 YL
Sl Slmis ol 685 8a oS anils ot 5 Shas
Clmio 6,554 S o am g Dlse, U
. hy hy . ..
e ?=033F=1Wbd_)w
S a s ens Ha s amils zie 3 6,080
b 405 03 < <1 il | Sk
Jo g5 0 G s Slois LSyl 23l L
bj\qumﬁLﬂgwéjuiﬁt;).liJ%H
D30 e A e Ol gy |
sl J dayl 5 i a5 LFIow-3D 5L ) Je
s 8 L s 2 AT e 2550 il e
6_54 RO CM)YLJ.)J 6)U\§&-J_}~‘) ngg\ WL\A
03 e b Sl Ll glea s | Ssl
4 AT e 5 S, Sl

S 58 GpSems (M) Sllag S
G CandVU 3 G atess Silmis (6,8 S
0l (5IKT o (5o 1Y il e e
s Bt Sloniio (6 S S8 55 Gotod
°”6)1<{Tw,édw)siu:i\)§l%y‘ﬁ)ﬁ
S5 (1Y40) OLes 5 boslis ol
gLl Aoy Ve Y (IS s slal 5 S s S
Glo S glasy o 5 Shes 1y (55l3 sme U iy
Dlgey oS gl 4 b G opl 03 1
s o Ses p Sla S0 ps e CeeVl Sl

WL 5 e AT e

S S Ao
L;La&liﬁouisﬁ}gd,&l{éwabw;ﬁ)
L‘;Jb)\jcMéMwaa)JWﬁ
o o sladl 4 Olbis ul 055 Sses
Dy bl il T 5 Dl (i) o

e N
ladde o 53 il o als (65 51 sl 2ul580 s &
ol gy Sl ol Aes L C Jdu
wr e oyl bdae Lo 51 g5 A ST g
oA s Bl S Sl s S5

e M Sl IKT s 55

iy

1. Crookston, B.M., “Labyrinth weirs.” Ph.D. thesis, Utah State University, Logan, UT. (2010).

2. Shaghaghian, M. and Sharifi, M, "Numerical Modeling of Sharp- Crested Triangular Plan Form Weirs

Using FLUENT". Indian Journal of Science and Technology, Vol.8, No.34, (2015).

H“M LM"‘/‘M‘[‘_})}L{‘NJLN

i35 Oy pailigs 4o i



v

‘;ZLAC/.CM (SAgo —u.:'[iz.J Je}/j:n/—‘jj?u")@u

Bilhan, O., Emiroglu, M.E., and Miller, C. J., "Experimental Investigation of Discharge Capacity of Labyrinth
Weirs with and without Nappe Breakers", World Journal of Mechanics, Vol. 6, pp. 207-221, (2016).

Bilhan, O., Aydin, M.C., Emiroglu, M.E., and Miller, C.J. "Experimental and CFD analysis of circular labyrinth
weirs", Journal Irrigation and Drainage Engineering, Vol.144 No.6 pp. 207-221, (2018).

Tajari, M., Dehghani, A.A., and Meftah halaghi, M., "Semi-analytical solution and numerical simulation of

water surface profile along duckbill weir". ISH Journal of Hydraulic Engineering, (2018).

o (Gllons Sealissden 1 eslinad b (slai 53 gl SIS gla s (SIsoded (b0 oo G350 (i cp pie 5331

QTR AYFAYY OV (e Ol yas i3 ke

olige 0 dSs ‘DJ Sleosle andy di )l wbi S aboll S o 5oad So)l S glag e 25 cu b ) ¢ Sl Vv

(\Y‘Qi) ndg; 6_))}[.&5 r)l; AK...:_"‘) Sl}-)ui

b slo,SS slagis i 53 Ol (23 a2 2Ll 51 b ARalT addllanr d esl3os 5l (Sosshrand o adbosclis A

OT80) AF-A WY (L3505 5 obl slae sl pwdige Slidis agladszss O

Sl Sosden 3 Shas 1 NS gy 5 5 pl 5 b AT asdlan 1o 5 Se o« (Soshomamd 0l Caanly e A

QYD) AT 2(0) A Ol ligims 15T 0L Ll 3 s gleil szl

e o 2 Sy bty ol e sVl i 0T VL 300 (O Ol w0 S Olis ez KTl g

QOYAY) Gl e mlie 5 555158 (6l Sialed 5l 0L (02 |

YA 00l T sy aloms a0l Jal b sl e Sy 53 Slisey 22585 i cp oGl ai g Glosios )

o 3T [ TS w:wQ;w:VbMCﬁ) 22U ol ge s cp (il L‘Cd.};b’ 3 olde dgls Y

13.

14.

15.

16.

17.

18.

Qe

AT EY0-EIF (8 (il o pde 5 pwdige s i pode @i 5 W) Sal S
Ogden, F.L., Creel, J.N., Kempema, E.W., Crouch, T.D., "Sedimentation Effects on Triangular Short-
Crested Flow-Measurement Weirs", Journal Hydrology Engineering, Vol.22, No.8, (2017).
Odgaard, A.J. and Kennedy, J.F., "River- bend bank protection by submerged vanes", Journal of
Hydraulic Engineering, Vol. 109, No.8, pp. 1161-1173. (1983).
Odgaard, AJ. and, Lee HYE, "Submerged vanes for flow control and bank protection in streams",
University of lowa, lowa, (1984).
Kabiri-Samani A.R., "Analytical approach for flow over an oblique weir". Journal of Civil
Engineering, Vol. 17, No. 2, pp. 107-117, (2010).
Beygipoor, Gh., Shafaei Bajestan, M., Kaskuli, H.A. and, Nazari, S., "The Effect of Distance from
Submerged Vanes to the Intake at Different Angles of VVanes on Controlling the Sediment Entering the
Intake Branching from a 90° Convergent Bend", International Journal of Farming and Allied Sciences,
Vol.2, No.17, pp. 591-598, (2013).
Masloum-Sahraki, S., Mahmoudian, Sh. and Masloum, R, "Effect of Submerged Vanes on Intake Ratio

and Water Surface profile at 55° Diversion", Journal of river engineering, Vol. 2, No.2, pp. 1-4. (2014).

wjsa U WJEJUS):&LQ-I”QT&;LAQA{Wdjizwaou;a&_ﬁubdbd:,\pwbmdgﬁjgcﬁw AL

wﬁﬁd&*’wv&é‘@/@ ’r‘T/\‘w;)L«JT_}JJWJLJ



il S0 S gy e GtV o (S sy (555 (il aA

OTAE) AVAIAY (N8 (ke Ol s
b tsasls 5 B oS0 0T G s iy rd g (Samd O 5 obde 0l 58 (530 ($3lo e g 0L cp el Y
OT40) AWV=IVA (YT (ol wtige ICRIE «Flow-3D Ju
21. Chanson, H, "The hydraulic of open channel flow", Department of Civil Engineering, The University
of Queensland, Australia. (2004).
22. Meyer Peter, E. and, R. Muller, "Formulas for bed load transport", Hydraulic Engineering Reports,

Stockholm. (1948).

”*‘?/1 LM"‘/‘M‘[‘_})}L{‘NJLN L;""JJ)}UWW“L‘("%/‘;’



