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ABSTRACT: 

Sills under sluice gates is used in hydraulic structures; their effect on the head generated upstream 
gates for certain rate of flow is related to the height and length of sill.  A study is held in laboratory flume 
on four different prismatic sill heights and one model without sill by changing the gate opening four times 
for each model. Statistical analyses on the dimensionless physical quantities are done. A positive effect of 
sill on the performance of flow is noted by increasing the flow rate up to 25% for some models.  The 
coefficient of discharge decreases with increase of relative sill height to the head upstream and increases 
with three other dimensionless parameters. The relative sill height to the gate opening shows the highest 
correlation factor with the discharge coefficient and its positive effect on the flow phenomena is 55.4%. 
Within the experimental measures limitations, a linear equation for predicting the discharge coefficient is 
proposed with Adj. R2 0.923 . 
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INTRODUCTION 

luice gates are widely used to control and 
regulate flow rate at the crest of overflow 

spillways, or at the entrance of irrigation canals. 
The existence of gates disturbs the flow and 
creates non-uniform flow conditions upstream of 
the gate. The outflow from these gates is 
classified as free or submerged depending on the 
tail water depth. Sills located under the gates are 
used mainly to reduce height of the gate and 
consequently its weight (Alhamid, (1998)). 
Conclusions of many studies are widely used as 
a guide by the engineers in designing and 
operating the hydraulic structures, especially in 
controlling the rate of flow and water level. 
Many investigators were studied the hydraulic 
characteristics of free and submerged flow under 
a sluice gate without and with sills. Rajaratnam, 
and Humphries (1982), Clemens et al. (2003), 
Belaud et al. (2009), Lozano et al. (2009), 
Habibzadeh et al. (2011), Cassan and Belaud 
(2012). Swamee (1992), suggested equations for 
both free and submerged flows as well as 
criterion for submergence. Swamee et al. (2000) 
conducted experimental study under free and 
submerged flow and proposed equation for 
elementary discharge coefficient that can be used 
to compute the discharge through sluice gate 
having any plan shape. Junget et al. (2001), 
investigated widely various characteristics of a 
vertical sluice gate, equations for discharge 
coefficient, dimensionless discharge, submerged 
water depth, maximum allowable gate opening, 

and the distinguishing condition separating free 
flow and submerged flow were derived and 
plotted with consideration of flow contraction at 
the gate. Lin et al. (2002), presented several 
graphs showing the contraction coefficient 
against flow depths at upstream and downstream 
of a sluice gate. Navid and Farzin (2012), 
developed two equations, linear and nonlinear, 
to determine discharge coefficient for both free 
and submerged flow conditions using 
dimensional analysis. For free flow conditions 
under gates using numerical methods, the effect 
of gate opening (d) on coefficient of contraction 
(Cc) was also demonstrated by many researches 
such as, Fangmeier and Strelkoff (1968), Larock 
(1969), and Vanden-Broeck (1997). Ibrahim 
(2000) analyzed the experimental data of 
supercritical submerged flows at fixed under-
gate Froude number (Frg), a prediction equation 
was developed for the discharge coefficient (Cd) 
in terms of (Frg) and the ratio of differential head 
between upstream and downstream to the gate 
opening (∆H/d). Neveen (2000), showed that for 
circular-crested sills the main factor affects the 
discharge coefficient was the ratio of bottom 
width of the sill to sill height (B/P), and the 
circular-crested sills have a higher discharge 
coefficient than the flat top sill only if (B/P) of 
the circular-crested sill is smaller than that of the 
flat top one. Clemmenset al. (2003) introduced 
an energy correction to account for change in 
(Cc) at initial submergence. The contraction 
coefficient under sluice gates on flat beds for 
both free flow and submerged conditions is 
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studied by Gilles et al. (2009) and found that the 
contraction coefficient varies with the relative 
gate opening and the relative submergence, 
especially at large gate openings. Gilles also 
conclude that the contraction coefficient may be 
similar in submerged flow and free flow at small 
openings but not at large openings. The sill 
effect on characteristics of submerged flow 
below gates were also analyzed experimentally 
by many investigators.  

The aim of this research is to investigate the 
effect of prismatic sill with different heights 
(different upstream and downstream slopes) 
under the different gate opening on the 
performance of free flow condition under the 
gate. 

 
BACKGROUND AND EXPERIMENTAL 

WORK 

The free flow passing gate opening is supper 
critical and its depth is corresponding to the gate 
opening. When a prismatic sill is constructed 
under the sluice gate, head loss will be effect by 
the geometrical properties due to improvement 
of stream lines curvature and this will cause less 
head (H) generated in front of gate for constant 
flow rate. To show the main parameters which 
affect the flow, figure (1) presents the definition 
sketch of the phenomena and the measured 
quantities during the experimental test. The 
functional relationship can be written for the 
actual discharge (Qact) from these quantities as in 
equation (1). = ( , , , , , , , , )													(1)  

 
in which H is the head, d is the gate opening, 

B is the channel width, g is the gravitational 
acceleration, ρ is the density of water, μ is the 
dynamic viscosity, σ is the surface tension, P is 
the sill height and W is the sill length. 

 

 

Fig. (1): Definition sketch 
 

Equation (1) can be formed to dimensionless 
ratios that describe the actual discharge function 
as follows: . . = , , , , , 									(2) 

 
The ratio between the actual discharge (Qact.) 

to the theoretical value (Qthe.) is equal to the 
discharge coefficient (Cd) so equation (2) 
become: 

 = , , , , , 																			(3) 
 
The flow underneath the sluice gate is 

supercritical; the values of Reynolds number and 
Weber Number can be dropped. The functional 
relationship (3) for the coefficient of discharge 
(Cd) can be written as: 

 = , , , 																																					(4) 
 
Froude Number regarding to gate opening 

(Frg) which is a dimensionless parameter 
defending the actual flow rate under gate, it can 
be calculated from equation (5). 

 = . . 																																															(5) 
 
The experimental were carried out in a 

horizontal flume having length 2.4 m, with 
rectangular cross section of 0.25 m height and 
0.075 m width. The vertical sluice gate has an 
aluminum plate, 5 mm thick with a sharp 
beveled lower edge to control the upstream 
water depth was fixed at the crest of sill. Four 
models of prismatic sills, having different 
heights (P = 2, 3, 4 and 5 cm) with the length 
(W=37.3 cm), were made of Mahogany wood. 
The experiments were tested using five model 
groups. One of them without sill (P =0) and the 
others were prismatic sills with different height. 
Each model was tested with four different gate 
opening (d = 1.5, 2. 2.5, and 3 cm) which gives 
twenty models the total runs 219. The water 
depths were measured at the center line of the 
channel by point gauge verier as shown Fig. (2). 
The discharge was measured by two methods 
volumetric and calibrated rota meter. Table (1) 
as shown the experimental study details.  
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Fig. (2): The sill and sluice gate models during a test run 
 
Table (1): Details of the experimental study 

Model 
No. 

Sill (cm) Gate 
Opening d 

(cm) 
P/W 

Height P Length W 

1 

0 

37.3 

1.5 

0.0000 
2 2.0 
3 2.5 
4 3.0 
5 

2 

1.5 

0.0536 
6 2.0 
7 2.5 
8 3.0 
9 

3 

1.5 

0.0804 
10 2.0 
11 2.5 
12 3.0 
13 

4 

1.5 

0.1072 
14 2.0 
15 2.5 
16 3.0 
17 

5 

1.5 

0.1340 
18 2.0 
19 2.5 
20 3.0 

 
RESULTS AND DISCUSSION 

The data collected from experimental tests of 
the four sill height under sluice gate with one 
without sill is presented in Fig. (3), which shows 
the relation between Froude number under the 
gate (Frg) and the dimensionless geometric 
parameter (H/d) for different sill height (P). It is 
logically clear that the head increases with 
increase of discharge for all gate openings (d). 
According to that for a certain value of flow 
discharge and a certain gate opining (d), the head 
(H) in front of the gate will be generated to 
satisfy the energy loss caused by the orifice (the 
opining between the sill and gate edge). This 
relation can be noted on figure (3), as Froude 

number (Frg) present the value of flow discharge 
under the gate, so for a certain valve of (Frg) the 
value of the head (H) decreases with the increase 
sill height. This observation leads to note that 
sills under sluice gate have the positive effect on 
the flow discharge for a certain head of flow. 
The relative increases in discharge is 
approximately between 7% to 25% for the 
smallest gate opening and from 3% to 14% for 
largest gate opening. The prismatic sills under 
sluice gate increase free flow performance due to 
the reduction of head generated in front of gate 
for certain discharge. This reduction caused by 
the gradually inlet and outlet of the sill slopes 
which affect curvature of stream lines. 
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The discharge coefficient (Cd) is evidently 
increases with increase of head relative to the 
gate opening (H/d) as presented in figure (4). 
Fig.  (4) also shows that for a certain value of 
(H/d) the values of discharge coefficient have 
higher values for sills under gate compared with 
a sluice gate without sill.   

 

The effect of gate opening for flow without 
sill (P = 0) and sill height equal to 4 cm is   
presented in Fig. (5).  Fig. (5) shows the 
advantage of sill under sluice gate, by comparing 
the values of discharge coefficient (Cd) for the 
two models, the values are higher when there is 
a sill than that without sill for all four different 
gate opening (d).   

The value of discharge coefficient (Cd) 

decrease with increase of the dimensionless 
parameter (P/H) as shown in Fig. (6) for all 
models, also it can see that larger gate opening 
create less values of (Cd), this natural behavior 
due to overcome certain loss that a discharge 
should generate it as a head to pass that rate of 
flow through that area.  The area is the gate 

opening and sill height as inlet slope and out let 

slope. 
The four geometric dimensionless parameters 

in equation 4 has been correlated with the 
dependent variable (Cd) using IBM-SPSS 20 
Package. The analysis results show significant 
correlation between the variables, 
the heights correlated parameters are (P/d, P/W, 
and H/d) at the 0.01 level (2-tailed) with Pearson 
correlation (0.804, 0.650, and 0.537) 
respectively, while the parameter (P/H) is 
correlated at the 0.05 level (2-tailed).  

Linear and nonlinear regression analysis 
carried on to find the mathematical models 
between the discharge coefficient (Cd) and the 
independent four dimensionless geometric 
parameters in equation 4. The regression models 
were twelve different models of linear and 
power have achieved. To show some of the 
linear and nonlinear models, Table (2) present 
eight best models. The simplest and acceptable 
forms were the linear ones.  
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Fig. (3): Relation between Froude number under gate and dimensionless geometric parameter 
(H/d)

Frg = 0.496(H/d)0.544

R² = 0.999

Frg = 0.540(H/d)0.541

R² = 0.999

Frg = 0.537(H/d)0.548

R² = 0.999

Frg = 0.547(H/d)0.558

R² = 0.999

Frg = 0.579(H/d)0.556

R² = 0.999

1.00

1.50

2.00

2.50

3.00

3.50

4.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

Fr
g  

   
 u

nd
er

 g
at

e

H/d

d = 1.5 cm
P= 0 cm
P= 2 cm
P= 3 cm
P= 4 cm
P= 5 cm

Frg = 0.265(H/d)0.561

R² = 0.999

Frg = 0.262(H/d)0.585

R² = 0.998

Frg = 0.250(H/d)0.606

R² = 0.998

Frg = 0.262(H/d)0.594

R² = 0.998

Frg = 0.223(H/d)0.635

R² = 0.963

1.00

1.50

2.00

2.50

3.00

3.50

4.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

Fr
g  

   
 u

nd
er

 g
at

e

H/d

d = 2.5 cm
P= 0 cm
P= 2 cm
P= 3 cm
P= 4 cm
P= 5 cm

Fig. (4): Relation between discharge coefficient (cd) and dimensionless geometric parameter 
(H/d)
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Fig. (5): Relation between discharge coefficient (Cd) and (H/d) for two models (H/d)
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Table (2): The regression models analysis. 

No. Equation R2 

1 W
P

d
H

H
P

d
PCd 268.0004.0069.0042.0549.0   0.925 

2 
d
H

H
P

d
PCd 004.0061.0053.0556.0 

 
0.907 

3 
H
P

d
PCd 091.0061.0573.0 

 
0.888 

4 d
PCd 039.0567.0   0.647 

5 
527.600003883.0205.1879..0

801.16704906.86132.0043.0381.861 




























W
P

d
H

H
P

d
PCd

 0.953 

6 
619.1013.006.0098.0

475.2 






























W
P

d
H

H
P

d
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 0.911 

7 
2222

043.30004.0047.001.0573.80 




























W
P

d
H

H
P

d
PCd  0.868 

8 
0004.0337.0

784.158164.0308.158 














d
H

W
P

H
P

d
PCd  0.900 

 
The linear relationships between the dependant and independent variables are simplest forms. The 

first equation in Table (2) is found by automatic linear modelling developed in SPSS since version19. 
The automatic linear  skim carried on by using Machine learing to give best  predictive model 
(Hongwei, 2013). The output of  automatic linear  skim of the best fit is given in Table (3) with R2  
equal to 0.923.  Equation (6) presents the relationship. 

 = 0.549 + 0.042 − 0.069 + 0.004 + 0.268																																		(6) 
 
The automatic linear regression shows also the effectiveness of each dimensionless parameter on 

the flow phenomenon and listed it as percent  importance, which leads that the parameter sill hight to 
the gate opening (P/d) has 55.4% on the value of (Cd), while the other parameteres in equation (5) 
(P/H, H/d and P/w) have (25.2%,12.3% and 7.2%, respectively). Also the trend of the effect for each 
dimensionless parameter on the value of (Cd) is shown in Fig. (7) which shows that the discharge 
coefficient decrease with the increase of  (P/H) and increase with the increase of  (P/d, H/d and P/W).  

 
CONCLUSION 

The performance of free flow under gate are studied experimentally and the following conclusions 
may forwarded. 
1. The prismatic sills under sluice gate increase free flow performance relatively up to 25%. 
2. The discharge coefficient increase with increase of (P/d, H/d and P/W). 
3. The discharge coefficient decreases with increase (P/H). 
4. Within the limitations of the present experimental work, an equation (5) for predicting (Cd) is 
suggested with adjusted R square more than 0.923. 

 

 



Journal University of Zakho, Vol. 4(A) , No.1, Pp 150-158, 2016 
 

 156

ISSN: 2410-7549

REFERENCES 

Alhamid, A. A. (1998), Coefficient of Discharge for free flow Sluice Gates, Journal of King Soud University, 11 
(1), 33-48. 

Belaud G., Cassan L. and Baume J. P. (2009), Calculation of Contraction Coefficient under Sluice Gates and 
Application to Discharge Measurement. Journal of Hydraulic Engineering, ASCE; 135 (12):1086-1091. 

Cassan L. and Belaud G. (2012), Experimental and Numerical Investigation of Flow under Sluice Gates. Journal 
of Hydraulic Engineering, ASCE; 138 (4): 367–373. 

Clemens A. J., Strelkoff T. S., and Replgle J. A. (2003), Calibration of submerged radial gates. Journal of 
Hydraulic Engineering, ASCE.; 129 (9): 680-687. 

Clemmens, A., Strelkoff, T., and Replogle, J. (2003), Calibration of Submerged Radial Gates. Journal Hydraulic. 
Eng.; 129 (9):680–687. 

Fangmeier D., and Strelkoff T. (1968), Solution for Gravity Flow under Sluice Gate. Journal of Engineering, 
Mech. Div.; 94 (EM1):153–176. 

Table (3):  Effects target Cd, linear model

Fig. (7): Estimated means charts for the significant effects (P<0.05) 

Estimated Means 
Target: Cd 



Journal University of Zakho, Vol. 4(A) , No.1, Pp 150-158, 2016 
 

 157

ISSN: 2410-7549

Gilles Belaud, Ludovic Cassan, and Jean-Pierre Baume. (2009), Calculation of Contraction Coefficient under 
Sluice Gates and Application to Discharge Measurement, Journal of Hydraulic Engineering; 135 (12): 1086-
1091.  

Habibzadeh A., VatankhahA. R. and Rajaratnam N. (2011), Role of Energy Loss on Discharge Characteristics of 
Sluice Gates. Journal of Hydraulic Engineering, ASCE.; 137 (9):1079-1084. 

Hongwei Yang. (2013), The case for being automatic: Introducing the automatic linear modeling (LINEAR) 
Procedure in SPSS Statistics. Multiple Linear Regression Viewpoint; 39 (2): 27-37. 

Ibrahim, A.A. (2000), Analysis and Formulation of Supercritical Submerged Flow Below Gate in Radial Basin 
with Lateral Sill, Engineering Research Journal, Al-Mataria Faculty of Eng., Helwan University; 68, 117-
130. 

Jung-Fu Yen, Chih-Han Lin and Chang-Tai Tsai. (2001), Hydraulic Characteristics and Discharge Control of 
Sluice Gates, Journal of the Chinese Institute of Engineers; 24 (3): 301-310. 

Larock B. (1969), Gravity-affected flow sluice gate. Journal of Hydraulic Div.;95 (HY4): 153–176. 
Lin C. H., Yen J. F. and Tsai C. T. (2002), Influence of Sluice Gate Contraction Coefficient on Distinguishing 

Condition, Journal of Irrigation and Drainage Engineering, ASCE.; 128 (4): 249-252. 
Lozano D., Mateos L., Merkley G. P. and Clemmens A. J. (2009), Field Calibration of Submerged Sluice Gates 

in Irrigation Canals. Journal of Irrigation and Drainage Engineering, ASCE.; 135 (6):763-772. 
Navid, N. O. and Farzin S. (2012), Vertical Sluice Gate Discharge Coefficient, Journal of Civil Engineering and 

Urbanism; 2 (3):108-114   
Neveen Y.Saad. (2000), Flow under a Submerged Gate with a Circular- Crested Sill, Nile Basin Water Science 

and Engineering Journal; 4 (2): 1-9. 
Rajaratnam N., and Humphries J.A. (1982), Free Flow Upstream of Vertical Sluice Gates, Journal of Hydraulic 

Research.; 20 (5):427-437. 
Swamee P. K. (1992), Sluice gate discharge equations. Journal of Irrigation and Drain Engineering, ASCE; 118 

(1): 56-60. 
Swamee P. K., Pathak S. K., Mansoor T., and Ojha. C. S. P. (2000), Discharge Characteristics of Skew Sluice 

Gates. Journal of Irrigation and Drain Engineering, ASCE; 126 (5): 328-334. 
Vanden-Broeck J. (1997), Numerical Calculations of the Free-Surface Flow under a Sluice Gate. Journal Fluid 

Mech.; 330: 339–347. 

 

@@
@@
@@

õóØb Šò†@õ‹ŽîŒ@õ†aŒb÷@çbî‹u@çìíiaq@ß@ôØíÄýói@oîaŒaìŠò†@bä‹ÙïmŠbØ@@
ón‚íq@@

@ aŒaìŠò†@ bä‹Ø‡åÝi@ í÷@ bî‰ŽîŠ†@ bä‹ÙïmŠbØ@ LðÙïÜìŠ‡îbè@oïéuóåi@ ß@õóØb Šò†@õ‹Žîˆ@ ôîŒaìŠò†@ bäbåï÷ŠbØói@Šó@ ß
@bìŠóè@çŒaìbïu@oïèa‡åÝi@ L@ aŒaìŠò†@oïÝî†íà@ Šbš@ ˆ@Úä‡äb‚@çìíiaq@ LôÐb÷@ bÑî‹m@çbî‹u@õó“ïq@ ß@ ìb÷@ônb÷
@õŠò†òŠó@Šó@ß@ç‹ØŠbØ@óïmbè@õŠbîàˆ@ bä‹ØóÐíÝ’@NŽôÙÝî†íà@Šóè@íi@ aŠbu@Šbš@õóØb Šò†@ôäíØ@ båîŠí @ßóØ†

bi@ bÙî@õŠóÙïmŠbØ@ íØ@ ç‹ØŠbî†@ óïmbè@ Lõ‡Éi@ ý@ôîbîïÐ@bäìíiò‡îŒ@ bòì@ Šóè@ LæŽïÕÝq@ bäìíiai@ Šó@ ß@ aŒaìŠò†@ bî@•
@ˆ@Òî‹m25@íi@ôÙõò‰îŠói@ aŒaìŠò†@ bïèa‡åÝi@ bä‹Ø†bîˆ@ßó †@oi@âïØ@ðÑî‹m@ bä‹Øa†ìó@ @ LôØóÝî†íà@Šóè@íi@E

@æîåÝi@ õóØb Šò†@ ôäíØ@ íi@ aŒaìŠò@ bïèa‡åÝi@ õò‰ŽîŠ@ íØ@ ‹ØŠbî†@ Lõ†@ bä‹Øa†òìó@ bäìíiò‡îŒ@ ì@ õòìbšŠó@ ônb÷
bÈ@ ´“ïÐbèŠò†@ ò†Šbî†@ Šó@ ß@ •bi@ õŠóÙïmŠbØ@ ‹ØŠbî†@ Nç‹Øa†òìó@ ßó †@ ça‡î‹ÙÝà55.4@õŠíå@ Òî†@ ß@ N@ E

ßóØ†@Òî‹m@õóØŠbØ@ôåïj“ïq@óïmbè@ÞïèónaŠ@bØó“ïØìbè@Lðä†‹ÙïÔbm@çìíiaq@R2=0.923 
 

  



Journal University of Zakho, Vol. 4(A) , No.1, Pp 150-158, 2016 
 

 158

ISSN: 2410-7549

  على اداء الجريان الحر تحت البوابات تاثير العتبة المنشورية
  الخلاصة

البوابات في المنشات الهايدروليكية، تؤثر اطوال العتبات وارتفاعاتها على منسوب الماء في  تستخدم العتبات تحت
مقدمة الجريان لتصريف ماء محد.اجريت الدراسة في قناة مختبرية على اربع نماذج من العتبات مختلفة الارتفاع و نموذج 

اء التحليل الاحصائي على المعاملات الفيزيا ئية اللا بدون عتبة بواسطة تغير فتحة البوابة اربع مرات لكل نموذج تم اجر 
% لنفس النموذج. معامل 25بعدية، حيث اشارالى وجود تاثير أيجابي للعتبة على اداء التدفق وذلك بزيادة التصريف عن 

رتفاع العتبة التصريف يتناقص مع زيادة ارتفاع العتبة نسبة الى منسوب المنبع ويزيد مع المعاملات الاخرى. يظهر نسبة ا
% . في 55.4الى فتحة البوابة اعلى عامل  ترابط  مع معامل التصريف ويظهر تاثيره الايجابي على ظاهرة  التدفق 

 R2=0.923 . حدود الاجراءات التجريبة، اقترح معادلة خطية للتنبؤ معامل التصريف مع
 


