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5- Duckbill Weirs
6- Curved Weirs
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2- Long-Crested Weirs
3- Oblique Weirs
4- Labyrinth Weirs


http://www.sid.ir

1394 15— o135 9 o o 2 05led ¢ oyl 28D 5 5 olel 4y i 324

Atk o

PLAN

o 32y p0(d S5 Z 525 pa(C cJalo 325500 (003 Bl b Jlo 5 2 o (31 0M 53 (565 51,8 0990 S0 51 Wiy puw (Gbbapomndis =1 JSS
S99 32y plfy (53,1 S 52,5 p(8

Sy & Camd ool JUB Sl 6y9ee ol il sl o
s @l gdaw Sl S 5l s 5oie 2D Gl Jgere
OFS L (owgd Sy dine ) (S5 jobo 4 Al o 420 1S
P aldles ol clelccwl oads pll Lid jo (g350000 Cilalllas
plosl (ol oy g (o ot lp g (gl loga) e
e i 3 by w ol (1392 Bge SBeb) cowl o
L;Lmduo'? o oS Hlws L;b]o s b L;Lmddl&)” JORAWRLARTY
@95 sl 358 5 it e Lol e (slo Sk (sl oS
Rore g8 9y @l b iy ool darlyd cpl )3 Ailodgs J1oy68
o5 s s el g o0l LtalS (o0Ls5 e olee 4 |,
ol Oz Slodd Jitee s cawndYl Lol g bl ;0 M
4 e Candomly > hel)] Ao Jsb Wi e el gy
(Chanson, 2003) ub sl g B ol
ol allas Ly ,Lsan g Bl JLs etsl elys
Lol asals Jl8 sy 3y90 |y ol (23 Gy 55 5 Wy oo
5 S 9 iy 2 o a2 B Ll s o,
o=l (Asthana et al, 1961) sl o Liol53l 155w 5l 5ygee
0 SRy (23 b (eSS Sy (228 lalally (i
b sl 42315 (£,:50)] clmosls by ygd s a5 Wil 4|
$2p)S ©)gmo dn LaydllS g oy ) Lodl 5 (ugd (6054
L cov oS glojle il Gaa b (SSo bawgd )b piwss ¢l p
il U g b a0 0l (5,0l M) Jslis (gl ccols ]
g i )3 (owod glaj)pw (b (hoy eyl (Suid S

o555 g g o (ol (6551 4l 4 a5 b iz
S (S8l g ey b ol gy 5l (298 by anl oad Qo
ol Josle a8 Ol o Jgdome ()3T g 00 ailhsg) 3y (oS
Wb o il G 4 ol AlBdg) Glbgnge (SW;

9 4By, pis skl oyl oy ool 5 o yie Sl (S
03294 5 s sl 52 5l o3litl (ol )3 Jolomo ()3T L2l
15y &5 (Vb zba dagi bl cpl sl (6108 o)
mabsMe JB o5 ]y by fb ol o5 o 3 (>
Am e Ll

mojlasl cds jlas 5l (Vb gb b slajey e bile cnl oo de
Job 4 dog b il oo Codgize b yge Ol (2 615
(528 balyd )3 Jgene sloed slil 4 iy ol )3 U 2L
9 53S0l (s s 25 BB Ygano oy 595 T b
(65 T (sllad L g o392 S 32y (595 o b 38> <318
=503l el o) 657 (ol > (et 0 392 S2l5 oo
Sy e Higdi oo duogi g 0398 cuslio Gl (2
dlo g 5 gy ggb JUS 0 T gl o b > b
g 0dd foypw (Sol2 5> Clgw) (nlidd g goas el bl (63L)
o S (oo Juisee |y CmdW Of o @dal )3 ) p 3,518
o sl o390 4oy (6)lol (g0l g Ol dumnge S (e
al5s i lagmy (o S3) S sl p CawdVL s
(ITRC. 2007) 355 &3 5 k3,5 Slgus)

A 29 sl 48 Vol gl b slajy e gl 51 S
48 Sl (M 3 (g oy ol 485115 il (pudiizee
2 550l ol sty o6 5kl 5y 31 b Jsb


http://www.sid.ir

325 Sy o3 yholiyy Sy oS A (susgd (530 ) 50 (o2 ot pd ] 2yl

S a2 g Lol el o plogl (cwgd (gl jo )y pus Ao ) adlllas
Copd o lp 0308 o die b by, glysuinl 4 (oS
opl g el o o] il o5 dlaly dons ) g gy opl (20
abaly )h,LSen g ,lagS BB iuloj] (slaodly I osliul b alli
2 9 e Gy (23 a2yl Gln (AES 5 Ams
5 ol Sryelip g jlpslate (ul & cawl o &)1 o JUIS
19_319) 9 uﬁliaw\)lﬁ)] sloodby L LJ] C)l_u 9 04 oslawl

ol 0dd dunlie ) San g )logS (oolpining (Souw )3,

W g, 9 9o

gy 53 Ol Judl (23 dlail

b (awin 5 JS5 g5 0 U) Waga) 0 (o508 9 (IS ol
OSwd pis 4 dagi b Gl odds &l 45 o 4 (oL pudizes
Sl qeslio oy (585 ey coalal Jlas 5l dlaly Ceans 93 (35
D9 by 1L (ob] lapiuew glgl g1y g 039 ol lacwes
Q=CLh*® (1)

Loaa Ny gl Jsb Logayyw jloms ol (2 Q &
(S b el oy (023 08 C g e 59y 5L
S5 52 Ly 5l oge (23 (3633 Ao )3 )95 b (et
YW sw)ao uil w.u dl)) 9 0.39_3 ualn.uo Lb);))w lisco &‘94]
o3lat ol Waodly  Sgaw )3y oo g s 9 aiulejl slaodls |
9 50

acp o (o) 2l (glozoppm 53 (23 o drmlma (sl
e Sl JU o500 Gl e 3908 5 pulliune Ojg0
S il ) st ol e S ol 00 20| il
sgdc g 0395 ol e (sls dajyy o calisee gl gy Yoono
8 o 89 ol )l A e 9 JUI dwin 4 (Sl
e JSite IS Ll 3 1y o doline &5 3l St

sl 3 gl bl 53 (05 o s Sl dlally K 55
Kindsvater and ) ¢l oai 4l) 5 & jo0 4 jidd )y SO
(Carter, 1959

h L
C=f—,—=,E 2)
p B

a2y b B g (Lol JUB (5,2 B oy gl p oS

0= 9 (EFL) 1l L5 o pes oSl 5l o oo ndVL

L
Sl goasie by, ‘(E =1) sl JUIS o ye b il juyp

ol 030 1)) el Lbtans (el pes 50 (o g dnaolvs

Cgyne MEL (sl s s 45 3505 (bpno |y (3l sloy
bl ol (03 D g5y <o 3 gy cpl b3
2 iz 550 e S L g o8 Slomm (235 2 Uib )
yslaie 4y Sk (McKay, 1971) kims o jpss yioly] domiss
P e ol JBcsly dw (gwgb 50y 0l 5 )b (iluding
53905 il Jie (S5 9o & (Sdgpien iz balyd
=3 32y 3l S 20 B0 gy ] (23
8353 o dama olid g (63,39 m (YaNg, 1999) 15 3,15
g Ay (s g 4 Slojyp (Sdgin ) 4 (1386)
2 ogogd Ll Gl L gy p cpl 53 &S A8 )5 does
oy gilwil jodaie ag hlSen 5 STagn b o (iR (03
Sk (w98 oy b el )5 5588 53 i ) sl
OBl s ol (b M (o Gl gl a8 S o e
Joly g b dg2g o) o581 50 g d ElE)] ]
Mol oy ok ool g S (g o)y S Slial i
gl oy <l (s b b (23 e sl g Job ST
agje il ool 2 egde adl e (alio ojl O adss 4l
L gg S )le sl owlio j5 (38 5 (Jaecinnj Pluwe dj2
Lag5woslas 5 plool b s FLUENT L3l Jie 5l oslizul
Ol @ls 2503 (ilodend 1) JBcsly (owgd 5oy 53 Ol 59Nl
Cawl il glyuo 5 (BB srosls b s cilles adllas
ol (Stadl wyp 4 o)) ¢ 501 (Margeirsson, 2007)
58 Jryre &S Ny o cpldy g B by ooy el Cuwd
05 58 5 Sl liee S Gl Cusdppmly bl b
e R e
o cawaVl lioul b wed 53y Oy ol (caosYL
9 Sopd Poke b Grypw bawg 3 by bolad S 5e
(Ashour et al, 2008) ol (Siuwiol Gos oy i 4o
o]y cilisee (sblgs L ptalefl (s 22z plol b o)yl 5 logS
Dges Bl o) cpl (23 o pd (0058 sl ol (Sgew S
a4 90 4l L (ola gy 45 a8l ,> cpdis oyl
2 e 203 40 sgas s ol ) ) (0 o s
5 obols (Kumar et al, 2012) cuwl 5yt 3 ikl (slos)yw
5 ] S i o] B0 ol L (1301) o Sn
By SLigb aidh 8 Gtalel 5,90 1) S (g (sl o
Sa ey JUbiyily dus ogh oo (53 S3le e L (1392)
B by oy cpl Jil o dally 9 by oI FLOW-3D
03903 (5 jlodnd glis
i 4 S1aS 2 b e paside (398 Ol (qw)p L

1- Minimum Energy Loss Weir (MEL Weir)
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Abstract

Curved weirs in plan due to their special hydraulic conditions as well as long crest, have suitable capability in
effective water surface regulation in irrigation canals and networks. Also, these weirs have high turbulence
intensity in downstream and make better conditions for rivers, in environmental point of view. There are few
studies regarding calculation of curved weirs’ discharge coefficient and their head-discharge equation. In this
study, using new optimization method of genetic programming, a dimensionless equation for discharge
coefficient has been proposed based on two non-dimensional parameters of weir angel and ratio of water head to
weir height. For training and testing of the proposed equation, experimental data of Kumar et al, have been used.
Comparison of results obtained from this equation with the experimental data reveals high accuracy of the new
equation of genetic programming. Mean absolute errors of the proposed equation for discharge coefficient have
been calculated as 1.36 and 1.65 percent, for training and testing phases, respectively. This error for non-linear
equation of Kumar et al, is nearly 9.4 percent.
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