AERI

WTA Lo/ VYAA lamms VY 0,los /Y0 s/ i} g 55ltl (5103l pmotiggo i

Qb2 3y 99 e i Al Wl 9 SLrda 4O (50T Sk
a4 50 o Akl y g Sl ki b 32 (5598 bl 9 Sy )

"oy doxo § T wlibilas Lo juur ¢ 5go Ol dwes

Oyl e e owgd B oKl (Ol cwdige g pole 05,5 sliwl g ¢ ol sl o5l (5558 (Gemidls i Sy - 5 )
Syl 5 (x9S gy 9 Lhjeel «wlidsg ylosle (g o psul 5 S cblas 0aSiagh Lokl Y
AALYIYA 2o pdy o, QYN E icdl o &,

oS

Glojlw o Tglacto 1 (S ylal (510 1mt0 ot Cplild g 031w At ity (ol (19l gLy
SLp i Goll (81im (839 9t )l jmo udilS g ool JUU 51 of ol (g1 (55l (5aSeud 1> (63,2
7508 o5 yll (SLaeSmii 3 O ilio Cuprie 9 1020 42 3 Ll Olgl 8 Cmonl o jamy 4 Wik (55,9LS
Vo 5l (sl g5 ol oty bl s (il (sldaz 3 Lo o Cloasilie (S 1y losd (o) 2
=t oSl (el aduly Joo Lo 03wt (Ldlizms ol (laloojl OFQ o oty jmls mpliod (s Lol
Sl dzpd Job 3 O o € o 0yl A o LSS ST (g90s (gl aliiiwl Ly (oSl (gladzes 3
i atuly Jo i (19 9 (S0 e (Lo ya admly o 35509 93 50 04 o Ao b ol e
9 Pl Jlod 1 ooliiwl Lyl oo Ly (Jod S8 (LS 00,50 93y )3 03t G b 3l b sl
L 3151 ol g Bl pandenis (gl (63709 9 $sd Sledsty (rLdatasly 0y gy (oS poliions oo
o o g 131 g gl 3 s B 3 0 s 45 305 (s Lt gt 1 G5 b 11 5
G Copmundd 4y (5 yimamno Jaapms )3 9 3,13 (S CmurdWU )Ly 2 398 20 g iy ) (Samidjlam gl >
@by Al 0,1 (Siuns d y3 (S dr L2 o Camind g =Sl JUK QLG Gos 4y gl 2
40 )3 O/FY 9 Y/AT (oo (5Lbad bauwgilo (51,13 Cod iy (8 piimunne 9 3131 (yloy 2 Baal il 4 00y gy (eSS
3o 3L 1 golaintng Ayl Jgud JulB B3 g Cuus!

S slae il
2591 JU oy g i <6yl a8l ¢J 35S 05l ¢ g 3505101

Sl > = 9 iyl 8ot oS
5 &, o Lol &b 5l (6,10 0 o sldva sl
Lyl ol b 31 el ] oY e
Ll as o S gloaouoglay,,w
slwojlw g9 o560, 5 o ySeslw (s s

5 &)kl Gloass o (L > mhaw ot g S

dodio
SLoaSed )5 At Capd—e 5 5,0 e Sl
5 S pSoslasl sla,lnl 5l soliiwl o —aSa; ¢ 5, lw]
Ll 5l o oy oyt s ol Gl 2 S
e Lol ol 65,540 L U oo olglé caranl
5 ol L o 1) oo s g il ol s

http://doi: 10.22092/idser.2019.124471.1366

v

Email: khodashenas@ferdowsi.um.ac.ir t g 005,55


mailto:khodashenas@ferdowsi.um.ac.ir
http://doi/

WV=YA 02/ VYA limo; VY 25lond [T+ Wla/ ciSR 5 (5l (51005l  swiigee oliuisd

=2 LUl 5l s 9=e on (oo G cBlo
L el S0 Glwsaige azr i 050 Ll
(=% JUIS 3l 5598 00 e 35510 Lo ol os
soliil sl 9 S5y Oy p9laS Al Gl
S5 by ey sy 2ge Of Sla g
Ol (ol (o9—iS Az 0 il e late ua
S sba— ol Lo )l
el JUI 5l gl Sl gl )bl sl JUlS
Sy e odlai ! (K1) 4 gl JLOIS S ey

O JSs)

BB, ooj“

B3] PWER" WGV 1 -3 { WOV [F L ONIW] CIA €5
S0 5 6N A 5e s> ge sLooslw
=S ol gl Ll 5l plas s 9 9l (g 08
235 o 58 Ol
Sy Sloasin i Loy o) ol
a5l Jghe s slwoslow 5l 6)0—e Ol
Sl ¥ Lld sloml = ogdle baaz )0 5 lag ) oo
Ol dboojlw (ol 5l s ()13 im0 e 9 (A
Se—>90 sloojlow jloslawl cpe o S5 ol S
525 5 5yl GlmaS b, g S i sl

G g

(Ol 9 99lud (iS5 g (55l Al (. a5 9 (g kel (Sl 13 (ool (29uiS A )3 B3 phn 3,)5 51 (cales ) JSCS

Reigt (SIS (iS5 9 (6l 8 (© oliile S yuiloe (iS5 9 (6l 8 (@ 835 30 Byl (AR5 9 (5Ll 8Ss (&
(Noorkoping, Sweden) Wgw ;5 (5, 4 (Z 9 g9 E5150 oW (8150 (298 A 45 559,18 (&
Fig. 1- A schematic view of the application of side sluice gates in irrigation and drainage networks; a) Shavour
irrigation and drainage network (Khouzestan, Iran); b) Central Saveh irrigation and drainage network; c¢) Miandar

irrigation and drainage network (Kermanshah, Iran); d) Dalaki irrigation and drainage network (Bushehr, Iran);
e) Application of sluice gate for irrigation of rice fields; f) Noorkoping irrigation network (Sweden)

a—hiie (imed g Ao ,0 (S35 o ol gl
30 ol Sy e anles Sglaie S
Ceow aSil dn ang b oile p9-aS slaasy s
ST JU s (ol JLS o gl bl il
ol S s S aS s ls solu; sla Sacoy !

A

S le o5t Ao sl o o

odn oS L Gl iie slagla 5l (egee
JUI Jobo 0 00 Jlaie o) > g9 ol jo ol
Pobr i byaibee srals Lol
J=d9n (Sl Lo (Sl =) amys cwdVl



i A (Bl (09udS Glaary ;0 (6,d80T Julos

ool wl Ly p5-05 dzm p 5l (5,58 00 (s (J>
adolre SO Jo 4 3ls 5 s o0l SYolre ol
(Ojha & Subbaiah, Lol glgzgl.o)ls s
Lo 5 L ol 55, 5l s p5me ol 2 1997)
2y ase, gl el g 4y, Stk L
(Ghodsian,  L—wad .0 55,5 () oK _iole;l
Js—b ;5 pe—ase 5, a Sl 5,8 L, 2003)
d dily 1y ooy b ibo e i (Sl dom o
9 a58,9] Cewoas oyl L > bl 6l Fr1 g yi/a
U JEETIS WP RN SNENE N
3 O 9= oo ALl L el )y (ol 4 s yi/a
d__oJlao L (Hussain et al, 2010) .l,L So»
5 A Glopals (oile A 5l (5 )9 o Slasiis
(At logT clmosls gl 3l asliul Ly g JUIS o
Pz Ay, 5o edm oy alal) sl slalal,
(Hussain et | )LSen 5 oy 00ls adl)] (glo mls
15 ooy Slogas a8 _iylejl idlle L al, 2011)
o=lam glas, sle U o (el il 45,
hebie (il A5g) 00y o 0 A5 Wiy de
d dg) Sbml Comad g CwsVl 99,8 sae 4wl
hlSan 5 il colae ol Lol JLIS 5, e
ohg, ol ool —wl Lo (Azamathulla et al., 2013)
;0 ol o b sl ladolae (S5 (9t
Limly 1) 0dy 2 g 050 Slpiiy (o (2985
e S ool JUI )3 (o 85 09,8 d0e ey
S S s 55 A s (Sl 5 eVl
(Esmailzadeh et al., |, o 500l Jclo—ul
Glwly a0 S ps loF poud (o, L 2014)
oL el dom )0 Jsbo 5o S350 5 (250 ok
S0P ) Feb S Jlaie ( iioy 4 assl
GVl 3 g 0l s 5Ll il Ay s gl

S5y bl Ol e a5 olx 0 5 (Sl Ao

R}

Sy s pliige & Be 3)0 s 0)fsan il
Sl 009
obm oz Slasiin pgas o Slallhs ddlw
sl Sgae (la (2985 Sla a0 5l 50
ol B isle;l —w,» L (Panda, 1981) lasl
bl b 5o (Sla 2025 slo a0 5l s
75l JUE (o btz slaces o ol ol >
e 00 w5 45 ol Lt o Lol LIS ay
JUU 5o oz 99,8 sae 4 (Silois (Sl
P A =Sl U (o5 i ay 5 g (Lo
Ole o Comd 4y g 5 o)l Lol JUIS
95 Az Wb o (Lol JUB 0 e >
b oyls ( S—o r/a) So—o3ba o Sl=
o ol 99,8 sae 5L (Tanwar, 1984)

Shl gl dal,md 5o ol Bogasme (5,8 L 00y
5,5 adlllae (oila dom o il 5 G
S . W g O -
Fris yifa oo Gali 8l b (il (o525 dom o
Lol ;S Sl el e ST ank oo Sl
Y1/a s odls ooy o 5 3 pine Loy Ll o
Yo aS ol oloyifa a gmab (Siwlg Frog
oy San 5 2 y3elaly (sl e b JULS Sl as
2 isle;l & alllas L (Ramamurthy et al., 1986)
» ol ki gloasys, jo e Sloogas
00 o 2 A Wty 4l (ol 4 Gl sla JUIS
sie) Job 5l ol (s (Sla a5l 65—
JUI o bawgio o s o g o Jol JUI (o ¢
R S e B
sleola —wl L (Swamee et al, 1993) L Son
(e e adaly o5 Glell v o )5 potie
2 lr 2985 Ao e b sl (s



VYA G/ VYAA ylamnn) 1YY 05low [0 s/ S} 5 (55l (51005l cutigo Colindios

Lorgy g3l
Sl ool
(G yuriio by bl J>) Jol 0,509,

‘si,..oL,.»o A_EJ) ‘S:L_i.o Juesoy ul_,).> d_jag‘) J._>
gs’s—ms t_gL“‘\—?,&’.)‘-‘ o ul—’)" ‘—iffjs)‘-"—fr” = 05'—>
=) Oyg—edn ekl e (5)5d0 JUI o Sl
(Chow, 1959) <.

_g __Q d@
dy So =5 gA? dx
gA3
‘U"‘ )s) 4\5

BN cs"’l—> i_gq)o G:Yl_> dJ glo—l )" ol =X
el gy = 0 S\l = S ¢ JLILS
e olis g o Jal JUK oo = Q ¢ x> (55 -]
Jsb 5 oy oy i = dQUX ¢ ¢ Lol JLSIS 4o
(ol Az,
ol ¥V odlayly &0

QZ

= _ 4p)
E=y+ 29B%y?

s eaisSoolw wlb,d S 8,5 Ll o L

P ] BV TN SR RS SU W OC S P W 11
Jolsw a8 ilo oeiS dou 0 Job 0 pyae
5 Sl (51=0 4 S0=0) L So-S=0  y:8, 5 , a5 o

Ly S gl @ (655 ol o o8 (300 )3
Jeibans ¥ ikl 0 b, o Y il ¢ Sl

Cewdds ¥ od oyl &g mas Loyl > g95 ol o oS>

Ay 3l Sos—s S ) (250 ey )l
4 o9y Lo g erls cul g lade (Sl (525
5 b (ABLS e g il 8l il (il azm o
B! Rl a3 by o Lo s oo an oy
s JUIS S S005 0 e iy At o
3,08 i polie (ol mhaw S0 polbe a
0y (5390t ys 4 S isS o Bl ik o
Slb e dams sl ool & om0 &gl (o
OhlSer 5 g e .l 4zl 0l jo (698 45
5 5ley> 65w 4ns L (Ghaffari et al., 2016)
o Bl Ay, S, bl
Slss ) (la a5, 2 bl Slsns sk
2oz ol gl s ce o e gloadse

W0, oy 2 el JUB 5o (ol &5, & sl

S8l sl eslanwl Ly ok

5 (Sl loazm ) 5l (6)5e 00 g Sk
Lol by Sl s olaym vy b
Gl l,Sog, A8l 5 g 30w 5 0T Lo
sl e i Ly ST 5 sl el il L
s A DEtalosT dalllan Ly g bato ol (6l
=5y 0 S5 yite Gl Adolee Jm 0,509, 90
od ddslas Jo podine 15, 5 (Sl =5 oo
Sloasein i ;0 (ol slod oy )0 5l 5,50
oal als ¢ il sloaou o 5l s e o >
Ot 9 ol SYolae (eiuly jslaiean ol
(ol sloasn ;o 5l (g 9 a1 Sse oyl b
5ol gios B lejl sLmosls ;s ogde
(Panda, 1981) lasl el _iole;l slamosls acgomme
Pl wadizee e Lo (bl oo 4w s,
(Swamee et |,LSen 5 cols—w (Tanwar, 1984)
oo oolii__.l (Basha, 1998) L_sL 5al., 1993)



3 A (Bl (9uS sz ;D (65T o

S35l 655 o y5me ey Somd Ol G =He
@/2)

o) Sl IX Sz s o e S 28,5 5 o
g 5l Sl Jlss Gl 5l 6h9—s Ol o Sls

l; S| )J‘)J a.dx

d
d—§=—de=—Cd\/29(Hc—Y)dy—>
dQ 7
= |aca Vg ay
2

()

Coly el (g 5lwosls b

dQ 2
—=—3C 2 Y- -0¥] @

dy__2E-y _de

= \l
dx B\/E(3y—25)( dx) A

Jsb 58 0dmy Sl Ol et jsliied
L 09l (asioe odm adaily 0,8 00l o ol om0
Sz Ay Job o Co Sl 4 4oy
(Esmailzadeh )|, San g 00l Juelaul ol _.ax)
w1 L aS olSin Logas g et al., 2014)
WilS 4z gi JoB aom ;o (Sabil pliedn o
) ammys (Sl alaiie )5 S a9 Glo el
2 e aie Al al o0, S B8 LSy
YL A L amm ;0 a8 jlasm s (Sobil ek
¥ IS e ey Lol it aom o (Sl
Sr=S 0 s5—0 dm S Y Gas ;b )0 Loy
(F ) 5 cal &jle  Sasl

ol 28 V=129 H:-y) ®
tol JUI S an cawi X sl ;o Ol 3es=y
(sl gy (Sabili=a g e oo =G Gy oS
b
sl JUls
Qs
Q1 Q2
—) —) B
Ll JUls
H _ @
Y

Bl (2945 Q3,0 Bl Sg b 2 PFse Sl lales Y JSu
Fig. 2- Effective parameters on the flow hydraulic of the side sluice gate

\g|



WTA Lo/ VYRR s VY 0,lons /Y0 s/ i} g 55lutl (S0 lr pmortigge i

1] oo Camddy 13 O g0ty ol s calise

ay_4, FypRoooat] g,
dx 3¢ B(3y — 2E)

dy _ 2aCayy(E—y) ()

dx  B(3y-2E)

dy _ 2aCi/(y—a/2)(E —y)
dx B3y — 2E)

QAP

9 W Ll VY 5 Ve slealal,
=il L olabh o f e G sl
ool il p )Lt diye LsoS Sl (g 5l g0u—e
ojle o W 5 Ve gloatal, 5l g, ISl L o
Cwdd VWY g VY slaa Lol s sas x=b L x=0

Ci= —
a7 2ab

B
(01— 0,) ,0(,E) =3y(E—y)y+Esin™? /y/E

L bls)l )0 0o ot puls alal, f &,

Gl a8 Ceul ile 05-iS sledzn o 00y o
azn 0 Sadib as cwoVb ae slaca s sl
(Swamee et al., )l Sen g sl .0)l00,,LS
LAY bly, cuwssasy (Gill, 1987) .5 51993)
55 slodm ;o Job asly )3 odm (ot sl
bad ool el bl o a s o 3 Ll o il

JOME M)
dq
E=—Cda,/2gy P
dq
E=—Cda,/2gy 4]

ey ) Ay 3 A 5V F Loy, e Sile Ly

slecdl o Lol > g95 o=l = oSl il yayo

QAP

B 3v2
Ca= 55 (0:1-02) ,00,E)=—=JE-y2y-a)-

9 »)5_»4‘;@ A-I—A.»JL?M 4_29.)) gs’Ler‘"‘ Chb.o.o )é o0l AR

dbl) Bllae ol dzu ;0 05 5l (6 9 00 L*-’l*’f

D05 oo yeens VO

H

Q2 = By, 29(Ey —y2)

a0 bl jo ol G—oc Y2 Yl a_hl) o
5 solz dou o slal g oyl jo oany ils b el
J—B ol a0 15 5l 59— oo Ll Jolis

Sy doles dwle

Qs =01—0; (Vo)

Yy

(2E—3a) . _, <2E +a-— 4y> AaY)

4 2E—a

ol A e Lo g Iy g, sl eslwl L q
azd,s o ols Aoy o slaol jo J,miS atade
JU sus iz 0 Oloasin Jool o .cwloai
Jlael & dbal) jo asu ,o ool )0 Ol Ges g Lol
5 4yl oam oo 23 Lo O 5l ey 09—B e
T etz Ao LSS Sl by il ool
9 éé)_fLSA MLZA kj'*"L, a_?:cg.)d J}_‘a o g_j ch_w
o 9 dmy oo (il Ay sl 4 plodl
3loolaiwl L caslal jo 098 co dlore syl

il gllas 4o o slail 5l ool Cwsas G—os



3 A (Bl (9uS sz ;D (6T Wlod

J8le 5l eyl 4o LSS Sl (g, 5l eslad
s oslil (e

31 S y9—te 00—y dtayly s J—) 90 3 =S 9
(sl sloaz )

PRGRCHJUIUFL U < = U EFRSUE VPSR I
Wl el T oo 50 (9—iS Az 0 5l (65—
Lo 15 5l 6 9me 0dm et slovalal, los o
Oyt o an [, (A gV 8 slaabal) il
(28,5 L 0 VA 9 VY O F L,

2 3
Q=3Caby2g [3'2 - 0u -]
Q=Cqab2gy

Q=Caab [200n—3)

ol dzm y0 00 o o )0 Phe a0 sl e

T ).:) Q)}a aQ

By, ay pVib V;

WG o

b’b’'b’b’ n A
3 ol aden sae Akl aSlas a g U

bl oy an sl el o Laisle;l olos
ok 3b imen ol ool L, o Sy
dlal) Ogmos led e ) Ve dlaly plgSL

S5 ewmgiib V)

coopBnnn W
d btb'alytl gy1

) ARD)

Cwddy Sy 2 dl—"’r""‘ )‘ oslaiwl L o] °

95 S o By ds golal s s sl

Yy

(olye a8

ol JU eoy = Q1 ¢ ils dou 0 00 = Qs
5 {0550 (25 po—lre 4 5) azm 3 gl o
Az 0 Cawd by o ol JUS ens = Q2

dle (Sla Ao ) 5l 65 00 5]
0P8 00 o il ol BB iolesl san b o
08 i S 2,0 o 4 ) Fg Cwl o sus
bz oo Hud ol L lwle Jol o 00
Lagtalojl 5l (g y2 (gl Glalne 5 alKtyle]
L ol ghs Jdoy o0 o sl 09800 )15

J«él} ..".. . (\?)

(Swamee et al., 1993) |,Kon 5 olgus A\Y)
(Gill, 1987) L5 )

ol Judox

U DU U S CESNP I ST I IO SV SN
i g (Sl Jls g Lol SIS o oo >
5 =l JUIS oo o ol JUIS o,c: ol )
0959 Gy 10 15 ot &y od s (dzu ,o (Saiib
d-».O.?U wu‘)_)g,\_w‘ 03— )y P 09— w)_»a
L 0 9 (Hussain et al., 2011) ;Lo § yw>
Fi le o (Bl wl byl & oy e (28, F
golil bl & jol, il d w0 000 cuy,o yo
18,5 5l 0V ) Ojgoa Gl e (B i
Cdzf(b'a'B'Vlrylryt'p'ﬂrg) (\ﬂ)

olsuil g sl g SuSL — Ao a5l ool l L

‘6)‘)—17 Lgl_(bjl.n‘)lg: O|5.:.c4_3p5V1 b Lgu)..:_..a



WFA Lo/ VYRA Gliams) VY 0yl (Yo s/ S 5 (55l (S0 s cmsntige Cligions

s aes,s dhae o8 nSlas jasls ol s k]
(RMSE)" Ll &l o j0> 5L o 9 (MAPE)

A oolazul POyl

c\_._'>‘0).’ 0l w)_.a 6‘)_: u_..uL..o Lr....o..’?d A.Iaa‘) éj‘)‘
LSLQ).M L}uLw‘)_’o..\; wj_ou.._oau)o b}.....agsn
Cld_axio g Lad L, gl J—dos g om0

N
100 Cy(ob d); —C timated);
vapg < 100 q(observed); — C,(estimated); ")
N ¢ . C,(observed);
i=
N
100
RMSE = N (C4(observed); — Cy(estimated);)? (YY)
i=1
Sy e Lo ol s solar ! Lol JUSIS gloyl Ol o as

095% A (o)) 8BS e S leadsl )b
69939 ol Ol 45 c8l o L > el JUK
S adg) (59) ound aad ol ot S8
SlaS 5 5 e s ol sl Lagialel ws e
UL’P e | 00 |)_?-| ns"’L’ ‘5:9_..5 i_gnua
dou 0 Gl il el glacdl ciils 3 e
S im0 Ol Gmos i Ly Slo o5—iS
YISy s ol o eolaiul 050 aBiule)]

Sl 0als ooly oyl

8 le—i= i ¢ & __iulosl sl _aools sla_xs= N
¢ 2B _islejl ooy 5 = Ca(observed) ¢ sl ;]

L

';ﬁo\

P p—— s <o o = Cy(estimated)
o || glaalay,
LM R WES
—Sa5d (e 59y pE—lejl A allas
oS gy Sdgya s oS tolejl jo 45 a i Lol
02 e Ao (o9l 50 £, S (s ol § S e bl
o a3l ,or A Gas g 50 VY oo «pie VIO
s il JUIB ) 5, jsliteas ol

3 e i Al old 0 e VIO Jedbo g et /F

Overshot gate —, | | T
. SV py V-notch weir 0 sump
Inflow pipe supply ’ i 3 0325 O
IRV -
ol ol 9 Side sluice gate 25m
L_J (sl 51958 503

0.6 m

<« 97m >

I » C

Flow L >
Reservoir . .
0335 350 Main channel Lo Juls

N Rectangular weir

D l e

143 m

| 20m 0.7
Overshot gate 4 m m

¥ e Rectm}gular weir
s 3 gt

58000 )5 03lw! 3590 (PR bo 3l Ol 51 S W -V USS
Fig. 3- General plan of the laboratory equipment used in the study

1- Mean Absolute Percentage Error

Y¥

2- Root Mean Square Error



3 A (Bl (9uS sz ;D (6T JWlos

slzosls 5l e imen 0l sl ol azu ;o (g9,
30088 eolaiwl 1 Koo yldase Liolesl OYA

S 00 00)5] La:u..uLo)] I oolazwl

L oole oo &l u&”uj S RN
P 30 e gilw Vg F ¥ o lise Soisbaw
P51 | EEPYCSI NN [ ERNRCONT WY D3 S

= ol VoY ggame 0 aS asloas |l 5 e

BB ] 53 3wl 3590 ool By ,d g 2 Biylo;] ogld —£ UK
Fig. 4- Experimental flume and the side sluice gate used in the experiments

L mwos Lo Lol JLSI o Ol pha s 5o
oSSV DV G P-SU. 25 N V| UL O30 V"S- - | NGO XY
b . L

4 )0 =

<)_> Ca

Ly —2 59

PRy e :.l‘\)

Gz sl a il o3l i g SJg0 o
oo a Sl Jeaz jo ol size plw g bl

(Sa—i3b o 0 ol d o0 o gl

w3yl Gmos o ol JUIS ooy joss s ogdle
oals )_M.:u Méu.ul_a 6&!5_] Ry — l_: )_AJ
oy Lo ol JLSlS a ) (68g,9 000 05 o
Sl JU Ay (6995 00 5 ) oW (Ll e
O e 5 S ool T gl e 5y Lo
Bgy 00 0y LS e blineg mSl peg 8 Lo oS

g3 oyl 55 03l 5,90 (AR lojl gLr03I5 B3gue — ) Jguia

Table 1. The range of laboratory data used in this study
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Extended Abstract

Introduction

A side sluice gate is an underflow and metering diversion device set into the side of a channel with the
purpose of allowing part of the liquid to spill through the side. Review of the literature shows that in spite
of the importance of the side sluice gate, little attention has been given to studying the behaviour of flow
through this device. The available published works on side sluice gates found are those of Panda (1981),
Swamee et al. (1993) and Ghodsian (2003). They related the discharge coefficient of the side sluice gate to
depth of flow and gate opening. For this purpose, the side sluice gates, since flow control devices, are
widely used in the irrigation channels to divert flow from a main channel to a secondary channel. The main
purpose of present study was to determine the water surface profile, gate opening, and flow discharge
through the sharp-crested rectangular side sluice gates in a subcritical flow regime in free and submerged
flow conditions. This study also provides some approaches to differentiate the free or submerged flow
conditions. For this purpose, two approaches of solving spatially varied flow equation in a sub-critical flow
regime and the direct solution of the discharge equation of the side sluice gates in determining the flow
characteristics of the side sluice gates was experimentally investigated.

Methodology

The first approach (Solving the Spatially Varied Flow Equation)

The general differential equation of spatially varied flow along a side sluice gate with decreasing discharge
is:

dy_ _J2E-y) _do
dx B\/E (3y —2E) dx
To determine the variation of flow discharge during the side sluice gate, the functional relationship for
discharge equation must be defined. The velocity at each height V of the gate opening section is obtained as
follows:

V=429 H=-Y) )
Considering the discharge dQ passing through an elementary strip of length dx along the side sluice gate
(Fig. 2¢), the discharge per unit length of the side sluice gate is given by:

dq 2

E=—§Ca \/E[Y%—(y—a)%] 3)

) M)

Ys
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Swamee et al. (1993) and Gill (1987) considered the following relationships for determining the flow
discharge per unit length of side sluice gates, which is the simplified version of Eq. 3.
dQ

= _ Swamee et al. (1993 4
I Cia.2gy ( ( ) (4)

d .
£= _C,al2g (y_g) (Gill (1987)) (5)

By inserting the Egs. 3, 4, and 5 in Eqg. 1, the governing differential equations were obtained in these types
of flows in different conditions.

The second approach (direct solution of the side sluice gate discharge equation)

In this approach, assuming that the flow discharge variation along the sluice gate is constant and equal to
the upstream water depth yi, the equations for determining the flow discharge through the side sluice gate
(Eq.. 3, 4, and 5) are re-written as follows:

Q= gcd b./2g [yf/z -y — a)3/2] (Present Research) (6)
Q=Csab,/2gy; (Swamee et al. (1993) ) @)

Q=Cyab /Zg O —g) (Gill (1987)) 8)

Experimental Setup

The experiments of the present study were carried out on a physical model with a width of 1.5 m, a length
of 17 m, and the depth of 0.8 m. In order to intake water, a branch channel with a width of 0.6 m and a
length of 2.5 m in a distance of 8 m from the beginning of the main channel was used. In this study, the
experiments were performed for a sluice gate with three different openings of 2, 4, and 7 cm with the width
of 60 cm in two free and submerged flow conditions.

Results and Discussion

In order to determine the discharge coefficient of the side sluice gate, the first step was to study the
variations of the specific energy and water surface profile along the side sluice gate. Then, by choosing the
best relationship for determining the flow discharge of the side sluice gate, the two approaches of solving
the equation of the spatially varied flow and direct solution of the side sluice gate discharge equation were
examined. . Further, some approaches are presented to differentiate the free or submerged flow conditions,
some fitting equations are given in order to estimate the discharge coefficient using various non-
dimensional variables and step-by-step consideration of their effect.

Conclusions

In this study, the central axis of the main channel was introduced as a measuring axis in side sluice gates.
Comparison of experimental profiles and those obtained from the solution of the differential equation
governing the spatially varied flow indicates the proper agreement between experimental results and
numerical solutions. In addition, by examining the results of solving the spatially varied flow equation, Gill
(1987) ’s equation was selected as the best equation for determining the flow discharge through side sluice
gates, due to the simplicity and high precision. By examining the discharge coefficient in two mentioned
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approaches, it was found that the discharge coefficient obtained from the direct solution of the discharge
equation is well consistent with the solution of the spatially varied flow equation. Next, some approaches
are presented to differentiate the free or submerged flow conditions. It was found that the discharge
coefficient of the side sluice gate in the free flow conditions depends on the ratio of the flow depth to the
side sluice gate opening and upstream Froude number, and in submerged flow conditions depends on ratio
of the flow depth to the tail-water depth at branch channel and the ratio of the flow depth to the side sluice
gate opening.

Keywords: Discharge Coefficient, Intake Channel, Irrigation Network, Measurement
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