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Sluice gates are hydraulic devices that regulate channel discharge or redirect water 

flow from primary to secondary channels. These gates may be positioned in many 

ways; Some gates are vertical, whereas others are tilted either in the direction of flow 

or against it, contingent upon their special design function. In this study, several 

models of sluice gates were considered in different positions in the direction of flow 

and against it. The sluice gate angles considered were 10°, 20°, 30°, 40°, and 45° in 

the direction of flow and against flow direction under free flow condition, with the 

reference position set at 90°, the study was examined how the inclination of the gate 

influence the amount of discharge coefficient and how the discharge coefficient was 

affected by the variation in upstream water depth and gate opening height, where the 

four gate opening heights were (1, 2, 3, and 4) cm. The aim of this research is to 

determine the discharge coefficient under inclined sluice gates in different positions; 

furthermore, a general equation of free flow under inclined sluice gates has been 

established. According to the findings, the discharge coefficient (Cd) increases as the 

inclination angle of the sluice gate in the direction of flow increases and decreases as 

the inclination angle of the sluice gate against the direction of flow increases. Also, 

increasing the gate opening (h) will reduce the discharge coefficient (Cd) to pass the 

same amount of water through the sluice gate. Finally, empirical equations were 

derived linking the discharge coefficient values passing under the vertical and incline 

sliding gates for various openings and conditions using the non-linear regression 

analysis in (SPSS) program. Additionally, the statistical indices (R2) and Nash–

Sutcliffe efficiency (NSE) were used to test the reliability of these equations, and their 

results for the vertical sluice gate was 0.9868, 0.9766, the incline sluice gate with flow 

was 0.9897, 0.950 and the incline sluice gate against flow was 0.9793, 0.940 

respectively. The analytical approach for estimating the coefficient of discharge under 

the vertical and inclined sluice gates showed a great fit with experimental findings. 
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1. Introduction  

Life, ecological support, economic, and social 

progress are all dependent on water. 

Considering the climatic issues and the rising 

demand for water, Sustainable management of 

water resources is crucial, particularly in areas 

that are dry or mostly dry. Therefore, one of the 

most common ways to manage water and 

govern its distribution is through hydraulic 

structures, which play an important role in 

flood control and irrigation systems. 

Sluice gates are an essential part of these 

facilities because they allow for highly precise 

flow and water output control by decreasing 

waste and increasing the effectiveness of 

distribution[1]. Among the engineering 

developments in the design of these gates is the 

design of the inclined sluice gate, which 

modifies the flow characteristics beneath the 
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gate by providing an inclination angle, 

deviating from the typical vertical form[2]. 

Since the discharge amount can be precisely 

estimated using the discharge coefficient, it is 

one of the most significant hydraulic statistics 

when evaluating flow under gates [3]. The 

gate's inclination angle and height directly 

affect the values of this coefficient, making its 

study essential for improving the design and 

operation efficiency of inclined gates in open 

channels [4] . These gates manage the water 

flow in channels, sluices, or rivers and are 

typically encountered in structures that 

controlled flood, dam outputs, and irrigation 

systems, and to improve water flow via the 

auxiliary channels by raising the level of water 

upward of the major canals, in addition to 

eliminate sediments at the canal's upstream that 

may have accumulated [5] . A theoretical 

overview of open channel flows and a sluice 

gate's upstream effect was published in several 

studies involving laboratory testing and 

theoretical methods conducted to ascertain the 

discharge coefficient. By solving the (Ordinary 

Differential Equations) and finding the values 

of the contraction and discharge coefficients 

(Cc, Cd), the hydraulics of flow via a gate was 

investigated [6]. Early study using a 

rectangular laboratory flume, the discharge 

coefficient of a gate for both free and 

submerged flow was studied experimentally. A 

total of 37 experiments were performed 

(submerged flow), and 20 experiments were 

conducted (free flow). The study examined the 

correlation between the discharge coefficient 

and the fluctuations in flow depths both 

upstream and downstream of the gate resulting 

in the formulation of an empirical equation [7]. 

Several research used the finite element 

method to theoretically examine the hydraulics 

of flow-exiting gates, and computer software 

was used to apply the results. the findings of 

these investigations demonstrated a remarkable 

capacity to reproduce the water surface, 

velocity, and pressure profiles in addition to 

calculating the contraction and discharge 

coefficients [8-12]. Also, calculations for the 

discharge and contraction coefficients were 

carried out using the Boundary Integral 

Equation Method (BIEM) and construct an 

illustration of the water surface profile for the 

spillway and the sluice gate [13]. A further 

experimental study was conducted in a 

rectangular flume to examine the flow beneath 

a gate. The results indicated that the discharge 

coefficient reduces as the ratio of gate opening 

to upstream flow depth (a/H1) increases [14]. 

Another investigation that demonstrated a high 

degree of concordance between experimental 

and theoretical values supported this 

conclusion. This study used Mathematica 

model software to determine the discharge 

coefficient of vertical sluice gates [15]. 

Furthermore, experimental and numerical 

investigations were conducted to examine the 

flow characteristics of the area upstream and 

downstream of sluice gates. Using two-

dimensional Navier-Stokes simulations with a 

volume of fluid approach and Reynolds 

averaged [16]. Additionally, the discharge 

coefficient (Cd) of oblique/inclined sluice gates 

was evaluated using intelligent models and 

experimental data, they found that because of 

increased flow line convergence under the gate, 

raising the gate inclination angle led to larger 

discharge coefficients by using (ANN) models 

in free flow condition [17]. Artificial Neural 

Networks (ANNs) modeling approach with 

back propagation algorithm was applied to 

analyze the flow characteristics below vertical 

and inclined sluice gates, 420 datasets from 

past experimental studies on free and 

submerged flow were collected. Using a non-

linear equation, Cd for free flow was calculated 

[3]. The effect of vortex formation upstream 

inclined sluice gate has been studied for several 

gate openings vertical and inclined opposite 

flow direction, it was found that the average 

discharge coefficient for the vertical gate was 

0.645 while these values reduced to 0.59 and 

0.564 for gate inclined (30° and 45°) opposite 

flow direction respectively [18]. In fact, 

experimental research was conducted to 

evaluate the performance of five models in 

determining flow regime conditions, computing 

the flow rate and discharge coefficient (Cd). In 

order to examine every aspect of the research 

plan for analyzing sluice gate performance, a 

numerical model was utilized where the flow 
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through a sluice gate remains constant but 

changes depending on the downstream and 

upstream conditions, the flow rate, and the 

location of the gate [19]. A physical model was 

used to analyze the water surface profile 

surrounding a vertical sluice gate in order to 

study the properties of free flow beneath the 

gate. The findings included a number of graphs 

showing the connection between gate opening, 

specific energy, and flow depth with discharge. 

Additionally, it was determined that the two 

most important variables influencing the water 

surface profile beneath the sluice gate are 

discharge and gate opening [20]. Different 

research investigated the effects of a sluice gate 

that is vertical, oblique, angled upstream, or 

angled downstream assignments on the 

coefficient of discharge (Cd). A numerical 

modeling technique was utilized in this study 

using the program (FLOW-3D), in order to 

model free-surface flows. The research 

emphasizes how important it is to position 

sluice gates strategically in order to optimize 

water management efficacy [21]. Furthermore, 

several studies have examined how the sluice 

gate's inclination affects the discharge 

coefficient. Thus, an experimental investigation 

was conducted to examine the performance of 

sluice gate inclination. A rectangular lab flume 

was used for the experimental study and a 

correlation between the sluice gate's inclination 

and the direction of flow was discovered the 

discharge coefficient value increases and 

reduces when the inclination is different from 

the direction of flow [22]. According to the 

study of earlier research from the above 

review, the previous studies clearly show how 

sluice gates affect the discharge coefficient 

under different flow conditions while the 

present study is unique cause it is the only one 

that investigates multiple cases of sluice gate 

inclination, both in the direction of flow and 

against it. Therefore, the aim of this study is to 

investigate the effect of sluice gate inclination 

in both directions on the discharge coefficient 

values under multiple free flow conditions. 

 

 

2. Coefficient Discharge Formulation 

The discharge coefficient (Cd) is regarded as a 

crucial component of flow characteristics. The 

discharge coefficient, in open channels and 

elsewhere, is the ratio of the field-measured 

discharge to the theoretical (calculated) 

discharge 

 

 𝑑  
       

            
                                 (1) 

 

The discharge may be quantified and calculated 

for vertical sluice gates through the coefficient 

of discharge utilizing the equation below [23] 

[24] [25]. 

 

   𝑑        √2                           (2)      

 

In the above scenario, the variables were 

defined Q (discharge), Cd (discharge 

coefficient), b (sluice gate width), h (the 

opening of sluice gate), g (gravity acceleration) 

and y1 (upstream water depth). 

Contraction coefficients (Cc) may also be a 

component of the discharge coefficient (Cd) 

behind the sluice gate and the ratio of the water 

depth immediately following the sluice gate 

upstream at the gate opening height is known 

as the coefficient of contraction. 

 

 𝑐  
  

 
                                        (3) 

 

In this case, the coefficients of contraction 

(Cc), the downward water depth (y2), and the 

gate opening (h) are all represented. 

 

In theory, the contraction coefficient associated 

with sharp-edged vertical sluice gates can vary 

from 0.598 to 0.611. However, research and 

experimental findings indicate that its value 

falls between 0.61 to 0.74, According to 

Henderson (1966), engineering applications 

can make use of the contraction coefficient 

(0.61) [26] .  
 

The contraction coefficient may be used to 

calculate the discharge coefficient for free flow 
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using the following continuity and energy 

equations in the upstream section: 

 

 𝑑  
  

√  
      

  

                                    (4) 

 

In this case, the discharge coefficient is 

represented by (Cd), while the contraction 

coefficients are represented by (Cc), Sluice 

gate opening is represented by (b), while 

upstream water depth is reflected by (y1). 

 

3. Dimensional Analysis 

Through the illustrated figures 1, 2, and 3, the 

positions of the vertical sluice gate and the 

inclined sluice gate with flow direction and 

against flow direction used in the study were 

demonstrated. Also, finding the crucial 

dimensionless factors that control the system's 

behavior is made easier with the use of 

dimensional analysis the main parameters 

influencing the discharge coefficient (Cd).  

Figure 1. The Vertical Sluice Gate 

 

 

    Figure 2. The Inclined Sluice Gate with Flow 

direction 

 Figure 3. The Inclined Sluice Gate Against Flow 

direction 

Based on their impact and integration into the 

experimental processes, the variables included 

in the dimensional analysis were selected as 

shown in figures 1, 2 and 3. Therefore, the 

discharge can be expressed as a function of the 

following variables: 

  𝑓 (  , 𝑏, 𝜃,   ,  2,  , 𝜌)                 (5) 

Table 1 lists all the parameters that impacted 

the discharge coefficient and provides an 

overview of the experimental model employed 

in this study. 
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Table 1 lists all the parameters that impacted the 

discharge coefficient and provides an overview 

of the experimental model employed in this 

study. 

 
Table 1: The Dimensional Analysis of the MLT System's 

Present Study Parameters 

 

Variables Definition Dimension 

Q Flow discharge L
3
 T

-1
 

ρ Density of fluid M L
-3

 

g Gravity acceleration L T
-2

 

θ Angle of inclination ----- 

b Width of the gate L 

h Opening of the gate L 

y1 upstream height L 

y2 downstream height L 

 

By applying the Buckingham Pi theorem and 

π/theorem to the dimensional analysis procedure, 

the number of π groups is as follows: 8-3=5  

 (m = 3, number of dimensions), and the 

following formula may be constructed if the 

variables (ρ, g, y1) are initial repeated variables: 

𝑓2(𝜋  , 𝜋2 , 𝜋3, 𝜋4, 𝜋5)  0                  (6) 

𝜋    
𝑎  𝑏 𝜌𝑐                                 (7) 

𝜋2    
𝑎  𝑏 𝜌𝑐                                 (8) 

𝜋3    
𝑎3 𝑏3𝜌𝑐3  𝑏                              (9) 

𝜋4    
𝑎4 𝑏4𝜌𝑐4   2                           (10) 

  𝜋5    𝜃                                             (11) 

The dimensional analysis method is used to 

estimate the value of  𝜋  

𝜋    
𝑎  𝑏 𝜌𝑐    

𝑀0𝐿0𝑇0  (𝐿)𝑎 ( 𝐿𝑇−2)𝑏  (𝑀𝐿−3)𝑐 (𝐿3𝑇− )  

For  : 𝑐  0 

For L: 𝑎 + 𝑏 − 3𝑐 + 3  0 ; 𝑎 + 𝑏 + 3 = 0 

For T: −2𝑏 − 1  0 ; 𝑏  −
 

2
 ; 𝑎  

5

2
 

 

Where:            𝜋   ∅ (𝜋2, 𝜋3, 𝜋4, 𝜋5)         (12) 

Then:              𝜋  
 

𝑔 / ∗  5/ 
                       (13) 

Likewise, the following results from the 

examination of the other non-dimensional 

parameters:  

𝜋2  
  

𝑏
                                                          (14)        

𝜋3  
  

 
                                                          (15)         

𝜋4  
  

  
                                                          (16)        

𝜋5    𝜃                                                          (17) 

By substituting the value of π with its equivalent 

variables, the equation becomes: 

 

(𝑔 / ∗  5/ )
    𝑓 ( 

  

𝑏
 ,

  

 
 ,

  

  
, 𝜃 )              (18) 

Since the discharge coefficient is a 

dimensionless parameter and is analogous to 𝜋 , 

it can be substituted in its place, resulting in the 

following equation: 

 

 𝑑   𝑓 (  
  

𝑏
 ,

  

 
 ,

  

  
, 𝜃  )                        (19) 
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4. Experimental Works 

The experimental work was conducted in the 

hydraulics laboratory of the Department of 

Environmental Engineering, College of 

Engineering, Tikrit University. laboratory flume 

has across-section that is rectangular and has 

dimensions of (30) cm in depth, (6.5) cm in 

width, and (2.5) m in length as shown in figure 

4. Clear fiber-class plastic walls enclose the 

flume that are (25) cm high carried by steel 

stand, it is connected to two basins at both the 

upstream and downstream ends, each measuring 

(80) cm in length, (30) cm in width and (50) cm 

in depth. The basin's dimensions are (1 * 0.8 * 

0.7) m, the tank provides water to the flume by 

pump with manual valve at maximum discharge 

(5200) l/hr. This discharge calculates accurately 

by using flowmeter and the point gage with 

accuracy of (0.05) cm was employed to 

determine the water's depth both upward and 

downward during level measurements. The 

sluice gate used in the study was manufactured 

and made from fiber class, with dimensions of 

(6.5) cm in width, (50) cm in height, and (10) 

mm in thickness. It had a slope edge with (45°) 

and was positioned in center of flume. The sluice 

gate was installed vertically (90°) and inclined at 

angles of (10°, 20°, 30°, 40°, and 45°) with the 

flow direction and against the flow direction 

with four gate openings (h) were used, 

measuring (1, 2, 3, and 4) cm. Nine discharges 

(Q) were passed for each sluice gate opening 

height ranging from (1000 – 5000) 𝑙/ 𝑟. 

 

Figure 4. Flume in the Laboratory Used for the 

Experiments 

The results of the dimensional analysis of the 

variables affecting the discharge coefficient 

beneath sluice gates served as the basis for the 

laboratory tests, the following diagram in  

Figure 5 represents the Methodology for the 

laboratory experiments performed on the sluice 

gate under different positions adopted in this 

study. 

 

Figure 5. Block Diagram of the Sluice Gate Angle and the 

Opening 

  

5. RESULTS AND DESCUSSION  

Based on the results obtained from the 

dimensional analysis, relationships were 

developed between the discharge coefficient 

(Cd) and the influencing parameters identified 

through the dimensional analysis. It is evident 

that the experimental and numerical solution 

findings are in good agreement, since the 

experimental data were utilized for validation in 

order to derive the optimally fitted equations for 

(Cd) value prediction, when the gate positioned 

vertical or with flow direction and against it, the 

following are each flow condition's results. 

5.1 Discharge Coefficient (Cd) Equation for 

Sluice Gate:  

After entering the statistical data and 

dimensionless coefficients for the sluice gates 

into the (SPSS) program, and then performing 

regression non-linear analysis on the data, the 

following empirical equations were obtained. 
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Cd = 
(
  
 
)
   3

(
  
 
)
   5

    (
  
  
)
    

 
                      (20) 

 

 

 
 

Figure 6. Fitting of Coefficient Discharge Experimental 

and Theoretical for Vertical Sluice Gate 

 

-                    (         ) 
 

Cd = 
(
  
 
)
   5

  ( )    

  (
  
 
)
   3

      (
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                      (21) 

 

 

Figure 7. Fitting of Coefficient Discharge Experimental 

and Theoretical for Inclined Sluice Gate with Flow 

Direction 

 

 

 

 

 

 

- -                       (            ) 

Cd = 
(
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   (
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           (22) 

 

 

 

Figure 8. Fitting of Coefficient Discharge 

Experimental and Theoretical for Inclined Sluice 

Gate Against Flow Direction 

 

After deriving the empirical equations using the 

(SPSS) software, the accuracy and efficiency of 

these equations were evaluated using the 

remaining 30% of the data.  

In order to improve accuracy and verify the 

derived equations, the Nash-Sutcliffe Efficiency 

(NSE) measure was used. This measure is 

considered one of the widely used statistical 

methods and is among the most reliable and 

widely spread methods in the world for 

evaluating model effectiveness[27] [28]. Its 

formula is as follows: 

 

𝑁   1 −
∑( 𝑑𝑒   −  𝑑    )

2

∑( 𝑑𝑒   −  𝑑𝑒   ̅̅ ̅̅ ̅̅ ̅̅ )
2          

 

where  𝑑𝑒    is the measured discharge 

coefficient experimentally,   𝑑     is the 

calculated discharge coefficient from the 

regression model,  𝑑𝑒   ̅̅ ̅̅ ̅̅ ̅̅  is the average 

measured discharge coefficient experimentally. 

The results of coefficient of determination (R
2
) 

and Nash-Sutcliffe Efficiency (NSE) were close 

to one, indicating a good correlation and 

agreement between the experimental and 

R² = 0.9868 
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theoretical results that obtained from the 

empirical equations. 

The statistical coefficients for the current study 

can be presented in the Table 2. 
 

 

Table 2 The Statistical Parameters Results (R
2
 & NSE ) 

 

Type of 

sluice gate 

Coefficient of 

determination 

(R
2
) 

Nash-

Sutcliffe 

Efficiency 

(NSE) 

Vertical 0.9868 0.9766 

Inclination 

with flow 
0.9897 0.950 

Inclination 

against flow 
0.9793 0.940 

 

5.2 Comparison of the Discharge Coefficient 

(Cd) in the Present Study with Previous 

Research Studies 

The studies that focus on estimation the 

discharge coefficient for inclined sluice gates are 

very limited compared to those on vertical gates. 

The present study is the only one that uniquely 

considers multiple cases of sluice gate 

inclination both in the flow direction and against 

it. It can also be observed that there is a variation 

in the discharge coefficient values reported in 

the mentioned studies, this variation can be 

attributed to several reasons, including: The type 

of sluice gate used and the method of its 

installation, the surrounding experimental 

conditions, the flow characteristics and finally, 

the dimensions of the channel used in the 

experiments [6] [14]. 

Figure 9, 10 compare the coefficient of discharge 

equation estimated for free flow condition under 

vertical and inclined sluice gate in the present 

study with equations formerly published from 

previous studies and there was a significant 

degree of concordance between the present 

study's findings and those of earlier research. 
 

 

Figure 9 Comparison of Discharge Coefficient for Present 

study with other Researches for 45° Inclined Sluice Gate 

 

Figure 10 Comparison of Discharge Coefficient for 

Present study with other Researches for 90° Vertical 

Sluice Gate 

6. Conclusions 

Designing and operating water supply 

systems and hydropower plants both depends 

significantly on sluice gates. Therefore, they 

are considered a fundamental and important 

element in the sustainable development of 

water resources and energy generation. 

However, the purpose of this study is to 

verify earlier findings on the discharge 

coefficient as long as to determine an 

analytical equation to estimate the discharge 

coefficient (Cd) with a different sluice gate 

operating indicate, this illustrates how 

various gate inclination and the gate opening 

scenarios could impact the discharge 
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coefficient value. the following conclusions 

were drawn as follows: 

 The difference in the gate's inclination 

angle significantly influences the 

discharge coefficient, where the 

discharge coefficient (Cd) increases as 

the inclination angle of the sluice gate 

with flow direction increases and 

decreases as the inclination angle of the 

sluice gate against flow direction 

increases. 

 Indicating that the sluice gate opening 

has a clear effect on the discharge 

coefficient, the discharge coefficient (Cd) 

increases as the sluice gate height (h) 

decreases. 

 There is a positive correlation between 

the discharge (Q) and the discharge 

coefficient (Cd), with the discharge 

coefficient increasing as the discharge 

does. 

 The relationship between the discharge 

coefficient (Cd) and the parameters 

(y1/h), (y1/b) and (y1/y2) is a positive 

relationship for the same angle. In case of 

the same discharge, the discharge 

coefficient decreases as the ratio (y1/h), 

(y1/b) and (y1/y2) increases in both 

situations, when the sluice gate was 

positioned either in the direction of flow 

or against it. 

    This process might be employed for additional 

inquiry to resolve the effect of the sluice gate's 

inclination and openings height on the discharge 

coefficient using the C.F.D program. 
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