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ABSTRACT

Lopac gates, controlling and regulating water level in irrigation canals, have recently been considered due to
their practical advantages. So far, a few researches have been conducted on Lopac gate. In this study, the
stage-discharge relationships of Lopac gate with different structures including no transition, sudden and
gradual transition, in free and submerged condition were investigated. The experiments were performed to
provide a wide range of effective non-dimensional parameters including gate angle and relative submergence.
It was found that there is a relationship between the non-dimensional form of discharge ( % ) and the

Jobr
ratio of upstream water depth to gate opening for free condition and between the Q* and the submergence
ratio for submerged conditions. In each of the above mentioned circumstances, using dimensional analysis
and regression methods between the effective non-dimensional parameters, some explicit equations were
presented for stage-discharge relationship of Lopac gates, with no transition, gradual and sudden transitions
under free and submerged condition.

Key Words: Gradual and sudden transition, Lopac gate, Stage-discharge relationship, Submerged and free
flow condition.

# Corresponding Author’s Email: monem_mj@modares.ac.ir


https://ijswr.ut.ac.ir/
https://ijswr.ut.ac.ir/article_68200.html
mailto:monem_mj@modares.ac.ir

VAV (60 9 53T B o yloud FQ 0590 (ol gl S g o wlidizxs 1445

Sollw azm y0 i 20 bulgy p 63959 o 9 @l il ;i pEitslojT (g

r)%dlg.slf [W-JRVE ‘*rw NPERVE “..\.35.6.«:% aobd

Ol el 15 e yde i olKitils o555l suSzils o ol (slao;lus 05,5 (5550 (ggmaiils )
Q‘)’i‘ ‘U‘)‘QJ Ry CAA.))J oKl ‘6))5LM5 ousidls “51" 6Lbo)L~.: 05; ‘)LMM)L) Y

Sl el e owgb pll paianles  Saio olKisls oyl jas  cwdige 0aSiils «ol 09,5 ¢ Lutils Y
QAR YAARWA R SVPW i TR R VAR AR gESC 5 P T FE R VA A R R AR PR T 1))

oS>

S8 Ao 050 |)...>l ol bl Jdo 4y as sl oo L JUIS o ol s g J S sloojle o Selle slaasy jo
Sle daz o il — oo Lalg) asdllas ] jo el ool ploxil ol ] 850 10 (g0game Dliam euST aslais 5

o Bris 9 3T by blpd 5o CewsVl 5o (a5 5 ST 60555 Sl ks b olpen 5 JUI Sie e
Dygo 45,0 (e Byl o (Salil gl ales 3l cwamygy so el 5l e 03gaze (o Lo siolo;] .ol oo

o Goe i b (o _ % ) e dm O bl T olym Lulid s a5 ol las claelie ool 48§

Job;

Ll 51 S 2 50 )l abaly azm o (oo Gl b 3t 0y Lulpd o g 4 pe (Saih (2,0 4 CewsV
Jol - Gy mre Rl i e el G S OgesS ) 5 ol el Sl ool b als S
b &) 5y 5 05T Gz Ll o (il (590,28 Lolyer 5 JUI o ye e Sl slaaz o

Jol oo Lulg; ¢ Sello a0 (5 s 9 351 (L2« SSL 5 (2m 05 o gl slejly

o3l opl jeeliadbse slod )5 Ao I ol glal (gLl

;o Middle Rio Grand o35, o ol 5l eolawl 4 olei o0
S wign ol 5 0,8 LAl Ve F Lo o 5S4 S
Sleazs 10 oile 5l ogu,d Ol Bll glaosle ;1 eolaul
~loazy ;0 Jawg (pgur e duo] slaojle 5 o oolaiwl ol
sl (Oad and Kinzli, 2006) wos 55l Sodle s
o) ol ond ealy L (V) S o Selle sy Soleds

Yo g condVl > O Gos Yo womys (Susil agl; © JS
Al a3 sl 3 o Ges
S ol A5 ol a3 (59, » sogume Dlalllae
Ll o oads bl ol aiws 55 4 Olyise | bag]
2k Sl oses dgai meadl 3y 9 35T by
Tl 5 il sST &5 18 sl 0 plol ol3T > Ll
JysS jskaie 4 (Aqua System 2000 Inc (AS21)) .¥-\Y
ey sojle Joo chugte 5 S5 oL o ol
DS Sy S Sme plees SO L Gl
(Sl slraz;s 9, n leiibe] plml b eS|
sl by Ll sy Selle azyo o0 OYolee sail)l e
Geb o) (Byme IV ) o5l (l (3l linl (3 hine
CewdVb O Bos s a5 30 Cewdimml @ Bos s iy yo5

doddlo
G900 ol o ol b g o Lol sleaSis cans o Slee
Sloposte 3 Fie Sy, gall S5 «giplis o
(Gomez etal, cusl oo cmgo |y (5, Lol loaSoss 5l conlio
sl giluge o ey 9 G900 Sloladl sl hY .2002)
ol oekats g U8 slaoslo 5l oslinl b Wl g ool
IS e game ol laebl WE 5 walls
o3l ol sl UL o 0T b,z euats 5 S laojls
Yol JUIS slatal jo dains (50,1930 45 05lg,0 90 & y90 4
Slr @l )l el QIl ((Fod b s by 955ee
4 daxgi b ogd oo o2l sy 10 CewdVl o Oglate sla oo
A OBl s Ol Gog 535 090 ke lojlu cnl sLlje
Sygo 4 Sligw 5 s plezl jee el ol s 2
Se ol 4 Gelle sazm e (sile B3 bl g lejen
B azg 050 U o Of mhuw b 5 JS ol
Langeman et lawgs VAA+ (gans ;0 ojlw ol .ol 85
GBS s o mhw Sllug ujae cg> (2006)al,

monem_mj@modares.ac.ir : Jgiuwe odims g *
1. Lopac Gates


mailto:monem_mj@modares.ac.ir

VAV (5999 i 3 Byl 03U (AR 03T quw) 2 1yl S0R 3 Wighs

lize sbls; o @0 bl 5 e ikl gl LS
ol bl jo JUS peen ol sleazy,s (Sadils
3y 4 (2014) Naghaei and Monem .ssges syl 1 ol5]
» Pl Ay Gl 5 (S alie kulyd
ol 5o esel Joe a slocwyp Sl y sl sl LS
Condg VA L Wlg oo Sl daom o ol ol las dJlis
or Sl a8l Azl oy 5 (Sgee il
ol b bl laasiis o T 815 aclsl g ojlw o,Sdes

0553 18 ge3l 090 chlizee Lyl o ojle 0 SIS

A
| L 3
R
1
t Bt { 1T 3 Cbuiaii "
...... jesy
N
| DA
I
g [ Y
FLOW |
v ’ & by
<0 AR
. bl
{ A Y
]
Jriadaan . SRATGidees :--',' ----------
| NISpp——— hallen sonasetntssnnsnasstsssanssTokoneonss

(&)

b il ams ghindd 4 (T
Yo

Wil /Y5 S Az sl a0 aslis qenlsS|
ol Soge il s ol Ayl s Ol
3l eolaiwl b (2013) Naghaei and Monem.ail oo (5 yacaus

leazy o Ll - oo Ly, AS2] lawgs ool &Sl gla,loges
Loy g @2 A g7 08 Glagge b Solle
a1, ed VIV 4 OIF PO XIF NV Sasil
S 50,5 &1 asj0 A 4 e Ve e sl
sasl) Wb /A pln g Sl deazm s ol (Sasl
(2014 a) Yousofvand and Monem .(a>,s> Y- Sadjl
2 ool wlit g U5 eile pliiea | Gglle gazm e

=
/N

(&

Sl azm 50 il 6r9ee Bl Ide g (& Fellw azm yo oD (A1) Jsb

Yousofvand et al .5g5i 0 b Sl 4y (63555 (20 Ol s
Sly Sl Glakal) piiege dlolee 51 (s 25042 L (2016)
S Lt 3 JUS peen gl a8 (simbns
oals &l sddolen 5l oolaiwl b L ai0ges &Sl1 5,500
oy 8y gl ol la] ol 5l soliial b g oo (s
S )l e Gl bl o Sl azm o (0

4z )0 o5l (59, ol ploul Sail Sladllas 4y azg5 b
2 GBS nl o e (Sgyaee Lulis s ol
ooz kulyd )0 @8 Gee Sz e kil U ol o
Sare oyl il slaie pay 09l &Il 5 s 5 ;]
W0,8 e eoll o 1 eslasl boojle o0 S%e
g 4y Alide Comdg dw )0 am)s Job oo Ly, e
ol ) oslisal b ipiime 5 ST gl kil s
S Coleys b @l eBall mbi 5 e s
" oor Oty by, b anlie )3 oleriny JAl (00 Ll
RS

Sdg,9e akl, (2014 b) Yousofvand and Monem
» e S b Sl Glaam s I gome (20
ioges glyseial (65,0 alal,y 5l eolaiul b ol3T b, bl
bl 4 s adss o (2015) Yousofvand et al.,
Lyt o Gglo amps o0 wars Sl 5 Kbl
oleo 3l oolaiwl b gudos cpl jo oS, 5, b,
o S 955 S o ansd (B, e gl s 20
Cowl 0090 5 &l 5 y5e b Ll o Solle slaasy o
alisee dayl s 5o Solles ladzy o o0 5,50 5 40 BilgT oo aS
8,5 1,8 eolainl 8,50 (3 s b >
awlis g ow,y 4 (2015) Sadeghi and Monem
5 oslatel Lo Lol JUIS jo 09iS 3 Solle azu 0 o,Slae
dom 0 oS ol lis bl a5 ICSS Sl og e Jow
oo Slienis Ll 53 (23S o b anglis o Solle
O, Sles (otalS Sl o 4z g Ll S o 4 ol
Rl czrge 5 0o Ol s Sl el 5 S5 50 e



bl ol s o954 9,8 sae il A ey bl g

Ll 00 00y

g, 9 olge
Joe S5l Sl sloazy o ik oo Lalg, aslllas jglaie 4
A oolitul g8 Oyl ol Glidsd dwwge o 2il;]
S Dpge nl 5o a5 asl JU (e o ol (Ses azu o
P A L (§ 7S (2,0 8l L g s had Sl eslanal 4
as JUS (55, azm,5 cemd (gl Sl pl 4 a8 wal asls JUlS
wilides Comdg dw )0 (Gellw azm,s alple ol 5L Lo
NS 2o b Gl azm ;0 i g JUS (o epn (el azu o
30 ¥ g SWSL sl baws ) eolaiul b ol jen (JUS o 5e
L oy b 5l Gudod opl jo ab aisle 5 b cansl
5 ol FYY )05 s Jobo b ool djo Yo 4l
slode S (slos a5k o el )+ 55 5B i oo
Syee oal8isles] JUIS aslouss a5l (V) JS& 55 oolil o g0
VoV VWL ply e a (eli)ly (o8 o Job (sl oolinal
e FIOXY ex )+ slal 4y 35 S JUS eVl s e e
3y 0 058 ol faype S Bk 5l ST AT 515 292y
0 0z 9l s S — 0 Some jl eolatul b oS e JUIS
ahie 5 (D e medas b ialos] ploxl 51 L3 JUE 4y 005
el 00 00ls ules (F) IS yo  2l8isle;l JUIS il

s ol Ol Ll 90 50 ojle (al 9y Lagiles]
5 P b bl (15 /Y 0 gliaial a2 5 Y L) (3,50
4259 mela slp g el o9 B0 iS5 a0 el
5 &ly g WY ol a4 9dS aom e Sl el 8l
Lalys o Gl 42y jslaie b oolital JUIS sl
Gbie 0 ¥ b g (Sadil asly 8 50 azeys sl ST b
10 (Gl az ;s Camdg je y0 285 IS el o s
ol &l jo GRlesl F0 5 ol ol Lyt o abesl
Condg ¥ o Glalesl VA bz i i oy 0l ool (5 i
Faska BV 283 b ages bug (lyz Bee b ol
Vo B b (fws S)p miwdgly bawgs a0 gl 5 oS
y15 Az )0 CawdYl 5l gm0 VA galold jo YOM@ PO
Lol 00 (6 S0l azy o Cawd iyl 5l (6% VI galsls o
ol 00 ;53 (V) Jgaz 5o by siale;T ar Lgy s S Slasive

1. Point Gauge

IFAY (60 9 53T B o loud FQ 0590 (ol | S g o wlidzxs 1494

ol Jdexs
StV po ST Gae 5l (ol o Gells oz 5l e (20
Dy ) o Fassl e s (Vo) sl s Vo)
Sk asls (B Jus pye «By) s o
G azg bcwl (0,00 1) Slye Sleogas g 0) a0
amyd 2o bl 90 g atls 5 a4y ye g b
JUE oye oo azm ;o Sl j0) Gadod opl o JUB oye g
(2iby oo B= ZBg B boasm o ddls o B :Bg
ol el oas 4 F L o olal el o JUIS o e
LS Glg o0
F QYo Y0y, B0, o, 11,6)=0 () aky)
(V) abal; oSSt Jool 5 ool Julow 5l oslizul L
D9 g0 0318 dxugd (V) abayly dry gy SO 4

o B (¥ alayly)
_ (B Y VY
Jab, ~ oy RO

(¥ akal))
%q )

= £, Y Re,0)

</ gb; b, v,
a8 Sl (2 S e yel)b % dalsy opl o

\/gb;

Wm0 o (Bl ] Yt irn g e odls L QT L
0

O s Saish By a4 el o Boe cond Yo
b

g

SVl Glyz s, dae Rey g azmye (Sadsk al;
cso S sy, J.uL: ouiiS lo bz jalsn ;) sue .l
CawdVb 50 Of Gee a5 Saslb S, sbly; 0 g aib
G azg b ool gloasS s ),.»L: Al oo sualS a0
sblss sl g pbdie by goagaze yo lajilesl ploxil
Obyz o0 p e, due f..l.; @0 Ve b Yo Sassk
ey Sl Az (@ ik, ilply ol 2

1392 walss (F) abal; & 90 0 dn (e slo el

Q = (e, Y g)
b, Yo

9

(F akaly)

pld )3 998 sae ol Sy GRS L (riren

(§039a5te 10 39,8 3ac 45 3,5 oddlive .o dewle o yiole;]
(sha )5 5o oanline oS jobolas 5 5 +/FAA L +/+ D
el Gl 05 Dbz g 000 Sy 5 g0 g, dae baialoj]
5915 358 306 &) (Su3j Sl 08 ampn il Bk Sl



1Ay (6999 Rk 3 Gl il 53U (AR Lo3T (cusy 2 0oy g Wighungy

@
JUIS 55208 iglles a9~ (o208 roid b gl 4039 0 S ok b itles a0 — 1Y JSL

=

°

Cha

Im JUs 2,0 ——flow
#33m 1.75m —
FM g
10.3m 23= &
rnfilﬂ TII T AT T IO T T T TT
Im 2 gkd —-——flow p
e e | e o o e s e 2 s o o
355 m 2.5m iy A L 175m —
10.3 m

P Lol JUIS il aladio 9 oM ¥ JSis



IFAY (60 9 53T B o yloud FQ 0590 (ol gl S g Of Wlidizs VYoo

iz (sl Gs! yiunl 4 50 9 (Fouijl gl 20 b sudplenil Gl loT Y Jaux

$aub asgly :
b p ) (20 PG el ez JUS 5,0 g
®©) 4z e 4z )° Sle azm )0
G a8 Goeiilo)
(azyo) (rogils)
A T
—5—EVID-Y - O Sl a0
VoA NN ANLY 0 b )
£O-0Y/0 s
—5e—FYIO-Y- L Fsllo a0
NV el V= [ ‘@’J/ )
FO-0Y/0 \ - SLSL s
—§-—FY/B-V- b Selle az o
RN Ny AT S oz
£O-0Y/0 ) o RE SRR,

Yosofvand et al. 2015, ) ceol oo gu s o SYlae o

90 0 Jol> mls aslsl o (Yosofvand et al. 2016
o] 00 00)9] &&DJ aQ d).a.».m.a 9 é‘)i Ub)> -EJ‘)-QM

a3l by

CawdVb Ol Goe S w=U Q ST by klps o

_ y _ .
azys Sasil al; <b—°> am Sasl e
g

d‘ﬁ
" b

g
5 SRIU lohas bazm ;s 55 5 hows g (Sl azmo
uuL.;‘ Gl oal 00ls olad .>|)—‘ ok, Lyls TgnY
Sl fsei 4 amgi Ly (F abol)) o plonl (golad Ll
Sl s 8 el 1, ) IS salad olsie () UK
0D jgeate Wamdg dw o 50 o] by ls o
* yo ﬁ

Q =a()

b

g

Blie 0 Q7 Lslie (F) USs o og aalss

(A alail))

asly 5l s Bols 8 s A quys abaly cnl o
il oo (0) 4z, Sassb

=f,(0 b
{a 1(0) G:Arccos(l—B—g) @ k)

B=1,00) g

Q/
JQ = LBy (25 s e el ((B) U8 o
Vabg
b b oalae o (A dal) ol Job oo ahl,
o,loges cpl 4 azg b .l oo ools oylis  alKisles]
Lol by bulid jo 08 dbre omd slas STa>
MLGA i/a “SQLQKM Ja;‘j) )‘ o.)La.....o‘

5 eslinad b daosls Jgam 5 o iale;l plol 51 e
Swg syl e S g S ) g s“’li‘f*-’..L"}»‘ bl
ST bz Bl 50 (20 (ess Sz bl - o0 Ly, ige
0,5 &)l Az o il Cumdg dw ;o (5 s g

ol Jol -0 Lulg, oLyl Hekaie 4 ol 5o
UK < TR P I PP Y B CESp POV R I 00 S [
slas s MAPE * s slas . Sile RMSE 'las &lay ye
iy ()5 ) Ly, &y90 4 iy 4 o5 RE T o
1s3,5 ooliiul (ilonds

\/Z (Xmeasured - Xcalculated )2
RMSE =

N (0 alaily)
Z(l_ X calculated )
X
MAPE = measured |« 100 (7 ablal))
Xmeasured ~ Xcalculated
RE = x100 (V abayl,)
Xmeasured

5 oad spSoill Jlaie Xpeasred  oals, cnl o

el 00l dcwle Jlaae Xcalculated

TS ol g 1,
GRIlaS el Gl ST ol 5l pshaie pagh cnl o
2l gl s Sl Ay cesiml o ol gl
Cawdpml 0 Ol Gos o b 3l rzen 0gdd CewdYl
3,188 so )...‘l; Ol g eols s 1) cewdVl o Ol zhaw

a0 Gl el ool a8 5 A o 5 s by

1. Root Mean Square Error
2. Mean Absolute Percentage Error
3. Relative Error



NV (5999 it 3 Gl piiasl 53U (AR Lo3T (qaw ) 2 1yl S02 3 Wighssy

0.5
0.4 y = 0.1514x09204
' R2=0.9847
y= 0.2404x0:9202| O 20

03 R2 = 0.9801

X
04
0.2 y = 0.1437x09%1
R2=0.9874
0.1 O s g Giello 4z
O SSL s L gl ez 0
0 B )8 s b Glle

0 0.5 1 15 2 25 3
y0/bg

15T e bl 30 Gl a0 cilizke slacunds wly Yo /Dy o o Q alkitytol ppotia ¥ g

0.4 0.4
O JUIS (bp5 b giglloe 4z O Gl s by alls a0
0.3 0.3
+5% +5%
-5%

O 5% O

0.2 0.2

0.1 0.1

0 0

0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4
.
©) ©)
™
0.4
O s o b Sllo dom s

0.3

+5%

(@) o
0.2
0.1
0
0 0.1 0.2 0.3 0.4
*
@),

O3 by fasl s yo B loT s b goloiuion Luslgy 3 ool Cawddy (30 dunnsliio O JSis



Obyz &S Goge o wlal) cnl )0 05d oo ol aKiLes]
ST by oo boply oo ‘y —>0 &= ol ofl
el ol el it o QL =Q) o5 el
“o2 Sl 4z sl cui g 4 (V) 5 (OY) (V) Laly,
2y g SSU Gl bas boas e i g JUS o

syl e Cows 4y 3 e 0l Ll

Submerged

Q(;uf:erged _ (1_(%)1.334)0.214 O alal)

ee 0

Q (;ubmerged _ (1 ( )y/t )1 .286 )0 1191 Y ‘da_}‘))
free 0

Qéubmerged _ (1 ( Yi )1 826)0 .266 Y c\.la...s‘))
free yO

IFAY (60 9 53T B o loud FR 0590 oyl gl S g O Wlidizms 1YY

S8k asly podle Gl (@9 (B 0Lz Lld yo
Yo

(y ) 4z (g @l ol = el g Az
0 g

3 @ S e bl Cond Glgies cnlple Sk

*
Q Submerged

al, (G il gz Lals 4 el Lylys
Q free

S8 4 (7)) IS @illae azmyo (oo 3lxinl 5l (b & 50
0,5 ooy (V+) alal,
Q Submerged y
=@1- ( ‘ ) )
Q free

@l 5l Gamw S, Sl u*’l'“" RY 9k kil ol o

(V- aal))

1.2
1
0'8 Q *Suhmerged
Q ’ free
0.6 O s O el azm o
O SlSL oo b Syl ey
A SLSL oo b (el azu 0
0.4

02 03 04 05 06 07 08 09 1

Ju 4290 (s Bl 31 (o2l y90 4 -

Yo

dslo cond gl iSlas ayloged (pl 4 axgi L
olginn Lalgy sloolainl b gy by Ll o oo
Q‘ﬁsgs" «(A) abal, eree ol bl pls Aol e LA
olgaing Lulgy sloslaul b1y gl ylyis jo b o0
e Sle 4z @lp Sy 4 (1Y) 5 (V) ()
Loy 5 S sl hos b Golle azm o 5 9 JU
Slpati odgazme (V) Jguz 0500 dewle glle cdo
A3 oo Hlis | dslllas cpl jo alize la ol )l

Q Submerged

Sl £ JS

free

Cord Gl a5 090 o0 ovaline (F) JS2 @ 4z g L
etV vo gl sla)l o mals Lo 4 a0 6l
09 bl (F) JS& 50 0 o0 0l (20 SRlS 4 e

3 Y 5 WYY Ly ) golgaiy Lals, (Q ) S S
U e Sl azmys sl (pRtlejl @l b avylie
ools i (2,95 5 SLSL sl has b Sollw azm o 55 g

! 00



Ne¥ 2 (5999 Rt 3 Bl piiasl 503U (2R 03T (qaw) 2 1yl S0 3 Wighssy

Jodo el (mpa lahas Gl i SWSL L ) slahan L ooles Az s ceal &5 o

Loanslie jo GLSL Joaw ool S8 L as 050 o ovalive IS a0 eVl o sl gl slagl > (JUK o SlST

Slp g wbes ol i e 4 (@9 (mpw bl o Ol @ 1N boe (RIBD 5T 8l g s S
ol 7S 36 ol s s ladhas 3 5 <8l (bl b palS s

0.4 04
O JULS 255 pi  igllos a5 O S o by gl 2y
03 +10% 03 ]
o +5%
(@)¥ 5% O 5%
0.2 02
0.1 0.1
0 0
0 0.1 0.2 0.3 0.4 0 0.1 02 0.3 0.4

), O,

0.4
0 = badl gafloam,s
o b b gl s, 4
Q,
0.3 +10% ¢,
©)
-10%
0.2 g >
0.1 &
0
0 0.1 0.2 0.3 0.4

@,

o 3l Ll 53 AEELo3T gl b (g9l Ll 5 otol oy (13 dmlio ¥ S

G oy 50 i (6 yoljly O i 00 9ux0 .Y Jgo

yt ﬁ Az o Llaiwl Caxsg
- b Rel Fl‘l
Yo 9
IO Y /8 <IVFE-YIAYF VeOXEIA -V Oxe/ A Y - AN U o een sl 4z o
IO Y /8 SEEP-YIY-0 VOx Y-y Oxy e eBY —+JYNY Sk o b gl azm o
NIRIRIE <[FYS-YIYOF VOx) ey Oy 8 o 0-+/YFF o o b el asy )
L el oo sols jlas ooyl mls b awslie o yol> Oy, Sldllao b golpsdioy Lulg ) dus lio

Gutos cpl yo eolpriny Lol - =R alyl) loged cpl 45 azgs

i 3 oda] Cewods (Q ) S S e solyb ((A) S o
L i Gabad Gl cpiaannlgST OYoleo b anglae o

ailli o ool J51 -8 Al 5 pieralyST dolas



- ‘530 .Lu"j) ).i‘.o w).o U"‘ » osy.c el 60[.@.\.““.; .Lu"j)

IFAY (60 9 53T B o loud (FR 0590 oyl gl S g O Wlidizms  1)F

maen (i85 5 s ol e 5l (K o el (Rl s
ozl (Sello azm 0 20 Sie v e sleyell

0.5
B s 1387
O pdle asxlllae
0.4
]
(o) Wi “
0.2 S
LR
0.1 -
8]
8] 0.1 0.2
"
@),

0 . .
2« Ye 9 2 0) a0 (oo Gl 5 (Sassil 4l
Yo g
A
#
¢ A
0.3 0.4 0.5

P lo)T zuli b dulin 1o pol> andllao jo (Golgudinn Jubl— (295 Laslg ) 5 i 15T Aolro 31 outol Camwddy (90 drs yge yiol )y A S

Uil g a0 cawoVl jo wgil slab e Sis cde
5 9980 433 3l Sy Ol (20 Rl Sl w550
ooliiul (5l & 90 48 wads ploil g bl s olul 1 5
l Ghals el Ly sl Joaslie Lo (s o
a5l Suge e b vl e 20 G ol
ko 5l 45 0gdoe dnog waz ;0 olpen Jpus 5l eolitl
—oslail slas 55 g ol o5l Cdl g 04 solaxul TR

Ablge oS SSL had 4 o 55

sl 4l bl slayel b polie (F) 5 () Jshx

g ol by dals o e Jil - oo Ly, oyl
b aslio )3 5 Jolaor nl & a2 g5 b oawd oo Sy (3 ke
S5 - oo by, s 5T L sas 4l L,
@ et 3 elie S8 Gl B (nl )3 oleiny
sl e ol Gise glocands o Selle gazm o
(oolpaig Jal = oo Lailgy sleslaiwl b oo acwloee ood
BV Gkis ol bl o 5 10 5T ol Ll o
(Jas Lol e JUB 50 a0 coal a4y 4z g5 Lol oo

131 by ol ph )0 (Golduday Sl - (20 Bulyy (o slaS g (o slaS (Lo lhad Ol po (2SSl ydar ¥ Jou

RMSE

RE (%) MAPE (%)
10 Y/IAV¥
10 \/#a¥
AN \/PPY
AR [Nid

JUE oyemd azmyo
SUSL Lo bag e

pomnsl 55T b

B o by bl g 53 (glduen Jbl— (20 Ll (o GBS 9 (o laS (0Kl (b Olas yo (Rl yix F Jgux

RE (%) MAPE (%) RMSE am o ) Consg
AN ¥ Y U oo em 4z o
I £100A AW SLSL o b as o
I #/fa8 Y o s b asy )
SN - VA/YE <l VA sl ST alasf




Wed 69959 ool 9 sl 53U (BIKlojT (ouw ) 1 105 K0 g Sighusgy

il (V) Jgaz 5o osds 4], slo ol )y

@0 (JUE jo bad b oolyes 4z ceal Ojge 0
5 azyd SVl 0 gl lagl > hSis oo 4 Gl >
SLSE Jas ols S8 L sl ce (als (5550 il il
Tt ORI (6 e 4 (93 ()8 oo L anslie o
ol S 5l o p08 oo slp a5 o ys

Gl (B Gl e oliay JA -0 Ly,
cetls _alEiyles] gl 5 ond pll Slalllas o b sllas
-0 by, sleslul b oo ailbre ped gl iSTas
oloz Ll 5o 5 10 ST by Ll o (golertny LA

&l b

Syl ol Glidss dwwge 5, Ken g lacoles 5| aliwginn
(ol globame 5 Sls)one (pwaige 0oSinghy (sl oy
e by Loy eaige wdl ST ulie 580 BT Gl
Sgbion (19,95 (b ST dige (i g 03l Slal S e

Fry
MAPE

Q*%

Q:ree

Quns

RMSE

RE

Re,
Ye
Yo

Yo
b

¢}

REFERENCES

Aqua Systems 2000 Inc .(2012). Leaders in Water
Management and Control, Retrieved september 10,
2016, from http://www.as2i.net/products/control-
gates/hydra-lopac-gate.

Gomez, M., Rodellar, J. and Mantencon, J. (2002).
Predictive control method for decentralized
operation of irrigation canals.  Applied
Mathematical Modeling, 26,1039-1056.

30 @ et Sz LI aly, &l S delllas I Gas
ol 3 ol @l it 092 Gy 3 05T by Ll
Dyl 2 Ty & Ol |y el

amye obor @ 2 S due sleybbl e
S g a0 (SoB3lk asly Sl Gl Lulps s Solle
9 ( yo/bg ) 42,0 (Sabil (2,0 4 CandVl jo Ol Ges
s @haiel o onl poedle Gyt bz Lulyl o
el (Y /Yo ) azs

L Q) o am oo AL ST Sl Luls s
Sly Ay ool ol ol Gl slakal, Yo /By cs
Sl o Sl asely 5l b

s il g ol ol Jal - balg) rals L
— 2o Ly, sl oslanl b1y 5 v (b2 (29 Ole o0 a0
53] sy (3 yims Oy dlpd (sl golertin L2

Ol Lulpd )o Gedow (al )0 oad al)) Lalg; 0018

Godgaze g a0 Yo U FO sllyy olp (§xinn g o5l

Lol

CewdYl )b, 95,8 sac

& S g el

3T by lpd 5o (o9 am (e sl
Bin by bulyl o o0 g yalib
Uas Sloy o (52l H3

s sl

SVl b, jien, sae

SVl g.j G A do 0 wou...»l.: g—\ G S

4%9)°;;ﬁjbué,cdqwo\1pyi&w I

Langeman, p., Craig, k., Elser, p. and Allen, L. (2006).
Irrigation Gate System. US Patent 7,114,878
B2.

Naghaei, R. and Monem, M.J. (2013). Introducing the
lopac gate to regulation the water level in
irrigation channels and presentation its Hydraulic
relationships. In: Proceeding of the 4" National
Conference on Irrigation and Drainage networks.


http://www.as2i.net/products/control-gates/hydra-lopac-gate
http://www.as2i.net/products/control-gates/hydra-lopac-gate

25-27 February., Chamran University, Iran.
(In Farsi)

Naghaei, R. and Monem, M.J. (2014). Introducing of
different hydraulic and regulation conditions of
Lopac gate in irrigation canals. In; Proceeding of
the First National Conference on Irrigation and
Agricultural Water Productivity.30 January.,
Ferdowsi University, Iran. (In Farsi)

Oad, R. and Kinzli, K. (2006). SCADA Employed in
Middle Rio Grande Valley to Help Deliver Water
Efficiently. Newsletter of the water center at
Colorado state university, 25.

Sadeghi, S. and Monem, M.J. (2015). The comparison
between lopac gate and Slide gate in irrigation
canal under ASCE test cases. In: Proceeding of
the First National Congress on lIrans Irrigation
& Drainage, 13-14 May., Ferdowsi University of
Mashhad, Iran. (In Farsi)

Yousofvand, F. and Monem, M.J. (2014a). Introducing
the lopac gate and Estimating Flow Equation In

IFAY (60 9 53T B o loud FR 0590 oyl gl S g O Wlidizms  Y)ef

Free Condition. In: Proceeding of the 13" Iranian
Hydraulic Conference,12-14 Nov., University of
Tabriz, Iran. (In Farsi)

Yousofvand, F. and Monem, M.J. (2014b). Estimating
Flow Equation for Lopac Gate as new check
structure with side compression using Energy
Equation In Free Condition. In Proceeding of The
2" National Conference on Farm Water
Management, 21 Oct ., Soil and Water Research
Institute, Karaj, Iran. (In Farsi)

Yousofvand, F., Monem, M.J. and Kavianpour, M.R.
(2015). Experimental and Theoretical Analysis of
Discharge Coefficient for Submerged Lopac
Gate. Iranian Journal of |Irrigation and
Drainage, 5(9), 811-819. (In Farsi).

Yousofvand, F., Monem, M.J. and Kavianpour, M.R.
(2016). Estimating Flow and Discharge
Coefficient Equations for Lopac Gate in
Submerged Condition. Iranian Water Research
Journal, Accepted. (In Farsi)



