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upstream flow. The purpose of this study is to investigate the effect of sluice gate
opening and effect of the presence of suppressed and non-suppressed sill below

sluice gate on the discharge coefficient under free-flow conditions. Therefore,
rectangular sills with different widths of 2.5, 5, 7.5, 10, 15, 20, 25 and 30cm at
constant gate opening and sluice gate with openings of 1, 2 and 4cm in without
sill state were studied. The results showed that in the without sill state, the amount
of gate opening is inversely related to the discharge coefficient, so that by
decreasing the gate opening rate, the discharge coefficient increases. On average,
the discharge coefficient of 1cm gate opening is higher than that of 2 and 4cm,
7.75% and 16.51%, respectively. The results also showed that with increasing the
sill width and thus reducing the total area of the flow through the gate, the
discharge coefficient increases and vice versa. The presence of a sill with a
minimum width compared to the non-sill state in a specified opening lead to an
increase in the discharge coefficient. At the same opening in the without sill state
and suppressed sill at a constant flow, the sluice gate discharge coefficient with
sill increases in comparison with no sill state. In the present study, based on the
dimensionless parameters, nonlinear regression polynomial relations were
presented by combining all experimental data to predict the discharge coefficient
in without and with sill state in different widths.
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1. Introduction

Gates are used to regulate the flow and upstream water level in irrigation channels. The most common
of these gates are sluice gates. So that the control of the upstream water level of the gate and also the
accuracy of the flow through the gate is based on the amount of gate opening from the bottom of the
channel and estimating the discharge coefficient of the gate, respectively. Swamee (1992) stated that
the discharge coefficient of the sluice gates in free-flow condition is a function of upstream depth and
the amount of gate opening. Regarding the existence of the sill and its combination with the gate, an
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experimental study of the effect of shape and height of the sill below the sluice gate on the discharge
coefficient under free-flow conditions (Alhamid 1998) can be mentioned. Daneshfaraz et al. (2016)
numerically investigated the effect of sluice gates edge shape on flow characteristics. Their results
showed that the flow contraction coefficient for up and down sharp edges and round edge gates
decreases, when the ratio of gate opening to upstream specific energy is less than 0.4 and increases for
ratios greater than 0.4. Salmasi and Abraham (2020) conducted an experimental study on the discharge
coefficient of the sluice gates with polygonal and non-polygonal sills. Their results showed that a
circular sill with a height of 3 cm has the greatest effect, and trapezoidal sills have the least effect on
the discharge coefficient. Ghorbani et al. (2020) by using H20 method and intelligent models such as
DL, RF, GBM and GLM, analyzed the discharge coefficient of sluice gates with the sill. Karami et al.
(2020) investigated the effect of sill parameters such as height and sill shape on the discharge coefficient
of sluice gate in free-flow conditions by using FLOW-3D software. The results revealed that the
semicircular still has a greater effect on the discharge coefficient and increases the discharge coefficient
by 20%.

2.  Materials and Methods

In the present study, the experiments were performed in rectangular cross-section flume with
transparent Plexiglass walls and floor at the hydraulic laboratory of the University of Maragheh. The
flume is 5 meters long, 0.3 meters wide and 0.5 meters high. The experiments were performed in two
states without sill at different gate openings and with sill at constant opening. In this research,
polyethylene sills with a thickness of 5 cm and a height of 3 cm in different widths of 2.5, 5, 7.5, 10,
15, 20, 25, and 30 cm were used under the sluice gate. In the present study, the geometric, hydraulic
characteristics and range of measured variables for the models used are presented in Table 1.

Table 1- Hydraulic and geometric characteristics of the studied models

Hydraulic Characteristics Geometric Characteristics
Variables Range Variables Range
Upstream water depth (m) 0.053~0.44 Channel dimensions (m) 5%0.3%0.5
Discharge (L/min) 150~750 Gate opening rate (m) 0.01-0.02-0.04
Reynolds number (-) 11111~41667 Sill dimensions (cm) 2.5-5-7.5-10-15-20-25-30

Equation (1) which use for suppressed sill state, can be extended as Equation (2) for the non-suppressed
sill state:

Q = CaWGy2g(Hy — Z) D)

Q=1=Cq ((Al\/m) +
(AZ\/ 2g(Hy — Z)) + (AS\/ ZQHO))

where, Q is the discharge, W is the channel width, G is the gate opening, g is the gravity acceleration,
HO is the upstream water depth, Z is the sill height, A1, A3 and A2 are the area of the flow in without
the sill and above the non-suppressed sill, respectively (Figure 1).

(2)

In this study, using n-Buckingham method, the discharge coefficient equation with simplifications as a
function of dimensionless parameters (Equation 3) is presented.
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Figure 1- Schematic view of the gate and sill

3. Results

The results showed that in the without sill state and in different sluice gate openings, the discharge
coefficient is inversely related to the gate opening rate. On average, the discharge coefficient of 1 cm
opening is higher compared to the openings of 2 and 4 cm, 7.75% and 16.51%, and maximum 16.62%
and 28.9%, respectively. Comparison of the results obtained for the discharge coefficient, with sill, and
without sill condition indicates the better performance of the existence of a sill under the sluice gate in
terms of increasing the discharge coefficient. In the present study, the general equation of discharge
calculation was developed for non-suppressed sill. According to Equations 4 and 5, using the data
obtained from the experiments, non-linear regression equations were presented to predict the discharge
coefficient with correlation coefficients of 0.982 and 0.963, respectively, for without and with sill states.
Which can be used with high confidence.

0.0177

C, = 2.7465 (FO) —2.1916 (4)
—1.2093
Cq = 0.1529 x (Hotat) +
0 256452 —0.2668 ( )
HO—Z : HO :
0.6511 (*22) x (%)

The statistical indices for Equation (4) between the experimental results and the proposed equation
indicate the desired accuracy of the proposed equation, so that for Equation (4), maximum relative
percentage error, mean percentage relative error, mean absolute error and root mean square error are
2.81% 0.97%, 0.0061 and 0.0072, respectively. These statistical indices for Equation (5) are 4.92%,
1.36%, 0.0087 and 0.0108, respectively.

4.  Discussion and Conclusion

In the present study, the effect of sill width on the discharge coefficient of sluice gate was investigated
experimentally. Experiments were performed in the range of discharge of 150 to 750 liters per minute
and upstream water depth of 0.053 to 0.44 meters. In a constant discharge, by increasing the opening,
the upstream water depth of the gate decreases and the discharge coefficient gets decreases trend relative
to the lower gate opening. The comparison of the results of discharge coefficients between the
suppressed sill and no sill state in the opening of 1 cm indicates an increase of the discharge coefficient
in the suppressed sill state in a fixed opening. By comparing the rate of increase of the discharge
coefficient, it can be concluded that the sill width parameter has the greatest effect on the discharge
coefficient.

5. Six important references

Rasoul Daneshfaraz, Reza Norouzi, Hamidreza Abbaszadeh Experimental Study of the Effect of Suppressed and Non-
suppressed Sill on Sluice Gate Discharge Coefficient under Free-Flow Condition



Iranian Journal of Irrigation and Water Engineering _ 4

1) Alhamid, A. A. 1998. Coefficient of Discharge for Free Flow Sluice Gates. Journal of King
Saud University - Engineering Sciences, 11(1): 33-47.

2) Daneshfaraz, R., Ghahramanzadeh, A., Ghaderi, A., Joudi, A.R. and Abraham, J. 2016,
Investigation of the Effect of Edge Shape on Characteristics of Flow under Vertical Gates.
Journal of American Water Works Association, Doi.org/10.5942/jawwa.2016.108.0102

3) Ghorbani, M.A., Salmasi, F., Saggi, M. K., Bhatia, A. S., Kahya, E. and Norouzi, R. 2020.
Deep Learning under H20 Framework: A Novel Approach for Quantitative Analysis of
Discharge Coefficient in Sluice Gates. Journal of Hydroinformatics, 22 (6): 1603-1619

4) Karami, S., Heidari, M. M. and Adib Rad, M. H. 2020. Investigation of Free Flow Under the
Sluice Gate with the Sill Using Flow-3D Model. Iran J Sci Technol Trans Civ Eng, 44: 317—
324, Doi: 10.1007/s40996-019-00310-x

5) Salmasi, F. and Abraham, J. 2020. Prediction of Discharge Coefficients for Sluice Gates
Equipped with Different Geometric Sills under the Gate Using Multiple Non-linear
Regression (MNLR). Journal of Hydrology, DOI: 10.1016/j.jhydrol.2020.125728

6) Swamee, P. K. 1992. Sluice Gate Discharge Equations. Journal of Irrigation and Drainage
Engineering, 118(1): 56-60.

Conflict of Interest
Authors declared no conflict of interest.

Rasoul Daneshfaraz, Reza Norouzi, Hamidreza Abbaszadeh Experimental Study of the Effect of Suppressed and Non-
suppressed Sill on Sluice Gate Discharge Coefficient under Free-Flow Condition



Oln! T 9 rlal (ouaige (b (oale & yad
VPo¥ olawoli. g8 g olxsy o )lods @20 juw Jlw

AZu )0 (IO by P el g Py Wil il B lo)l (o)

ST oy bulyd 5o (2948

" ooly ol Ls a7 (39598 Uy o 51510 Jouy
VFeeloV/oA: Jluyl o,
\LEIANVA A PR JURP A

ouS

ol Gaiod | Bus 055 (oo ceal StV xS sl 9 U 55y p o5 Sl lojle @SB (0508 Az o
20l 25 5 JUS ojepmsd 5 2 e0n slaalinl syzg 23l 5 25aS 42,0 (Sabil ol b 2Kilojl o)
SYO X 0D e VO D YD calis slape b deaians Al dil) pl 4o el o1 b,z dulid o ooy
o Syge wliwl G Sl sl el ¥ o V) (Sabil lie b (2985 azmy0 5 Sull (Sadil b e tle Y
Ssysbar o)l uSe alaily (b2 (o0 po bazn o (Sl pliee clbin] g b o ol (LS v gls 285 )l 3
aalie )3 e gl )V (SaBil (e (@300 28 ek jobar lioo (Rl (23ce S ;S (Sl e S0 L
e Gl LS ol las s Cimmes ibe i TVFIOY 5 LYIVO ool pa e cile ¥ o ¥ Fadh ol b
oo L iliwl 092y . wSally 5 il g0 Gal3Bl (00 2o )0 2 3l Sosee DLz U5 Colie (talS 4z )0 5 il
OleS (Sadil Sy )0 205 o0 (30 rS SRl 4 e patiiie (Sadil Sy o alio] ooy Sl L avalie o 20
bt o b a4y cons allinl b 5988 dam 10 ooca 0 ol 00 SO jo B,epd alinl b g aslin! oo > o
laosls (olod 528l b (o pe (Sgam T ) labex iz baly; o sl yiell olulp pol> Gadiod )0 b o 38
0,5 @l Gl sla e 50 ailiwl b g aliw] feo b 40 9w o dwiin ¢lp (2isl;]

(SO AR 30 (SOi3l (P pE o b il (e Ailiw] (S Az 50 1 g0lS sl ly

)
(Jgimme 005y 53) daneshfaraz@maragheh.ac.ir : Ssg 55T Cuny oyl l cadl o el o olRSls oyl jae 09,5 ¢ gudipn 5 (3 0aSiiils woliwl

. . Y
rezanorouzil992@tabrizu.ac.ir : g ST Gy oyl pl 5y 5oy olK3lS (Ol i g pole 09,5 (65,5LiS 0uSiils (g xS diSgal Lisls

v
abbaszadeh@stu.maragheh.ac.ir : Ssg 55T Cons o]l caél o cadl o olRiils (] o 05,5 ¢ cwdigee 9 (S8 0aSLisls ol )| bl IS (ggomiils


mailto:daneshfaraz@yahoo.com
mailto:rezanorouzi1992@tabrizu.ac.ir
mailto:abbaszadeh@stu.maragheh.ac.ir

CasdVl )0 pgate 650 4 a0 (Sadjl Cod a5
PS5 gt @l s S8 Wil /Yl 5 SesS
ooliil b Salmasi et al. (2021) .ol oo (i3l o/
Ohse sladae 5,54 5 allalel slaesls
=0 o RT® ; GP® RF* GRNN? ANN? SVM?
ol L“QT @l 00,8 sy p ) bl 25iS slaaz ;o
Ol 00 po o 10 (6,5 518 asgly iol3El L as sl

-AeLe.@

b P b S a0 gl )| a5 (ABlge o
oolaiwl olaw b olgs loasy o 5l wles jolow
aS sl J>jo cpl (Negm et al. 1998) 540 o
bl 51 Gbaw b obgs & jsoay sy o 5l eolatul
1 Sa o)l sobj anpe g 0095 43 oty (9,8 (g3l
50 asbiw] 51 oolawl s yo sl zalS jslateas la Sl
a5 Lol salgs bax 1o >Lb el )| malS 4y i
Olesily 9k 5 (Sdgyaee oyShee aliEl aSil @
wilor 55950 UL 5 5 kel loaslts o ol a9
Slgs o ailiwlazy o oS5 ojle 51 solaiul cpl s
S )18 Az 5 )9

Sladllas 4z ,0 b ol coS 5 g ailiw] 0959 i) o

250 aEiule;T oy & g5 oe 45 00 aloul (gouate
Ol 2 S amys nj o bl gl 5 UKo
o Lol (Alhamid, 1998) of5T o)L, Lal s jo ooeu po
Voo sz slaailin] jlogs slapw,p yo olil o8
Ol Sl 5l Sl mls 050 colwl (g9 puls g
O93 l a Cos ailiw] leoliul Cll> jo socw po
Slopls alin] e ol slaJos soles o ailiw]
SalesT slaailinl G 50 (p3cure p 3l n i
S alin] gl b O¥A%) 5,00 wels, .cusls | oo

5 Gaussian Process
6 Random Tree
" Polygonal Sills

IRl ST 5 @bl (owiiten (b gy ode 4 pidd
VFeY bl . g0 g olxy o Loy o0 jow JL

dodso

3 eVl O ghw 5 (20 ke jglaieds baazy o
ol ool 5l isdee esliial g kel sl JUlS
Slabo O)god 45 alins 59dS sldazy )0 daasy o
Vb Fabil Gl e jslaieds (50508 s jo 6
<l s Gliee J 7S 45 6 b aiiS o 25 > il 5
ok Some S8 Ol Grigred 9 Ay CewsVl
S 5l azm ;s (Sabil Gliee eloly i Fa Az )
OFSE 255 o0 Dygo a0 (200u p eSS g JUI
Ot skt (goante (alinlejl g (llod Slalllas
pLl (2985 Slodz )3 (cwain 5 (SIgyue sla el
o Ol e O et 5 (0 pS (e Sl iy
2 bl g e Jlao 51 (S oz yo 05 5l 6000
ol S e (g

S (2OurS Gt 35 5o Ol oyl

sHenry (1950) 4 by ye ol;l o)L ,> >y o5iS
4L oo Rajaratnam and Subramanya (1967)
23S sleaz o o ol51 4L > Rajaratnam (1977)
O3S jsbaieay lakaly 5 ools 1B gy Syse |,
obial (2Bl @l Guizmen 3,5 Sl (g3 po
e 5l 5850 ol PLEl e a5 ob plas
Swamee (1992) .ail o g b ool o
U ol bz cdl j0 0588 ladzn o g0y po
Sged Glgie dz s Sabil ol g cewsVl Gas
oy wge Khalili Shayan and Farhoudi (2013)
Lilph )3 2935 Sleam)s p0cuye » Fee Sl
3,5 Glge Az, (Sadil Gl | oSl bz
Jss 556 oae ow, » 4 Daneshfaraz et al. (2016)
iy ol Shogar n (0585 ladam,s 4
@load sl ol 2 ALl o po a5 ol Lt gl b

Sloy w0 Sad sloazm ;s 6l g Gl 9 Vb Coomnty 5

! Support Vector Machine

2 Artificial Neural Networks

3 Generalized Regression Neural Network
4 Random Forest

14



Olnl @ 5 )bl (puiie (Sidgy (oole &yt
VPo¥ olawoli. g8 g olxsy o )lods @20 juw Jlw

25 31 69 (29 Ol dlne sl (coges dolas Lol>
LY) =L‘>5) la 13 .o ool 4.?....:5.' uo)_cpg)_._c LSL‘M\‘L"“’]
Osk Al )5 (200 p0 ol G )0 Eadse Cuenl
Sl o abew! b g lizo glo Sassl o &lew!
amlio it plo S L g (o) (2945 a0 b

L o9y g Slge
P bl Ol g

pole S 5l laalesl ploxil gl ol iz o

@l o olKiils g oun olKiule;l [0 adly alKisles]
gl g e oIV (ope e O Job e (bt ahaio L
Blad Gl Sl i 5l &S g ojlgs b e <0
D99 Slej ozl 4o lo siolosT ol )8 ol ous oolazul
NOUOVILIW [P'vL| RPN E'S] BUSWORVIR | R | W PRI KYC= |
Ao 59, ilesT ploxl gl 5 0092 it LB JUS S
o 995l pold 4 (63955 by el jelareds ad ilass
S8 jelaiedy g ands i FO. eul Gl LSS o
sl b pold (g9 oud a5l il 5l (63959 (20
5189959 ol oD tals (gl o eolatul LY oo
pols lal o (s5lae caisS PI)T amao Lzl e
Ol Goe 5ol Gl pols Guiss jo ol solatul
aS oo ) CBo b gladadi miw Gos SO 3l psld jo
aladi ¥ oo slesl o solainl coad Sy sy S5y p
Olseas LDQ—\ Oeile g 00l (5 S0l w2 ahis 3
O S 50 50 o ialeslas a5 1 5o ol Ges
Sl e albinl b g calisee slo Sadsl o ailuw]
solatul b by yiolosl Gudims ol )0 .l 4Bl ploeil s
o il & Cwles 4 il b i ‘S{Lasddl;;ﬂ 5

“5.39»»5 AT 40y o J.uc‘j.uL.'J Y. 9YO AN VIR
pold 4 alwl-aou o 5l Soleds gles 2 pdy plol

3 Generalized Linear Model

Ls oo Sppon |) boazm o 0 bz 65 s,
b ol J13 cwy 090 FLUENT l58le 5 51 oolacs]
) py Sl 658 Cadge ST a5 ol la
@ (OTAY) 59588 5 (owbobo oo Rl o )lg0n
P wlnl cwiin Glse oSy 5l )
oL @l aiBlo (2988 A s (@3curs 2 0L~
5 lie aliw] g JSKb 0 550 slopls aslinl a5 sl
Karami .oub o 4>y sz slaabin] o 2 aes
2 IS g el atial sla il b 3G et al. (2020)
oolazwl L 1y ol3T b, o 955 gloaz o pocy o
Ol (S0ca pS (5 i ).:b Slopls s ailiwl a5 ol
Salmasi o4 o dcs po oo, Ve ilidl cels g
~co o pEislesl w4 and Abraham (2020)
rE 9 ks vz salnl b o585 sleazy,s 20
aliw! a5 ols ol L:s(j C"L‘" ...\;.’;_-'>|e)$ Sy
sloalinl g 13l o i e le ¥ glis)l b (slopls
Ghorbani .s s ooce o p ) 150 cp S lais)ed
Salsgh sl Jaw g H2O b, 5l eslawl L et al. (2020)
et S (e 4 GLM? 3 GBM2 RF DL! ale> 5|
as ol las by asls abes b 255 srasy o
e 5o (95 O See HO (ile 6 2S0L b,

D)1 (2985 Az 0 (200 po

laslllae (9SG a5 sls Glis Gudiod diden (o) 2

Sglae olal b asbiwl-azy 10 oS 5 5l eoliiwl ogas o
3l oolaiul gl (5,155 5 458 s O 90 asliw! DR 5O
Oerad el JB sede il Ll jo baojle £45 0l
LMWTW})QM&AQjQJMMJQdQQ
2o 3l 6 pSelr jekaiea) (oye o cilize slaojlul
2o )“L’ 9 @S Az pj Az, Cudy Slgw,
g oxd pleal JBle p3cu s 5 (Sdgyien cud)b
G 5o jskaie (nay (8,5 18 g az gl 0 )

! Deep Learning
2 Gradient Boosting Machine



IRl ST 5 @bl (owiiten (b gy ode 4 pidd
VFeY bl . g0 g olxy o Loy o0 jow JL

A

2O C8)S Oygo a0 aliie (Sabil aw o asbisl oads oals lis (V) JSi jo ol udiss alBiole;l
03gaze 5 Solgyad (pwain Slasie (V) Jeoo S V0 o0 odgae o &LA)'] MY ggezme,s .l
a8, 8 sladoe @l ool 5 pFoslail sla e 50 @eyd (op ysbiiear dids ) VO

ol oo @8l Lol ubio lize slao,e ;o @bl b cll> o o8B ogaS

Os g ol (Salil b osdS dzm e p) 0 ailiw]

Gate (sg) (J_]I)
Upstream
: : : : ﬂ B Downstream W
1 Ax 1 | !
G| 1o b 1| e . sl
: ! | : ‘ Gate <€ --
NS 1

Gate (C)

—»Flow i H Yo Sill
3 0

()



Oln! T 9 rlal (ouaige (b (oale & yad
VPo¥ olawoli. g8 g olxsy o )lods @20 juw Jlw

a0 FETEN
= 5
$9919 oz &9
(=t
sl ]
09 g)-"“’ Sob
oy
|

POl Gz )3 pold S IS (5 (ailr slod (7 9009 Sd (0 (FBgd (slos (I il g azm ;0 1 Sedlond slod 1)) S

adllo 2590 slaJuo (owiid 9 (S gyup Slasin (1) Jgua

S gyeud wlasie s Olaxin
s S s el e o Ol s’ ol
Cawd¥l ol y2r Gos (M) oJ- DY~ [FF JUts slel (m) Do ¥ [0
s (L/min) VO~V - a0 Sl (m) o) — oo — o ¥
Mgy oue () VW ~FISEY ablolel (CM) YO -0 -V —1s =)0 —Y. YO Y-

el 0a o0ls ylias alie sl o,e b aslinl 5 alBisle;l pgld 5l oles oY) JS& 50




Ol 2l ST 5 6kl (waien (Shdgls (oole sy
VPV bl . 90 g olxy o lods o0 juww Jlw

e

Q=750 L/min ! g i | Q=575 L/min
No Sill i | osin

Q=500 L/min
B=20cm

B =15cm il slags,e b i

ol Gudind s bojl sl Jow I laiges (V) S



Olnl @ 5 )bl (puiie (Sidgy (oole &yt
VPo¥ olawoli. g8 g olxsy o )lods @20 juw Jlw

Snte sbel b al ly ol gbss o
ale () abaly b v o p 580 Gla

:)"

fl(Cd'AllAZ'AS'HOlBlZ'Lv vargv,u) =0 (ﬂ)

ol pegass py>p (L) albiw] cauls L o] jo a8

5o b asbce MLITY)  Selus gy g (MLP)

oolainl b5 (6,5 slo oo (e B 9 g op (28,5 a3

S O0) s alaly Gl oo plSSLTE )
2,5

h(cam 525 255 s Re)=0 (%)
Al oo J¥sn,; da o vae Lo Re () ¢) alaly o

5 alio] Culbs ozen 398 abuly glayall 5l (S
Slaal 5l g wilasd 3§ sstay ae polae JUS 5
b eyl cnl 78U (o) 2 5l Crlnls it pol> Giios
aliw] aSul 4 axgi b ol b )0 0 gy
O3k 5 Goms Ghyr Sl )ls 13 pgls S50 o
Al 4y a5 b ogs anlgs A =2A1+A2 (5,0 b=
YWY SRe S FAPPY g b (b2 pol> adlae jo
3905 Shaiz o5 iy sae 3l 5l lyion I el
23 ey 930 oyl L (Daneshfaraz et al. 2021)

:.\.io)f 43‘)| A\Y) dJa.:‘) O yg0d ).»al-> et

C =(ﬁ£ﬂ) (\\)
47~ \24,’B’ B

i syl
llas glas g Ll claasls 5l ol gbss o
u.‘.il..,o Jes sl (RE%) P sla> Qoo {AE)

by Cax R (Kiod 5 5 (RMSE) lss o
1l 43S 0 ally)

AE = |cdexp ~Capy OY)

C, —C
RE% = |de’"’—d“”>< 100 Ov)

Ca exp

ol awlid

Ao ol 5lz ln 5 @5 dolae 1 eolizl L
aliw] e cdl j0 0giS a0 5 5l Goyme (2
35,5 oo sl (1) alail) Bllae

Q = C,WG2gH, o
(O oz e ys Gl (29 Q ol s o8
b QL) 4z (Fabik oliee G (L) JUIS (oye W

2555 42,0 CewdVb O Gas Ho 5 (LT?) ey (21,5

albiwl cdlo glp azpe pj 5l Gyse @20 Ol

Q =CaWG\2g9(Hy — 2) ™
Colae WG 5 (L) albiw] glias,l Z (V) alal, o
abaly (olol (nl ol azm o ) 3l oses Oz

Ol JUE 2yepnpd slaaibin] > @l 1, ()
2l drwgs oY) alayl) & goay

Q=Cq ((An/ZQHo) + (AZ\/ZQ(HO - Z))
+ (A5 29))

ol Coluw cipay A g Ar A (V) akal) o

\»)

13,5 o0 dawlxe (1) JI(F) Ly, @

Ay =b; X G, 9
A, =B %G, o)
A; = b3 X Gy *)
Aorar = A1 + Ay + As )

QT)QAS(L) Jl.;lf)‘\b_';.o.méuéj.cbgﬁbl L'j)ocxf
Gos )l ol alin] e clls o odcw o lake
ably Oygods ol 3880 el e ool

el ey LB M)

Ca = f1(Hy, G) )



L oocuye polie (@HY) IS8 4 axgil ail oo
Ly o)l oSe dhal) (0985 agmye (Sadik ol
dlos B (200 p ) (Sabil ol I H
(2985 Soazm )0 (@3cu s p S slayielly ale ]
Ol Gl (nlpl dlon 4,0 CandVl Ol Gee
4z )0 CawdVb jo Ol Ges alS o azm 0 Sadsl
P @y Gl cew ele pea g osd
S5k Rl b aizmen 09b oo yii laSudsl
Sl g 0ud Koo 430 5 5l (65908 b2 azm
Gl Gl &5 b oo 8l Az 55l e Ol
B0 S (o8 (dcnpS A )3 g Sy Rl 4 e
Sl 4 SVl G Connd Rl L izen
ol &8 4 g Sabil ol ol 5l (Sl a5 a0
il 3l Wy y (g0 ol azm o SVl Bes iul38l
Olee lp Job@s jloges (1) S jo sl
50 el 00l &Il 5glS Az o Glixe gla Souisl
Sl Ges boamys (Sadil Ol atie (20 S
Gos ol Gl b g ansls wSe adaly asy o cawo¥l
Sl ssbas 53l G5 0 whoe 2 ol
V Sk banlie jo se il ) (Sabilh ooca yo
VEIEY iSTas 5 VEION § TYIVD o ity yia siilo ¥ g

eyt TYMA 47,

()
| ®G=1cm AG=2cm OG:4cm|

0/014 +

0/012 + ¢

0/010 + / A

A
—_ 1 L A
2 0/008 A A
£ * A °
o 0/006 T A °
A [
0/004 + ®
[
0/002 +
0/000

0/0 01 0/2 0/3 0/4 0/5
Ho (M)

IRl ST 5 @bl (owiiten (b gy ode 4 pidd
VFeY bl . g0 g olxy o Loy o0 jow JL

Y

2

Sy (Cagny = Cacar)
= P cal); %

RMSE = !

n
SSRe ression

R? =1 - —=2% V0
SSTotal ( )

a2l Sk ooiia cal g exp (@b Ly, o
SSregression daools JS slaxin ‘L;)L».w'.?bo 9 ‘séliw)l.c)]
SStotat (SUM 5 (Sum Squared Regression Error)
Eaozme (g S, sl o 54y Squared Total Error)
(V0) alayly Jlade g oo dae @ az 2 (VF 5 VY AY)
Lilyy 6V 285 Sl il S5 Sy sae 4 4z,
(Daneshfaraz et al. 2022) sl oo oo &3l

B, cebis balal, 0 a5 b sleaasie I (S

ool el Gl 30y 0l (YL Sl Gl >
O eyl Jansgs 2l lojl s (pas 2 ecsolal il
(W) U cnl a8 5 & a0 (Co) (p0cg o
2 oAbl gen Gl o vy e Ol
a5 aes oo lid 1) 59l o o Gt sl Sadsl

Ob> (@ pe @B jeme g (HU/G) am o (Sabil

()
[ #G=1cm 4 G=2cm & G=4cm|
08 + o
o o °
R . -f‘M
S
o4 +
02 +
0 $ $ i
0 20 40 60
H./G ()

Sz 5o cilicke b ST}l 30 bl 2 4l0ga5 (0 HIIG 2 30 (5100 o 1y (1 :(F) S



Y

Oln! T 9 rlal (ouaige (b (oale & yad
VPo¥ olawoli. g8 g olxsy o )lods @20 juw Jlw

oS (@3 p e S Rl B ool SS cazm 0 oty jo
) S 0,25 w0 a0 Sty Bee Gl 3G
S L ZIB n o el pln )3 (20cmr jloges Lo
(o ¥) UK 4 azgi b o o Lt |y o /¥ il
asliw! eyl rils a5 bl b as” ol ol S =l
sl oy Gl izer 5 s oles o
JS8 50 ols (Ll gy (28 RIFI L vce e
Cole ] &5 4 g 4z )0 (Fabik ol 56 ()
sl 0 0051 0 p 2 azyd 25 3 Sases Ol
Corlis o Giall b 05,5 o sanlie 45 jsbylan
ek )0 ol colue 4 alin] Vb 5y by
Sl LS00 & ey auly o Gl oy il
wliwl byl jo 6yme b Colas bl by
Sl S )5 e b ailin] o cnlply 5 adly als
a5 SzgS ye b atinl 5l 5eS yme byr JS
3979 (eizre 355 (o0 (200 po Rl 4 y2mie 45 09y
boanlio )0 2985 am)s »j (oo Sl L sl
Spdigr @Oy il el bl ey o
ol U5 colus oSl (Sl Gl cnl 455 )sboas

b a0 pj 5l e

®B=2.5cm ®B=5cm
B=7.5cm ©B=10cm
®B=15cm ®B=20cm

@ FmEm e ] (@)
B=7.5cm B=10cm
)B=15cm  ®B=20cm

®B=25cm urgu '|'
]
or7s +
70 070 +
165 0/65 ‘
[ )
[ ]
0 6o + 8 0
|
055 + °
55
0/50 +—+——+—+—+
0 00/28/8/7511/23/5
0 0/250/50/75 1 1/251/5 Z/B (-)

Ad2A) ()

P PEeRr s oseed el 3B ) n Gl

0 culies a4y alaiis alinl ( 09iS o )s aden yo
2 il glapye po e il ¥ oglis )l g e Ul
(YY) JSG p0 285 18wy 0590 pol> Gudo
aliwl (2,8 4 GtV Gos S dmpe Sl 556
Sl L () G @ az g bl ouls oolo L
il a5 (5 5bts il oo GalBl (o3 o ilinl e
O S @0 e Bl il oye cn S L
P olPl L oo Gl s il o st
47,0 Soom 4 0y CEESH @98 @ Ol ) Al
bl azm ;s ;5o abol (Bye GRIEIL ogal olsie
O ol wlin] canspib o g 00,5 Jee &l wilen
Ol dedie oy ailinl (69, 5l CSIESy g 0)LSS
Ol (S @ (258 SRl L bl Coos @y 225
Ol obMW g (5550 ST als 4 oo a5 o oo
@ re GRlBl Sel g ol Ay sl (25
odolive (@-F) US4 4 azgh b uimen 05 g0
a0 etV (L2 Bos Cad Rl L aS 05 5 e
p3Y 1 (stal33l Loyl gy (o po llinl 20 &
o GRIFI b oo 55 BRI Gl o 2ol S5

()
®B=2.5cm X B=5cm
B B=7.5cm X B=10cm
0/9 T+ +B=15cm ¢ B=20cm
A B=25cm +B=30cm
0/8 T+ e
O T sty
R
o + X
J6 1 ww. eccceee ®
o®
0/5 +
0/4 +
0/3 t t $ i
0 2 4 6 8

Ho/B (-)

(g Sluw] oy 4 ailiw] gl )l (0 alwl (P pe & CawdVl Gos (A S il 30 (S0 b &l i (F) S5

a5l oo yLS 4o ol o coluwe 4 ailiwl YU 6548 by ol



Loaglio )0 o9dS a0 4) aslew| Sezg Al oo
OilE el LSy (Sadil Sy e wilinl Gea 2l

ST Gl Sl 5] s e 0 Shes 5 (3000
a0 25 JU (o s ailiwl 0925 :Slee jsbas o)l
Sl So o abin! e Cllb b aslie o o9iS
ey 50 VIVD il el oo s V) gl

=

.00)5‘59

IRl ST 5 @bl (owiiten (b gy ode 4 pidd
VFeY bl . g0 g olxy o Loy o0 jow JL

bl ol amlie 5 mosls gllae 3l jslatea,

JS8) 235 oy (HOZIG) pal )y 2l )3 (o300 ys
@S 450 (@300 pS (m Slaslie (B) JS2 50 (0
aliwl b g o gtle V (Saisl o aliw] e cdl>
Ol &5 ol S50 03Y 2850 &g JUS 250
Fole V5 JU (oo alinl (YL o (Sasl

A B=30cm, G=1cm above Sill

@ Without Sill, G=1cm

09 T
o8 + R
AA A
A A °
°
—~ 074 ° L
O [ ]
g
o6 +
o5 4
0/4 + + + + i
0 10 20 30 40 50
(H.-2)IG ()

Ol (S 3l 50 ailbiwl b g wibiw] g Cdlo (o (000 pb dunn Lo :(B) S5

S 5iS Az 0 1550 daailin] eled yol> Gadm )
L aS s 5ba wloads ools H15 e il T (Sasil b
Sl Gliae @z p) 2t slaabnl cuas
Pl ) & alin] VU 5 e il ¥ asbinl bl 5
L;Lmsga 3 eolaws (V) Jeom o A)L:‘so Joves;
)‘ J,ol> ‘Smwfo ‘ulmg’ (53& g_i: )d RGO W
a5l iy pedSasy om0 o] &S5
i3l &g,y ol biw] (5,0 (ial381 L g o0gr ailiw] g
0 8kee 4 az g b 2 yep it slaaibinl (nlply b o
5 Some 20 ool Gl Gl Bl S 51 o] Cgllas
WAy Sy 50 Slgw) @mend 5l (S sl rizen
é)j )‘).‘3 oalaw! 9 4.‘>9.1 o)}o ..\.:‘9.’69

¥



Olnl @ 5 )bl (puiie (Sidgy (oole &yt
VPo¥ olawoli. g8 g olxsy o )lods @20 juw Jlw

[

iz S e b ailiw] g Aliwl g Sl 1 (000 pb dulio (V) Jogur

(€M) silwl o e abwl yes  B=Y/6  B=0o
G=¢

vo- . - - - 1600F
3 3
= YO 3 - - - 160AY
= 2
E f Y < IOYYY N R A
S =
= - < NI JOSVD  [OAY-

B=v/a B=1. B=v B=y. B=ys B=¥.
SJOOVY - IOFAY < BAFA -/POND -[PARY o]YYAY
SOPNY S JOVEY c[PAAY S POYA < ISAR o [YYE.

< 1OFOA NS SJPVEY < IPOY < IPAVA -
< [OAYA SIBAYA <YY< [FEYD < [FARA -

Ho\?
Cd=a><<f) +c %)
cmax () (2 e () av

00g) wl.: slael fse decba w‘fo Yla -‘aJlj) 3o
GrSose bad a8 S A 0 S (B8 Syged g
yokieds (golpiny SYolee (ST l53ls 5 Solver sl
S om b Sliee 02505 b 0T cmbio o8y (plicass
10,5 &lL1(V4) 5 (VA) Lalg, 3illae (g5l ool
Ca

—-1.2093
total

—01529><(A )
=0. 1

2

HO -7 0.2565 HO
.6511 —
+0.65 ( B ) % <B )

QR

—0.2668

(V) abaly j0 (VA golpian abal) 51 oowl Cavoas
e Sl el ome @0 Gl om lamlis
U5 50 a5 jsblen .l sl (1) aba, b a8ty ls]
Sl b g i oz 0o )0 00,5 o 0dalive (z-F)
a3 )3 Sl o0 L ONE oo Glaul s s pesSle o
Al o bools 5l (glos S aisls aS 00,5 oo alamdls .0l
a5 Gl ol Sl aliace ol ailazd 3,1 8720/ slas
Ssppbar o)y cwlie jlows S35 g3lidn Jgosb
A LRV 5l 508 ol sl ks Laosls TAY 5l i

ot gbiea o> G 0 e

30 S¥olas ilbin] oy g ailinl L OV o pocg o

A SYolre (i 0g5u .00 )8 &Sl Lol> Gadrd 0dguse

dorir sl il Bl yolia s b 85 05 850

SYolre 55k slaosls .ol 5 golul alis 5l Jol>
1095 Al 5 g Gillae

@ ro Gy bly) sl hS e S5O o
JKG 0l el am g e el )b 51 ol g0
o9t > sl i e okt S¥olee Gl b5

0.0177

C, = 2.7465 (é’) —2.1916 OA)

2yl Bl )0 (o0 o @l (WHF) JSO 5o

Swamee, ) slo sl zls b alis] e >
. (Rajaratnam, 1997) .(Negm et al. 1993) (1992
Shivapur and Shesha) 4 (Alhamid, 1998)
—oalo L «(VA) alal, .cewl o0y auslie (Prakash, 2005
Slees (HF) JSa s pliime 53 sszse sla
g clie pobar Iy (oo po lade 5wl ogllas
RV RSt | PO Pl | L WL I KC S PR
oSl i sl g 3llae sl (oSl ¢ o slas

S [ YY g e8NS AV UYINY Ol se



IRl ST 5 @bl (owiiten (b gy ode 4 pidd
VFeY bl . g0 g olxy o Loy o0 jow JL

(<) (<
S Alhamid (1998)
0/8 T 09 T+ ®  Present Study
R? =0/982 Rajaratnam (1977)
RMSE=0.0072 A Negm et ?I. (15;93)
1 =u. Swamee (1992
0/75 +2.81% 0/8 + = = = = Shivapur and Shesha Prakash (2005)
= = = Equation NO-18
or T -2.81%
= 07 +
h=l —~
T8 0/65 <
O 2 @)
w 0/6 +
0/6 +
0/55 + 05T
0/5 t t t t t | 0/4 }
0/5 0/55 0/6 0/65 017 0/75 0/8 0 10 20 30 40 50
Cq H./G ()
Experimental
3 @
2 4
------- -.- P — -#
1 - -]
B
S m m
=0 — +
w ) g
r 0/qo2 - w045 @ 0/007 0/00 0/q12
1 By
..... ..---..------
2
-3

Qe (M)

20lie g lio ylogai (o pliize ;K00 9 Pl Gulized o ailiws] gas > 13 (09T 4z 50 (00 w0y olie (I :(F) JSCis
B3T3 il 30 (o U w0 yd jlogai (7 (A Lo3T 9 (S luwloxo

sl wo o Sk polie yores el 1FAY o
e oSl i sl 5 3l ol (s g
V) U o aibge e Ve A g o [e s AV TNIYE S e
QLAAJ e 6Ua> RS ).g‘ﬁ 5 Ho/B M)».o‘)b (o
AF 4 00 )F oo alaxde S0 4 4> g5 b .Conl ol ools
cdo Kiles s Wiyl 18 VEY slas &b e besls
Wlgi oo YU liebl b a8 aiily oo (golpiiny alail, (YU

Dgd 48,5 ey

2o aliw] b el sl olg o1, (V) alal,

o il 0.0, 54 98 4z ,0 25 2 eeR s
u.a..) ML&Q Lngo‘) )‘ ‘55; 05.1 M‘P Atota|=A2 ‘JL:S
Ol 85 s jglateas (V1) alal, b alBisle;] ol
CJLQ )| ool Cawddy Gsowb..a O s )l..\.o.a 3T
ot abaly 5ol dule poculo b Rl
sl W, 5l Sl (W) JSs a0 00
Db 2Bale;l b Sl polie o mls
la so)s jlade 2Slas IS8 4 axgi b 4S5 sk



Olnl @ 5 )bl (puiie (Sidgy (oole &yt
VPo¥ olawoli. g8 g olxsy o )lods @20 juw Jlw

VY

(<)

RE (%)

Ho/B (-)

(<

T[R? = 01963
1[ RMsE=0.0108

+4.92%

0/5 0/55 0/6 or7 0/75 0/8

Experimental

Losld o sl  SoiSTy ylges (0 Al b cdl jo socy o (DG Lo;T 9 luwlxo 59 Slio duslio Hloges (A (V) S

@ axgi badl oo 0uls slpiing Aol lavwgs ol o
O Hgods olpiing ol aS 598 oo cdmliv (A) S

5l ol slaosls Glos 5l celis (L5510 b (as yd
S 0 s508 Pl @l

Cowddy (odalyo lee glanlie (A) S sillas

sl oo b laailin] coled gl alisle;l bl 5l el
O oleriny Joo b 5l ol p3calpe g il
bl logrez bolas ajloges cnl )0 cdpdy &j90

----- Equation NO-19 ® B=25cm = B=5cm
A B=7.5cm B B=10cm ¢ B=15cm
m  B=20cm + B=25cm x  B=30cm
09 T
08 T XX X XX %
4
07 + 3Tt
+ AR g
O WW‘ - i__=
5 06T @ =Leh i R i st
© L ="
’
0/5 +
0/4 +
0/3 t t t t t t t {
0 1 2 3 4 5 6 7 8
Ho/B (-)

oul Juwo ‘sl.bddl.’i.wi Y GbliwaLo)T 9 ©olsuiioy doleo )l Jols p0cul po o g lio 10905 :(A) JSC

Y. 9 YO N AND N 6\//& A ‘T/A OL:.:‘ )Q L}éj.c-w.b).*.c
by Sl (Sadih 0 2585 Ay p) el
VO N0 oo ojl yo latolesl Limgl ol 5o .0

ey pRalesl pwyp @ yol> o o
sl Sasil o alis] e Gl o ogiS am e



Ol jsbar o)ls Cull (Falil S e U S s
dglio )0 (98 Az ;0 5 JUIS (5,0 oo ailissl 052
ol Vol (Salslh S e aibis] eay > Ly
dslin b .00 )8 o o0 o (s, 0 YIVO ioli8l el
Aol S5 At plge @ocmrd GRIE Ol
B 3 odcayd ) 3l gt Gl o
ke JBlas shls Loye oS b bl 5 ojls ol
Slanlive (ypized wbl e Baln] e 45 e s
S Dbz bl albial (2pe (al3dl b as ol oles
Bl oS el izran g 0ad Spliie a0 pj
P oRIPl rmes Dedoe Ol @b 5 655
253l Gome ol 5 ol B agd o Sl il
Ded o (@0 o Ll 4 pmie &S b ralS 4z yo
iz by, JuST j1i8le 5 yo Solver asl, sl eolasul b
ST (Ko oy b (a3 e Ssen S labex
oS Wbl gy 5 alinl b Sl gl o iy ST
obul 56T 51 ol ge a9 slojial)ly 5l oasb
9O (2O S S jglaieds 45 del Cewdds Wi
JU oo g o e ailin] b g alin] (g cl>
b8 54y anlys o Yo plicabol b ol (b o Ll o

A K P

a0 slp ol by bl 5o laiolejl ragh ool o
380 et 5 P e lalnl Cl o saS
Oy lulyl 905 oo Slpiiny sl &85 S8 o)
2055 1R sy 0550 ST Slahgh 50 (ki

IRl ST 5 @bl (owiiten (b gy ode 4 pidd
VFeY bl . g0 g olxy o Loy o0 jow JL

o JEE I/ 0Y CenoVl Ol Gee g aids
09 Sl p3 a5 ols las gl 235 18 o) 2 09
(oS Ay i sla Sanib e 4wl
)l pSe alal) azm e (Sabil ple b 000e e
O Sl )0 (2985 a0 (23cuy p ele Pt
Vb O Gae o Sail lime Lol L el oo SO
A Cod alS Wy, g0cg o g a8l ralS asy o
oSl Sgysbar 05 e sPa e (Sadil
Y Sauibbawlie o ol ) Sadsl poce e
9 00g yiloo [NPION 5 LVIVO by e gble Yoy
s aulie sl o LYAA 5 1VPPY T Jlade yiSTos
9% g Al b s o o ye Slp o] Cawdds
Az, gy alinl 0smg i o0Skee 5l S ailis]
ol Gedizd 0 0)ls (p0ce o SIS I Sl o9aS
(V dlal)) oreen Sl gl (20 dslxe (agas bl
» s_AL.mL?:A 9 A ool cLM}J ua)'cf"'”)“ AJL.«....JT 6‘;}
et alin] b el slp a5 was all) bl
Cdpdy pll pols s jo (¥ akal)) el ouls &)
Pt o)l yd g o)l glaalnd gl oS
3,5 a8 sl Hlis b 018 1,8 solasul 0,90 wilgs oo
@rs GRIBl A e (gstS s ) Sl
aliw] sloJos oled 5,051 L aS 5 5bas 00,5 o
2 0k (@0 re s el ¥ (Sadil g 50
Ol ( Sadil plea o wliw] e Sl b dlie
VY Sasl o alin] g el g JUIS 5,0 po ailiw]
SO OV | PR o e slidl sl S e il

&lw

2T i 09,5 mazn ;0 53 oy 555 (59 p il glis)) g JSE 3l (saue gy AFAF L 0950 sl

oy o&ils L(g5,9laS suSlidls

a0 by (20 cupe g aliw] i alids sl S0 50wy YAV, WL js (659,98 9 v ¢ gwlolws
YV-YF uo‘\ o)Lo...':: “Qj\)jobbu JL...J s).uS).uo‘ u‘).o.c LS“J"L‘Q’O 4.:)...“.: (SO ges 6’5"“5

A



Olnl @ 5 )bl (puiie (Sidgy (oole &yt
VPo¥ olawoli. g8 g olxsy o )lods @20 juw Jlw

Alhamid, A. A. 1998. Coefficient of Discharge for Free Flow Sluice Gates. Journal of King Saud
University - Engineering Sciences, 11(1): 33-47.

Daneshfaraz, R., Abbaszadeh, H., Gorbanvatan, P. and Abdi, M. 2021. Application of Sluice Gate in
Different Positions and Its Effect on Hydraulic Parameters in Free-Flow Conditions. Journal of
Hydraulic Structures, 7(3), 72-87.

Daneshfaraz, R., Ghahramanzadeh, A., Ghaderi, A., Joudi, A.R. and Abraham, J. 2016, Investigation
of the Effect of Edge Shape on Characteristics of Flow under Vertical Gates. Journal of American Water
Works Association, Doi.org/10.5942/jawwa.2016.108.0102

Daneshfaraz, R., Norouzi, R., Abbaszadeh, H., Kurigi, A. and Di Francesco, S. 2022. Influence of
sill on the hydraulic regime in sluice gates: an experimental and numerical analysis. Fluids, 7(7), 244.
https://doi.org/10.3390/fluids7070244

Ghorbani, M.A., Salmasi, F., Saggi, M. K., Bhatia, A. S., Kahya, E. and Norouzi, R. 2020. Deep
Learning under H20 Framework: A Novel Approach for Quantitative Analysis of Discharge Coefficient
in Sluice Gates. Journal of Hydroinformatics, 22 (6): 1603-1619

Henry, H. R. 1950. Discussion on "Diffusion of Submerged jets, "by Albertson, M. L. et al., Trans.
Am. Society Civil Engrs, 115, 687.

Karami, S., Heidari, M. M. and Adib Rad, M. H. 2020. Investigation of Free Flow Under the Sluice
Gate with the Sill Using Flow-3D Model. Iran J Sci Technol Trans Civ Eng, 44: 317-324, Doi:
10.1007/s40996-019-00310-x

Khalili Shayan. H. and Farhoudi, J. 2013. Effective Parameters for Calculating Discharge Coefficient
of Sluice Gates. Flow Measurement and Instrumentation, 33: 96-105.

Negm, A. M. Alhamid, A.A. and El-Saiad, A. A. 1998. Submerged Flow Below Sluice Gate with
sSill: Conference: Proceedings of International Conference on Hydro-Science and Engineering Hydro-
Science and Engineering ICHE98, Advances in Hydro-Science and Engineering, Vol.lll, Published on
CD-Rom and A Booklet of Abstracts, 31 Aug.-3 Sep. 1998, Cottbus/Berlin, G.

Negm, A. M., Abdellateef, M. and Owais, T. 1993. Effect of Undergate Sill Crest Shape on the
Supercritical Free Flow Characteristics, Proc. AEIC 93 Conference, 18. 21Dec. 1993. Cairo. pp .230-
241.

Rajaratnam, N. 1977. Free Flow Immediately Below Sluice Gates: Journal of the Hydraulics
Division, 103(4): 345-351.

Rajaratnam, N. and Subramanya, K. 1967. Flow Equation for the Sluice Gate. Journal of the
Irrigation and Drainage Division, 93(3): 167-186.

Salmasi, F. and Abraham, J. 2020. Prediction of Discharge Coefficients for Sluice Gates Equipped
with Different gGeometric Sills under the Gate Using Multiple non-linear Regression (MNLR). Journal
of Hydrology, DOI: 10.1016/j.jhydrol.2020.125728

Salmasi, F., Nouri, M., Sihag, P. and Abraham, J. 2021. Application of SVM, ANN, GRNN, RF, GP
and RT Models For Predicting Discharge Coefficients of Oblique Sluice Gates Using Experimental
Data. Water Supply, 21 (1): 232-248.

Shivapur, A. V. and Shesha Prakash, M. N. 2005. Inclined Sluice Gate for Flow Measurement. ISH
Journal of Hydraulic Engineering, 11 (1): 46-56.


https://www.sciencedirect.com/science/journal/10183639
https://www.sciencedirect.com/science/journal/10183639
https://doi.org/10.5942/jawwa.2016.108.0102
https://www.researchgate.net/journal/Flow-Measurement-and-Instrumentation-0955-5986
https://scholar.google.com/scholar?oi=bibs&cluster=9820219619547840733&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=9820219619547840733&btnI=1&hl=en
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.jhydrol.2020.125728

IRl ST 5 @bl (owiiten (b gy ode 4 pidd
VFeY bl . g0 g olxy o Loy o0 jow JL

Swamee, P. K. 1992. Sluice Gate Discharge Equations. Journal of Irrigation and Drainage
Engineering, 118(1): 56-60.


https://www.researchgate.net/journal/Journal-of-Irrigation-and-Drainage-Engineering-0733-9437
https://www.researchgate.net/journal/Journal-of-Irrigation-and-Drainage-Engineering-0733-9437

Olnl @ 5 )bl (puiie (Sidgy (oole &yt
VPo¥ olawoli. g8 g olxsy o )lods @20 juw Jlw

Experimental Study of the Effect of Suppressed and Non-suppressed Sill on
Sluice Gate Discharge Coefficient under Free-Flow Condition

Rasoul Daneshfaraz!*, Reza Norouzi?, Hamidreza Abbaszadeh3

Abstract

Vertical sluice gate is a structure that is installed on the channel to control the upstream flow. The
purpose of this study is to investigate the effect of sluice gate opening and effect of the presence of
suppressed and non-suppressed sill below sluice gate on the discharge coefficient under free-flow
conditions. Therefore, rectangular sills with different widths of 2.5, 5, 7.5, 10, 15, 20, 25 and 30cm at
constant gate opening and sluice gate with openings of 1, 2 and 4cm in without sill state were studied.
The results showed that in the without sill state, the amount of gate opening is inversely related to the
discharge coefficient, so that by decreasing the gate opening rate, the discharge coefficient increases.
On average, the discharge coefficient of 1cm gate opening is higher than that of 2 and 4cm, 7.75% and
16.51%, respectively. The results also showed that with increasing the sill width and thus reducing the
total area of the flow through the gate, the discharge coefficient increases and vice versa. The presence
of a sill with a minimum width compared to the non-sill state in a specified opening leads to an increase
in the discharge coefficient. At the same opening in the without sill state and suppressed sill at a constant
flow, the sluice gate discharge coefficient with sill increases in comparison with no sill state. In the
present study, based on the dimensionless parameters, nonlinear regression polynomial relations were
presented by combining all experimental data to predict the discharge coefficient in without and with
sill state in different widths.

Keywords: Sluice Gate, Suppressed Sill, Non-Suppressed Sill, Gate Opening, Discharge
Coefficient
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